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Abstract: In this work, Pr0.7Ba0.3MnO3 (PBMO) was synthesised using a thermal 
treatment method with sintering temperature ranging from 800 °C to 1100 °C. X-ray 
diffraction (XRD) confirmed the formation of pure PBMO phase at 1100 °C, while lower 
sintering temperatures led to the presence of secondary phase, particularly Pr(Mn2O5). 
Microstructural analysis revealed significant grain growth with rising sintering 
temperatures, accompanied by enhanced crystallinity and reduced secondary phases. 
Magnetic measurements indicated ferromagnetic behaviour at room temperature for all 
samples. However, the electrical resistivity demonstrates an unexpected increase with 
sintering temperature, attributed to the influence of secondary phase at lower sintering 
temperatures and grain growth in the pure PBMO phase at higher sintering 
temperatures. Additionally, microstructural defects such as oxygen non-stoichiometry or 
porosity might further contribute to the suppression of the metal-insulator transition 
temperature. Overall, this study highlights the significant role of sintering temperatures 
in controlling the phase purity, microstructure and physical behaviour of PBMO 
samples, offering valuable insights for their potential applications in spintronics or 
magnetic sensing devices. 
 
Keywords: Grain boundaries; Grain growth; Microstructural defects; Oxygen 
stoichiometry; Pr-based manganites. 

 
 
Introduction  

 
Manganite materials have garnered significant 

attention in material science owing to their unique 
interplay of charge, spin, orbital and lattice degrees of 
freedom, which give rise to intriguing phenomena such 
as colossal magnetoresistance and significant 
magnetocaloric effect (Mohamed et al., 2020; Xia et al., 
2020). Additionally, their ability to fine-tune the Curie 
temperature (TC) close to room temperature through 
substitutions further enhances their potential for 
applications in magnetic refrigeration, spintronics and 
magnetic sensors (M’nassri et al., 2017; Telegin & 
Sukhorukov, 2022).  

Among the various rare-earth elements, Pr-based 
manganites have emerged as as prominent subjects of 
study due to their interesting magnetic behaviour. These 

materials behave like antiferromagnetic insulators near 
the Neel temperature and displays anisotropic 
characteristics below this temperature (Hanen et al., 
2020). Moreover, substituting praseodymium for 
lanthanum at the rare-earth site in the perovskite 
structure significantly improves the electrical 
conductivity (Matheswaran et al., 2017). In particular, 
this replacement of the non-magnetic La3+ ions with 
isovalent Pr3+ reduces Mn-O-Mn bond angles, resulting 
in more carrier localisation (Christopher et al., 2018). 

In this study, the incorporation of barium (Ba2+) into 
Pr-based manganite is expected to introduce additional 
complexities into the system. Barium ions, with their 
larger ionic size compared to praseodymium ions, create 
a high mismatch between the lanthanide and barium 
ionic radii (Ur Rehman et al., 2015). This mismatch 
induces lattice distortion and strain effects, which can 
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strongly alter the magnetic and electrical behaviour of 
the materials (Khelifi et al., 2017). 

Preparation methods and sintering temperatures 
are critical factors influencing the microstructural 
modifications and, consequently, the physical properties 
of manganites (Ayadi et al., 2018; Shlapa et al., 2018). 
This work is particularly novel as it reports the first 
successful synthesis of Pr-based manganites using a new 
developed thermal treatment method, previously 
applied by our research group only to Nd-based 
manganites (Hon et al., 2023). Additionally, the effects of 
sintering temperatures, ranging from 800 °C to 1100 °C 
were systematically studied to understand their impact 
on crystallinity, microstructural evolution, and overall 
physical behaviour of the manganite materials. 
 
Method  
 

In this study, Pr0.7Ba0.3MnO3 (PBMO) was 
synthesised using thermal treatment method, as 
previously reported by our group (Hon et al., 2024; Hon 
et al., 2023). The starting powders included 
praseodymium (III) acetate hydrate (Alfa Aesar, 99.9 %), 
barium nitrate (Alfa Aesar, 99.95 %), and manganese (II) 
nitrate tetrahydrate (Sigma Aldrich, >97.0 %). These 
precursor powders were dissolved in distilled water 
according to their stoichiometric ratio, with 20 wt% of 

polyvinyl pyrrolidone (PVP) added to the solution and 
then stirred at 80 °C for 2 hours. The mixture was dried 
at 90 °C for 24 hours, followed by calcination at 500 °C 
for 5 hours. The calcined powder was ground using a 
pestle and mortar, before pressed into pellets using a 
hydraulic press. The pellets were subsequently sintered 
at temperatures ranging from 800 °C to 1100 °C.  

The samples are referred to as PBMO 8, PBMO 9, 
PBMO 10, and PBMO 11, corresponding to their 
respective sintering temperatures. For sample 
characterisation, phase formation was identified using 
an X-ray diffractometer (XRD, X’Pert PRO PW 3040), 
and the microstructural behaviour was analysed using a 
scanning electron microscope (SEM, Phenom ProX G6). 
Additionally, the magnetic properties were measured 
using a vibrating sample magnetometer (VSM, 
Lakeshore 7407), while electrical analysis was conducted 
using a standard four-point probe method with a 
Cryostat Industries cryostat system in conjunction with 
a KEITHLEY current source and nanovoltmeter.  
 
Result and Discussion 
 

The X-ray diffraction (XRD) patterns of PBMO 
samples are shown in Figure 1, and the corresponding 
structural parameters obtained from Rietveld 
refinement are listed in Table 1.  

 
Table 1. XRD data for PBMO samples sintered at different temperatures using thermal treatment method   
Sample code PBMO 8 PBMO 9 PBMO 10 PBMO 11 
Phase Praseodymium Barium Manganese Oxide, Pr0.7Sr0.3MnO3 
Reference code 98-010-9966  
Structure type Orthorhombic 
Space group I m m a (74) 
a (Å) 5.514 5.517 5.524 5.524 
b (Å) 7.751 7.761 7.772 7.775 
c (Å) 5.492 5.494 5.499 5.502 
V (Å) 234.715 235.242 236.066 236.312 
Mn1-O1 (Å) 1.950 1.950 1.953 1.953 
Mn1-O2 (Å) 1.970 1.973 1.975 1.976 
Mn1-O1-Mn1 (°) 172.705 172.699 172.698 172.697 
Mn1-O2-Mn1 (°) 159.125 159.145 159.153 159.150 
REXP (%) 3.454 4.042 3.660 3.462 
RP (%) 5.445 4.667 4.051 3.580 
RWP (%) 8.068 6.220 5.426 4.875 
χ2 5.458 2.367 2.197 1.983 
D (nm) 31.0 37.1 48.7 57.1 
Phase Praseodymium Mangano (III) Manganate (IV), Pr (Mn2O5) 
Reference code 98-007-6124  
Structure type Orthorhombic  
Space group P b a m (55) 
a (Å) 7.753 7.516 7.521 - 
b (Å) 8.715 8.661 8.689 - 
c (Å) 5.699 5.718 5.745 - 
V (Å) 374.083 372.267 375.466 - 

The quality of fit between the experimental data 
and the reference pattern is indicated by the goodness of 
fitting (χ2). All samples exhibit the PBMO phase with an 

orthorhombic structure and Imma spare group as their 
main phase (ICSD code: 98-010-9966). In this study, a 
pure PBMO phase was achieved only at the sintering 
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temperature of 1100 °C, while samples sintered at lower 
temperatures exhibited secondary phases. As shown in 
Figure 1, the secondary phase, Pr (Mn2O5) was detected 
in PBMO 8, PBMO 9 and PBMO 10. This can be possibly 
caused by the insufficient thermal energy for complete 
phase formation (Fan et al., 2014). This observation is 
supported by the χ2 values in Table 1, where the smallest 
χ2 value for PBMO 11 implies better fitting due to the 
absence of secondary phases. 

The lattice parameters also show noticeable 
changes in PBMO 8, PBMO 9 and PBMO 10, suggesting 
that the presence of secondary phases influences the 
crystal structure (Dippong et al., 2022). Thus, it can be 
deduced that crystallinity improves with increasing 
sintering temperature. The crystallite size, D was 
calculated using Scherrer’s equation (Aguilar et al., 
2020): 
 
𝐷 =	 𝑘	l

𝛽	 sinq             (1) 
 
where 𝑘 is the crystallite shape factor (0.9), l represents 
the wavelength of X-ray (1.5406 Å), 𝛽 stands for the full 
width at half maximum, and q denotes the Bragg angle. 
As the sintering temperature increases, the crystallite 
size grew from 31.0 nm to 57.1 nm. This growth occurs 
because smaller crystals redeposit onto larger ones, and 
enhancing overall crystallite development (Bouzayen et 
al., 2023). 
 

 
Figure 1. XRD patterns of PBMO samples with different 

sintering temperatures 
 

Figure 2 illustrates the microstructural evolution of 
PBMO samples subjected to different sintering 
temperatures. In PBMO 8, the micrograph reveals 
agglomerated fine particles with unclear grain 
boundaries and non-uniform distribution, likely due to 
the presence of the secondary phase or incomplete 
compound formation at lower sintering temperature 
(Malti et al., 2021). In PBMO 9, the grains appear more 

homogeneous, and initial grain growth becomes 
noticablt. This observation aligns with the XRD analysis, 
where the peak intensity of the Pr (Mn2O5) diminishes 
with rising sintering temperature. As the sintering 
temperatures increase further, PBMO 10 exhibits 
significant grain enlargement and neck formation 
between adjacent grains. At the highest sintering 
temperature, PBMO 11 shows large, well-defined grains 
with clear grain boundaries, consistent with the XRD 
result indicating the formation of pure PBMO phase in 
the sample. 

 

 
Figure 2. SEM micrographs of PBMO samples with different 

sintering temperatures 
 

Field-dependent magnetisation (M-H) 
measurement of PBMO samples sintered at different 
temperatures were performed at 300 K, as depicted in 
Figure 3. All samples exhibit clear hysteresis loops, 
indicating ferromagnetic behaviour at room 
temperature (Taboada-Moreno et al., 2020). In other 
words, this suggests that the Curie temperature (TC) of 
the PBMO samples prepared using this newly 
developed thermal treatment approach is above room 
temperature, in contrast to previous report of TC around 
184 K (Gamzatov et al., 2023). This discrepancy may 
arise from variations in synthesis conditions or 
microstructure features. Furthermore, the saturation 
magnetisation was found to increase with sintering 
temperatures, mainly because larger grains experience 
weaker surface effect due to a smaller surface-to-volume 
ratio (Lakouader et al., 2023). According to Shogh and 
Eshraghi (2019), only the core of the particles 
significantly contributes to magnetisation, as the overall 
magnetic behaviour of manganites is mainly governed 
by the ferromagnetic interactions within the particle 
cores. Therefore, as the sintering temperature increases 
and larger grains are formed, the contribution from the 
cores becomes more dominant, resulting in higher 
saturation magnetisation. In addition, the open 
hysteresis loop observed in the first quadrant of the M-
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H curves for all samples may be related to the magnetic 
anisotropic effects (Zhang et al., 2018). 
 

 
Figure 3. M-H curves at 300 K for PBMO samples with 

different sintering temperatures  
 

 
Figure 4. Resistivity as a function of temperature for PBMO 

samples with different sintering temperatures 
 

Figure 4 displays the temperature-dependent 
resistivity (ρ-T) curves for PBMO samples sintered at 
various temperatures. As the sintering temperatures 
increased from 800 °C to 1100 °C, the peak resistivity 
gradually rose from 12.3 Ω.cm to 19.0 Ω.cm, while the 
metal-insulator transition temperature (TMI) declined 
from 293 K to 202 K. Generally, higher sintering 
temperatures are expected to have lower resistivity due 
to grain size enlargement and the diminished impact of 
grain boundaries (Hizi et al., 2022; Ling et al., 2020; 
Wang et al., 2024). However, this study discovered an 
unusual increase in resistivity with rising sintering 
temperatures, which may be attributed to the presence 
of secondary phases. The Pr(Mn2O5) phase, in particular, 
might act as a barrier to charge carrier transport and 
disrupts the conduction paths (dos Santos-Gómez et al., 
2024). Conversely, in PBMO 11, which contains only a 

single PBMO phase, the formation of larger grains at 
elevated sintering temperature boosts the driving force 
and grain boundary energy, leading to higher resistivity 
(Wu et al., 2021). Changes in TMI could also be affected 
by microstructural defects or variations in oxygen 
stoichiometry (Kekade et al., 2019). In this thermal 
treatment method, higher sintering temperatures may 
cause oxygen loss or excess oxygen incorporation, 
resulting in increased scattering and higher resistivity 
(Qi et al., 2021). Furthermore, microstructural alterations 
such as phase composition or porosity might further 
contribute to the observed suppression of TMI.(Ngida et 
al., 2019; Rosić et al., 2015). 
 
Conclusion  
 

In this work, Pr0.7Ba0.3MnO3 (PBMO) was 
successfully synthesised using novel thermal treatment 
method with different sintering temperatures from 
800 °C to 1100 °C. The results reveal that sintering 
temperature strongly influences the phase formation, 
microstructural evolution, magnetic properties and 
electrical behaviour of PBMO samples. XRD analysis 
confirmed that a pure PBMO phase was obtained only at 
the highest sintering temperature of 1100 °C, while 
lower sintering temperatures resulted in the formation 
of secondary phases, which adversely affected the 
material’s properties. As the sintering temperature 
increased, the grains grew larger, crystallinity 
improved, and secondary phases were diminished. 
Magnetic measurements indicated that saturation 
magnetisation increased with higher sintering 
temperature, likely due to grain coarsening and reduced 
surface effects. Unexpectedly, the resistivity showed an 
unusual increase with rising sintering temperatures, 
which can be attributed to the presence of secondary 
phases at lower sintering temperatures and the grain 
size enlargement in the pure PBMO system at higher 
sintering temperatures. Higher sintering temperatures 
may also modify the microstructure, such as by creating 
oxygen vacancies or porosity, leading to a shift of TMI to 
lower values. Another notable outcome from this work 
is that the TC of PBMO was found to be above room 
temperature, highlighting the effectiveness of this newly 
developed thermal treatment method in tuning the 
physical behaviour of the PBMO samples. 
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