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Table 1. Magnetic parameters of y-Fe2O3/NiO core/shell nanoflower samples formed in different calcination time.

. . =R T=5K
Fedn B /D

Ms/emu-g=! M, /emu-g~! Hc/Oe Ms/emu-g=! Hg(ZFC)/Oe Hg(FC)/Oe Hg/Oe
M1 3 28.62 5.87 120 45.41 235 252 20
M2 6 20.73 4.83 135 37.89 245 288 46
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Fig. 1. (color online) XRD patterns of y-FeaO3/NiO

core/shell nanoflowers formed in different calcination
time: (a) 3 h; (b) 6 h.
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Fig. 2. XPS spectra of y-Fe2O3/NiO core/shell nanoflowers: (a) Survey scan; (b) Fe 2p spectrum; (c) Ni 2p

spectrum; (d) O 1s spectrum.
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Fig. 3. SEM images of v-Fe203/NiO core/shell nanoflowers formed in different calcination time: (a) 3 h; (b) 6 h.
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Fig. 4. (color online) (a)—(c) Low and high magnification TEM images, and SAED pattern of y-FeaO3/NiO

core/shell nanoflowers; (d) schematic illustration of the proposed formation mechanism of core/shell

nanoflowers.
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Fig. 5.
loops of v-Fe203/NiO core/shell nanoflowers formed

(color online) Room-temperature hysteresis

in different calcination time. Inset shows greater detail

of the measurements around the origin.
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Fig. 6. (color online) Hysteresis loops for the two ~-
FepO3/NiO core/shell nanoflower samples at 5 K after
zero field cooling (ZFC) and field cooling (FC) from
330 K in a field of Hpc = 50 kOe: (a) 3 h; (b) 6 h.
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Abstract

The main purpose of this work is to explore the influences of microstructures on the magnetic properties, as well
as the formation mechanism of y-Fe2O3/NiO core/shell nanoflowers. The synthesis of nanoflower-like samples includes
three processes. Firstly, FesO4 nanospheres are synthesized by the solvothermal reaction of FeCls dissolved in ethylene
glycol and NaAc. Secondly, Fe3O4/Ni(OH)2 core/shell precursor is fabricated by solvothermal method through using
the early Fe3Oy4 spheres and Ni(NOs)2-6H20 in an ethanol solution. Finally, the precursor FesO4/Ni(OH)2 is calcined
in air at 300 °C for 36 h, and therefore resulting in y-Fe2O3/NiO core/shell nanoflowers. Their microstructures are
characterized by using XRD, XPS, SEM, HRTEM and SAED techniques. The results show that the final powder
samples are y-FeoO3/NiO with typical core/shell structure. In this core/shell system, the y-FeaOs sphere acts as core
and the NiO acts as shell, which are comprised of many irregular flake-like nanosheets with monocrystalline structure,
and these nanosheets are packed together on the surfaces of v-FeaOgs spheres. The calcination time of FesO4/Ni(OH),
precursor has significant influences on the grain growth, the NiO content and the compactness of NiO shells in the
~v-FeaO3/NiO core/shell system. VSM and SQUID are used to characterize the magnetic properties of v-FeaO3/NiO
core/shell nanoflowers. The results indicate that the 3 h-calcined sample displays better ferromagnetic properties (such
as higher M, and smaller H¢) because of their high v-Fe2O3 content. In addition, as the coupling interaction between
the FM ~-Fe2O3 and AFM NiO components, we observe that the v-Fe2O3/NiO samples formed in 3 h and 6 h display
certain exchange bias (Hg = 20 and 46 Oe, respectively). Such a coupling effect allows a variety of reversal paths for
the spins upon cycling the applied field, and thereby resulting in the enhancement of coercivity (Hc (FC) = 252 and
288 Oe, respectively). Further, the values of Hg and Hc for the former are smaller than those of the latter, this is
because of the AFM NiO content in 6 h-calcined sample much higher than that in 3 h-calcined sample. Especially, the
temperature dependences of the magnetization M of the two samples under both ZFC and FC conditions indicate that
an extra anisotropy is induced. In a word, the size effect, NiO phase content, and FM-AFM (where FM denotes the
ferromagnetic y-Fe2Os component, while AFM is the antiferromagnetic NiO component) interface coupling effect have

significant influence on the magnetic properties of v-Fe2O3/NiO core/shell nanoflowers.

Keywords: phase content, hierarchical structure, interface coupling, exchange bias
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