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Abstract
Objectives : The analysis of present material is to reveal the effect of Fe
atom by replacing the Ti atom in CCTO for chemical properties. Methods:
Pure and Fe doped CaCu3Ti4−𝑥Fe𝑥O12 (x=0.05, 0.10, and 0.15) CCTO ceramics
were synthesized by solid-state reaction route and calcination was done at
930∘C for 12 hrs with heating rate of 4∘C/min. The phase structure of samples
was confirmed by X-ray Diffraction (XRD) and found single phase calcium
copper titanate. Morphology of all samples was investigated by scanning
electronmicroscopy. Absorption band have been also recorded for all samples.
Findings: The structure remains cubic by doping of Fe atom in place of Ti
atom. The average size of all the samples were lies between 1-1.3𝜇m.Novelty:
The bond strength becomes stronger as the doping of Fe atom takes place.
The large absorption band is found in the range 380-700 cm-1. The peak of
large band is shifted towards lower wave number. These higher wavelengths
can be used in water pollutants. The increased volume size of samples shows
lower energy band gap. This lower energy band gap enhanced the electrical
properties.

Keywords: FESEM; XRD; FTIR; EDS; CCTO

1 Introduction
In the field of electronics, the demand is increasing, and the problems of energy
are becoming a global issue as science and technology develops (1). Titanium dioxide
(TiO2) (2), barium titanate (BaTiO3) (3), strontium titanate (SrTiO3) (4), calcium copper
titanate (CaCu3Ti4O12/CCTO) (5) are some of the main material types to be employed
in a large amount for electrical applications. Although considerable progress has been
made in developing these dielectric materials, the main challenges are still low energy
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storage density and high loss of electrons.
The substrate known as a photocatalyst is essential to the process of photocatalysis, which removes pollutants from the

environment by using light to speed up the required chemical reactions (6).The nano-catalyst of calcium copper titanate, derived
frommineral industrywaste, has shownpromising results in reducing pollution problems and increasing energy economy (7). Its
ability to efficiently adsorb a wide range of contaminants, such as heavymetal ions, dyes, and organic molecules, makes calcium
copper titanate an effective and versatile tool for water pollutant removal. Due to its lower cost, increased capacity, and use of
environmentally safe and green methods, photocatalysis has attracted a lot more interest for the degradation of pollutants (8).
There are several benefits and uses for the narrow energy band gap. Large band gap materials can be employed as RF signal
processing or power switching applications (9). In this manner more transition metals doping are very much helpful to develop
the properties of CCTO. In the present study, the doping of Fe atom in pure CCTO has been done.

In this work, undoped CaCu3Ti4O12 and CaCu3Ti4−𝑥Fe𝑥O12(x = 0.05, 0.10, 0.15) are abbreviated as CCTO and CCTFO
respectively, were prepared by solid-state reaction route at same sintering and calcination conditions. X-ray diffraction (XRD),
energy dispersive X-ray spectroscopy (EDS), scanning electronmicroscopy (SEM) and Fourier transform infrared spectroscopy
(FTIR) were employed to reveal properties of the microstructure, size, and absorption bands.

2 Materials and Method
Pure calcium copper titanate (CCTO ceramic) has been synthesized from highly pure precursors calcium carbonate (CaCO3,
Thomas Baker, Purity ≥ 99%), copper oxide (CuO, Thomas Baker, Purity ≥ 99%) AR grade and titanium (IV) oxide (TiO2,
Sigma Aldrich, Purity 99.5%) powder (size<100nm).

Firstly, by using the appropriate calculation, stoichiometric amount of materials have been mixed with the help of agate
mortar. The mixture was dried at 100∘C for 2 hrs. After that the powder was calcined at 930∘C for 12 hrs (heating/cooling rate
of 4∘C/min) in a programmable furnace.

𝐶𝑎𝐶𝑂3 +3𝐶𝑢𝑂 +4𝑇 𝑖𝑂2
930∘𝐶−−−→ 𝐶𝑎𝐶𝑢3𝑇 𝑖4𝑂12 +𝐶𝑂2 ↑

In a similar way, the process of synthesis was repeated to obtain the composition of CaCu3Ti4−𝑥Fe𝑥O12 ceramics by doping
of Fe content in x= 5%, 10% and 15% proportions.

𝐶𝑎𝐶𝑂3 +3𝐶𝑢𝑂 +3.95𝑇 𝑖𝑂2 +0.025𝐹𝑒2𝑂3
930∘𝐶−−−→ 𝐶𝑎𝐶𝑢3𝑇 𝑖3.95𝐹𝑒0.05𝑂12

𝐶𝑎𝐶𝑂3 +3𝐶𝑢𝑂 +3.90𝑇 𝑖𝑂2 +0.05𝐹𝑒2𝑂3
930∘𝐶−−−→ 𝐶𝑎𝐶𝑢3𝑇 𝑖3.90𝐹𝑒0.10𝑂12

𝐶𝑎𝐶𝑂3 +3𝐶𝑢𝑂 +3.85𝑇 𝑖𝑂2 +0.075𝐹𝑒2𝑂3
930∘𝐶−−−→ 𝐶𝑎𝐶𝑢3𝑇 𝑖3.85𝐹𝑒0.15𝑂12

The phase confirmation was done by PAN analytical X-ray diffraction (XRD) with Cu-K𝛼 radiation in the 2𝜃 range of 20∘ to
80∘ with scan rate of 5∘/min. The peak matching has to be done by using XRD analysis. The surface morphology was evaluated
by scanning electron microscopy (SEM, Nova NanoSEM 450) and FTIR.

3 Results and Discussions

3.1 X-ray Diffraction

Table 1. Lattice parameter and unit volume cell of all samples
S.No. Sample name Lattice parameter (Å) Unit volume cell (Å3 )
1. CaCu3Ti4O12 7.3875 403.1
2. CaCu3Ti3.95Fe0.05O12 7.389 403.41
3. CaCu3Ti3.90Fe0.10O12 7.3935 404.15
4. CaCu3Ti3.85Fe0.15O12 7.3940 404.23
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Fig 1. XRD pattern of pure CCTO and Fe doped CCTO at x= 5%, 10% and 15%

XRD patterns of un-doped CCTO (CaCu3Ti4O12) and Fe doped CCTO (CaCu3Ti4−𝑥Fe𝑥O12) samples sintered at 930∘C
for 12 h are shown in Figure 1. It confirms the pure CCTO has single phase and structure remains cubic by doping of Fe content
in CCTO ceramics. It is reported that Fe3+ ion is more appropriate at the place of Ti site than Cu site in CCTO (10). The CCTO
structure was determined by using X-ray diffraction (XRD, PAN analytical) with Cu K𝛼 (𝜆 = 1.5406 Å) as radiation source
(40KV, scan rate 4∘/min). The peak fitting, phase identification of XRD profile were examined by powderX software. Table 1
shows the increase in doping % of Fe leads to increase the volume size of the materials.

The crystalline size (𝜏) of the pure and Fe doped ceramics has been evaluated by using the Scherrer’s formula:

𝜏 = 𝑘𝜆
𝛽 𝑐𝑜𝑠𝜃

Where k is the shape coefficient (k= 0.9), 𝜆 is the X-ray wavelength used in XRD, 𝛽 is the full width at half maximum (FWHM)
of each phase obtained frompowderX software and 𝜃 is the diffraction angle.The crystallite sizes of all the samples are calculated
by Debye-Scherrer and modified Scherrer equation are listed in the Table 2. The crystallite sizes of the samples are increased by
increase in doping amount of Fe. The Williamson Hall plan has revealed the strain in the materials. Table 3 shows the micro-
strain of the samples based on the slope of 4sin𝜃 and 𝛽cos𝜃 values (11–13). At 5% Fe doping, the sample exhibits large increase in
the micro strain which further slightly increases.

Table 2. Crystallite size from Scherrer’s and modified Scherrer’s equation
Samples Calcination (oC) Debye–Scherrer equation

size (in nm)
Modified Scherrer equation
size (in nm)

CaCu3Ti4O12

930∘C

30.1233202 37.12800194
CaCu3Ti3.95Fe0.05O12 31.27440483 40.28629974
CaCu3Ti3.90Fe0.10O12 31.33125577 40.0057479
CaCu3Ti3.85Fe0.15O12 31.33926466 40.29314899

Table 3. Crystallite size, micro-strain and dislocation density byWilliamson-Hall plot
Samples Calcination (oC) Williamson Hall plot size

(in nm)
Micro strain (e) DislocationDensity (𝛿)

CaCu3Ti4O12

930oC

48.27213333 0.0908848 0.11020323
CaCu3Ti3.95Fe0.05O12 57.92656 0.110 0.101817492
CaCu3Ti3.90Fe0.10O12 57.89236264 0.111074 0.102011218
CaCu3Ti3.85Fe0.15O12 58.15919679 0.111 0.102240248
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Fig 2. Williamson-Hall plot of CCTO and Fe doped CCTO at x= 5%, 10% and 15%

3.2 FE-SEM (Field Effect Scanning Electron Microscopy) Analysis:

The surface morphology of pure and Fe doped CCTO at different concentration has been seen by FE-SEM micrographs in
Figure 3 (a-d). It is confirmed that pure CCTO has cubic structure and atoms are arranged precisely in regular manner. The
grains are formed uniformly with the average size of about 1.0-1.3𝜇mbut smaller grains lie in the range of 0.4-0.6𝜇m.The cubic
shape remains same as the doping of Fe has been done at different concentrations. Fe doped CCTO (5%, 10%, and 15%) have
larger grains size of about 1𝜇m but the size of smaller grains was lying in the range of 0.2-0.3𝜇m (14). The smaller grains of Fe
doped samples are relatively less than the pure CCTO. It is well defined that Fe3+ ions take well place at the Ti4+ ions. As the
doping is increased the size of the larger grains has been decreased.

Fig 3. FE-SEM images of pure (a) and Fe (b) 5%, (c) 10%, (d) 15% doped samples

3.3 EDS (Energy Dispersive Spectra)

EDS analysis has been used to analyze the presence of elements in CCTO. It also confirms the weight (wt %) percent of each
element. EDS shows that the different concentration of Fe doping in the pure CCTO and gives the weight of each substance.
During the EDS analysis different areas of pure and doped cermaics were focused and equivalent peaks are shown in Figure 4
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(a-d). Peak of carbon element has been observed because sample was deposited carbon tape. Because of this it is clearly seen that
weight of carbon element is neglected. The EDS spectra gives information of Ca, Cu, Ti element for pure ceramic and weight
of Fe element with Ca, Cu, Ti for doped samples. The quantity of Ca, Cu and Ti were 6.15, 24.63 and 62.55 respectively. The
atomic % were also listed for all elements of the powder synthesized samples.

Fig 4. a. EDS image of Fe doped CCTO at x=0%, b. EDS image of Fe doped CCTO at x=5%, c. EDS image of Fe doped CCTO at x=10%,
d. EDS image of Fe doped CCTO at x=15%

3.4 FTIR Spectroscopy

Figure 5 shows FT-IR spectra of pure and Fe doped CCTO samples calcined at 930∘C with doping concentration of 5%, 10%
and 15% respectively.

Fig 5. FTIR spectra of Pure and Fe doped CCTO
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The absorption peak at 460 cm-1 is corresponding to Ti-O-Ti bond. The wave number 525 cm-1 is corresponding to Cu-O
stretching. The Ca-O bending is observed at 615 cm-1. The absorption peak at 2938 cm-1 is corresponding to very strong C-H
stretching. The large peak at 3431 cm-1 is due to prevalence of O-H stretching (15). The wave number 380-700 cm-1 shows the
absorption band of TiO6 prevailing in the CCTO structure. The peaks of O-H bond shifted towards left which means the bond
strength becomes more stable and strong (16–18). The 15% doping of Fe sample shows more stability. This will help in enhanced
the photo catalytic activity of CCTO.

4 Conclusions
All the pure and Fe doped samples are synthesized by using solid precursors CaCO3, CuO, TiO2 and Fe2O3. The XRD analysis
confirms all peaks of CCTO as reported with given lattice parameter and mean crystalline size. The lattice parameter of Pure
CCTO is less than Fe doped samples of CCTO. The SEM analysis revealed the information about cubic structure of samples
and their grain size lies between 0.2-0.3𝜇m which is very much comfortable for solid state reaction method. The weight % of
each element in pure CCTO found with the help of EDS study. FTIR analysis confirms the absorption band 380-700 cm-1 is
due to TiO6 prevailing of CCTO structure. The absorption band is shifted towards the lower wavelength. It shows the 15% iron
doped CCTO is increased the photocatalytic activity of sample.
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