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Abstract: The realization of nano-sized, highly-featured, Magnesium Erbium Dysprosium Ferrite (Mg Erx Dyy
Fe 2-x-y O4) for  the preparation of  microstrip patch(MSP)antenna substrates is being reported in this present
investigation. The structural, electrical, magnetic measurements were made to characterize these as-prepared
particles. This composite showed an increase in the permittivity, dc resistivity and reduction in relative loss
factor. These values were large enough as compared with MgFe2O4, MgErxFe2-xO4,MgDyyFe2-yO4. The
decreasing magnetostriction   constant  and increasing in densification due to Er and Dy substitution caused the
change in  conduction mechanism due to the increase in the drift mobility of the thermally activated electrons as
the main source for the hopping conducting mechanism. This causes an increase in permittivity. These results
were  used  to  design  the  MSP  antenna  for  ISM  band  application.  Here  the  size  of  MSP  was  reduced  and  its
useful for MIMO applications.
Keywords: Ferrites, Sol-gel, Electrical measurements, Magnetic measurements, Dielectric measurements.

1. Introduction

In these recent years, nano ferrite has an important application in developing the microwave device,
high density information storage [1-2], various gas sensors [3], biological sensors [4] and three-dimensional
color images [5]. There is an intensive research going on spinel ferrites with the formula MgFe2O4. These
ferrite shows a typical dielectric and magnetic properties . The saturation magnetization of these ferrites
depends on Mg and Fe ratio [8], initially, there is an increase due to the imbalance on the Fe spin lattice and
later it decreases due to the disruption of the Mg-Fe super exchange interactions [9]. To change the conductivity
of these ferities, a small amount of rare-earth elements was doped [10]. Various attempts have been made to
study the effect of the rare-earth on spinel ferrites and found that the concentration of rare earth element (x

0.2) leads to enhance the electric and magnetic behaviour [11-12]. Generally the rare-earth element has an
unpaired electron in 4f shell which is completely shielded by 5s25p6.Here, the existence of 4f-3d coupling in
these ferrites is due to the doping of the rare-earth element. As this coupling leads to the change in magneto
crystalline anisotropy, affecting the electrical and magnetic properties [11] and strengthening the nanostructure
ferrites compared to its bulk form. Obtain the desired electrical and magnetic properties in these ferrites by
doping of different rare-earth the divalent elements in Mg/Fe site. However, the excellent hyperfine structure
was obtained by the doping of two rare-earth elements in Fe site or two divalent elements in Mg site of this
synthesized nano sized particle had been used to designing the MSP antenna. This MSP antenna had an
application in ISM band [15] with high efficiency, high gain, high directivity, low loss, along with other
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excellent antenna parameters. In this present investigation, an attempt has been made to synthesis Er-Dy doped
MgFe2O4 ferrites and to study the structural, electrical and magnetic properties of the prepared ferrites. Here,
the study of interest with respect to Er and Dy substituted in Mg ferrites lead to the higher magnetic entropy due
to their elemental form. The characterization studies like X-ray diffraction (XRD), scanning electron
microscopy (SEM), energy dispersive X-ray analysis (EDX), vibrating sample magnetometer (VSM), Four-
probe electrical measurements, dielectric measurements were made on these as-prepared samples. The obtained
results were discussed with its feasibility in terms of fabrication of MSP antenna.

2. Experimental

2.1. Synthesis of NanoFerrite Materials

Nanocrystalline powders MgErxDyyFe2-x-yO4were synthesized with the different composition of x = 0.5,
0.8, 0.7 and 0.9 and y=0.9, 0.7, 0.8 and 0.5) employing the sol-gel combustion route with distilled water as a
solvent [9, 13] and polyvinyl alcohol (PVA) was used as an agglomeration reduction agent [16]. The AR grade
chemicals Citric acid (C6H8O7.H2O;  Merck,  India),  ferric  Nitrate  [Fe  (NO3)3.9H2O] (Merck), Magnesium
Nitrate [Mg (NO3)2.H2O] (Lobo Chem.), Erbium Nitrate [Er (NO3)2. H2O] (Alfa Aesar) and Dysprosium Nitrate
[Dy (NO3)2.H2O] (Alfa Aesar) were used for the present investigations without any further purification. The
stoichiometric ratio of the base chemicals were weighed and mixed with deionized water under constant
stirring. In order to obtain a solution with necessary pH value (between 7 and 8), ammonia solution was added
with the stirring solution. During this process, the solution was stirred at 60˚C. After the stabilization, the sol
was kept at 80 ˚C for 24 hr. The obtained gel was ground and then heated at 200˚C for1h in an air furnace
resulting in dark colored ash. The obtained ash powder was milled in agate mortar. Later, the prepared nano
powders were sintered at 1200˚C for 2h in a microwave furnace (MF/1600 ˚C/-21, VB Ceramics, India). The
sintered ferrite particles were used for further characterization.

2.2 Physical parameter Studies

XRD Studies:

The phase composition analysis of fine ferrite powder was carried out using PAN analytical X’ Pert Pro
diffraction meter (the Netherlands) using Cu Kα as a radiation (λ=1.54°A) source operating at a voltage of 40
kV and current rating of 30mA with a scanning rate of 0.01°/s and scan speed of 1°/min in a 2θ range of 10-80°.
The crystallite size of the prepared samples was calculated employing by Scherrer’s formula [7, 17].

Porosity:

The porosity of as-prepared ferrite samples was measured by the liquid displacement method (the
Archimedes method) using CCl4 as a buoyant. The weights of the sample in air and buoyant (Wa and  Wb,
respectively) were measured using a digital balance.

The measurement was taken ten times with different sizes of pellets to obtain the precise density value for each
composition. The mean value of density was taken as the density of the sample.

Microscopic studies:

The obtained SEM images and the EDX patterns of the as-prepared samples were obtained employing
scanning electron microscope (3000-H, Hitachi, Japan) to explore the morphology and the presence of chemical
composition in the as-prepared ferrite nano powders.

Semiconductor Property Studies:

The electrical resistivity of the prepared ferrites was measured in the temperature range 283–563 K
using standard four-probe method (DFM-RM, SES Instruments, India). The semiconducting properties of the
prepared ferrites were obtained from the measured electrical resistivity in terms of various temperatures.

Electrical Measurements:

N4L LCR meter (PSM 1735, England) was used to undertake the dielectric measurements such as
resistance, capacitance and loss tangent of the as-prepared ferrite samples. The experimental set-up for
measuring the dielectric properties in the microwave region (0.1-20MHz) comprised of a pellet holder
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connected to the N4L LCR meter interface with the computer. Dielectric properties were obtained with the help
of this computer.

Magnetic Measurements:

The specific saturation magnetization (MS), specific remanent magnetization (Mr) and the coercivity
(HC) of the as-prepared nano ferrite powders were obtained using vibrating sample magnetometer (VSM 7410,
Lake Shore, USA). The magnetometer was operated up to a maximum field of 10 kOe, in air at room
temperature.

3. Results and Discussion

3.1 X-RAY Diffraction

Fig.1 XRD patterns of MgErxDyyFe2-x-yO4 with different Er and Dy content

Fig.1 shows the XRD patterns of the as-prepared nano ferrite samples. The observed peaks in XRD
diffraction pattern reveal the crystalline nature of the samples. These observed peaks are well indexed with
cubic spinel structure [18, 19 and JCPDS Nos: 89-3084, 20-0383 and 36- 0964]. Further, the nano crystalline
nature of the as-prepared ferrites confirms from the observed broader XRD diffracted peaks. However, the
crystalline size of prepared these ferrites were obtained from full width at half maximum and diffraction angle
employing the Scherrer formula.

Table 1 XRD- lattice constant and Particle size of MgErxDyyFe2-x-yO4 ferrites

The obtained values are mentioned in Table 1. It is inferred from Table 1 shows that the crystalline size
of the ferrites increases with an increase in concentration of Er3+   and a decrease in concentration of Dy3+
ions. This may be due to the higher ionic radius of Er3+ than Dy3+ There is a shift observed in the diffraction
plane of (311) of this XRD pattern of the prepared ferities. The decrease in diffraction angle for diffraction
plane (311) is due to increase in concentration of Er3+ or a decrease in concentration of Dy3+. Further, the
lattice constant of the spinel structure was calculated for the prominent (311) diffracted plane employing the
standard relation discussed in literature [9]. The obtained lattice constant is given in Table 1 along with the
crystalline size for easy comparison. It is evident from Table 1 shows that the lattice constant increases with an
increase in concentration of Er3+. The porosity of the ferrites increases with an increase in concentration of
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Er3+. The measured porosity of the ferrites by liquid displacement method is given in Table 1. Thus, the single
phase cubic Erbium and Dysprosium substituted magnesium ferrite nano crystals was successfully synthesized
by sol–gel combustion technique, without any secondary phases.

3.2 EDX

EDX pattern obtained for MgErxDyyFe2-x-yO4 samples is shown in Figs. 2-5. The EDX spectra of the as-
prepared ferrites comprises of Mg, Er, Dy and Fe. The estimated weight percentage of the constitute elements
are in close agreement with the starting stoichiometric ratio of the as-prepared ferrites. Thus, it reveals the
purity of the as-prepared ferrites. The no trace detected for other elements in EDX spectra confirms the purity of
the prepared ferrites.

Fig.2 EDAX of MgErxDyyFe2-x-yO4x                Fig.3 EDAX of MgErxDyyFe2-x-yO4x = 0.07 y = 0.08
= 0.05 y = 0.09

Fig.4 EDAX of MgErxDyyFe2-x-yO4x                             Fig.5 EDAX of MgErxDyyFe2-x-yO4x = 0.09 y =
= 0.08 y = 0.07                                                                      0.05

3.3 SEM Analysis

The SEM image of MgErxDyyFe2-x-yO4 samples is shown in Figs. 6-9. The SEM images reveal that the
particles are highly porous and spherical like morphology. The particles are highly agglomerated in nature. It is
difficult to obtain the exact particle size from these SEM images.
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Fig.6 SEM of MgErxDyyFe2-x-yO4x                Fig.7 SEM of MgErxDyyFe2-x-yO4x = 0.07 y = 0.08
= 0.05 y = 0.09

Fig.8 SEM of MgErxDyyFe2-x-yO4 x              Fig.9 SEM of MgErxDyyFe2-x-yO4 x = 0.09 y = 0.05
= 0.08 y = 0.07

However, the average particle size of the prepared ferrites is obtained by considering the maximum and
minimum numbers of the ferrite particles. The average particle size range obtained for MgEr0.05Dy0.09Fe1.86O4,
MgEr0.07Dy0.08Fe1.85O4, MgEr0.08Dy0.07Fe1.85O4 and MgEr0.09Dy0.05Fe1.86O4 are respectively 0.25-1.0, 0.64-1.5,
0.80-2.5 and 1.4-3.0μm. Further, the particle size of the ferrites increases with an increase in concentration of
Er3+. This measurement is in line with earlier XRD studies.

3.4 Semicondutor Property

Fig.10 Temperature dependent Resistivity of MgErxDyyFe2-x-yO4 ferrites
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Four probe was used to study the temperature dependence of electric resistivity of the prepared
MgErxDyyFe2-x-yO4 ferrites. It is seen that the voltage showed a fall with an increase in temperature (from 283 to
563 K) shown in Figure10. The above observations conclude that the as-prepared MgErxDyyFe2-x-yO4 ferrites
behave as an n-type material between this temperatures range [20-22]. This conduction in nano structured Mg
Ferrite doped with Er and Dy showed the polaron hopping conduction [9, 21].The incorporation of Mg2+,
Er3+and Dy3+ions takes place into the tetrahedral sites [22-24]. Since, the DC resistivity decreases as a
function of temperature; it shows the semiconducting nature in the ferrites. The positive value of See beck
coefficient establishes n- type conduction behaviour [21]. Further, it is seen that the room temperature
resistivity  of  the  prepared  ferrite  samples  is  more  than  around  ~106  x  106Ω cm.  It  is  also  seen  that  the
resistivity decreases with increasing the concentration of Er3+ and a decrease in concentration of Dy3+ in
MgErxDyyFe2-x-yO4 ferrites. Generally, it is reported that in the polycrystalline ferrites show that the bulk
resistivity rises from the combination of crystallite resistivity and the resistivity of crystallite boundaries [24-
26]. Since, the boundary resistivity is much greater than that of the crystallite resistivity; the boundary has a
greater influence on the dc resistivity. The decrease of resistivity is also related to the decrease of porosity. The
pores are non-conductive which increases resistivity of the material [21]. The resistivity decreases with the
decrease  of  porosity  because  charge  carriers  on  their  way  face  the  pores.  It  is  seen  that  the  decrease  in  dc
resistivity with an increase in concentration of Er3+ and a decrease in concentration of Dy3+ in MgErxDyyFe2-x-

yO4 ferrites is observed. It is also reported that the activation energy decreases with increasing grain size of the
particle. It is inferred in from earlier XRD and SEM measurements that the crystalline size of the ferrites
increases with an increase in concentration of Er3+ and a decrease in concentration of Dy3+, as its reported that
the decrease in activation energy with the increase in concentration of Er3+ and a decrease in concentration of
Dy3+may attributed to the fact that partial reduction of Fe3+ to Fe2+which takes place locally and thus, these
places act as donor center [8, 11 19]. In ferrite samples, the activation energy is also associated with the
variation of mobility of charge carriers rather than with their concentration[19]. The charge carriers are
considered to be localized at the ions or vacant sites and thus conduction occurs via a hopping process. Since,
the hopping depends upon the activation energy,which in turn is associated with the electrical energy barrier
experienced by these electrons [26-28]. Thus, the conduction mechanism is occurring here due to the hopping
of electrons from the Fe3+ type to Fe2+ type. The higher value of dc resistivity is due to the inclusion of rare-
earth content in Mg ferrite. The rare-earth doping reduces the Fe ion concentration from 2 to 1.85 thereby
reduces the number of Fe3+ ions on the octahedral sites which play a dominant role in the mechanism of
conduction [18]. It also seen that the resistivity of the sample decreases with increase in temperature according
to Arrhenius equation [17, 18, 29-30], which shows that the increase in temperature leads to decrease in
resistivity, which is in accordance to the normal behaviour of n type semiconducting materials. Thus, the
increase in temperature of the sample will help the trapped charges to be liberated and allow them to participate
in  the  conduction  process,  resulting  into  the  decrease  of  the  resistivity.  This  decrease  in  resistivity  is  used  to
explain the increase in the drift mobility of the thermally activated electrons according to the hopping
conduction mechanism and not due to the thermally creation of the charge carriers. Here, the hopping
conduction mechanisms between Fe2+↔Fe3+ + e−1 will act as a main source of electron hopping.

3.5 Hysteresis

The vibrating sample magnetometer was used to obtain the magnetic measurements of the as-prepared
ferrites shown in Figure 11. The obtained saturation magnetization, coercivity and remanent magnetization from
hysteresis loopsat room temperature are listed in Table 2.The obtained saturation magnetization (Ms) at room
temperature is found to be 29-32 emu/g and remnant magnetization (Mr) is 8-12 emu/g. The obtained values for
Ms and Mr of lanthanide doped ferrites are greater than the earlier reported values for MgFe2O4 ferrites [19-22,
24]. Since,the magnetic moment of Er3+and Dy3+ ions is much greater than Fe3+ ions, a replacement of
Fe3+ions by Er3+or Dy3+ ions at B site results an magnetic moment increases.The increase in saturation
magnetization was observed with an increase in concentration of Er3+and a decrease in concentration of Dy3+
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 behaviour in MgErxDyyFe2-x-yO4 ferrite nanoparticles
attributes to spin canting and surface spin disorder which occurred in these nano crystallized particles [19, 20,
22]. These observed values for Ms and Mr of lanthanide doped ferrites suggest their suitability in applications
like magnetic targeting and separators [22].
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Table 2 Magnetic saturation, retentively, coercive force of MgErxDyyFe2-x-yO4 ferrites

Fig. 11 Hysteresis loop of MgErxDyyFe2-x-yO4 ferrites

3.6 Electrical Properties

Fig. 12 Variation of dielectric constant of MgErxDyyFe2-x-yO4 ferrites with frequency
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Fig. 13 Variation of absolute permittivity of MgErxDyyFe2-x-yO4 ferrites with frequency

Figs. 12 and 13 show the variation of dielectric constants of  ferrite MgErxDyyFe2-x-yO4 samples   at
different frequencies. At lower frequencies (100 kHz), the dielectric constant is very large, while at higher
frequency (2–10MHz), the dielectric constant reduces and becomes linear.It has been seen that for the large
value of dielectric constants leads to a large dielectric polarization. The higher value of dielectric constant of the
material leads to higher value of polarization. There are four key mechanisms causing polarizations: electronic,
ionic, dipolar and space charges polarization. Their occurrence depends upon the electric frequency of the
applied field [21, 31-32]. It is seen that at low frequencies, space charges polarization and dipolar polarization
are known to play the vital role [31-33] and both of these polarizations are temperature dependent. Whereas at
high frequencies, ionic polarizations is mainly contributes due to their insignificant with temperature. It is found
that the maximum and minimum value of dielectric constant is 30.963 and 1.172 respectively for MgErxDyyFe2-

x-yO4  ferrites. The maximum and minimum value of the dielectric values are respectively 2.01 and 2.585
(x=0.05 and y=0.09), 2.96 and 3.785 (x=0.07 and y=0.08), 2.98 and 2.584 (x=0.08 and y=0.07) and, 3.12 and
8.81 (x=0.09 and y=0.05).The dielectric loss follows the same trend as the dielectric constant curves, and this is
explained on the similar to dielectric constant. The low values of dielectric constant, dielectric loss and high
value of dc resistivity are due to the rare-earth ion content in Mg ferrite. This result is explained in view of the
hopping conduction mechanism between Fe2+↔Fe3+ + e−1, as rare-earth ions do not participate in conduction
and polarization process which limit the degree of hopping by blocking up Fe2+↔Fe3+ + e−1 pattern on the
octahedral sites [21, 32- 34]. This is due to the reduction in the concentration of Fe ions in the system due to the
doping of rare-earth ions in Mg ferrite [33, 35].

4. Conclusion

In  the  present  studies,  sol-gel  route  was  found  to  be  simple  and  efficient  for  the  synthesis  of  Er,  Dy
doped Magnesium ferrites. The nanocrystalline MgErxDyyFe2-x-yO4 ferrite powders were successfully
synthesized with different doping. The phase purity, crystallite size and particle size of the prepared ferrites was
confirmed by XRD and SEM micrographs. Semiconducting behaviour of the ferrites was confirmed by using
temperature-dependent resistivity measurements. The magnetic saturation, coercivity and remanent of the as-
prepared ferrites was obtained by analyzing the hysteresis curves. The dielectric constant and loss tangent of the
ferrites were determined by using LCR meter. It is found that the maximum and minimum value of dielectric
constant for MgErxDyyFe2-x-yO4 ferrites is 8.81 and 2.01 respectively. From the above features it may be
concluded that the prepared ferrites samples are the suitable candidate material for designing the MSP antenna.
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