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ABSTRACT KEYWORDS
This work presents step by step procedure for synthesis of calcium Calcium manganese oxide
manganese oxide (CaMnOs) prepared by co-precipitation method  (CaMnOs); thermoelectric;

starting with stoichiometric amounts of calcium nitrate tetrahydrate ~ O-Precipitation

and manganese nitrate tetrahydrate as precursors. The resulting
powders of CaMnOs are characterized for their crystallographic and
spectroscopic properties. The X-ray diffraction patterns reveal forma-
tion of CaMnO; consistent with the corresponding JCPDS. The
Fourier transform infrared spectra represents the presence of Ca-O
and Mn-O bond in the synthesized powders. The optical band gap
of the samples is evaluated as 4.06-4.14eV by studying the UV-
Visible spectrum. The field emission scanning electron microscope
images reveal irregular feature sizes with some nearly spherical par-
ticles in the synthesized samples. The currently prepared highly pure
CaMnOs; attained can be consolidated into hot-pressed ceramics for
measuring their electronic and thermoelectric properties to study
their thermoelectric performance.

1. Introduction

The global energy crisis has escalated the research on developing ways to produce
energy from the waste energies by adopting environment friendly methods.
Thermoelectricity is potential sources of renewable energy that can directly convert the
waste heat into electricity that otherwise get wasted into the environment and cause glo-
bal warming. The efficiency of thermoelectric (TE) devices depends mainly on the
material utilized to convert heat into electricity. Various classes of materials including
chalcogenides [1,2], skutterudites [3,4], half-heuslers [5,6], clathrates [7,8], and oxides
[9,10] have been discovered and explored to be utilized as efficient TE materials.

The efficiency of a thermoelectric (TE) material is determined by the thermoelectric
figure of merit, ZT that depends on Seebeck coefficient (S), electrical conductivity (o),
thermal conductivity (k) and temperature (T). Conventional TE materials that are being
used commercially have maximum achievable ZT of ~ 2.2 and efficiency of less than
20% [4,11]. The conventional TE materials are expensive, toxic and less stable at high
temperatures as compared to oxides TE materials that drives research in replacing the
conventional thermoelectric materials by oxide based commercial TE materials [12].
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Perovskite manganites with general formula AMnO; (where A =Ca, La, Ba, Sr, Pb,
Nd, Pr) is a class of oxides thermoelectrics that exhibit unique electrical and magnetic
properties and have been extensively utilized in various application areas like gas sensing,
multiferroics, anode material for lithium ion batteries, colossal magnetoresistance, fuel
cells, thermoelectric generators [13-15]. Calcium manganese oxide (CaMnOs;) is an n-
type manganite that exhibits high S (~ —550 uV/K) and low k (~3 W/m-K) classifying it
to be a potential TE material. Perovskite structures have two doping sites making them
suitable for tuning the properties for utilization in different applications. However, the
room temperature electrical resistivity of these oxides is too high restricting the ZT values
to as low as 0.06. Recent researches focus on improving the thermoelectric performance
of CaMnOj; by reducing the electrical resistivity through nanostructuring or via electron
doping [12,16,17].

In this work, CaMnO; is synthesized by co-precipitation method using calcium
nitrate tetrahydrate and manganese nitrate tetrahydrate as precursors. The as-prepared
powders have been annealed at 600°C, 800°C, and 1000°C for 4h. Crystallographic,
spectroscopic, and morphological details have been studied by X-Ray diffraction (XRD)
technique, ultravoilet-visible (UV-Vis) spectroscopy, Fourier transform infrared (FTIR)
spectroscopy, field emission electron microscopy (FESEM).

2. Experimental Details
2.1. Synthesis

All the chemicals were procured from Alfa Aesar, USA and were of 99.9% purity. The
chemicals used to synthesize CaMnOj; were calcium nitrate (Ca(NO3),.4H,0), manga-
nese nitrate (Mn(NO3),.4H,0), ethanol (C,HsOH), and sodium hydroxide (NaOH). In
another beaker, 2g of Ca(NOs3),.4H,0 and 2.125g of Mn(NO3),.4H,O were separately
taken in 80 ml of ethanol and stirred at 50 °C. The solutions were then mixed to obtain
a homogeneous mixture. 1.12g of NaOH was added to 40 ml of distilled water and this
solution was then added dropwise into the mixture kept under constant stirring at
70°C. The mixture was then kept aside for complete precipitation. The precipitate
obtained was washed several times with ethanol and heated at 100 °C to remove excess
solvent. The dried-precipitate (named as A) was then annealed at 600°C, 800°C, and
1000 °C, which were nomenclatured as A600, A800, and A1000, respectively.

2.2. Characterization Techniques

The as-synthesized powders were characterized by XRD, FESEM, FTIR spectroscopy,
and UV-Vis spectroscopy. The phase composition of the powders was studied by XRD
(Rigaku, Ultima IV X-ray diffractometer, Japan) using Cu K-« radiation with excitation
wavelength of 1.54 A with active angular range of 20 =20° — 85° scanned at a rate of
2°/min. The morphology of the samples were analyzed using FESEM (Zeiss, Germany)
operated at 15kV. The FTIR spectra was studied using Nicolet IS50-Thermo scientific
instrument in the range 400-4000 cm™'. The optical band gaps were estimated from the
UV-Vis spectra recorded in the wavelength range 200-700 nm using Perkin Elmer UV-
Visible spectrometer.
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3. Results and Discussion
3.1. Crystallographic Study by XRD

The XRD patterns of all the synthesized powders are illustrated in Figure 1. The XRD
patterns of the as-prepared sample (A) matches with JCPDS reference code (#00-076-
1133) which indicates the formation of Ca,Mn,0s in the as-prepared sample. The dif-
fraction peaks for samples A600, A800 and A1000 are indexed with the standard hkl
values in accordance with the JCPDS card no. (#00-89-0666) assigned for CaMnO;. The
XRD show good crystallinity, phase purity. The absence of any additional peak in the
XRD pattern of the samples annealed at 600 °C, 800 °C, and 1000 °C indicate the forma-
tion of highly pure and single phase of CaMnOs. This infers better crystallinity in the
annealed samples compared to the as-prepared sample. The average crystallite size was
estimated from the most intense peaks in XRD using the modified Scherer’s method,
estimating the values of the crystallite size as 46, 68, and 73nm for A600, A800, and
A1000, respectively, indicating increase in the crystallite size on increasing the annealing
temperature.

3.2. FTIR Spectroscopy

Figure 2 shows the FTIR spectra of the annealed samples. The band at around 411 cm™"

correspond to the bending vibration of the Mn-O-Mn bond and the weak band at
around 444cm™' is attributed to the Mn-O stretching vibration. The broad band at
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Figure 1. XRD patterns of all the samples. The two patterns at the bottom represent the JCPDS data
for Ca;Mn,05 (#76 —1133) and CaMnO; (#89-0666).



INTEGRATED FERROELECTRICS . 565

L] 1 L] | L L] 1 L] L

Mn-O-Mn

Mn-O
Mn-O-Mn

Transmittance (a. u.)

450 600 750 900 1050 1200 1350 1500 1650
Wavenumber (cm™')

Figure 2. FTIR spectra of the samples annealed at 600°C, 800°C, and 1000°C denoted as A600,
A800, and A1000, respectively.

around 523 cm™" is ascribed to the tilting of Mn-O-Mn bond of the MnOg octahedra
[18-20]. The weak band observed at around 586 cm™" corresponds to the vibration of
the Ca-O bond. The shift in the band position of Ca-O bond toward the higher wave-
number side was observed on increasing the annealing temperature. The bands below
600 cm™" observed in the annealed samples attribute to the formation of the perovskite
structure [13]. The samples A600 and A800 show the presence of NO; group that
could be due to the nitrate precursors utilized for synthesizing CaMnO; [21]. The broad
band observed around wavenumber of 1220cm™" in A600 and A1000 and 1184cm™" in
A800 corresponds to the C-O stretching vibration and a small hump positioned at
875cm™" is due to the carbonate peak originating from the possible adsorption of
atmospheric CO, [22,23]. No vibrational band was observed beyond 1350 cm™ for any
of the samples. The absence of any vibrational band characteristic of the precursor in
the sample A1000 indicates 1000 °C is the optimum temperature for synthesizing sto-
chiometric CaMnOj; using the synthesis recipe adopted in this work.

3.3. Morphology by FESEM

The morphology of all the samples is shown in Figure 3(a-c) and the distribution of
particle size is shown is Figure 3(d-f). All the three FESEM images show irregular fea-
ture sizes. An increase in particle size was observed with the increase in the annealing
temperature. The average particle size was found to be around 320nm, 1.08 um, and
1.14 um for A600, A800, and A1000, respectively.
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Figure 3. FESEM images of (a) A600, (b) A800, (c) A1000 and particle size distribution of (d) A600,
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Figure 4. UV-Visible spectra of (a) A600, (b) A800, and (c) A1000. The insets of (a), (b), and (c) show
the Tauc plot for the estimation of band gap.
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3.4. UV-Visible Spectroscopy

Figure 4 demonstrates the UV-Vis spectra of the annealed powders of CaMnOj;. Two
peaks at around 230nm and 270nm were observed in the absorbance spectra for the
powders indicating the presence of two electronic transitions from valence to the con-
duction band. The inset of Figure 4 shows the Tauc plot of (cthv)* versus hv and the
extrapolation of the linear portion to the energy estimates the value of the band gap
according to the Mott Davis equation:

ahy = A(hv — E,)"

where « is the absorption coefficient, hv is the photon energy and E, is the band gap.
The value of n = 2 fits the above equation which indicates the synthesized CaMnOj; is a
direct band gap material which is in corroboration with the earlier reported results
[24,25]. The value of E, obtained after extrapolation was found to be 4.14, 4.11, and
4.06eV for A600, A800, and A1000, respectively. A decrease in the band gap value is
observed on increasing the annealing temperature from 600 °C to 800 °C. The decrease
in the optical band gap value can be attributed to the increase in the particle size which
is consistent with the particle size distribution obtained from the FESEM images.

4, Conclusion

Single phase CaMnO; was synthesized using co-precipitation method starting with
Ca(NO;),.4H,0), and (Mn(NO3),.4H,0), as precursors. The XRD pattern indicates the
formation of oxygen deficient calcium manganese oxide (Ca,Mn20s) in the as-prepared
powder. The XRD pattern after annealing of as-synthesized powder results better crys-
tallinity with the formation of stoichiometric of CaMnO;. FTIR spectra recorded for the
annealed samples shows vibrational bands of Ca-O and Mn-O, suggesting the formation
of perovskite structured calcium manganese oxide. FESEM images depict irregular fea-
ture sizes and nearly spherical particles of sizes 320 nm, 1.08 um, and 1.14 um for A600,
A800, and A1000, respectively. The energy band gap of the CaMnO; powders estimated
from the UV-Vis spectra ranges from 4 to 4.15eV for annealing at 600-1000°C. The
reduced bandgap energy is attributed to the increase in the particle size with increase in
the annealing temperature. The CaMnOj; powders synthesized using the co-precipitation
method can be utilized in the thermoelectric applications by pelletizing the powder into
dense ceramics and measuring the electrical resistivity, Seebeck coefficient, and thermal
conductivity of the pellets.
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