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Abstract:

A series of divalent Zn substituted T-type hexagonal ferrite material having the composition
Sr,_4Zn,Feg04, (X= 0.0, 0.02, 0.06, 0.1) was synthesized by using the sol-gel auto combustion
method. Structural, morphological, optical, and electrical properties of T-type hexagonal ferrite
were explored by using an X-ray diffractometer, scanning electron microscopy, Fourier transform
infrared spectroscopy and Precision multiferroic 11. The X-ray diffraction (XRD) patterns showed
the single hexagonal phase ferrites for all the samples. With the substitution of the Zn?*ions, the
change in the values of lattice constants ‘a’, ‘c’ and unit cell volume was observed. The Debye
Scherrer formula was used to calculate the crystallite size which was determined to be varied in
the range of 26.3nm to 28.3nm. FTIR spectra also indicated that the present synthesized material
had single-phase hexagonal structure. SEM micrographs revealed the agglomeration of small
grains. The average grain size was found to be 0.331um which might be suitable for microwave
absorption applications. The Polarization verse Electric field (P-E) loops unveiled the increase in
saturation and remnant polarization. The P-E loops also exhibited the lossy behavior after
substitution and the increase in lossy behavior with substitution results in an increase in
conductivity of the material.
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Introduction:

Due to its specific characteristics, nanomaterials are considered as an emerging and exciting class

of materials with one or more dimensions in the nanometer (1-100 nm) range. Due to their small
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size, greater surface energy, and unique surface area, nanomaterials offer good mechanical,
electrical, thermal, magnetic, and optical properties [1]. Ferrites materials have received much
attention among these nanomaterials because of their magnetic and electrical properties that are
appropriate for absorbing high-frequency bands. The benefit of ferrites is that they are less
expensive and more efficient than other materials [2]. Because of its peculiar structural and
magnetic properties, ferrites have been used in several technological applications [3].
Nanostructure ferrite materials are currently being transformed into new types of applications
including sensors, biomedicine, energy collection, magnetic storage systems, and magnetic
resonance imaging (MRI) [4]. Among the ferrites materials, the hexagonal ferrites are widely used
in microwave and electrical devices due to their flexible magnetic characteristics [5]. Due to
various excellent stability, relatively inexpensive, as well as low conductivity, hexagonal ferrites
have played an essential role in numerous industrial applications [2]. Due to the fact that these
materials have been known for quite some decades, there has been a recent interest in them due to
the occurrence of single phase magnetoelectric/multiferroic interactions as well as many exotic
purposes such as in the domain of microwave/GHz frequencies, etc. [6]. Hexagonal structure
ferrites being categorized into seven types: M, Y, W, U, X, Z, and R-type [2]. Among all of these
kinds, M-type hexagonal ferrites are the most commonly employed for permanent magnets [3]. In
comparison to other types of hexagonal ferrites, M-type materials are known as hard materials [3].
The T-block is only seen in U, Y, and Z-type constructions. Furthermore, there is no R-block in
the Y-type. M, W, and X-types are created by stacking S and R-blocks in various combinations,
with the R-type containing only the R-block [7]. T-block exist independently with chemical
composition Me2FesO14 Where is Me is divalent cation like Srz, Zny, Baz. T-block is made up of
four layers, with Me, a divalent cation replacing an oxygen atom in the middle of two layers. There
are a total of eight sites in T-block, two tetrahedral, and six octahedral sites [8]. There are several
procedures for preparing ferrites, including the sol-gel method, co-precipitation method, citrate
gel, sol-gel auto combustion, and micro emulsion methodology. The sol-gel auto combustion
method was utilized to fabricate the materials in this research because it has massive benefits,
including low sintering temperature, improved particle size distribution, and excellent chemical
homogeneity. This process could also be used to make hexaferrite submicron powders with a high

coercivity for recording purposes [9].
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The main aim of this research work was to synthesize the independently surviving (T-block) T-
type hexagonal ferrites by using the sol gel auto-combustion method and to understand the effect
of divalent Zn?* substitution on its different properties.

Experimental Procedure:

The Zinc substituted T-type hexagonal ferrites with the general chemical formula Sr,_,Zn,FegO,,
(x=0, 0.02, 0.06, 0.1) were prepared by the sol-gel auto combustion method. The first step was to
make an aqueous solution of a substituent by mixing with the stoichiometric ratios of Sr(NO3)a.
6H20, Zn(NO3)2.6H.0, Fe(N03)3.9H.0, and citric acid in 200ml de-ionized water. All the
solutions were prepared in separate beakers with different concentrations. After that, all the
beakers were put on the hot plate in the ESCO fume hood. The process of stirring was initiated.
Firstly, the color of the solution was reddish, and the pH was 3. After one hour, the temperature of
the solution was maintained to be 80°C. After adding the Ammonium Hydroxide drop-wise, the
PH was changed to 7-8 and the color changed to yellow. The process of stirring continued for 4
hours which converted the color of solution into Black. After that, the samples were obtained
which were burnt to form ash for 15 minutes. The process of sintering has been done for 3 hours
at 800°C to form a dry gel. The Dry gel was grinded for 40 minutes to form a fine powder in an
agar mortar pestle. The pressure of 40kN was applied for 1 mint to the samples with the help of a
Hydraulic press to make pellets. These pellets were utilized for characterization by the XRD, SEM,

FTIR and Precision multiferroic Il.
Results and discussion:
e Structural analysis

The X-ray diffraction patterns of all the synthesized Sr,_,Zn,Feg0,, (x=0.0, 0.02, 0.06, 0.1) T-
type hexagonal ferrites samples are predicted in Fig. 1. XRD revealed the presence of a single
hexagonal phase in all of the samples. The hkl values are obtained from 26 values. The higher
characteristics peak (104) is gradually shifted towards a lower angle for the sample x=0.1 with
relative to x=0.0 sample with the substitution of Zn?*ions. This was due to the substitution of
Zn?*at tetrahedral sites, causing Fe ions to occupy the octahedral positions of the eliminated Sr2*
ions [10]. In hexagonal ferrites, this shifting of peaks after substitution is commonly present.

Moreover, some peaks disappeared after the substitution of Zn?* due to the reduction of the
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number of planes. The lattice Parameters a(A), c(A) were calculated from the given XRD by the

use of standard relations [11-13].

Sin20=A2/3a? (h? + hk + k?) + A2/4c? (1)2 (1)
V el = a?c Sin120° (2)

Where (hkl) are miller indices and A is the wavelength of the X-rays. The values of Lattice
constants “a”, “c”, ratio of “c/a”, volume of the unit cell, crystallite size and dislocation density
are presented in table 1. The Zn?* substituted ions may be responsible for changes in the lattice
parameter. The Zn?*substitution increased the value of the lattice constant “c” significantly while
decrease in the values of lattice constant “a” was observed with Zn?* additives. The difference in
the ionic radii of the substituted (Zn?* (0.74A)) and core (Sr2*(1.18 A) elements might be
responsible for this discrepancy. This difference in the ionic radii changed the distance amongst
the layers which resulted in the change in the lattice parameters and unit cell volume [12]. The
values of c/a ratio are greater than 5 for all samples which confirmed the formation of

polycrystalline material.

The Scherer's equation was used to calculate the crystallite size of each sample based on the

broadening of the diffraction peaks [14].
S=0.9 N B Cosb 3)

Where B is the full width at half maximum and A is the wavelength of the X-ray, which is 1.54 A,
6 is the angle.

It can be seen from the table that all compositions had crystallite sizes varied between 26.31nm to
28.39nm. It has been revealed that crystallite sizes of less than 50nm are essential in high-density
recording media to achieve an appropriate signal-to-noise ratio [15]. Table 1 also includes

dislocation density, which was determined using the following formulation; [11].
p=1/5? (4)

where S is crystallite size.
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The number of dislocations per unit volume of a crystalline material is known as dislocation
density. The square of the crystallite size has an inverse relationship with dislocation density, as
can be shown in equation (4). The crystallite size grows, the dislocation density values decreases.

e Scanning electron microscopy (SEM)

SEM analysis was used to determine the surface morphology of the material. The SEM
micrographs of concentration Zn=0.1 at different magnifications have been shown in figure []. The
agglomeration of the grains can easily be seen in SEM micrographs which means that the small
grains combined together to make the big grains. It was observed that the grains were not having
the uniform shape. Some grains have the spherical shape while some grains were of hexagonal
platelet like structure. It is evident that the platelet like structure grains arranged themselves in a
way to enhance the overall magnetic permeability of the sample which makes the application of
this synthesized material in high frequency devices [16]. Moreover, the average grain size of the
Zn=0.1 substituted T-ferrite sample was calculated by the Line-intercept method [17]. The average
grain size was found in the range 0.331 um. The grains which have a smaller aspect ratio have

important applications for microwave absorption materials.
e Fourier Transform infrared spectroscopy

FTIR spectroscopy is a technique to analyze the chemicals changes during the sintering and
combustion process. Figure 3 shows the FTIR spectra of Sr,_,Zn, Feg0,, (x=0.0, 0.02, 0.06, 0.1)
in the wavenumber ranges 4000cm™ to 400cm™. There were many absorption bands observed
from the FTIR spectra. The absorption peak at 419cm™ and 1648cm™ arose due to metal-oxygen
(Zn-0) bonds occurs at tetrahedral sites [18]. The spectrum at peak 670cm™ is absorption band is
formed due to stretching vibrations of metal-oxygen Octahedral sites [19]. The absorption band at
wave numbers 852cm™ and 1417cm is formed due to Zn-O stretching vibration [20, 21]. The
absorption band at wave numbers 1068cm™, 1508cm™* and 2360cm™ are assigned to the C-O group
stretching vibrations while Co, was absorbed from the air [20, 22, 23]. The absorption band at
wave number 1767cm™ arose due to stretching vibration of N-O bond while the Nitrogen was
absorbed from the atmosphere [24]. The absorption band at wave numbers 3736¢cm ™ and 3862cm’
1 might be suspected to H-O-H stretching vibration while moisture contents may be the cause of
these bands [25]. As no absorption band was present due to other material or residual material in
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FTIR spectra so it can be confirmed that the present synthesized material had single-phase

hexagonal structure.
e Electrical Polarization

It has been observed that in hexagonal ferrites the curves between electric polarization and electric
field (P-E curves) show dielectric properties due to space charge polarization [26]. The graphs for
polarization verses electric field for Sr,_,Zn, Feg0,, (X=0, 0.02, 0.06, 0.1) are shown in Fig 4.
The change in polarization in both the positive and negative regions of the electric field was
observed. The value of polarization is observed to be decreased in the positive electric field while
this behavior is very low in the negative region. This is due to high lossy behavior which means
instability or leakage of current. The samples with zero concentration of Zn*2 show low lossy
behavior. This lossy behavior was observed to increase with increasing the concentration of Zn*?
which means that the value of leakage current increased due to hopping of charge carriers which
results to enhance the conductivity of materials as well [27]. The unsubstituted sample exhibited
high resistivity value. It can be observed that the values of resistivity were likely to move down
with increment in Zn*? concentrations. These results show that it is a good agreement between
resistivity and polarization. Saturation Polarization (Ps), Remanant Polarization (Pr), and Coercive
field (Ec) are summarized below in table 3. The variation of saturation polarization and remanant
polarization with Zn?* concentration has been depicted in Fig. 5. Consequently, it can be seen in
the table that the values of saturation polarization are greater than remnant polarization which is
also a condition for lossy behavior [28]. According to the results, the values of saturation

polarization and remnant polarization have been increased with concentration.
Conclusion:

The T-type hexaferrite Sr,_,Zn,Feg0,, (x=0.0,0.02, 0.06, 0.1) had successfully been synthesized
by sol-gel auto combustion method and the sintering temperature was at 1100°C. The XRD
analysis disclosed the single-phase hexagonal ferrites for all the synthesized samples. The lattice
parameters “a” and “c” were changed with the substitution of Zn?*contents. The lattice constant
“c” enhanced from 27.14A to 27.33A with the substitution of the Zn?* while the lattice constant
“a” firstly enhanced 5.13A for x=0.02, then decreased to 5.04A for x=0.06. The Debye Scherrer

relationship was used to calculate the crystallite size which varied in the range of 26.3nm to
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28.3nm. The absence of any absorption band due to any other material in FTIR spectra also
confirmed the formation of a single hexagonal phase. According to SEM, the average grain size
was found to be 0.331 um. The SEM micrographs for x=0.1 exhibited the heterogeneous
microstructure of grains. The small spherical-shaped grains agglomerated to made the platelets
structure which can be used in microwave absorption properties. The electric polarization results
showed an increment in saturation polarization and remnant polarization with Zn?* contents.
Moreover, the decrease resistivity was observed from the P-E analysis with the substitution of Zn?*

ions.
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Fig. 1: Indexed XRD patterns of the Sr,_,Zn,Feg0,, (x=0.0, 0.02, 0.06, 0.1) T-type hexagonal
ferrites
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Table 1: The values of lattice parameters a, c, c/a ratio, unit cell volume, crystallite size and
dislocation density of Sr,_,Zn,Feg0,, (Xx=0.0, 0.02, 0.06, 0.1) T-type hexaferrites

Zn. A c cla Unit cell Crystallite Dislocation
Conc. x (A) (A) Volume size (nm)  density
(A (10%5/m?)
0.0 5.11 27.14 5.31 613.74 26.31 1.44
0.02 5.13 27.33 5.32 622.63 27.69 1.30
0.06 5.04 27.23 5.41 598.18 28.39 1.24
0.1 5.09 27.22 5.35 609.69 27.34 1.34
13
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Table 2: Values of P, P,, P;/P. and E.. of Sr,_,Zn,Feg0,, (x=0.0, 0.02, 0.06, 0.1) T-type
hexaferrites

Concentration Ps P, PJ/P, (Ec)
Of Zn* (pC/cmZ) (uC/cmZ) (KV/cmy
0.0 0.000434 0.000170 2 3.29613
0.02 0.00395 0.00385 1 8.93311
0.06 0.01813 0.01779 1 8.75938
0.1 0.05818 0.05777 1 9.57878
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