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manganite compounds, a comprehensive understanding of how
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Microscopy, Energy Dispersive X-ray =~ underwent meticulous preparation and characterization using Powder
Analysis, four-point probe X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM) with

Energy Dispersive X-ray Analysis (EDX), and a four-point probe for
surface resistivity. XRD analysis reveals an orthorhombic structure with
the Pnma group, demonstrating changes in lattice parameters from
225.1 A3 at 1100 °C, 225.6 A3 at 1150 °C to 225.8 A3at 1200 °C. Other
than that, the resistivity decreased from 117.1377(Q, 101.5461(,
97.0974Q respectively. SEM imaging highlights irregular grain shapes,
with heightened densification at higher temperatures. Furthermore,
EDX measurements confirm the accurate composition of all samples,
devoid of impurity peaks. The precise determination of the elemental
composition percentages included Pr, Na, Mn, Cr, and O. Hence, different
sintering temperatures affected the lattice parameter as well as the
decreasing in microstructure and the resistivity.

1. Introduction

Monovalent perovskite manganite, with the general formula ABOs where A represents a monovalent cation
typically derived from alkali metals, B signifies a trivalent manganese cation, and O serves as the oxygen anion,
has attracted significant attention within the scientific community. This attention is due to its extraordinary
properties, including colossal magnetoresistance (CMR) [1], the Jahn-Teller effect [2], and charge ordering (CO)
[2-4]. Previous studies have demonstrated that monovalent-doped perovskite manganites exhibit distinct
properties in terms of structural and surface morphology when subjected to monovalent metal doping [4]. For
instance, previous study on Pro.7sNao2sMnO3 with Cr doped at Mn-site [4] have shown the Jahn-Teller (JT) effect
which caused the charge ordered (CO) state to be weakened, and SEM images were quite uniform due to the
good crystalline nature. While extensive research has delved into the properties of both divalent and
monovalent doped manganites, this study uniquely focuses on the monovalent perovskite manganite compound
Pro.7sNao.2sMno.9sCro.0203. The selection of this specific compound is driven by the necessity for a more nuanced
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exploration of monovalent perovskite manganites, which remains a relatively underexplored domain. The
investigation of ProzsNao.2sMno.ssCro0203 allows us to fill a critical gap in the current understanding of the
intricate interactions within this class of materials. Despite the wealth of studies varying the dopant
concentration in parent compounds, a noticeable gap exists in our understanding—the influence of sintering
temperature on perovskite manganites. This intentional choice aims to delve deeper into the nuanced
interactions within this class of materials, specifically addressing the influence of sintering temperature on
crystal phase, microstructure, and surface resistivity.

Acknowledging the pivotal role of sintering in shaping crystalline structure, density, and porosity [5], our
investigation deliberately focuses on Pro.7sNao.2sMno.9sCro.0203 —a monovalent perovskite manganite compound.
However, existing research predominantly explores the impact of doping on these materials, this study diverges
by specifically investigating the sintering effect on the monovalent perovskite manganite compound
Pro.7sNao.2sMno.9sCro.0203. The choice to focus on the sintering effect, as opposed to traditional doping studies, is
driven by the understanding that sintering temperature plays a pivotal role in determining the final crystalline
structure of the material [5]. The comparison of the sintering effects at varying temperatures will serve as a
crucial aspect of this study. Through a meticulous analysis of the outcomes at 1000 °C, 1150 °C, and 1200 °C, a
comparative evaluation will be conducted to discern the temperature-dependent variations in crystal phase,
microstructure, chemical bonding, and surface resistivity. This comparative approach will provide a
comprehensive understanding of the subtle nuances in material properties induced by different sintering
conditions, offering valuable insights for future material optimization and application.

2. Materials and Methods

The synthesis of Pro.7sNao.2sMno.9sCro.0203 manganite employed the solid-state reaction method, incorporating a
series of processes. Investigation into the crystalline structure was conducted through X-ray Diffraction (XRD)
analysis using a Bruker D2 Phaser Powder X-ray diffractometer model. Cu Ka radiation was employed to
elucidate the composition of crystal phases. Microstructure and elemental compositions were analysed using a
Coxem EM-30AX Plus model Scanning Electron Microscope (SEM) equipped with Energy Dispersive X-ray
analysis (EDX). Electrical properties were scrutinized using a four-point probe setup, facilitating precise
measurement of sheet resistance for a comprehensive understanding of the samples' electrical behaviour.

2.1 Chemical and Apparatus

The fabrication of manganite samples utilized high-purity Pr20s, Na2COs3, MnOz, Cr203 powders, each with a
purity level of 99.99%. Advanced instruments employed in the study comprised the high-sensitivity digital
electronic balance EJ-OP-13 Density Determination Kit, an agate mortar and pestle, an alumina crucible, the
Protherm Furnace PLF 130/15 box furnace, the Bruker D2 Phaser model for powder X-ray diffraction, the
Coxem EM-30AX Plus model for scanning electron microscopy, and a four-point probe setup for surface
resistivity.

2.2 Sample Preparation

The synthesis of Pro7sNao.2sMno.ssCroo203s manganite involved the solid-state reaction method. A precisely
stoichiometric blend of Pr203, Na2C0s, MnOz, and Cr:0s3, each exhibiting purity levels exceeding 99.99%,
underwent thorough mixing and grinding in an agate mortar with a pestle for approximately 2 hours. This
meticulous process ensured a homogeneous mixture, resulting in a finely powdered substance. The composite
powder underwent calcination at 1000 °C for 24 hours, gradually heated at a rate of 15 °C/min in a Protherm
Furnace Model PLF130/15. Intermediate grinding intervals were interspersed with the calcination process,
followed by controlled cooling at a rate of 1 °C/min. Subsequently, the powder underwent further refinement
through grinding and was molded into pellets with dimensions of 13 mm in diameter and 2-3 mm in thickness
using Specac Dice Mole. Compaction was achieved under a load of 5 tons utilizing a Carver Hydraulic Presser
Equipment Model 3851. The resulting pellets were sintered at 1100 °C, 1150 °C, and 1200 °C for 24 hours in
ambient air, heated at a rate of 15 °C/min, and gradually cooled to room temperature at 1 °C/min.

2.3 Sample Characterization

Various analytical methods were employed for the structural analysis of the specimens. X-ray Diffraction (XRD)
examination, utilizing Cu Ka radiation at ambient temperature, was carried out using a Bruker D2 Phaser model
powder XRD. The scanning parameters covered a 26 range from 20° to 80° with a scanning rate of 2°/min,
ensuring a meticulous evaluation of the crystalline structure and phase composition. SigmaPlot software was
utilized for subsequent analysis of XRD patterns. For microstructure investigation, a Coxem EM-30AX Plus
model Scanning Electron Microscope (SEM) was used at a magnification of 2kX. It is noteworthy that SEM
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analysis employed pellet samples instead of powder, allowing for a thorough exploration of morphology and
grain boundaries. This SEM analysis was complemented by energy dispersive X-ray spectroscopy (EDX) to
determine the elemental composition of the specimens. To assess electrical properties, a four-point probe setup
was employed for surface resistivity measurements. Additionally, bulk density was determined using the
Archimedes principle, with acetone serving as the buoyant medium.

3. Results and Discussion

3.1 X-ray Diffraction (XRD)

Fig.1 depicts the X-ray Diffraction (XRD) patterns of ProzsNao2sMnoossCroo20s samples after sintering at
temperatures of 1100°C, 1150°C, and 1200°C. The XRD analysis confirms the presence of an orthorhombic
structure with the Pnma space group across all samples, indicating that the crystalline structure remains
unaltered despite variations in sintering temperature, aligning with prior research [6-7]. No discernible
impurity peaks or secondary peaks were identified. Table 1 offers a comprehensive summary of lattice
parameters, unit cell volume (V), bulk density (bulk), and resistivity (1) for Pro.7sNao.2sMno.9sCro.0203 following
sintering at 1100°C, 1150°C, and 1200°C. The lattice parameters (a, b, and c) display subtle variations, with the
a-lattice and c-lattice exhibiting an increase-decrease trend, while the b-lattice demonstrates a decrease-
increase pattern as the sintering temperature progresses from 1100°C to 1200°C. The unit cell volume (V)
demonstrates a decreasing trend, indicating structural modifications associated with Jahn-Teller distortion and
alterations in Mn-0-Mn bond angles. Bulk density increases with higher sintering temperatures, suggesting a
denser packing of grains. Elevated temperatures likely lead to better material compaction, reducing void spaces
and increasing bulk density. The resistivity (1) values decrease with rising sintering temperature, indicating
improved conductivity, possibly due to enhanced mobility of charge carriers at higher temperatures.
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Fig. 1 XRD analysis of Pro.7sNao.2sMno.9sCro.0203 sintered at 1100 °C, 1150 °C, and 1200 °C
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Table 1 Lattice Parameters, Unit Cell Volume (V), Bulk Density (pbui) and Resistivity (Q) of
Pro.7sNao.2sMno.osCro.0203 sintered at 1100 °C, 1150 °C, and 1200 °C

Sintering . 2 %3 pbulk Resistivity
temperature Lattice parameter, A (+ 0.001) V (A3) (g/cm?) @
(°C) a(d) b (A) c () (£0.1) (+0.001) (£ 0.0001)
1100 5.473 7.878 5.220 2251 4.302 117.1377
1150 5.474 7.890 5.224 225.6 6.871 101.5461
1200 5.475 7.893 5.226 2258 7.101 97.0974

3.2 Scanning Electron Microscopy (SEM)

Fig. 2 depicts the microstructure of all samples, offering insights into the microstructural characteristics of
Pro.7sNao.2sMno.9sCroo203 at different sintering temperatures. Utilizing SEM images captured at a 2kX
magnification, a thorough examination of the material's microstructure was conducted. A discernible trend
emerges with an increase in sintering temperature, revealing compact grain boundaries and a reduction in grain
size growth. Elevated sintering temperatures tend to facilitate grain size growth and agglomeration, resulting in
a more compact microstructure with closely packed grains [8-13]. At 1100°C, the samples display irregular
shapes with minimal porosity, making grain boundaries barely visible. Progressing to 1150°C, an increase in
average grain size suggests a densification process during sintering, contributing to a more compact
microstructure. However, SEM imaging at the higher sintering temperature of 1200°C lacks clear and
distinguishable microstructural features. The lack of clarity in these images may be attributed to various factors,
including potential over-sintering leading to agglomeration, surface modifications, or other challenges specific to
the conditions at this temperature.
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Fig. 2 SEM imaging for the sample Pro.7sNao.zsMno.ssCro.0203 sintered at (a) 1100 °C (b) 1150 °C and (c) 1200 °C with
2kX magnification
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3.3 Energy Dispersive X-ray Analysis (EDX)

Fig. 3 presents the spectrum of the EDX analysis for all the samples, specifically the Pro7sNao.2sMno.9sCro.0203
samples sintered at 1100 °C, 1150 °C, and 1200 °C. At the temperature of 1100 °C, the composition of
Pro.7sNao.2sMno.9sCro.0203 is highlighted, with dominant elements by weight percentage being praseodymium (Pr)
(69.13%) and oxygen (0) (26.51%), constituting 21.50% and 76.23% of the atomic composition, respectively.
Na, Mn, and Cr contribute smaller percentages, indicating their lesser presence in the material. As the
temperature increases to 1150 °C, Pr remains the primary element by weight (61.46%), followed by Mn
(16.37%) and O (20.12%). The atomic percentages reflect a similar hierarchy, emphasizing the prevalence of Pr
and O in the atomic composition. At the temperature of 1200 °C, the elemental distribution is consistent with
that at 1150 °C, reiterating the dominance of Pr and O, with Mn also playing a significant role.
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Fig. 3 EDX spectrum for the sample Pro.7sNao.2sMno.9sCro.0203 with sintering temperatures of 1100 °C, 1150 °C, and
1200 °C
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4. Conclusion

In summary, the impact of varying sintering temperatures (1100 °C, 1150 °C, and 1200 °C) on
Pro.7sNao.2sMno.9sCro0203 manganite has been studied. XRD analysis elucidated a consistent orthorhombic
structure with the Pnma space group across all temperatures, underscoring the resilience of the crystal phase to
sintering variations. Subtle variations in lattice parameters and unit cell volume suggested structural
modifications. Densification increased with higher temperatures, as evidenced by rising bulk. Resistivity values
decreased, indicating improved electrical conductivity. On the other hand, SEM revealed a trend of compacting
grain boundaries and reduced grain size growth with elevated temperatures, but challenges in imaging clarity
were noted at 1200 °C. EDX analysis highlighted the dominance of Pr and O across temperatures, emphasizing
compositional stability.
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