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Abstract: A series of novel double lanthanide doped (Cerium, Ce’ and Erbium, Er’") nano magnesium meta
ferrite material was synthesized by sol-gel route and sintered in a microwave furnace. For constructing
Microstrip patch antenna of the as prepared material was studied to determine €, ,tand, u and ¥, earlier it was
seen that €, and tand were high, due to the double doping €, ,tand and p decreased significantly which was
suitable for the designing the Micro Strip Patch Antenna at 3.1 GHz-10.6 GHz frequency range. The Structural
and Size analysis of this as prepared material was investigated by X-ray Diffraction (XRD) and Scanning
Electron Microscope (SEM) the size came to be 66-76 nm. In the further studies, both the dielectric constant
and loss tangent were found to show a large in the value as compared to the earlier one. It was verified that the
defined properties with extremely low permittivity and low loss factor with an improved DC resistivity were
suitable for the material to be known as metamaterial. These Properties were further used to design and
construct the Micro Strip Patch antenna with the improved directivity of 6.6 dB and the gain came to be -4.17
Db.
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1. Introduction

In recent years, nano composite materials play the vital role to enhance the radiation performance of the
antenna in 3.1 GHz t010.6 GHz applications [1]. Ferrites being magnetic materials have a wide range of
applications for high density magnetic data storage system, microwave absorbing material, gas sensor, magnetic
resonance imaging contrast agents, targeted release of drugs etc. MgFe,0, ferrites are partially inverse spinel
with ferromagnetic property, since Mg>" is anti ferrimagnetic with diffusible in nature. Therefore, its
distribution in the crystal lattice site large depends on the synthesis conditions like precursor, pH condition, heat
treatments [2, 3]. These preparation conditions directly affect the cation distribution which in turn reflects in the
physical and chemical properties of ferrites to a greater extent. The structural, electric and magnetic properties
of the ferrites are enhanced by substitution of different metal ions in its tetrahedral and octahedral sites [4, 5].

A variety of chemical synthesis methods are used for synthesizing nanosized spinel ferrites, such as,
sol-gel, wet-chemical, co-precipitation, micro-emulsion, auto-combustion, hydrothermal and reverse micelle [2,
3, 6, 7]. The wet-chemical synthesis of high reactive powders has been proved to be an effective method for the
synthesis of ferrites. However, it performs the calcinations at high temperature to obtain the final product of
powder with expected crystal structure. Good stoichiometric control and production of ultrafine particles in
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nano-range at relatively low temperature has attracted many researchers to choose sol-gel technique as
preparation method [7].

The unusual magnetic, optical and electrical properties of rare-earth doped ferrites have been attracted
the attention of many researchers in recent years. The rare-earth lanthanides are good electrical insulators with a
high resistivity .The rare-earth is widely used to modify the structural, magnetic and electrical properties of the
ferrites. A Strong correlation between the conduction mechanism and the dielectric behavior of the doped
ferrites has been reported [8, 9]. The effects of the substituted rare earth ions like La, Sm, Gd, Dy, Yb, Er, Tb,
Ce and Y in Fe’* B site of ferrites have been investigated [10]. The substitution of large rare-earth ions in Fe*"
ions results in change in strain which induces structural distortion and there by modify the properties of samples
[11]. This substitution results into high dc resistivity, very low electrical permittivity and low dielectric loss
[12]. To further reduce the electrical permittivity and dielectric loss dual doping has been done. Therefore, in
our present investigations, an attempt has been made to study the structural, magnetic property and behavior of
localized electric charge carriers due to Ce*” and Er’* doping in magnesium ferrite to behave as metamaterials.
This study offer valuable information which has not been reported. Moreover, by using this dielectric material
for the substrate, a rectangular Microstrip patch antenna with the further reduction in size and increase in
antenna directivity has been designed and the parameters related to the antenna performance are being
discussed.

2. Experimental Procedure

Cerium and Erbium doped magnesium ferrite were prepared by sol-gel auto combustion method with
different composition of x and y (x=0.08, 0.06 and 0.04 and y = 0.04, 0.05 and 0.04). Similar procedure
discussed in our earlier studies [13] was used to prepare the MgCeErFe,,.,O4 ferrites. X-ray powder
diffraction (XRD) pattern was recorded for the as prepared ferrite samples by using the (PAN analytical, X’
Pert Pro) diffraction spectrometer. The recorded X-ray pattern was used to conclude the respective diffraction
planes of structure and helps to determine the crystalline size of these as-prepared ferrites. Scanning electron
microscope (SEM; S3000-H, Hitachi, Japan) was used to obtain the SEM microscopic of as-prepared nano
ferrite materials to determine the particle size. Energy dispersive analysis of X-ray (EDX) was done on Genesys
20 spectrophotometer (USA) which confirms the presence of element present in the as prepared doubly doped
nano ferrites.

A vibrating sample magnetometer (VSM; 73009, Lakeshore, USA) was used to study the hysteresis
loops of the as prepared ferrite materials. The four-probe method (DFM-RM, SES Instruments, and India) was
used to study the temperature dependence of electrical resistivity in these ferrite samples. The dielectric
resistance, relative permittivity and loss tangent of the as prepared ferrites was obtained employing N4L LCR
meter (PSM 1735, England). These as prepared samples were converted in to polymers and sandwiched
between the two plates of RT-DUROID. The dimensions of Microstrip patch antenna were calculated as shown
below and finally the directivity and efficiency of the Microstrip patch antenna was obtained by using ADS
simulation software.

Calculation of Microstrip Patch Antenna Dimensions:

Using the relative dielectric constant (e~ 2.4540) and thickness (h=2.25mm) of the dielectric material
for the frequency (fi= 5.4 GHz), the dimensions (L and W) of the rectangular Microstrip antenna had been
calculated using EM-TALK Microstrip patch antenna calculator.

The Values was obtained,

Length (L) =16.43438m and Width (W) =21.1372m

3. Results and Discussion

The XRD pattern of the as-prepared MgCe,Er,Fe;.,,O, ferrites is shown in Fig. 1 (a, b, C).
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X-ray diffraction pattern of MgCexEryFe2-x-
yO4 ferrites different Ce, Er content
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X-ray diffraction pattern of MgCexEryFe2-x-yO4
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Table 1. XRD cation distribution of
MgCexEryFe2-x-yO4

Fig 1(c) x=0.04, y=0.04

X-ray diffraction pattern of MgCexEryFe2-x-
yO4 ferrites different Ce, Er content

The observed XRD pattern confirms the formation of single phase spinel structure corresponding to the
standard crystallographic phase as mentioned in JCPDS card No: 73-2211.Here the intensity peaks of the
observed XRD pattern were coinciding with the peaks mentioned in JCPDS. Further the intensity of the XRD
peak was found to be decreasing with the increase in doping concentration of Er’" and Ce’" this causes the
difficulty in the process of crystallization with the increase in rare earth ions decrease in ionic radius [8, 10].
Here the shift in prominent peak (i.e., 311 peak) position due to the doping of Er’" was seen. However, few
extra reflections peaks were also present in the diffraction pattern due to oxides of doubly doped Cerium and
Erbium ions [14].

The lattice parameter obtained from the XRD diffraction peaks were 8.3043, 8.3168 and 8.3409 A. It is
seen that the lattice parameter increases linearly with the increase of Ce’" and Er’” ions. This confirms the
increase in lattice parameter is due to the larger ionic radius of Ce*"(1.15 A) and Er*’(1.03 A) than those of host
cation i.e., Mg*'(0.86 A) and Fe’* (0.69 A).The crystallite size of the as-prepared ferrites was also estimated
from XRD pattern by using Scherer’s formula(D=0.94A/ fcosb)

Here A was 1.5406A. As it has been reported earlier that a crystallite size of ~50 nm is desirable for
obtaining a suitable signal-to-noise ratio for switching applications [15].Thus it confirms the application of this
as prepared material will be useful for micro strip patch antenna construction. The increase in crystallite size
with increase in concentration of Er’" and Ce®" is matched with the earlier reported results [16-18], it is
mentioned that due to the larger bond energy of Er'’-O” and Ce®” - O* as compared to that of Fe® -O* here
more energy is needed to make Er'" and Ce’" ions to enter into the lattice for the formation of lanthanides
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oxygen bonds. Thus it concludes that the lanthanide substituted ferrites have higher thermal stability relative to
pure magnesium ferrites, but more energy is needed for the lanthanide substituted samples to complete
crystallization and grow grain gradually.

Here the gradual increase in lattice parameter is attributed replacement of Mg”" ions. However due to
Er’" and Ce’* substitution the lattice constant is found to decrease than for the corresponding undoped samples.
This supports the occupancy of Er’” and Ce®" on octahedral site. The similar results have been reported for rare
earth element substitution for Ni-Zn ferrites [19].The Knowledge of the cation distribution and spin alignment
is essential to understand the magnetic properties of spinel ferrite. The investigation of cation distribution helps
to develop materials with desired meta properties which are useful for many device applications.

[Mg™ Fe’*]a (Ce*"  Er’yFe’ 1)) 5074

Where the brackets [ ] and () indicate the A site and B site respectively. Ce’” Er’” is an inverse spinel
structure in which half of the ferric ions preferentially occupy the tetrahedral site (B sites) and the other half
occupies the octahedral sites (A sites). On the other hand non-magnetic Mg ions prefer to occupy the tetrahedral
sites.

The SEM micrograph confirms the nano phase of the crystallite shown in Fig. 2 (a, b, c). The analysis
confirmed the microstructure of the sintered specimen. The Er’” and Ce®" doubly -doped specimens show a bi-
phasic microstructure which is seen as the dark ferrite matrix grains along with the intense whitish grain at the
grain boundary.

Fig 2(a) x=0.08, y=0.04 Fig 2(b) x=0.06, y=0.05
SEM images of sintered MgCexEryFe2-x- | SEM images of sintered MgCexEryFe2-x-
yO4 with different Ce, Er content yO4 with different Ce, Er content
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These activities are in accordance to the observation made for cerium doped magnesium ferrite [19] and
the intense whitish grain boundary or the iron positions which are due to the occupation of the rare earth ions
[20-21] can be seen in the Fig. 2 (a, b, ).

The EDAX spectra Fig. 4(a, b) obtained from the center of Er’” and Ce’" substituted Mg ferrite grains
indicated the presence of Mg peaks at 4.50 to 5.50 keV and 6.50 to 7.50 keV, where as the Fe peaks are seen at

5.50 keV and 6.50 keV.

cledax32igenesisigenspc.spe

Label A:

150 250 350 450 550 650 7.50 850 950 1050 1150 1250 13.50

cledax3Agenesisigenspe.spc

Label A:

=
i

150 250 350 450 550 650 750 850 950 1050 1150 1250  13.50 keV

Fig 4(a) x=0.06, y=0.05

EDAX pattern for MgCexEryFe2-x-yO4 with
different Ce, Er content

Fig 4(b) x=0.08, y=0.04

EDAX pattern for MgCexEryFe2-x-yO4 with
different Ce, Er content

The vibrating sample magnetometer was used to obtain the magnetic measurements of the as prepared
ferrites shown in Fig. 5. The obtained saturation magnetization (M;) at room temperature was found to be
8.4611 emu/g and correspondingly the remnant magnetization (M,) was 4.0061 emu/g. Magnetic Saturation
was found to be 8.4611 emu/g and corresponding field of magnetization was 9500.0 G. The magnetic
susceptibility (y) was calculated by using the formula,

y=B/H

The value of x came to be 0.000112279 and the corresponding value of p was 1.00141 H/m. It has been that
with the increase in doping content of Cerium Erbium the p increases and y decreases shown in Fig. 3.

As this magnetic Mg Ce’* Er’” ferrite is subjected to a changing magnetic field, are time dependent
effects happen to take place the magnetic moments reorient and the domain walls tends to move giving rise to
two types of resonance. They are spin resonance and domain wall resonance. These spins will give rise to slow
rotation which is directly related to frequency 10’-10* s™ . It is seen that this relaxation frequency is insufficient
to attain the critical damping. For sintered MnCeEr ferrite the real part p, this is about 1000 in low frequency
region. In these ferrite magneto composites, a magnetic inert component will get introduced thus causing not
only the magnetic dilution but also a cut-off the magnetic circuit in the ferrite. Therefore, the permeability is
reduced remarkably as the ferrite volume loading decreases. The other reason is due to the low volume loading
composite sample have magnetic particles separated individually and the magnetic poles on each particle
generate the demagnetizing field. The demagnetizing field reduces the induced magnetic moment more than
that calculated from the volume loading. Therefore the permeability in low frequency region decreases with the
concentration change from the sintered ferrite to the magneto composites. It is known that a step change of
applied magnetic field will cause ferrites to respond with a simple relaxation of magnetization and the
reciprocal of the complex susceptibility gives the simplest curve describe its spectrum. According to the globus
model [22], the susceptibility spectrum is due to domain wall motion between points, such as grain boundaries.
As the domain wall takes a two dimensional slice through the ferrites grain structure, the average diameter
between grain boundaries is skewed towards the smaller grains. The high frequency portion of the susceptibility
spectrum may be expected to show the effects of this distribution. In this region, the impedance of the material
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is largely resistive, and will affect the ferrites intended for signal suppression to improve electromagnetic
coefficient. The obtained values for M and M, of lanthanide doped ferrites are greater than the earlier reported
values for MgFe,O, ferrites [9, 13, 21 and 23]. Since, the magnetic moment of Ce*"and Er’' ions is much
greater than Fe’" ions, a replacement of Fe’™ ions by Ce’“or Er’*ions at B site results in the increasing magnetic
moment . The increase in saturation magnetization was observed with an increase in concentration of Er*“and a
decrease in concentration of Er’” ions. The increase in magnetization of the prepared ferrites may explained by
annihilation of a nonmagnetic layers (surface dead layers) due to the lanthanide doping. The coercivity of the
prepared ferrites strongly depends on the particle size and anisotropy of the materials. In multi-domain particles,
the magnetization reversal occurs due to the domain wall movement. As the domain walls move through a
particle, they are pinned at grain boundaries. The additional energy is required for domain walls to continue the
wall movement. Therefore, the doping of lanthanides creates more pinning sites and increases the coercivity of
the ferrites. In the present investigation, the observed super-paramagnetic behavior in MgCe.Er Fe, .,O, ferrite
nanoparticles attributes to spin canting and surface spin disorder which occurred in these nano crystallized
particles [20, 21]. These observed values for M and M, of lanthanide doped ferrites suggest their suitability in
applications like magnetic targeting and separators [21]
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Fig 5 Magnetic hysteresis loop for Ce-Er doped
Mg Ferrite

Small amount of Ce3” and Er’" doping has a great influence on magnetic properties. The hysteresis
loops of Ce*" and Er’’substituted hexa-ferrite, calcined at 750 °C; show a behavior of the hard magnetic
materials with high coercive force, as shown in Fig. 5. The variations of Ms and Hc values of MgCe.Er,Fe, ...,
Oy are also shown in Fig. 5. As x increases, the value of Ms increases and reaches to the maximum, which
coincides with some reports in the literature [24-26] The increase in Ms could be contributed by the
enhancement of hyperfine fields at 12k and 2b sites as strengthening in the Fe" O Fe’* super exchange
interaction giving higher net magnetization [24]. As x increases, the effect of magnetic dilution is occurred with
the changing of the Fe'" (high spin) valence state to Fe*~ (low spin) state on +2 A site by substitution of the
Mg*" with Er*" and Ce*" ions.

The value of Ms at room temperature for the pure cobalt ferrite sample is 52.24 emu/g. The low value
of saturation magnetization compared with that of the bulk can be understood on the basis of core-shell model,
which explains that the finite size effects of the nano-particles lead to canting or non-co linearity of spins on
their surface and thereby reducing the magnetization [27]. Semiconductor property of four probes was used to
the study the temperature dependence of electric resistivity of the prepared Mg Ce, Ery Fe,,.y Oy ferrites. It has
been seen that there was no significant change in permittivity with the change with the change in temperature.
Further it was seen that there was a drop in voltage with the increase in temperature (from 42 to 126 K) as
shown in Fig. 6. The above observation conclude that the as prepared Mg Ce, Ery Fe,.,, O, ferrites behave as an
n-type semiconducting material. Generally, it is reported that in polycrystalline ferrites the bulk resistivity rises
from the combination of crystallite resistivity and the resistivity of crystallite boundaries [23,28and29]. Since,
the boundary resistivity is much greater than that of the crystallite resistivity; the boundary has a greater
influence on the dc resistivity. It has been seen that the decrease in dc resistivity with an increase in
concentration of Ce’” and a decrease in concentration of Er’* in Mg Ce, Er, Fe,.., O, ferrites is observed.



M.Sivabharathy et a/ /Int.J. ChemTech Res.2014,6(11),pp 4615-4624. 4621

Frequency vs Permittivity

16.6

M_

H=008Y=004

-0.06,7=005
=0.04,7=0.04
z
£
£
a

= Voltagein Volts =
~th o
o) e

51
S
L

1 5 L] L] T
2 . 8¢ 126
Temperature in C

Fig 6 Temperature Voltage relationship of Fig 7 Frequency Permittivity Behavior
materials

Here the partial reduction effects locally and give rise to the donor center [2-3, 8]. In these ferrite
samples, the activation energy is also associated with the variation of mobility of charge carriers rather than
concentration [20]. The charge carriers are considered to be localized on the ions or vacant sites giving rise to
the conduction occurring from the hopping process. As this hopping depends upon the activation energy, which
in turn is associated with the electrical energy barrier experienced by these mobile charge carriers [27-29].

The studies regarding the change in dielectric constant at room temperature for different composition of
samples at various frequencies were made and are shown in Fig. 7. It was observed that the value of dielectric
constant ranging from 0.015 to 0.025. From the figure it can be seen that the permittivity decreases with
increase in frequency reaching constant value at higher frequencies. For low frequencies the dielectric constant
is small, at intermediate frequencies its values begin to monotonically increase and eventually approach the
values of the dielectric constant of this substrate. As the frequency of operation increases, most of the electric
field lines concentrate in the substrate. At high frequency the change in permittivity of ferrite crystals is mainly
due to atomic and electronic polarization in the ceramic grains. Here the presence of Fe*™ in ferrite materials
always gives rise to high permittivity because Fe*" has a larger polarization than Fe’".

4. Application for Microstrip Patch Antenna

In the Microstrip patch antenna study, it was seen that with the decrease in €, the antenna directivity was
found to be increasing. The as prepared dielectric material with permittivity 2.0511 was sandwiched between
two glass epoxy materials, each with permittivity 5.42.The relative dielectric constant &, of the final product was
found to be 2.4540 and the same material was used as the substrate for designing Microstrip patch antenna as in
Fig. 8. The radiation parameters of the antenna were studied numerically using Advanced Design System

simulation (ADS) software (Fig. 9).
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Fig 9 Antenna output

From the above results, it was found that the as prepared material would be suitable for constructing
Microstrip patch antenna with high directivity. Also, for the designed antenna dimensions (L and W), the
performance parameters like directivity and return loss of the constructed patch antenna was studied
experimentally. These results were found to be better for high gain MSP Antenna.

5. Conclusion

In summary, Magnesium Cerium Erbium ferrite nano-crystalline were successfully prepared by sol-gel
method. This nano crystalline MgCeEr,Fe,,.,O4 meta ferrite powders were successfully synthesized with
different doping levels. The Particle size, purity and crystalline size of respective powders was synthesized and
confirmed by above XRD and SEM.

The ferrite powder was sintered at 1080°C; found sintering pellets was used for all measurements. The
purity of the as-prepared ferrite samples was measured by the use of EDAX. The temperature dependent
resistivity measurements were used to confirm the semiconducting behavior of the ferrite materials. By using
LCR meter, the dielectric constant and loss tangent of ferrite materials was found. Further, we conclude that the
above synthesized meta ferrite materials are suitable to be used as Microstrip patch antenna as it large increases
the gain and directivity of antenna and this meta material can be further used for designing Photonic Band Gap
antenna.
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