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Hard/soft CoFe2 O4 @AlFe2 O4 core/shell nanoparticles were prepared by using a high temperature
thermal decomposition method with seed-mediated growth. The structural, magnetic and thermal
properties of the nanoparticles were investigated by using X-ray diﬀraction, vibrating sample magnetometer, MagneTherm, and Mössbauer spectroscopy. The crystal structure of nanoparticles was
determined to be cubic spinel ferrite with space group F d-3m. The CoFe2 O4 nanoparticles were
found to show high magnetization and coercivity while AlFe2 O4 nanoparticles were found to show
low magnetization and coercivity. The CoFe2 O4 @AlFe2 O4 core/shell nanoparticles showed intermediate values of magnetization and the coercivity between those of CoFe2 O4 and AlFe2 O4 . Also,
the blocking temperature (TB ) of the nanoparticles (NPs) was observed to be 280, 50, and 225
K for CoFe2 O4 , AlFe2 O4 and CoFe2 O4 @AlFe2 O4 , respectively. The core/shell ferrite shows a TB
near 225 K, associated with the harder CoFe2 O4 NPs. Temperatures below 225 K, the zero-ﬁeldcooled curves show changes in their slopes at a temperature near 50 K, corresponding to the second
blocking temperature associated with the softer AlFe2 O4 NPs.
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I. INTRODUCTION
Magnetic ferrite nanoparticles are interesting for industrial and biomedical applications [1–5]. Recently,
nanoparticles for magnetic hyperthermia applications
have been drawing much interest because of their having
minimal clinical side eﬀects and their having immense
potential for uses in biomedical ﬁelds [6–8]. Magnetic
nanoparticles under an AC magnetic ﬁeld show a heating eﬀect due to the loss resulting from the magnetization reversal process in the particle [9]. Among the numerous kinds of magnetic nanoparticles, the iron oxide
(MFe2 O4 , M = Co, Fe, Ni, Mn, ...) nanoparticles, alloy (FeCo, FePt, ...) nanoparticles, and multifunctional
nanoparticles of a core/shell-type are widely considered
[10–15]. Enormous eﬀorts have been devoted to developing a hyperthermia technique to improve the eﬀective
local therapeutic heating of cancer cells [16,17].
Cobalt ferrite has a large saturation magnetization
with a large coercivity whereas superparamagnetic iron
oxide has a rather small saturation magnetization [18].
Therefore, both cobalt-ferrite and iron-oxide nanoparticles need an appropriate surface coating, called a shell,
for hyperthermia applications. As a solution, a spinel
∗ E-mail:
† E-mail:

cskim@kookmin.ac.kr; Fax: +82-2-910-4728
sjkimmmm@kookmin.ac.kr

pISSN:0374-4884/eISSN:1976-8524

nanoferrite of a core/shell-type was synthesized by using
mixed ferrites with hard and soft anisotropy. The structures of these core/shell ferrite were further reported to
have hard ferrite @ soft ferrite [19]. A hard ferrite having
a high anisotropy leads to a large magnetization and a
soft ferrite, close to being superparamagnetic, prevents
the remanence to permeating inter-particle aggregations.
The resulting magnetic nanoparticles have an appropriate coercivity and saturation magnetization. In this paper, we mainly focus on magnetic nanoparticles for cancer treatment based on magnetic hyperthermia and on
the characterization of their magnetic properties.

II. EXPERIMENTS
AlFe2 O4 and
We have prepared CoFe2 O4 ,
CoFe2 O4 @AlFe2 O4 core/shell nanoparticles (NPs)
by combining a high-temperature thermal decomposition (HTTD) method for metal-oxide precursors with a
seed-mediated growth. CoFe2 O4 NPs were synthesized
ﬁrst; 2 mmol of Fe(acac)3 , 1 mmol of Co(acac)2 , 6 mmol
of oleic acid, 6 mmol of oleylamine, and 30 ml of benzyl
ether were mixed together and then heated to 298 ◦ C
(boiling point of benzyl ether) for 2 h under Ar gas
at a heating rate of 5 ◦ C/min. Then, the temperature
was decreased to 200 ◦ C for 1 h to disperse the NPs.
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