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4.1 Introduction
Materials show simultaneously dielectric(Amaral et al. 2014a),(Yadava et al. 2017)and

magnetic(Dias et al. 2019),(Ali et al. 2017) properties have been a great interest to
modern science and technology not only the perspective of solid-state physics but also
because of their potential application in microelectronic devices and systems. In recent
years, the investigation of high-speed digital electronics, wireless communication,
industrial demands, medical and associated increasing contact to microwave necessities
to the development of effective, condensed and economically absorbed of
electromagnetic energy to electromagnetic compatibility and ecofriendly in a wide
frequency range.(Pandey and Mandal 2019),(Kumar et al. 2020b),(Wolska et al.
1997),(Chen et al. 2016),(Amaral et al. 2010)The multiferroic material has a high
capacity to retain a unique combination of dielectric permittivity and has a very low
tangent loss. The multiferroic materials show spontaneous magnetization takes place.
The synthesis of magnetic material cheap synthesis and extremely low d.c. conductivity
which makes them fascinating for the development of wideband microwave absorbers.
The development of polymeric material and metal oxide of composite powder is how to
control the frequency dispersion of complex permeability and permittivity of the
composite. It is mainly obtained by the variation of composite filler types,size and shape
of the host.The distribution of composite can be varied by the concentration of mixtures.
There are several attempts to make control magnetic and dielectric properties of the
material by different routes such as chemical vapour deposition, hydrothermal, physical
vapour deposition (PVD), electrospinning method and coprecipitation. The semi-wet
route is a cheap low cast useful method for obtaining accurate structural of the material
at the ionic level. Semi —wet route is more homogeneity of material at the nanoscale.
Researchers have performed the challenge of finding radar frequency absorbing material

with a wide frequency range. Material based on hexaferrite can not full fill those
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demands. The hexaferrite materials were explored resonant frequency and new system
of composite powder including hard and soft material have been developed such as
SrFe12019 , Fe203, CoFex04 , BaFe12019, Fe3012 .Mn-doped CCTO nano-ceramic must
have a variety of potential applications such as catalyst, ion filter, electrochemical
capacitor, electrode material batteries.(Slimani et al. 2018),(Nigam and Pawar
2020),(Ghanbari Shohany and Khorsand Zak 2020),(Ogloblichev et al. 2018 p. 2),(Asiri
et al. 2018) Material which is manganese doped, useful nanoparticle and usable for
processing physical and chemical properties which is strongly dependent upon
morphology and nanostructure of Mn-doped electroceramics. The CaCu3T14012 (CCTO)
has been showing giant dielectric properties. The CCTO ceramic is unlucky that the
tangent loss was recorded previously very high, due to this region not suitable for
capacitor application.(Almeida et al. 2009) It is reported in many research papers that
when doping of homo or heteroatom into the copper or titanium site most of the studies
have shown demerit that mostly maintains particular properties and other properties
degrade.(Rani et al. 2018),(Liu et al. 2011),(Lohnert et al. 2015)In the previously
reported research paper the cation and anion doped such as Zn'?, Gd"3, Sn**, Nb*, Sr?,
La®, Ni*?2, Mg*?, and F'. In the previously reported research paper when Mg?* doped at
the copper site , due to smaller size less agglomeration of chages inside the grain boundary
take place so the dielectric constant get decreases , by doping of small cation tangent loss

also decreases Mg?>".(Singh et al. 2014),(Kumar et al. 2020b)

In this study, for the synthesis of CaCuz.9Mno.1Ti3.90Mno.1012 (CCMTMO) followed
by the semi-wet route. The semi-wet route is very cheap for synthesizing Mn-doped
CCTO ceramic in which low-cost titanium oxide used. The single-phase formation of

CCMTMO ceramic was to be examined by the XRD pattern.
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4.2 EXPERIMENTAL SECTION

Synthesis of material.

For the synthesis of CaCuz.90Mno.10T13.90Mno.10012 (CCMTMO) ceramic, semi —the wet
route was followed. The starting materials were taken in the stoichiometric amount
suich as Calcium nitrate tetra hydrates (Ca(NO3)2.4H20 (98% Merck, India)). Copper
nitrate hex hydrates (Cu(NO3)2.6H2O Pure 99% Merck, India), Manganese acetates
hydrates, C4H4sMnO4.H20 (Aldrich 99 % Pure ) and low-cost solid Titanium oxide (
Ti02(98% Merck, India).All metal complexes were mixed in double-distilled water in
the beaker for the preparation of CCMTMO ceramic. The glycine was used as a
chelating agent. The color mixed complexes solution was blue, follow this solution
allowed to magnetically stirred and maintain the temperature 70°C to 80 °C for 12 to 15
h for the removal of water, and polyaesterification takes place. After the
polyaesterification the remaining quantity was dehydrated to fully evaporation takes
place. The compound was ground using mortar pestle. The compound was black, solid
and crystalline. The ceramic material was calcined 600 °C for 12 h. The calcined
powder was follow on pillarization by using polyvinyl alcohol (PVA 2 wt. %) used as
the binder. The binder was burned out 500°C for 2 h. The pellets were sintered 900°C

for 12 h.

Characterization

The thermal behavior of CCMTMO ceramic was studied by thermogravimetric analysis
(TGA). The phase formation was examined by X-ray diffraction (XRD) pattern. The
sample was characterized by Fourier Transform- Infrared spectroscopy (FT-IR) and
Raman studied. The microstructural structural studies were performed through HR-

SEM and HR-TEM. The stoichiometric of ceramic was to be confirmed by Energy
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Disperse X-ray. The oxidation state was confirmed by X-ray photoelectron
spectroscopy (XPS). The magnetic, dielectric, impedance and modulus spectroscopic of

material also studies.

4.3. Results and discussions

Thermogravimetric (TGA) analysis

Figure 4.1 shows the TGA graph of CCMTMO ceramic. From the figure 4.1, it is clear
that minor weight gian was observed at 400°C due to the formation of intermediate
compound. It is observed that there is a weight loss from 500°C to 650 °C which is
duedue to releasing a large amount of gases such as H>O, COz and Na.(de Oliveira et al.
2016) The weight loss occurred at above 500°C due to releasing of glycine and nitrate
mainly which is reported in previously reported research paper.(Sharma et al. 2014) It is
recorded from the plotted graph that at above 900°C there is no further weight loss
occurred, which indicates the phase formation of CCMTMO ceramic. (Sharma et al.

2014),(Kumar et al. 2020a)
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Figure 4.1. TGA plot of dry powder (CaCu29Mny.1Ti3.9Mno.1012 (CCMTMO) as-
prepared powder .

Fourier Transform- Infrared spectroscopy (FT-IR) studies

Figure 2 shows FT-IR spectra of CCMTMO ceramic. The absorption peak at 547 cm’!
may be due to the bending mode of copper oxide (CuO).The peak recorded at 401 cm’!
is mainly due to the presence of calcium oxide bond (Ca-O).(Singh et al. 2014) It is
also observed that the absorption peak recorded at 488 cm™ may be Ti-O-Ti and Mn-O-
Mn mixed vibration mode. In the FT-IR study, the absorption band lies in the region
300 cm'to 700 cm! arises from the mixed vibration of CuOs or MnO4 and TiOs or

MnO6 of CCMTMO ceramic.(Singh et al. 2014)
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Figure 4.2. FT-IR spectra of CCMTMO ceramic sintered 900°C for 12 h.
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X-ray diffraction (XRD) pattern

Figure3 shows XRD pattern of CCMTMO ceramic sintered at 900°C for 12 h. In the
displaying graph of CCMTMO ceramic, all the peaks were indexed with the help of
JCPDS No. 75-2188. The perovskite system is a body-centered cubic structure of
CCMTMO ceramic.(Pandey et al. 2020) It is obvious that from the recorded with the
help of JCPDS card single phase formation takes place. The crystallite size of

CCMTMO ceramic was be calculated Scherer’s equation

D= fcess (D
In the above equation (1)k is crystal shape coefficient (k = 0.89,), A represents the
wavelength (1.54 A) of the X-ray, B represents the full-width half maxima (FWHM) and
0 is Braggs diffraction angle. The value of the crystallite size of CCMTMO was
observed 39.5 nm. In our previously reported research paper the crystallite size was
observed 52.39 nm .(Kumar et al. 2020b) When Mn doped in the CCTO ceramic the
crystallite size decreases.CCTO has a cubic structure with a lattice constant a=7.36 A
.The analysis of X-ray diffraction of CCMTMO with Lebail refinement
using FULLPROF suite software gives the following lattice parameter. The lattice
constant of cubic CCMTMO was found to be 7.3940 A.(Si et al. 2002),(Han et al.

2017)
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Figure 4.3.displays the XRD patterns of the sintered CCMTMO ceramic sintered at

900°C for 12 h.
Raman Sudies

Figure 4 depicts the Raman spectra of CCMTMO ceramic sintered at 900°C for 12 h.
The scattered peak (Raman Shift) observed at 369 cm™' highest intensity peaks and
Raman shift observed at 843 cm™' lowest intensity peak which suggests to the phase
formation of CCMTMO ceramic. The Raman shift occurred at 369 cm™ mainly
evidence of the presence of copper oxide (CuO) present in the grain boundary of
CCMTMO ceramic.It is observed from the showing graph two types of intensity of
peak recorded at 369 cm™,717 cm™! highest and 426 cm™,497 cm™,660 cm™, 660 cm™
1,843 cm!. Raman shift recorded at 369 cm'evidance the existence of Eg symmetry.
Raman shift that occurred at 497 cm™ and 660 cm™ resilient to the associated with the
A1g symmetry and octahedral rotation takes place. The scattered peak found at 606 cm!

is associated with the Fg symmetry. The Fg symmetry is related to Mn-O-Mn or Ti-O-
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Ti anti stretching. The highest Raman shift occurred at 717 cm™ and 843 cm'could be
the first principal calculation at 843 cm™'may be symmetrical stretching mode of Mn-
O.The peak recorded at 369 cm™, 426 cm™and 717 cm™,843 cm™'mainly represent of
copper oxide (CuO) and manganese oxide (MnO) bond in the grain boundary.The
spectral line observed at 369 cm™! associated and justified the presence of copper oxide
in the grain boundary.The Raman active mode Ag already reported previous research

paper .(Singh et al. 2014)
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Figure 4.4.displays the Raman shift of CCMTMO ceramic sintered at 900°C for 12 h.
4.3.1Microstructural Studied
High Resolution -Scanning Electron Microscopic (HR-SEM) studies

Figure 5 shows the morphology and microstructural picture of CCMTMO ceramic.It
pointed out that the grain and grain boundary well separated. The graph of CCMTMO

ceramic look like in cubical structure.The grain size of CCMTMO ceramic was to be
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measured by using Image j software . It is observed that from the HR-SEM graph the
average grain size was found 537.62 nm. The grain of CCMTMO ceramic well

dandified.The densification of grainsare mainly responsible for conductivity properties.

Energy disperse X-ray analysis (EDX)

It is displayed from the EDX spectrum of CCMTMO ceramic sintered at 900°C for 12
h. Figure 5 (b) shows the atomic percentage of ceramic such as calcium (Ca), copper
(Cu), manganese (Mn), titanium (Ti). and oxygen (O) were present in their
stoichiometric ratio 6.07,17.79
1.39, 21.98 and 52.76, respectively. In the EDX spectrum all elemental composition were
present in their specific color. It is observed that all the distribution of elements in

homogeneous and heterogeneous in different areas.
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Figure 4.5.(a) displays the morphology and microstructure of sintered CCMTMO
ceramic and (b) displays Energy Disperse X-ray (EDX) .
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High-resolution Transmission Electron Microscopic study (HR-TEM)

Figure 6 (a) indicates the graph of sintered CCMTMO ceramic. It is observed from the
bright field TEM image all particle are seeing cubical shape. The measurement of
particle size was to be performed by image —j software. The average particle size was
observed 0.5um (500 nm) which indicates the nature of particles are in the range
nanocrystalline. figure 6 (b) shows that the SEAD pattern of CCMTMO ceramic. It is
observed that from the SEAD pattern the ring-like spot was found which shows the
body-centered structure of the ceramic. This data also supported by the XRD, HR-SEM,

FT-IR.

(a)

Figure 4.6 (a) displays the HR-TEM image of sintered CCMTMO ceramic (b) displays
the SEAD pattern.

X-ray Photoelectron Spectroscopic (XPS) studies

Figure 7 (a to e) displays the XPS spectrum of calcium (Ca) , copper (Cu),
manganese (Mn), titanium (Ti) and oxygen (O) . In many research papers it is
mentioned that the X-ray photoelectron spectroscopy is a sensitive instrument for the

detection of the oxidation state of individual elements present in the complex
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compound. It is observed that for the reference which has given value 284 electron volt
(eV) of carbon was taken to compensate the surface of charge effect. The metal cation
in the CCMTMO ceramic were present in their required oxidation state. The anion
(Oxygen) also present in the required oxidation state. The fitting of XPS and
background deduction was to be performed with the using software XPS —Peak 4.1.
Figure 7 (a) depicts the XPS spectrum of calcium , the peaks were recorded at 346.6 eV
and 350.6 eV, the ground state term symbol of these two peaks 2ps» and Zpip
respectively. These two peaks recorded proving that calcium present in the +2 oxidation
state. Figure 7 (b) depicts the XPS spectrum of copper, it noted from the plotted graph
that binding energy of peaks was to be recorded at 934.1 eV and 954.2 eV proving that
the existence of copper (Cu 2P spectra ) in +2 oxidation state, the ground state term symbol
was to be recorded Cu p3z and Cu %pia respectively. In this spectrum,satellite peak also
recorded.(Ghodselahi et al. 2008)

It is observed from Figure 7 (C) the XPS spectrum of (at the at the 2 P lavel )
manganese, which is present in the CCMTMO ceramic. The binding energy peaks were
to be recorded at 641.3 eV,653.4 eV and 643.8 eV. The ground state term symbol of the
deconvoluted peaks of Mn ?p3» and Mn ?pi» mainly related to the 641.3 eV and 653.4
eV, respectively.The peaks which are showing splitting due to spin-orbital coupling.
Figure 7 (d) depicts the plotted graph of titanium (Ti 2P lavel) . It is observed from the
plotted that the binding energy peak recorded at 458.1 eV , 463.6 eV, the ground state
term symbol of these two peaks Ti 2ps»2 and Ti 2pl1/2 doublet respectively.From the
above discussion it is proving that titanium exists +4 oxidation state .Figure 7 (e)
depicts the XPS spectrum of oxygen (at 1S level). The binding energy peak recorded at
529 eV, 531 eV. The peak which is recorded at 929 eV slightly asymmetric type of 1s

level.(Kumar et al. 2020a),(Jaiswar and Mandal 2017),(Ghodselahi et al. 2008)
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Figure 4.7. (a) to (e) display the XPS spectrum of Ca,Cu,Mn,Ti and oxygen
respectively.
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4.3.2 Magnetic property studies

Figure 8 (a) displays the magnetization (emu/g) versus magnetic field. It was recorded
in the range between = 60 kOe at 300 K (main panel ) and 5 K (inset figure ). It is
observed from the plotted graph that the CCMTMO complex perovskite behave weak
ferromagnetic character. It is observed from the plotted graph that the CCMTMO
ceramic zero coercivity at the 300 K.It clear from the recorded graph that the
magnetization curve does not saturation take place at even 60 kOe field obvious non-
colinear spin arrangement. The CCMTMO complex perovskite shows the
ferromagnetism character. In the complex perovskite system copper present in Cu®* (S =
1/2) spins).In the previously reported research paper, the CCTO ceramic shows the
paramagnetic character. The magnetic properties of Mn-doped CCTO ceramic more
magnetic character and behave like a ferromagnetic character. It is observed that the
CCMTMO ceramic has zero coercivity and remanence. The CCMTMO ceramic free
from magnetic anisotropy ion (Mn'?).From the above discussion, the magnetic
anisotropy non-collinear spin arrangement takes place.(Berry et al. 2000),(Pandey et al.

2019),(Mu et al. 2015),

Figure 8 (b) shows thermal variation of magnetization recorded in ZFC and FC state. In
this characterization the external magnetic field 10 mT for the CCMTMO ceramic.It is
observed from the plotted graph that the zero-field cooled (MZFC) and field-cooled
(MFC) magnetization curves display the reversible thermogravimetric behavior with the
classic antiferromagnetic transition at Neel temperature (Tn) recorded at 22.5 (Fig. 8
(b)). It is well known that the transition region was first time studied by Kim et al. The
transition region was studied by with the help of neutron diffraction and electron
paramagnetic resonance detected antiferromagnetism in the light of a double primitive

cell in which each Cu-Cu nearest neighbour pair has antiparallel spins. It is observed
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that when highly magnetic manganese was substituted to nonmagnetic Ti*" ion (0 pB).It
is pointed out that when manganese doped into the CCTO ceramic it strongly affects to
antiferromagnetic transition. In the previously reported research paper,antiferromagnetic
transition of CaCusTi4sO12 was recorded at 25 K ( Tn)(Chenavas et al. 1975),(Ali et al.
2017),(Pal et al. 2018),(Singh et al. 2020),(Pansara et al. 2018),(Grubbs et al. 2005) but

when manganese doped in the ceramic the antiferromagnetic transition recorded at 22.5

K (Twn).
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Figure 4.8. (a) displays the magnetization versus magnetic field(b) magnetization

versus temperature CCMTMO.
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4.3.3 Dielectric studies

Figure 4.9(a) and (b) show the variation of temperature and frequency dependant
dielectric constant of CCMTMO ceramic sintered at 900 °C for 12 h.(Berry et al.
2000),(Wang et al. 2016). The dielectric constant was to be recorded at few selected
temperature and frequency such as 313 K, 353 K, 393K and 10 Hz, 100 Hz, 10 kHz
respectively.It is observed from the plotted graph that the value of diclectric constant
exhibits a step-like behavior.(Wang et al. 2016) The value of the dielectric constant was
found to be 375 and 70 concerning temperature and frequency, respectively. It is
pointed out that in many research papers of Mn-doped CCTO ceramic have been
studied previously reported that the dielectric constant largely decrease by doping
copper site or titanium site and reported that manganese is transition metal it shows
variable oxidation state. In this research paper with help of X-ray photoelectron
spectroscopy (decribed in Figure 4.7 C) manganese exhibit Mn'?, Mn"3, Mn** oxidation
state so the grain (GB) and grain boundary are behaving slightly conducting nature, so
the dielectric constant largely decreases as compared to CCTO ceramic. It is observed
from the plotted graph that the dielectric constant at room temperature was to be
recorded 70. The dielectric constant of CCMTMO ceramic decreases with increasing
frequency and temperature.(Wang et al. 2016),(Subramanian et al. 2000),(Amaral et al.

2014b),(Cai et al. 2007),(Kumar et al. 2020c¢)

Figure 4.9 (c¢) and (d) show the tangent loss of CCMTMO ceramic concerning
temperature and frequency. The tangent loss of CCMTMO ceramic 0.3 and 0.4
temperature and frequency independent. It is observed at few selected temperatures and

frequency such as 313 K, 353 K,393 K (temperature ) and 10 Hz, 100 Hz,10 kHz
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(frequency ) respectively. In the previously reported research paper the tangent loss of

CCTO was too high that not suitable for the capacitor application.(Almeida et al.

2009),(Liu et al. 2011) It is observed that ferroelectricity characterized by diffuse phase
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Figure 4.9 show (a) and (b) the dielectric constant of CCMTMO ceramic versus

temperature and frequency, respectively. (c¢) and (d) depicts the tangent loss of

CCMTMO ceramic versus temperature and frequency respectively.
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transition and strong relaxation dispersion behavior of dielectric constant and tangent
loss. It is observed from the plotted graph that the sintered CCMTMO ceramic the
dielectric constant and tangent loss was to be recorded at 10 Hz. In the plotted graph at
10 Hz frequency dielectric constant and tangent loss was to observed 375 and 0.3,
respectively. It is pointed out from the plotted graph of CCMTMO ceramic at room
temperature the tangent loss was to be observed 0.3. It noted from the plotted graph of
CCMTMO concerning temperature and frequency independent. It observed that the
origin of dielectric constant is mainly due to space charge polarization by the
accumulation of charge carrier interface of semiconducting grain (g) and grain

boundaries (gp).

Conclusions

The CCMTMO ceramic was successfully synthesized through semi-wet route. The
crystallite size was observed 39.5 nm. The thermal behavior was studied by
thermogravimetric analysis. The single phase formation was examined by XRD pattern.
The metal-oxygen bond was confirmed by FT-IR spectra. Raman spectra shows
evidence copper oxide (CuO) and manganese oxide (MnO) present in the grain and
grain boundaries . The microstructural structural study was performed by HR-TEM and
HR-SEM. The grain size and particle were observed 537.6152 nm and 0.5 pm
respectively. The oxidation state of a cation such as calcium, copper, and titanium were
to be observed +2,+2,+4 respectively. Manganese exhibit variable oxidation state which
mainly responsible for largely decrease dielectric constant of CCMTMO ceramic. The

anion present in the CCMTMO ceramic with the help of binding energy against
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intensity shows -2 oxidation state. It is observed from MPMS data also support the
crystalline nature of CCMTMO ceramic. The magnetization versus magnetic field graph
shows zero coercivity. The antiferromagnetic transition (Tn) was to occur at 22.5
K.The dielectric constant was to be obtained 375 at 10 Hz frequence .The tangant loss
of CCMTMO ceramic was to be found 0.3.The decrease in dielectric constant |,

manganese (Mn) shows variable oxidation state.
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