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Abstract Magnetic core/alumina shell (MFeCA) structured nanospheres were obtained by a
hematite core/alumina precursor shell (HFeCAP) nanosphere precursor. A uniform alumina layer
was coated on the surface of a-Fe.Osby the self-assembly of a stearic acid/alumina isopropoxide
complex. Hematite cores of the nanospheres were then reduced under H2/N.gas flow to produce
the MFeCA nanospheres. Transmission electron microscopy images showed that the products
possessed a distinct core-shell structure. N» sorption measurements showed that the uniform
accessible pore size was 4.0 nm. The surface area was 140m?/g and pore volume was 0.22 cm?®/g.
Saturation magnetization values indicated the product had a high degree of magnetization
(50.2 emu/q).

1. Introduction

Core-shell nanosphere research has recently received extensive attention, as the functionality of
these structures allows their use in various applications [1-7]. The fabrication of
microspheres from alumina and magnetic particles has been reported, and is of interest due to
their unique magnetic responsivity and excellent physical strength [8-10]. Feng et al. [8,9]
previously showed that single phase NiFe2Os ferrite spinel core/porous alumina shell
microspheres could be used in a magnetically stabilized bed MSB as a catalyst or catalyst
support. NiosCoo2Fe oxide has been used as a core for magnetic alumina microspheres, prepared
by the hydrolysis of aluminum isopropoxide. Li et al. [10] developed FesO.@AIl.O3 magnetic
core-shell nanospheres, which were applied to enrich phosphopeptides from the tryptic digest of
phosphoproteins (casein and ovalbumin).

Such studies generally yielded larger particles with diameters from hundreds of nanometers
to micrometers. Hematite particles can be prepared in a wide range of sizes and shapes, by
aging ferric salt solutions [11]. The surface of hematite particles can be coated directly and
uniformly with alumina due to its abundant hydroxyl groups. Prepared a-FeOs3
particles  exhibit single-crystal structures with relatively uniform sizes in the range 180-360
nm. In this study, we fabricated uniform nanocomposite spheres with a hematite core/alumina
precursor shell (HFeCAP) structure. The alumina shell was formed via a combination of the
aluminum isopropoxide sol-gel process and stearic acid self-assembly. The nanospheres
hematite core was reduced in gas flow mixture of Hz and N2, to produce the MFeCA
(magnetic core/alumina shell) nanosphere and remove the organic group.

2. Materials and Methods
2.1 Materials

Ferric nitrate (Fe(NOs)s-9H20), polyvinylpyrrolidone (PVP), aqueous ammonia (28 wt%),
1-propanol, aluminum isopropoxide (AI[OCH(CHs)2]s), and ethanol were all of analytical

grade and were purchased from the Shanghai Chemical Corp.
Hematite particles were hydrothermally synthesized by a surfactant-directing approach
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previously reported [11]. In a typical synthesis of hematite core/porous alumina shell
composite particles, 0.1 g of hematite particles (diameter 100-200 nm) were dispersed by
ultrasonication into 100 mL of 1-propanol containing stearic acid. 0.2 g of aluminum is
opropoxide was added under vigorous stirring, and the reaction was stirred at 70°C for 6 h.
The resulting stearic acid-incorporated core-shell particles were separated by centrifugation,
washed with ethanol and dried at room temperature. This intermediate product was named
HFeCAP (hematite core/alumina precursor shell spheres). The thermal treatment of HFeCAP
in air at 673 K for 3 h and subsequently in a mixed H (4 vol%) /N, atmosphere at 673 K for
3 h, yielded the final magnetic core/alumina particles (MFeCA).

2.2 Analysis Methods

X-ray powder diffraction (XRD) was carried out using a PANalytical X' Pert Pro MPD
diffractometer. The magnetic properties of the samples were measured at room temperature
using a Lake Shore vibrating sample magnetometer (VSM). Particle morphology and size were
examined using a Hitachi S-3400 scanning electron microscope (SEM) and a JEM-2100UHR
transmission electron microscope (TEM). Low temperature N2sorption experiments were carried
out using a Micromeritics ASAP-2020 Quantachrome Autosorb-1 system.

3. Results and Discussion

Stearic acid was used as an anion template to grow a stearic acid/alumina precursor layer on
the a-Fe20s polyhedron surface, thus forming a core-shell structure. After calcination to
remove the stearic acid template, porous alumina shells were formed. A TEM image showed a
typical distinct core/shell structure (o-Fe2Os core/alumina precursor shell) (Fig.1(a)). The
thickness of the porous alumina shell was ~30 nm. The energy-dispersive X-ray (EDX) spectrum
of the Fe203@AIl20s precursor core-shell microspheres (Figure 1(b)) revealed the existence of Fe,
Al. O and C, further indicating an alumina precursor shell had been formed on the Fe;Os
microsphere surface. Elemental analysis indicated an Al/Fe mass fraction of 0.36, which was
similar to that of the synthesis mixture.
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Fig.1 (a) TEM image of HFeCAP nanospheres; (b) EDX of HFeCAP nanospheres
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Fig.2 N:adsorption isotherms of MFeCA nanospheres
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Fig.3 Pore size distributions for MFeCA nanosphere

N2 adsorption-desorption isotherms and the pore size distribution of the sample are shown in
Fig.2 and 3, respectively. The sample presented type Il isotherm behavior with an obvious
hysteresis loop [12]. The appearance of the superposition of type H1 and H3 hysteresis loops
in the isotherm indicated the presence of both tubular and parallel slit-shaped capillary pores.
These were caused by escaping gas during calcination, and the stacking of alumina nano-
crystallites. Physisorption measurements revealed a high BET surface area (140m?/g) and high
pore volume (0.22cm®/g). A narrow pore size distribution centered at 4.0 nm pore diameter
indicated a small number of micropores and a larger number of mesopores.
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Fig.4 (a) TEM image of MFeCA nanospheres; (b) EDX of MFeCA nanospheres

After reduction, the color of the sample powder changed from red to deep black,
consistent with the reduction of the hematite cores. A TEM image of the MFeCA nanospheres
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(Fig. 4(a)) showed that most cores shrunk while their shell remained unbroken. The EDX
spectrum of the Fe20s@AI20s core-shell nanospheres (Fig.4(b)) revealed the existence of Fe,
Al, and O, further confirming the formation of the alumina shell on the FesOs microsphere
surface. Elemental analysis indicated an Al/Fe mass fraction of 0.34, which was consistent with
that of the synthesis mixture.
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Fig.5 XRD pattern of MFeCA nanospheres
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Fig.6 Magnetization hysteresis loops of MFeCA nanospheres

The composition of the reduction product could be controlled by altering the reduction
temperature or time, as described previously [13]. After reduction, close agreement between
dominant XRD peaks and standard PDF data confirmed the nanosphere cores were reduced
iron particles (Fig.5). No alumina diffractions were observed, in agreement with the literature
[14], which indicated an amorphous structure. The room-temperature magnetization curve (Fig.6)
showed paramagnetism, which depicted a strong magnetic response to the varying magnetic field.
The intrinsic ferromagnetism of MFeCA provided a straightforward way to separate particles
from miscible liquids compared with FesOs@AIl203 spheres. The saturation magnetization value
of the MFeCA nanospheres (~50.2 emu/g) could be adjusted by controlling the reduction
temperature or time, according to the typical reduction processes of hematite.
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Fig.7 The formation process of the MFeCA nanospheres
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Fig.7 illustrates the formation process of the Fe.O:@AIl.O3 core-shell nanosphere structure.
We propose that HFeCA nanospheres were formed by the self-assembly of composite
a-Fe;Os-surfactant particles and surfactant/alumina complexes. The nanosphere/stearic acid
capped particles contained a negative charge [13], due to the carboxyl groups of the anionic
surfactant. Hydrolyzed alumina and surfactant templates produce complexes, and their
surfaces contain aluminum carboxyl groups. The nanosphere-surfactant particles acted as a core
to attract alumina/surfactant complexes through electrostatic interactions, followed by
surfactant directed self-assembly of alumina/surfactant phases. A detailed explanation is as
follows: hydrolyzed aluminum isopropoxide monomers condense to form oligomeric alumina
precursors. When the precursors reach a certain size, precursors and surfactants are assembled
to produce an alumina shell on the surface of the nanosphere-surfactant composites. The
residual alumina/surfactant complexes then react preferentially with alumina hydroxyl groups
on the surface of the particles that have been generated, preventing the formation of any extra
particles, thus forming uniform magnetic core-shell alumina nanospheres.

Conclusions

Uniform magnetic core/alumina shell nanospheres were prepared by a combination of the sol-gel
process with surfactants self-assembly approach. The magnetic reduced iron core endowed the
nanoparticles with magnetic properties. MFeCA possessed a uniform alumina layer of
thickness~30 nm, a large pore volume (~ 0.22 cm®/g) and a large surface area (~140 m?/g).
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