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Co-Zn ferrite nanoparticles have been investigated, aiming at a further improvement of the magnetic hyperthermia properties for bio-medical applications. We precisely tune the magnetic and
the thermal properties of Cox Zn1−x Fe2 O4 nanoparticles, prepared by using a high-temperature
thermal-decomposition method, by chemically controlling the cation. The structure and the magnetic properties as well as the AC-heating characteristics of the synthesized Cox Zn1−x Fe2 O4 were
measured by using X-ray diﬀraction (XRD), vibrating sample magnetometer, magneTherm device
and Mössbauer spectroscopy. The analysis of the XRD patterns conﬁrmed the spinel phase, the
crystalline size, and the lattice parameter. The magnetic behavior of Co-Zn ferrite was studied
with M-H hysteresis curve measurements at room temperature. Also, the thermal properties were
measured under an external applied ﬁeld of 250 Oe at 112 kHz. In addition, we plasma-treated the
samples with magnetic and thermal excellent characteristics for 30 min at room temperature. The
cation distribution was investigated with Mössbauer spectroscopy and further analyzed with one
sextet for the tetrahedral A site and four six-lines for the octahedral B1 , B2 , B3 , and B4 sites.
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I. INTRODUCTION

structure for ZnFe2 O4 [17]. Zinc ferrite shows a low
concentration and saturation magnetization at small AC
magnetic ﬁelds. We expect a high heating temperature
and a low coercive ﬁeld for Co-Zn ferrite. Also, plasma
treatment of the ferrite can lead to an enhancement of
the characteristics with excellent eﬃciency [18]. The aim
of this paper is to has been investigate the structural, the
magnetic and the thermal characteristics of synthesized
Cox Zn1−x Fe2 O4 (x = 0, 0.2, 0.4, 0.6, 0.8, 1.0) for possible applications in magnetic nanoparticle hyperthermia.

Magnetic hyperthermia has drawn much attention in
bio-medical applications such as speciﬁc drug delivery,
cellular signaling, and magnetic resonance imaging [1–4].
Especially, magnetic hyperthermia suggests a therapeutic concept in cancer and tumor treatment. Magnetic
nanoparticles are employed in theses bio-medical applications to heat a speciﬁc part of the human body harmlessly via absorption of an alternating magnetic ﬁeld [5–
8]. Typical nanoparticles are Mx Fe3−x O4 mixed ferrites
(M = Co, Zn, Ni, Mn, Cu, Mg, . . .) with paramagnetic
atoms in the crystal structure replacing some of the Fe
cations at the tetrahedral or the octahedral sites [9–12].
Among these, cobalt ferrite has shown high thermal stability. CoFe2 O4 has an inverse spinel structure with a
cation distribution of (Fe3+ )A [Co2+ Fe3+ ]B . Cobalt ferrite is expected to exhibit high values of the anisotropy
and the coercive ﬁeld compared to other spinel ferrites
[13–16]. ZnFe2 O4 has a normal spinel structure, but previous studies have proposed a partially-inverted spinel
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II. EXPERIMENTS
Nanoparticles
with
a
general
formula
of
Cox Zn1−x Fe2 O4 (x = 0, 0.2, 0.4, 0.6, 0.8, 1.0)
were prepared by using a high-temperature thermaldecomposition method with appropriate stoichiometric
ratio of cobalt (II), zinc (II) and iron (III) acetylacetonates according to the doping level.
The
starting materials were prepared reagents of Co(acac)2 ,
Zn(acac)2 , Fe(acac)3 , oleic acid, oleylamine and benzyl
ether. These were mixed and heated at 200 ◦ C for 30
min in air. Later, they were reheated at 298 ◦ C for 1
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