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ABSTRACT:

Barium ferrite (BaFe1,019) substituted by Zn** (BaZnyxFe12..019) Where (x=1.5, 2.5) were prepared by
solid state reaction (conventional ceramic techniques). The hexagonal Ferrite has been prepared in
sintered temperature of 1100°C and 1200°C at period 10 hours. Conducted tests on the structural and
magnetic properties for samples before and after the passage of ten years in preparation, where
preserved at room temperature to determine the effect of time on those properties. The structural tests
on the prepared samples to identify the crystalline phases for ferrite particles have been carried out by
X-ray diffraction (XRD). The patterns of XRD obtained that the ferrite has a single phase and it has
shown that there is a complete growth of the ferrite phases at 1200°C .To obtain detailed information
about the morphology and to verify the size of the particles , a set of micrographs were taken by
scanning electron microscopy (SEM). These micrographs demonstrate that the surface is homogenous
and the grain size increases with temperature and with the extent of substitute matter (x). Differential
Thermal Analysis (DTA). Magnetic properties have also been measured by using a vibrating sample
magnetometer (VSM). From hysteresis loop the magnetic properties Hc, Ms, Mr and u are calculated.
The magnetic properties have been improved by adding Zn to the barium ferrite. It has been found that
the ferrites will be changed from hard to soft by adding Zn ions (when x>2.5). The coercively Hc has
been decreased and saturation magnetization has been increased with increasing of sintering
temperature and substitution ratio (x).
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1. INTRODUCTION

Ferrites are ferromagnetic materials containing predominantly oxides of iron along with other
oxides of barium, strontium, manganese, nickel, zinc, lithium and cadmium. Barium hexaferrite
powders have been investigated as a material for permanent magnets, microwave absorber devices and
recording media. Barium hexaferrite is widely used due to its high stability, excellent high-frequency
response, narrow switching field distribution and its temperature coefficient of coactivity in various
applications. Barium ferrite with a hexagonal molecular structure has a fairly large magneto crystalline
an isotropy, a high Curie temperature and a relatively large magnetization, as well as chemical and
corrosion stability. The conventional ceramic methods, i.e., high- energy ball milling and chemical
processes such as chemical co-precipitation, the hydrothermal process, the sol-gel process, etc., were
employed to obtain high- quality barium ferrite [1,2,3]. Ferrites are ideally suited for making device
like inductor cores, circulators, memory devices and also for various microwave application. A
reduction in size and weight of power supplies can be achieved by using switched mode or resonant
concepts. For the voltage conversion several circuit designs are in use with ferrites as transformer core
materials. Transformer ferrites must show low energy losses at high induction levels at higher and
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higher frequencies (Globus 1977; Snelling and Giler 1983; Goldman 1990; Stopples 1996; Yasuhara
and Takagawa 2000). This requires development of new ferrite materials with constantly improving
loss characteristics [4].

Although the saturation magnetization of ferrites is less than that of ferromagnetic alloys, they
have advantages such as applicability at higher frequency, lower price and greater electrical resistance.
Ferrites are classified into two groups, namely magnetically soft and hard. Furthermore, depending on
their crystal symmetry, they may be cubic, hexagonal or orthorhombic. Barium ferrites belong to the
class of hexagonal ferrite. They are normally prepared by using ceramic technique. Type-M
hexaferrites of barium and strontium are very important components in permanent magnets, magnetic
recording media, and microwave and high frequency devices. The attractive properties of these
materials are high magnetization, remanence, coercivity and electrical resistivity. The materials also
have great resistance to high temperature, humidity, chemicals and corrosion [5,6,7].

The ferrites are homogeneous ceramic materials dark gray or black color is made up of a blend
of different types of oxides with iron oxide and have different crystalline structures [1]. It is also
considered ionic compounds and its magnetic properties due to the magnetic ions they contain. Ferrite
matters are materials with high permeability of the RF (radiofrequencies) and microwaves, therefore
used to make microwave components of the circuits which are not mutually exclusive (nonreciprocal).
The high permeability due to the distribution of the wall of the field controlled by the sintering density,
and by increasing the size of particleboard [8].

The hexagonal ferrite BaFe;;019 and its substituted derivatives have been considered as
candidates with the most potential because of their chemical stability and suitable magnetic
characteristics [8,9].

The Zn substitution has been previously studied and researchers [9,10] have agreed that this
cationic combination yields materials with suitable characteristics for magnetic recording [11]. Where
Zn** ions have been reported to have a positive influence on the saturation magnetization [1].
As pointed out by Rane et al. [12], the magnetic properties of substituted BaM directly depend on the
electronic configuration of the substituting cations and on their preference to occupy the different Fe
sub lattices of the hexagonal structure. It has also been highlighted that the magnetic properties of BaM
are related to the occupancy of the Fe** ions at the different sub lattices of the magneto plumber
structure [13]. In general, substitutions lead to a decrease of Hc through the reduction of the magneto
crystalline anisotropy of the BaM. Moreover, the effects of substitutions, on crystallite size, aspect ratio
(diameter/thickness), ordering temperature and magnetization are also observed. Some of these changes
are closely related to the preparation procedure [14].

In this paper Zn substituted Barium Ferrite (BaFe1,019) using conventional ceramic techniques
and investigated by differential thermal analysis (DTA), X-ray diffraction (XRD), scanning electron
microscopy (SEM) and magnetic measurements by vibrating sample magnetometer (VSM). The
approach to saturation law was used to determine zero-field saturation magnetization Ms, anisotropy
field Ha.
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2. EXPERIMENTAL

Barium Ferrite BaFe;,019 substituted by zinc ions as BaZnyFei2.xO19 Where (x=1.5,2.5) was
prepared by conventional ceramic techniques. Where raw materials of mixed oxides or salts of the
elements such as chlorides or carbonate or nitrates after grinding the individual to equal their size,
which facilitates the process of granule homogeneity between these compounds during the mixing.
These materials included on the ferric oxide Fe,O3, barium oxide BaO and zinc oxide ZnO of purity
greater than 98%. Ratios were calculated accurately by weighing of materials involved in the
preparation of ferrite samples using an electronic balance its sensitive up to 0.0001 gram.

The materials mixed with de-ionized water and then dried at1100 °C overnight. For the
formation of BaFe;,019 phase, the mixture were annealed at a rate of 10 °C/min in static air atmosphere
up to different temperatures (1100 and 1200 °C) and then maintained at different periods 10 hours.

The crystallite phases present in the different samples were identified by X-ray diffraction
(XRD) on a Brucker axis D8 diffract meter with crystallographic data software to pas 2 using Cu-Ka
(1%:1.5406) radiation operating at 40kV and 30mA at a rate of 2°/min. The diffraction data were
recorded for 20 values between 20° and 80°. The ferrite particles morphology was observed using the
scanning electron microscope (SEM) to study the surfaces of samples, to find out effect of substitution
on the structural properties, to measure the particle size of ferrite .

The magnetic properties of the ferrites were measured at room temperature using a vibrating
sample magnetometer (VSM; 9600-1 LDJ,USA ) in maximum applied field of 15 G . From the
obtained hysteresis loops, the saturation magnetization (Ms), remanence magnetization (Mr) and the
coercive field (Hc) were determined.

3. RESULTS AND DISCUSSION
3.1. Structure and Particle Morphology of the Sample

Fig(1) shows the XRD patterns of the prepared ferrite powders for BaZnyFe1,.x019 With x=1.5
and 2.5 ,sintered at 1100 and 1200 c for a period 10h .Fig(1-a) at x=0, obtained a hexagonal ferrite of
Ba Fe12019 with a survival small amount of Fe,Os. These were according with ASTM card and with
published papers [2,14], so it is used as comparison.

Fig (1-b,c), shows the XRD pattern of barium ferrite substituted by Zn ions at x=1.5and 2.5 .A
new phase shown in the figure not related to the hexagonal phase, so these phases may be related to the
Y-Ferroxplana phase of the formula Ba,Zn,Fe1,0,, as well as hexagonal phase of barium ferrite.

However, the XRD peaks became weaker and broader along with the shifts in peak positions
alterations of relative peak intensities x was increased (fig(1)), the same results were observed by yue
etal [2].
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Fig. 1-d X=2.5 T=1200 c

Fig. 1-c X=2.5 T=1100c

Representative SEM images of the series are shown in Fig(2) and Fig(3). The phase were
perfect crystalline. As shown in the figures the plane dimensions of the most grains were ranged
between (6.98-1.17 um) at x of 1.5 and T is 1100 c. while at the same x and at T of 1200 c, it was
decreased to (2.87-1.01um) as shown in fig(2). For increasing doping concentration of larger values of
X, the grain size was decreased as shown in fig(3). The grain size at x values of 2.5 at 1100 ranged
between (1.87-0.4um). Also it decreased with increasing the sintering temperature to 1200 c, to range
between (0.68-0.26um), these behavior was agree with which found by yue et al [2].
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Fig (2) SEM micrographs of samples (a) X=1.5 T=1100 ¢ (b) X=1.5 T=1200c¢
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Fig (3) SEM micrographs of samples (a) X=2.5 T= 1100 c (b) X=2.5 T=1200 c
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3.2. Magnetic properties.

Hysteresis loop of BaZnyFe1,.xO19 are shown in fig (4). The hard ferrite became softer as more
Fe** substituted by Zn?* dopant. A magnetic parameters (H¢,M: M) were calculated from the
hysteresis loop as shown in table (1). Note that the magnetic parameter changed with x and T. the
change in the grain size effect on the anisotropy, which changed the coercively (Hc) and other
parameters, H, and Ms were decreased with increased x from 0 to 1.5 at 1100 ¢, while M, and p; were
increased in this interval with a hard ferrite. When T=1200 c the magnetic parameters H¢, M, and M,
were decreased but p; was increased for hard ferrite compared with its value at x=0. When the doping
concentration X increased to 2.5 the values of (Hc,M,,Ms) also decreased and p; increased but with soft
ferrite at sintering temperatures of 1100 ¢ and 1200 c°. As shown in table (4). Our findings agree better
with this reported in refs. [2,14].
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Fig (4) Hysteresis loops (a) X=2.5 T=1100 c (b) X=2.5T=1200c

Table (1) Magnetic Parameters

X T Hc Ms Mr , Tvoe
(°C) (KOe) | (emu/gm) | (emu/gm) w yp
15 1100 1383.9 34.987 13.016 0.9 Hard
15 1200 288.48 51.030 5.4487 2.6 Soft
2.5 1100 29.110 6.5909 0.36338 1.3 Soft
2.5 1200 94.785 17.484 0.76371 3.1 Soft
VVolume (30) Issue (1) 2020 953 (YoV+) &wd (V) sl (Y4 ) o]l



http://www.uoajournal.com/
mailto:info@uoajournal.com

F‘-‘AU\

Website : www.uoajournal.com daolyll wjlegl duS dlyo

_ . s - Journal of 1 I
E-mail : |nf0@u0a|0urna|.c0m /\IM;I;lrlHJanll\:I(-:r.ls;lfy College

4. CONCLUSION

A BazZn,Fe;,.xO19 ferrite can be prepared by a ceramic method with a hexagonal phase. The
grain size of the prepared particles depends on the values of x and T. to give values ranged between
(0.26-6.98um) as pointed by SEM technique. Hysteresis loop shows that the ferrite change from hard
to soft with increasing x and T .Also the magnetic parameters changed with x and T to decrease a value
of (H¢,M,, M) and increase the value of p; with increasing x and T.
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