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This Letter reports the synthesis of nanoceramic composite ZnAl2O4TiO2 by using a cost-effective and straight forward sol–gel route. X-ray

diffraction (XRD) showed the ZnAl2O4 cubic structure along with the mixed anatase- and rutile-phases of TiO2. Rietveld refinement is

performed using XRD pattern to study the structural parameters. Raman investigation endorsed the corresponding vibration peaks of TiO2

and ZnO. Field-emission scanning electron microscopy evidenced the agglomerated spherical nanoparticles. Energy-dispersive

spectroscopy analysis demonstrated the elementary peaks of Zn, Al, and Ti at 4.5, 1.5, and 1 eV, respectively. LCR measurement revealed

the decreased dielectric permittivity with the rise in frequency and temperature. This dielectric characteristic is attributed to the dipole

movement of the charge carriers. Furthermore, the authors present the investigation of the conductivity and impedance of the prepared

dielectric ceramic material.

1. Introduction: Patch antennas are one class of low-profile

antennas, with its light-weight feature due to its small size. An

ideal antenna should have some specific properties such as high

radiation efficiency, high directivity, maximum gain, and low-

return loss. Usually, copper is a popular substrate for making

antennas, owing to its high conductivity and low electrical

resistivity. Despite these, the propagation loss is a seizing issue

with the copper. To overcome this, ceramic-based materials have

come into existence due to their high-quality factor to accomplish

the high radiation, a large dielectric constant in order to decrease

the size of the antenna, and near-zero temperature coefficient

of the resonant frequency. In this perspective, zinc aluminate

(ZnAl2O4) nanoceramic material has been recognised for fabricat-

ing modern patch antennas. This material is an excellent dielectric

material, while its dielectric properties can be further improved with

the composition of titanium oxide (TiO2). The improved properties

are beneficial for scaling the patch antenna dimension.

ZnAl2O4 belongs to the spinel family with the enhanced sinter-

ability, optical, electrical, and mechanical properties, and hence, it

is the promising catalyst as well. ZnAl2O4 is a rare earth mineral

which is non-toxic for the environment, and it acts as a suitable

catalyst which has good recyclability without losing its activity. A

three-component condensation process of aldehydes, β-naphthol,

and 1,3-dimethylbarbituric acid using catalyst ZnAl2O4 nanoparticles

was performed for the preparation of naphthopyranopyrimidines. The

use of ZnAl2O4 nanoparticles demonstrated strong recyclability

of the catalyst with the rapid reaction in a short time [1].

ZnAl2O4 nanoparticles synthesised by the co-precipitation are

employed as the heterogeneous catalysts in the acetylation reaction

of amines, alcohols, and phenols. The proposed approach was

found so useful by preventing the reaction of an alcoholic hydroxyl

group, whereas the phenolic hydroxyl group was stable and

felicitated the acetylation of the amine group. This process was

not only rapid but also produced a good yield. The used catalyst

in the process was found to be recyclable without disturbing its

activity which was assigned to the nanosize catalyst particles [2].

The porous structure of ZnAl2O4 has a large surface area which

is beneficial for its catalyst application. ZnAl2O4 prepared by

hydrothermal approach endorsed the enhanced surface area as

compared to the sample synthesised by using the combustion

process. The enhanced surface area demonstrated improved cata-

lyst activity [3]. In another work, the sample prepared by

co-precipitation showed the mesoporous morphology with the

enhanced thermal stability, which ultimately yielded the high

photocatalytic activity [4]. Similarly, other catalysts such as

carboxycoumarins with the extraordinary magnetic properties,

multiwall carbon nanotube-based hybrid nanocatalyst with the

rapid reaction response, Fe3O4@SiO2–OSO3H heterogeneous

nanocatalyst and the diazepine multicomponent nanocatalyst with

their good recyclability have been reported [5–9].

Antenna substrate materials mainly are polytetrafluoroethylene

and glass–epoxy materials with their dielectric permittivity lying

in between 2 and 5. In today’s modern microwave communication

technology, there is the necessity to design and fabricate antennas

of small dimensions to be used within the short-distance such

as shopping malls, transport cargo and in factories for the

communication. In these perspectives, dielectric ceramics are

suitable because of their small size and comparatively with the

increased permittivity. Despite these benefits of dielectric ceramics,

it is challenging in the machining process such as cutting, coating,

and drilling, which are the typical behaviour of the ceramics, mainly

when the dimension is small. In this view, zinc aluminate

(ZnAl2O4) is a suitable material for the microwave applications

due to its large dielectric permittivity, which is highly desirable

in scaling the GPS antenna or antenna substrate [10]. According

to the reported literature, the dielectric ceramics are suitable for

the microwave applications if their dielectric constant does not

exceed 15. In this way, the low dielectric constant (<15) is

beneficial for overcoming the cross-coupling effect of the

conductors, reducing the carrier transport-time, improving the

quality factor and maintaining the near zero-temperature coefficient

in real-time functioning of the antenna [11]. The propagation wave-

length is inversely proportional to the square root of the dielectric

constant. Thus, the low dielectric constant (<15) is suitable for

the GPS patch antenna due to its high-quality factor [12]. Zinc

aluminate is also known as gahnite which is a rare earth mineral

and non-toxic. Further, adding of a semiconductor material such

as TiO2 is suitable to optimise the required dielectric constant
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range by varying the doping concentration and maintaining

the stoichiometry, i.e. xTiO2Zn(x − 1)Al2O4 where x is the

concentration of TiO2. Adding of TiO2 is beneficial to fulfil

the requirement of the near-resonant frequency due to its large

positive value and therefore, it improves the density of the

ceramic compound and allows the low-temperature sintering.

By adding TiO2, the dielectric permittivity was found to increase

from 8.5 to 12.67 and 25.2 [13, 14]. In this way, the resulted

compound has the synergetic effect of both the materials

(TiO2 and ZnAl2O4) and thus this material yields enhanced

mechanical strength, dielectric constant, and electrical properties

without disturbing the crystallinity of it. Further, preferring the

sol–gel synthesis of ZnAl2O4TiO2 compound is convenient due

to its simplicity and cost-effective process for the microwave

applications.

Along with zinc titanium aluminate, other ceramics such as

zinc silicon aluminate, zinc aluminate manganese titanate, zinc

aluminate magnesium titanate, and zinc magnesium titanate are

the alternative ones which have been investigated for the fabrication

of patch antenna [15, 16]. Surendran et al. [17] presented the

synthesis of ZnAl2O4TiO2 nanoceramic and studied the properties

using X-ray diffraction (XRD) and field-emission scanning

electron microscopy (FESEM) investigations. XRD study showed

the presence of anatase and rutile phases, while FESEM confirmed

the preparation of spherical nanoparticles. This prepared

ceramic material showed the dielectric constant of 13 and the

quality factor of 9950 at the operating frequency of 10.075 GHz.

Similarly, Abdullah et al. [18] demonstrated the application of

ZnAl2O4SiO2 nanoceramic for fabricating the patch antenna

by using the simple sol–gel method. They investigated the

various properties of ZnAl2O4SiO2 for its applicability in

microstrip antenna. By XRD analysis, the crystallite size was

found in the range of 39.79–44.34 nm by varying the Si concentra-

tion. Various vibrational modes were analysed using Fourier

transform-infrared spectroscopy. The prepared samples were

studied for its dielectric permittivity in the frequency range of

1 Hz to 1 MHz. The resonant frequency was noticed to be at

3.46 GHz with the return loss of −14.25 dB [19]. In another

work, Zulfikar et al. reported the synthesis of ZnAl2O4SiO2

nanoceramic compound. Atomic force microscopy analysis

showed the grain size variation from 0.01 to 0.06 μm, whereas

the XRD study showed the crystallite size of ∼18 nm with its

cubical structure. The dielectric permittivity was found to be

reduced with the increased frequency of up to 1 MHz. The resonant

frequency of the patch antenna was 3.30 GHz with the return loss of

−13.87 dB in the frequency range of 2 to 4 GHz [20]. Raja et al.

demonstrated the synthesis of lanthanum-doped magnesium

ferrite nanoceramic composite by using the sol-gel-auto com-

position route method. The simulation and experimental work

were compared by considering the dielectric properties such as

return loss, gain and, so forth. The composition of La was found

dominant for attaining the improvement of electrical and magnetic

properties [21]. Sahib et al. presented the preparation of sol–gel

double lanthanide-doped nanoferrite metamaterial for the fabrica-

tion of low profile antenna. The diameter of the nanoparticles

was in the range of 66−76 nm, as investigated by the scanning

electron microscopy. With the doping of two dopants, they reported

the enhanced dielectric constant with the reduced dielectric loss.

Finally, the patch antenna prepared by using the composite nano-

ceramic demonstrated the directivity of 6.6 dB and gain of

−4.17 dB, respectively [22].

In this paper, we present the study of ZnAl2O4TiO2 nano-

composite synthesised by a simple sol–gel process and inves-

tigation of dielectric characteristics. Section 2 explains the

materials and methods of synthesis of the nanoceramic composite.

The characteristics and dielectric investigation of the prepared

composite are presented in Section 3. The paper is summarised

in Section 4.

2. Experimental approach: For the preparation of zinc aluminate

titania composite, titanium tetra isopropoxide (TTIP-Sigma

Aldrich), distilled (DI) water, zinc acetate (CH3COO)2Zn2H2O

(Lobychem), aluminium nitrate nonahydrate (Al(NO3)3.9H2O,

Sigma-Aldrich), ethanol (C2H5OH, Sigma-Aldrich) and ethylene

glycol (EG, AR grade) were used as procured.

For the sol–gel synthesis, at first, 5 ml DI water was mixed in

75 ml ethanol and kept for stirring. Then 4.5 ml TTIP was mixed

in the above solution and stirred for 4 h while maintaining 85°C

temperature. After the sol–gel process, the prepared particles

were calcined at 700°C. In another beaker, 10 ml ethanol, 1.2 gm

aluminium nitrate, and 0.1 ml EG was added and stirred. Finally,

1.28 g zinc acetate and previously prepared 0.24 g TiO2 powder

were added into the above solution while maintaining the tem-

perature of 75°C for 1 h. Later, the prepared solution was kept

for 30 h ageing at room temperature. After drying it in a hot air

oven at temperature 180°C for 30 min, the sample was calcined

at temperature 700°C for 1 h. The choice of this calcination

temperature was preferred depending upon the thermogravimetric

and differential thermal analyses reported in the literature

[16, 23]. There were two exothermic peaks reported at temperatures

∼374 and ∼475°C associated with the combustion of the additive

organic elements present in the sample. Beyond the temperature

of 600°C the weight loss was almost constant indicating the

burning of the entire additive organic elements [16]. In another

work, there were four decomposition regions reported for the

weight loss at temperatures <200°C, in between 200 and 250°C,

250 and 400°C, and 400 and 620°C corresponding to the moisture

in the sample, structural water evaporation, decomposition of

organic compounds, and decomposition of other residues [24].

Finally, the sample was ground and examined by using X-ray

diffractometer (XRD, X-Pert Pro, UK), Raman spectroscopy

(BWTEK, Japan), FESEM (ZIESS, Germany), energy dispersive

x-ray spectroscopy (EDS), and LCR meter (PSM1735 N4L,

Newtons4th Ltd, UK).

3. Results and discussion: XRD measurement was performed to

study the crystallinity and crystal structure of the ZnAl2O4TiO2

nanoceramic. Fig. 1a depicts the XRD pattern of ZnAl2O4TiO2

Fig. 1 XRD pattern, Rietveld refined result, crystal structure and Raman
spectra of ZnAl2O4TiO2 nanoceramic particles calcined at 700°C
a Intensity, a.u. versus Bragg angle, 2θ
b Intensity, a.u. versus Bragg angle, 2θ
c Crystal structure using Vesta software
d Intensity, a.u. versus Raman shift, cm−1
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sample measured from the Bragg angle range 2θ= 20–80°.

As shown in the XRD pattern, the symbols ZAT, Ta, Tr, and Z

represents the corresponding diffraction peaks of ZnAl2O4,

anatase-TiO2, rutile-TiO2, and ZnO. We can observe the formation

of the crystalline structure of ZnAl2O4TiO2 with the mixed anatase

and rutile phases of TiO2 along with a weak peak related to the

wurtzite hexagonal phase of ZnO. The peaks related to ZnAl2O4

can be noticed at Bragg angle 2θ= 31.22°, 36.83°, 44.8°, 49°,

55.67°, 59.33°, 65.22°, 68.59°, 74.11°, and 77.32° corresponding

to the planes (220), (311), (400), (331), (422), (511), (440),

(531), (620), and (533). We can also observe the anatase-TiO2

peaks at 25.28° and 48.04° corresponding to the planes (101)

and (200). The presence of rutile-TiO2 phase is noticeable corres-

ponding to the diffraction peaks originated at 2θ= 27.41°, 41.22°,

54.33°, 56.64°, and 62.74° of the plane (110), (111), (211),

(220), and (002), respectively. Our XRD result was found

in good matching with the JCPDF File Nos. 05-0669, 21-1272,

and 21-1276 of the ZnAl2O4, anatase-TiO2, and rutile-TiO2,

respectively. This result was also found similar to the reported

works [20, 25]. During the preparation of nanoceramic composite

material, the concentration of TiO2 plays a significant role to alter

the diameter of the crystallite. The crystallinity of the compound

ceramic can be improved by altering the adding concentration of

TiO2. We have compared the various reports on the synthesis

of ceramic compounds prepared by various methods. Table 1

shows the comparison of reported works with the present one.

The reported crystallite size was observed to be in the range of

16–40 nm [21, 26–30], whereas extremely small crystallite

∼3.7 nm was reported which can be assigned to the hydrothermal

process along with the choice of high calcination temperature of

1200°C [31]. In the present study, we first synthesised the TiO2

nanoparticles by chemical route which was further employed in

the sol–gel synthesis of ZnAl2O4TiO2. Using Scherrer’s formula,

the estimated crystallite size corresponding to the ZAT peak of

the plane (220) was found to be 14 nm.

To know the structural change of the prepared compound, we

have performed the Rietveld refinement of XRD pattern using

Match Software with the in-build Rietveld refinement tool.

As shown in Fig. 1b, the prepared sample demonstrates the

presence of the mixed anatase- and rutile-TiO2 phases along with

ZnAl2O4 phase. The obtained structural parameters are tabulated

in Table 2. The resultant compound consists of three crystal

systems such as cubic, tetragonal, and hexagonal with their

respective space groups F d− 3 m, 41/a m d:1 + P 42/m n m and

P 63m c corresponding to the gahnite, mixed-phase titania, and

zincite.

Fig. 1c depicts the crystal structure of ZnAl2O4TiO2 using Vesta

Software. The circles appeared in grey, sky blue, red, and yellow

colours represent the zinc, aluminium, oxygen, and titania atoms

in the crystal system. The unit cell parameters of gahnite a= b=

c= 8.0945 A°, anatase-titania a= b= 3.7779≠ c= 9.6160 A°, and

rutile-titania a= b= 4.5957 A°≠ c= 2.9601 A° were obtained. The

cell volume of gahnite, anatase-titania, and rutile-titania were

530.3660 (A°)3, 137.2457 (A°)3, and 62.5176 (A°)3, respectively.

In the prepared sample, we have found ∼82.25, 5.3, 7.61 and

4.83% of gahnite, anatase-titania, rutile-titania, and zincite,

respectively.

Raman spectra were recorded to study the various vibrational

modes associated with the prepared sample, as shown in Fig. 1d.

We can observe dominant Raman peaks at 143, and 631 cm−1

along with peaks at 391 and 512 cm−1, which endorses B1g

and A1g modes of TiO2 [25, 32]. Likewise, ZnO vibration bands

were observed at 345 cm−1 which denotes the Raman second-order

processes of E2–E1 vibration modes. The peak originated at

437 cm−1 corresponds to high E2 vibration mode associated with

oxygen atoms, and the peak located at 512 cm−1 corresponds to

the A1g/B1g mode.

FESEM was performed to study the morphology of nanoceramic

composite material. Fig. 2 depicts FESEM image of nanoceramic

Table 1 Comparison of reported works

Synthesis approach Crystallite size, nm Particle/grain size, nm Calcination temperature, °C Reference

sol–gel method 40 — 700 [21]

sol–gel method combustion 40 40 700 [26]

modified sol–gel method 8–27 — 900 [27]

sol–gel auto-ignition method 16 20 600 [28]

modified Pechini method 40 — 600 [29]

hydrothermal method 20–24 10–50 700 [30]

hydrothermal synthesis 2.7 25 1200 [31]

sol–gel method 14 54 700 present work

Table 2 Structural parameters of ZnAl2O4TiO2 compound

Crystal system Cubic Tetragonal Tetragonal Hexagonal

space group F d −3 m,

227

41/a m d:1,

141

P 42/m n m,

136

P 63 m c,

186

phase gahnite titania-anatase titania-rutile zincite

fraction (%) 82.25 5.30 7.61 4.83

unit cell (A°) a 8.0945 3.7779 4.5957 3.4031

b 8.0945 3.7779 4.5957 3.4031

c 8.0945 9.6160 2.9601 5.0709

volume (A°)3 530.3660 137.2457 62.5176 50.8584

angle (deg.) α 90.000 90.000 90.000 90.000

β 90.000 90.000 90.000 90.000

γ 90.000 90.000 90.000 120.000

Fig. 2 FESEM micrograph (at scale 200 nm) and EDS spectra (inset) of
ZnAl2O4TiO2 nanoceramic composite particles
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ZnAl2O4TiO2 composite particles. The nanoparticles were found

to be spherical in shape and agglomerated as noticeable here. The

prepared nanoceramic particles mean diameter was estimated to

be 54 nm. EDS measurement was carried out to investigate the

elemental composition in the prepared sample as shown in the

inset of Fig. 2 which evidences the elemental peaks of Ti, Al, Zn,

and O at 4.5, 1.5, 1.0, and 0.5 eV, respectively.

Fig. 3a shows prepared ZnAl2O4TiO2 nanoparticles which were

converted into the pellet by using the hot-press machine. For prepar-

ing the pellet, ZnAl2O4TiO2 nanoparticles were mixed in polyvinyl

alcohol polymer-based solution and sintered at temperature 700°C

after making of a pellet. The diameter and thickness of the pellet

were 0.5 and 0.3 mm, respectively. Later on, metal contacts were

made by using silver paste on both the sides of the pellet, and it

was dried prior to measurement as shown in Fig. 3b. In the dielectric

ceramic-based pellet, the random alignments of the dipoles can be

observed when no field is applied. This is the equilibrium condition

when the dipoles are in a relaxing position. Conversely, when the

field is applied the dipoles get polarised as a result the symmetrical

alignment of the dipoles can be observed as shown in Fig. 3d.

Using LCR meter, the dielectric properties of ZnAl2O4TiO2 compos-

ite particles were measured and discussed further.

Fig. 4a shows the dielectric permittivity (εr) in accordance with

the frequency recorded at different temperatures from 40 to 150°C.

We can observe a little disturbance in the trend of εr in the fre-

quency range of 1–50 kHz. This can be attributed to the dipole

moment destruction. However, the inset plot shows a typical char-

acteristic of εr for the case of temperature 30°C. The variation of εr
in the low-frequency range of 100 Hz–1 kHz is found to be

decreased with an increased frequency and temperature, as shown

in Fig. 4b. This trend of dielectric permittivity with the increased

frequency relates to the Maxwell Wagner model of interfacial polar-

isation and Koop’s phenomenological theory. The synthesised

nanoceramic composite material shows increased dielectric con-

stant in the lower frequency zone, which could be brought about

from the aggregation of free carriers and the various polarisations

at the intersection [33].

Actually, frequency influences the dipole oscillations instead of

the applied field that ultimately prevents the dipole’s orientation

[34]. The dielectric permittivity is boosted by the fact that electrical

conductivity fluctuates according to the applied frequency. In

simple words, higher frequency leads to a high or interfacial polar-

isation. This occurrence can be attributed to the dipole movement

in accordance with the applied field. The dielectric permittivity

values of ZnAl2O4TiO2 sample were estimated to be in the range

of 13.25–13.65 for various temperatures. Likewise, the dielectric

degradation of the composite material often increases with the

raising of operating frequency, which is a typical characteristic of

ferroelectric.

The dipole movement polarisation describes the dielectric loss

in terms of the applied field. This implies that the dielectric loss

is attributed to lag in polarisation in accordance with the applied

field. Fig. 5a depicts the dielectric loss (tanδ) versus frequency at

different temperatures from 40–150°C. A distortion in the dielectric

loss curve was noticed in higher frequency regime. However,

a usual trend of dielectric loss recorded at temperature 30°C is

depicted in the inset plot. We can also notice the dielectric loss in

the low-frequency range of 100 Hz–1 kHz as depicted in Fig. 5b

which shows the usual phenomena of with increased frequency

and temperature.

The rate of change of tanδ relies on the temperature deviation.

Means, it will be small at low temperature while it is reasonably

sharp at high temperature [35]. Thanks to the drastic increase in

the dielectric loss at increased temperature, this might be affected

by the dispersion of the thermally stimulated carriers associated

with the defects/O2 vacancies in the synthesised nanoceramic.

The relation between the temperature and conductivity is

represented by an expression σ =ωεεotanδ. Fig. 6a shows the AC

conductivity of ZnAl2O4TiO2 nanoceramic in accordance with

operating frequency at temperatures range of 40–150°C. The

conductivity is noticed to be unusual in higher frequency due to

misalignment of the charge carriers. The inset plot depicts the

Fig. 3 Working mechanism of dielectric ceramic ZnAl2O4TiO2 pellet
a Nanoceramic sample
b Pellet and LCR meter connection
c Dipole movement without electric field
d Dipole movement with electric field

Fig. 4 Dielectric permittivity as a function of frequency at different
temperatures
a Dielectric permittivity, εr versus frequency (Hz) from 100 Hz to 10 MHz
b Dielectric permittivity, εr versus frequency (Hz) from 100 Hz to 1 kHz

Fig. 5 Dielectric loss variation as a function of frequency at different
temperatures
a Dielectric loss versus frequency (Hz) from 100 Hz to 10 MHz
b Dielectric loss versus frequency (Hz) from 100 Hz to 1 kHz

Fig. 6 Dielectric conductivity as a function of frequency at different
temperatures
a Dielectric conductivity versus frequency (Hz) from 100 Hz to 10 MHz
b Dielectric conductivity versus frequency (Hz) from 100 Hz to 1 kHz
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exponential variation of conductivity at the temperature of 30°C. A

linear variation of AC conductivity is observed in the low-

frequency range, as shown in Fig. 6b. The increased frequency

raises the conductivity, which degrades the cumulative charges.

Due to the reduction in the accumulated charge carriers, we can

notice enhanced conductivity following the frequency. With the

enhanced temperature, the conductivity of the nanoceramic

increases as a result of the carrier mobility liable for hopping;

this is enhanced by rising temperature. The trend of conductivity

curve is distinct at a higher temperature that is the variation regard-

less of frequency.

The characteristics of nanoceramic composite material were

varied with the frequency, which includes tangent loss (tanδ) as

well as complex impedance (Z*). As shown in Fig. 7a, the real

part of impedance (Z′) decreases with the rise in temperature,

which evidences the effect of negative-temperature coefficient of

resistance. However, in the high-frequency region, the flattening

of Z′ curve can also be noticed. This behaviour could be associated

with the possible liberation of space-charge carriers. The inset plot

shows Z′ versus operating frequency. The usual phenomena of Z′

is endorsed in lower frequency range. Remarkably, at the higher

temperature, the impedance (Z′) is almost maintained constant as

depicted in Fig. 7b.

Fig. 8a shows the relationship between the imaginary part of

impedance (Z″) and applied frequency for different temperatures.

The imaginary part of impedance varies with respect to the fre-

quency at different temperatures, and further, the mingling

of various curves (flattering of Z″) can be noticed at higher

frequency region. With this curve, we can conclude that the Z″

value increases with the rise in temperature which indicates the

increased dielectric loss.

The inset plot exhibited the higher values of Z″with the increased

frequency for the case of temperature 30°C. The characteristic of Z″

in lower frequency is distinguishable for the various temperature

values as depicted in Fig. 8b. The real impedance (Z′) as depicted

in Fig. 7a and imaginary impedance (Z″) shows the flattening of

curves in higher temperature region, as shown in Fig. 8a.

4. Conclusion: For the synthesis of ZnAl2O4TiO2 nanocomposite,

the simple and cost-effective sol–gel process was employed. XRD

pattern showed the major diffraction peaks related to the ZnAl2O4,

anatase-TiO2, and rutile-TiO2. Raman investigation revealed

the various vibrational modes of ZnO and TiO2 in the prepared

sample. FESEM study evidenced the spherical and agglomerated

nanoparticles with their average diameter of 54 nm. The dielectric

permittivity is found to be decreased in accordance with the rise

in frequency at different temperatures. This response of dielectric

permittivity can be attributed to the dipole movement of

the charge carriers, which relates the Maxwell Wagner model of

interfacial polarisation and Koop’s phenomenological theory. An

enhancement in dielectric loss is observed at increased temperature

and for lower frequency. The conductivity of nanoceramic

composite material is found improved with the rise in frequency.

Furthermore, the real impedance is reduced while the imaginary

one enhanced with the temperature rise. The prepared nanoceramic

is useful for microwave applications and more increase in dielectric

properties can be accomplished by adjusting the composition of the

dielectric materials.
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