OPTOELECTRONICS AND ADVANCED MATERIALS — RAPID COMMUNICATIONS

Vol. 10, No. 7-8, July-August 2016, p. 590 - 593

Structural and static magnetic properties of
Ce-substituted NiZnCo ferrite nanopowders

TAI-XING HUANG, LE-ZHONG LI", JUN YANG

Sichuan Province Key Laboratory of Information Materials and Devices Application, Chengdu University of Information
Technology, Chengdu 610225, Sichuan, People s Republic of China

Ce-substituted NiznCo ferrite nanopowders, NipsZnosCexCooiFe19x0s (0=x<0.20), were synthesized by sol-gel
auto-combustion method. The effect of Ce substitution on the structural and magnetic properties have been investigated.
X-ray diffraction (XRD) and vibrating sample magnetometer (VSM) measurements were used to characterize structural and
magnetic properties. XRD results indicate that the lattice parameter increases and the average crystallite size decreases
with increasing Ce substitution. And CeO, secondary impurity phase formed with excess Ce substitution. The saturation
magnetization and coercivity monotonically decrease with the increase of Ce substitution.
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1. Introduction

The unique properties of ferrite nanopowders have
generated more interest in the science community because
high surface to volume ratio resulting in novel
phenomena's of nanomagnetism such as
superparamagnetism, magnetic quantum tunneling and
spin-glasslike behavior etc. [1].

It is well known that the ferrites MFe,O, with the
spinel structure are based on a face-center cubic lattice of
the oxygen ions. Each spinel unit cell contains eight
formula units. In each unit cell, there are 64 tetrahedral
sites (A sites) and 32 octahedral sites (B sites). Therefore,
the chemical, structural, and magnetic properties of ferrite
are strongly influenced by their composition and
microstructure, which are sensitive to the preparation
methodologies [2]. They show various magnetic properties
depending on the cation distribution. Various cations can
be placed in the structure of AB,O, in A site and B site,
which can result in the interesting physical and chemical
properties in spinel ferrites [3].

Numerous workers have studied the effect of Ce®*
substitution in Bi ferrite [4, 5], Cu ferrite [6, 7], Co ferrite
[8], Sr-Co ferrite [9], Co-Cr ferrite [10], Li ferrite [11] and
NiCuzn ferrite [12]. In spinel ferrites, Q. Lin investigated
the structural properties and cation distribution for Ce®*
doped NiCuzn ferrite [12]. To the best of our knowledge,
no results have been reported about the effects of Ce**
substitution on the structural and magnetic properties of
NiZnCo spinel ferrite nanopowders.

In the present work, NiZnCo ferrite nanopowders

were prepared by sol-gel auto-combustion method which
is a wet chemical synthesis method using nitrate, aim at
low temperature synthesis and refine sample grain
comparing to conventional ceramic method. Accordingly,
in the present paper, we report our results on structural and
magnetic properties of magnetic Ce** substituted NiZnCo
ferrite  nanopowders prepared by the sol-gel
auto-combustion method.

2. Experimental procedures

The Samples of Ni0_5Zn0_5cexC00_1Fellg_XO4 (X:O, 0.05,
0.10, 0.15, 0.20) ferrite nanopowders were synthesized by
sol-gel auto-combustion method. Stoichiometric quantities
of analytical grade Zn(CH5CO00),-2H,0,
NI(CH3C00)24H20, FE(NO3)39H20, CO(N03)26H20
and Ce(NOs);:6H,0 were first dissolved in deionized
water and stirred for 15 minutes. After the nitrates
completely dissolved, the citric acid was added to the
resulting solution and the molar ratio of citric acid and
metal nitrates was taken as 1:1. Then, the prepared
solution was continuously stirred for 3 hours at 80°C to
form the gel precursors. To maintain the pH value at 7 an
aqueous ammonia solution was added drop-wise after the
gel precursors cooled to room temperature. The gel
solution was dried at 85°C until a dry gel precursor was
obtained. Finally, the dried gel was ignited in
self-propagation combustion to obtain ferrite powders.

The phase identification of the prepared nanopowders
was performed by DX 2700 X-ray diffractometer (XRD)
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(Cu target, K, radiation, 35 kV, 25 mA) at room
temperature. The hysteresis loops of samples were
measured at room temperature by using a TOEI
VSM-5S-15 vibrating sample magnetometer (VSM).

3. Results and discussion
3.1. Structural properties

X-ray diffraction patterns of
Nig5Zng5Ce,C0q1Fe1.9.x04 ferrite nanopowders are shown
in Fig. 1. The different structural parameters of all samples
are calculated according to XRD data and the results are
shown in Fig. 2. The patterns match well with the
characteristic reflections of cubic spinel structure. From it
we can see that there is a CeO, secondary impurity phase
when x>0.10. This is mainly due to the fact that higher
sintering temperature is needed to form crystallites for rare
earth ions substitution ferrites. [12-14], which indicates
that Ce®* ions do not or partially form the solid solution
with spinel ferrite by sol-gel auto-combustion method. In
fact, the increase of lattice parameter in Fig. 2 conforms
that Ce* ions have partially formed the solid co-solubility.
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Fig. 1. X-ray diffraction patterns of NiysZnysCe,C0q1F€1.9.x04

ferrite nanopowders.

The lattice parameter (a) of the samples is calculated
using the relation [15]:

a=d,h+k*+1° 1)

where (h k 1) are the Miller indices and dyq is the
inter-planar spacing. The average particle size is calculated
according to Debye-Scherrer equation [15-17]:
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From Fig. 2 it is clear that, the lattice parameter (a)
increases and the average crystallite size calculated by
Debye-Scherrer’s equation decreases with the increase of
Ce substitution. The increase of lattice parameter is
attributed to the ion replacement of Fe** ion with smaller
radii (0.64 A) by Ce* ion with larger radii (1.03 A) and
Ce®* ion partially enters into lattice which are confirmed
by reference 12. The variations of lattice parameter will
lead to the lattice strains which can introduce the inter
stress, and the inter stress will hinder the growth of grains
[18-20]. Furthermore, the excessive Ce substitution results
in the Ce® ion separating out from the spinel structure and
forming CeO, phase will diffuse to the crystallite
boundaries and hinder the crystallite growth. Therefore,
the average crystallite size decreases with the increase of
Ce substitution.
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Fig. 2. Lattice parameter (a) and average crystallite size
(D) of NigsZnosCeCoq.1Fe1 9.0, ferrite nanopowders.

3.2. Magnetic properties

Fig. 3 shows the hysteresis loops of
NigsZnosCecCog1Fe1 9404 ferrite nanopowders. It s
observed that the hysteresis loops of NizZnCo ferrite
nanopowders without and with Ce substitution are that of
typical  ferrimagnet.  Furthermore, the saturation
magnetization (Ms) and coercivity (Hc) of nanopowders as
a function of Ce substitution (x) are shown in Fig. 4. The
saturation magnetization (Ms) and the coercivity (Hc)
monotonically decrease with the increase of Ce
substitution.
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Fig. 3. Hysteresis loops of Nig5Zng sCe,C0g 1Fe1.9.404
ferrite nanopowders.

Magnetic properties of ferrites are sensitively
dependent on the structure, composition, defects,
crystallite size, internal strain and cation distribution.
According to Néel’'s two sublattice model of
ferrimagnetisms [21] and Ce®* ion enters octahedral sites
[10, 12], the cations distribution can be written as follows:

(ZnosFeo.5)[NigsCeCop 1Fe1.4x]O4.
(Assite) (B site)
And the magnetic moment in Bohr magneton of
NigsZngsCeCog1Fe1940,4  ferrite  nanopowders s
calculated by the following equation:

M =|M, - M,| =|5.8-2.46x 3)

Where M, and Mg are the magnetic moments in the A
and B sites, and the magnetic moments of Zn*, Ni**, Ce*,
Co?, and Fe*" ions are 0, 2, 2.54, 3, and 5 ug, respectively.
Simultaneously, the term of saturation magnetization (Ms)
is defined as the vector sum of magnetic moment per unit
cell, and is written as the following equation:
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Thus, according to equations (3) and (4), and the
increase of lattices parameters (a) with Ce substitution, Ms
monotonically decreases with the increase of Ce
substitution.

In addition, the variations of lattice parameter will
lead to the lattice strains which can introduce the inter
stress, and the inter stress will also result in the decrease of
Ms. Furthermore, the formation of CeO, impurity phase is
another reason of decreasing Ms.
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Fig. 4. Ms and Hc of Nigs5ZnysCe,Coq 1Fe; o O, ferrite

nanopowders.

The coercivity (Hc) of ferrite nanopowders as a
function of Ce substitution (x) is shown in Fig. 4, which
indicates that Hc monotonically decreases with the
increase of Ce substitution. The decrease in the Hc values
is mainly due to the decrease in magnetocrystalline
anisotropy which causes by the substitution of weaker
magnetic moment ion. In addition, according to
Stoner-Wohlfarth single domain theory [22], Hc decreased
with the decrease of grain size when the grain is single
domain structure. In present work, Hc and average
crystallite size decrease with the increase of Ce
substitution. Thus, another possible reason of Hc decrease
is the single domain structure of grain.

4. Conclusions

Ce-substituted  NiZnCo  ferrite  nanopowders,
NigsZngsCeCog1Fe19x Os (0<x<0.20), have been
synthesized by sol-gel auto-combustion method. The
structural and static magnetic properties of nanopowders
have been investigated and the following results have been
obtained:

(1) The XRD results indicate that the lattice parameter
increases and the average crystallite size decreases with
the increase of Ce substitution. Furthermore, there is a
CeO; secondary impurity phase when x>0.10.

(2) The hysteresis curves of the nanopowders exhibit
that the saturation magnetization and the coercivity
monotonically decrease with the increase of Ce
substitution.
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