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5.1 Introduction

The complex perovskite oxide has a general chemical formula AA’3B4O12.In this
complex perovskite system, A site is formed by alkali metals, alkaline earth metals, and
lanthanides. B-site is formed by mainly transition metals. (Almeida et al.
2009),(Ahmadipour et al. 2018),(Adams et al. 2006)The size of A is larger than that of
B. The metal ion which is occupied at the A site in the complex perovskite system, 12
fold coordinated unit squire planner. The metal ion B is occupied at the body-centered
in the complex perovskite system in an octahedral arrangement. ACu3Ti4O12 is a type of
complex perovskite oxide widely known to belong to the Aurivillius family. The cation
copper (d° configuration) present at the corner of the perovskite system, has a strong
John-teller distortion.(Almeida et al. 2009),(Kumar et al. 2020b),(Ali et al.
2017),(Yadava et al. 2017) The tetravalent titanium (Ti**) occupied at the middle
TiOsoctahedral. The complex perovskite system consists of two formula units. It is very
different from the simple perovskite oxide ABOstype. (Ahmadipour et al.
2018),(A. Molina-Garcia and V.Rees 2016) ,(Zinatloo-Ajabshir et al. 2019),(De
Almeida-Didry et al. 2014) The giant dielectric constant of CaCusTi4O12 (CCTO) was
first time discovered in 2000. The high dielectric constant of CCTO ceramic was
recorded by weak temperature and frequency-dependent in the complex perovskite
oxide. In the CCTO ceramic, there are several types of research available in theoretical
and experimental. These works have been performed by the perspective of the supper
capacitor application. Over the past several years, there are several applications have
done by undoped and doped CCTO ceramic make them suitable for a large number of
applications such as gas detectors, condensers, resonators, and memory devices. It is
noted that besides these applications magnetic properties were also studied utilizing the

high field of magnetization.(Supriya et al. 2017),(Jaiswar and Mandal 2017) There are
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several studies of CCTO ceramic available such as Infrared spectroscopy, Raman
studies, X-ray spectroscopy, X-ray photoelectron spectroscopy (XPS), Electrochemical
impedance spectroscopy (EIS), High-Resolution Transmission Electron Microscopy
(HR-TEM), Thermogravimetric analysis (TGA), Atomic Force Microscopy (AFM) by
doping of pure and substituted CCTO ceramic. The antiferromagnetic transition (Tn)
significantly changes by doping or substitution ion in the CCTO perovskite system. The
CCTO ceramic has two sites for doping of ions which open up significant changes,
making the compound with novel and improved physical properties. The doping or
substitution of ion makes them suitable for future demands such as a variety of
applications such as electronics and spintronics.

In this study, the magnetic properties were to be studied by doped and un-doped
CCTO ceramic. The chemical formula of the ceramic was CaCusT4-xMn-xO12(X=0.0
and 0.1). The study was performed using M-H loop characteristics, DC magnetization
FC and ZFC mode. When highly magnetic material Mn"*ion doped into nonmagnetic
titantum site, which is responsible for antiferromagnetic ordering. The dielectric

properties were to be examined with the help of LCR meter.

5.2 Synthesis of materials

CaCusTisO12 (CCTO) and CaCu3T39Mnp.1O12 (CCTMO) were successfully
synthesized by the semi-wet process.For the production of CCTO and CCTMO ceramic
Ca(NO3)2:4H20 (99.2%, Merck, India), copper nitrate, Cu(NO3)2:3H20 (99.8%, Merck,
India),Mn(CH3COO);-:4H>0 (99% Merck, India), glycine (99%, Merck, India) and
titanium oxide ( TiO2 99% Merck, India) were taken in the two beakers in the
stoichiometric ratio. Glycine was used as a chelating agent. Follow this solution

mixture, at the magnetically stirred, the temperature was maintained 70 to 80°C for 12
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to 15 h. The remaining quantity was dehydrated in a hot air oven. The powder of both
ceramics was black. Then powder was ground. The samples were calcined at 600°C for
12 h, follow these samples for Pelletization using Polyvinyl alcohol (2 wt. %). The PVA
was burnt out at 500°C for 2 h. The pellets were sintered at a 900°C high-temperature
furnace. The phase formation of both ceramics was to be examined by the X-ray

diffraction pattern.

Characterization

The thermal behavior of CCTO and CCTMO ceramic was studied by
Thermogravimetric analysis (TGA). The phase formation was to be analyzed by X-ray
diffraction (XRD) pattern. The sample was characterized by Fourier Transform -
Infrared spectroscopy (FT-IR). The microstructural studies were done through HR-SEM
and HR-TEM. The stoichiometric ratio was to be confirmed by Energy Disperse X-ray

(EDX). The magnetic properties and diclectric properties were to be studied.

5.3. Result and discussion

Thermogravimetric (TGA) analysis

Figure 5.1(a) and (b) display the thermal analysis of precursor powder of CCTO and
CCTMO. It was recorded from room temperature to 1000°C in the air with a heating
rate of 10°C per minute. The first weight loss occurred at 190°C and 200°C of CCTO
and CCTMO, respectively. The second weight loss occurred at 190°C to 500°C for
CCTO and 200°C to 427°C for CCTMO. (Kumar et al. 2020b) ,(Oliveira et al. 2017).
The third weight loss occurred at 500 °C to 700°C for CCTO and 427°C to 710°C for
CCTMO. It is indicated from the TGA curve in this region the huge amount of weight

loss occurred due to releasing a large amount of gases N2, H>O, and COa». It is pointed
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from the curve that above 700°C, no furthered weight loss occurred, which indicates the

phase formation of both ceramics.(Oliveira et al. 2017)

286

_aeC
\.‘\\

\

—CCTO. Bl o e—200°C
B4 e 190°C A

28,24 \ / 500-C CCTMO‘

28.04

[

[

o
1

2
)
=l

[
=
=

\ 700-C
2784
7.6 /

274

| T

200 400 600 800 1000
Temperature (°C)

Weightloss (%)

2
>
o

Weightloss (%)

T T T T T T
0 200 400 600 800 1000

Temperature (°C)

Figure 5.1. (a) and (b) display the TGA graph of CCTO and CCTMO respectively.

X-ray Diffraction (XRD) studies

Figure 5.2 (a) and (b) display the X-ray diffraction pattern (XRD) of CCTO and
CCTMO ceramic sintered at 900°C for 12 h, respectively. All the peaks were indexed
with the help of JCPDS No. 75-2188, single-phase formation takes place but only
titanium oxide peak recorded in the CCTO ceramic. (Tripathy et al. 2016),(Kawrani et
al. 2019)Based on the indexed dnx value of both the ceramic occupied body-centered
cubic structure. The crystallite size of CCTO and CCTMO ceramic was to be calculated

Scherer’s equation
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Figure 5.2. (a) and (b) display the XRD graph of CCTO and CCTMO respectively.

Where k is the 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). From the
above equation, 0 is Bragg’s diffraction angle. The crystallite size of CCTO and
CCTMO was calculated to be 34.45 nm and 34.85 nm respectively.

Fourier Transform- Infrared spectroscopy (FT-IR) studies

The FT-IR spectra of CCTO and CCTMO ceramics are shown in Figure 5.3. The
phase formation of both ceramics was confirmed by FT-IR. The bending mode of Cu-O
may be responsible for the absorption peak found at 546 cm™! (for CCTO) and 546 cm’!
(for CCTMO). The absorption peak was observed at 458 cm-1 (for CCTO) and 445 cm’!

(for CCTMO), and was thought to be caused by mixed Ti-O-Ti vibration mode. Kumar

IIT (BHU) Varanasi Page 115



Studied on CaCu3Ti4012 and CaCu3Ti3.9Mn0.1012 ceramics

et al. (Kumar et al., 2020b) The bending Mn-O bond may be responsible for the
absorption peak reported at 405 cm™ (for CCTO) and 398 cm™ (for CCTMO). In the
CCTO and CCTMO ceramics, mixed vibrations of CuO4 or MnO4 and TiO6 or MnO6
groups dominate, resulting in absorption bands in the 380-700 cm1 range. ((Oliveira et

al., 2017)
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Figure 5.3. depict the FT-IR spectra of CCTO and CCTMO sintered 900°C for 12 h.

Raman studied

Figure 5.4 depicts the Raman spectrum of CCTMO ceramic sintered 900°C for 12 h.
In the spectrum, the highest intensity peak was observed at 654 cm™' and the lowest
intensity peak was recorded at 428 cm™'. The peak which is recorded at 428 cm™ is may
be due to the existence of CuO at the grain boundary. The peak observed at 589 cm’
was to be associated with the A;g symmetry octahedral MnOg rotation. From observing
peaks it was to be confirmed that CuO in the grain boundary of CCTMO ceramic

.(Chen et al. 2008),(Kolev et al. 2002)
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Figure 5.4. shows the Raman spectra of CCTMO ceramic .

5.3.1. Microstructural Studies

High Resolution- Scanning Electron Microscopic studies ( HR-SEM)

Figure5.5(a) and (b) display the microstructural image of CCTO and CCTMO ceramic
sintered 900°C for 12 h.The grains and grain boundaries in both ceramics are well
separated.The grains are polygonal shape however, some grains are observed spherical
shape of both CCTO and CCTMO ceramic.It is observed that the grain of CCTO
ceramic in a specific style to each other as compared to CCTMO ceramic. There is no

unwanted distortion that occurs in both ceramics.The grain size of CCTO and CCTMO
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ceramic were to be observed 439.64 nm and 409.10 nm respectively.
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Figure 5.5. display (a) and (b) the HR-SEM of CCTO and CCTMO ceramic sintered
900°C respectively. (¢) and (d) EDX spectrum of CCTO and CCTMO ceramic
respectively.
High Resolution -Transmission Electron Microscopic studies (HR-TEM)

Figure 5.6. (a) depicts the bright-field TEM image of CCTMO ceramic. The bright-
field image of CCTO ceramic was published in our earlier research paper.(Kumar et al.
2020a) The average particle size of CCTMO was to be observed at 214 nm. The particle

images looking at cubical structure. Figure 5b displays the SEAD pattern Of CCTMO
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ceramic. This data is also verified by the XRD data. (Liu et al. 2011)

Figure 5.6. displays (a) The HR-SEM image of CCTMO ceramic (cubical structure),
(b) the SEAD pattern of CCTMO ceramic.

5.3.2. Magnetic Properties studies

Figure 5.7 (a) illustrates the magnetization (emu/g) of CCTO and CCTMO ceramics
versus the magnetic field. This was observed in the range of 60 kOe at 300 K (main
panel) to 5 K. (inset figure). The ferromagnetic properties of CCTO and CCTMO
compound perovskite are found to that CCTO exhibit weak as compared to CCTMO. At
300 K, CCTO and CCTMO ceramics have zero coercivity. The plotted graph clearly
shows that the saturation of the magnetization curve does not occur even at 60 kOe
field, indicating a non-colinear spin arrangement. (Slimani et al. 2018)Copper exists in
(S = 1/2 spins) in both ceramics, it is noted. Both ceramics exhibit paramagnetic
properties. The plotted curve shows that when manganese (Mn) was doped into the
CCTO ceramic, the magnetic character increased. The paramagnetic nature of CCTMO
is stronger than that of CCTO ceramic. Coercivity and remanence are both zero in both

ceramics. The curve from the plotted of CCTMO ceramic free of anisotropy ion (Mn'?)
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shows that magnetic anisotropy non-collinear spin arrangement occurs, as shown by the
above reasoning. (Berry et al. 2000)

The temperature fluctuation of magnetization in the ZFC and FC states is depicted
in Figure 5.7(b). The external magnetic field of 10 mT was used to characterized both
the ceramics (CCTO and CCTMO). The zero-field cooled (ZFC) and field-cooled (FC)
magnetization curves display reversible behavior, as seen in the plotted graph. The Neel
temperature (Tn) transition was recorded in CCTO and CCTMO ceramic at 25 K and
23.1 K . Kim at al was the first time observed the transition region. It is pointed out that
when Manganese doped into the CCTO ceramic at the titanium site it was strongly

affected on antiferromagnetic transition (Tn). (Chen et al. 2016),(Yadava et al. 2017)
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Figure 5.7. display (a) the magnetization versus magnetic field (b) magnetization

versus temperature of CCTO and CCTMO.

5.3.3. Dielectric studied

It is observed from Figure 5.8 (a) and (C) frequency and temperature
dependence dielectric constant of CCTMO ceramic. The dielectric constant was to be
recorded at few selected temperatures and frequencies 310 K, 350 K, 390 K, 430 K and

100 Hz, 1 KHz, 10 KHz, 100 KHz respectively. It was to be examined that the dielectric
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constant of CCTMO ceramic 500 against frequency (Hz) and 150 against temperature
(K). It is observed from figure 5.7 (a) that the dielectric decrease rapidly at higher
frequency this is may be due to positive and negative charges separation not take place.
It is observed from figure 5.7 (C) the dielectric constant is independent of temperature.
Ferroelectric relaxation observed in the CCTMO ceramic. (Rani et al. 2018),(Pandey
and Mandal 2019)It is observed from the figure when Manganese doped in the
CaCusTi4012 (CCTO) ceramic largely decreases the dielectric constant. This was due to
grain and grain boundaries slightly conducting in nature. The dielectric constant of

CCTO ceramic was already reported in our earlier research paper.(Kumar et al. 2020a)
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Figure 5.8. (a) and (c) show the dielectric constant versus frequency and temperature
respectively, figure (b) and (d) depicts the tangent loss versus frequency and

temperature respectively.
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It is observed from figure 5.8 (b) and (d) temperature and frequency-dependent tangent
loss of CCTMO ceramic. It was to be recorded at few selected temperatures and
frequency 310 K , 350 K,390 K ,430 K and 100 Hz, 1 kHz,10KHz 100KHz . Figure 5.8
(b) depicts the tangent loss of CCTMO ceramic against frequency. From the figure, it is
clear that tangent loss decreases with increasing frequency. From figure 5.8 (d) the
tangent loss of CCTMO ceramic was to be observed approximately 0.8 at 100 Hz

frequency.
5.4. Conclusions

The CCTO and CCTMO ceramic were to be successfully synthesized through a semi-
wet route. The thermal behavior was to be studied by TGA, the first weight loss was to
be observed at 190°C and 200°C of CCTO and CCTMO, respectively. At reaching
above temperature 700 °C and 710 °C for CCTO and CCTMO no further weight loss
happened which indicates the phase formation of both ceramic respectively. The phase
formation was to be confirmed by XRD. Raman spectra confirmed that CuO was exist
at the grain boundary of the CCTMO ceramic. The crystallite size was to be observed
34.45 nm and 34.85 nm CCTO and CCTMO, respectively. From the FTIR spectra, it is
observed that there are absorption bands in the region 380 —700 cm™! arising from the
mixed vibrations of CuO4 or MnOs and TiOs or MnOg groups dominant in the CCTO
and CCTMO ceramic. The grain size of CCTO and CCTMO ceramic were to be
observed 439.64 nm and 409.10 nm respectively. The particle size of CCTMO has been
calculated 214 nm which is looking in cubical structure. The M (H) curve indicates that
the materials are low anisotropy magnetic materials with a non-collinear spin structure.

It was to be observed from the M (T) curve that the Neel transition temperature to the
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recorded at 25 K for the CCTO and 23.1 K for the CCTMO ceramic. The maximum
dielectric constant of CCTMO ceramic was found to 5x10? at 308 K temperature and

the minimum tangent loss was to be recorded at 0.8 at 100 Hz frequency.
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