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ABSTRACT
Here, we investigated the magnetic and magnetocaloric (MC) properties 
of manganites labeled PrCaBaMnO and PrCaBaMnBiO, with compositions 
Pr0.55Ca0.05Ba0.40Mn1−xBixO3 (x = 0 and 0.02), respectively. The solid-state reac-
tion method was used for sample preparation, and the structural properties 
were checked using X-ray diffraction (XRD). Temperature dependence of mag-
netization (M(T)) measurements was carried out in the range of 5–300 K under 
100 Oe field to determine the transition temperature of the manganites. Magnetic 
entropy change ( −ΔS

M
 ) values were computed from field-dependent magnetiza-

tion (M(H)) measurements. For the 2 T magnetic field values, the −ΔSmax

M

 values 
for the PrCaBaMnO and PrCaBaMnBiO manganites are 3.15 and 2.86 Jkg-1K-1, 
respectively. Relative Cooling Power (RCP) values were calculated from the 
temperature dependence of −ΔS

M
 (T) curves, resulting in 82.4 and 88.6 Jkg-1 for 

PrCaBaMnO and PrCaBaMnBiO, respectively. Banerjee’s criterion and Franco’s 
universal master curve confirmed that the transition type for the studied man-
ganites is second order.

1 Introduction

Refrigeration and air conditioning technologies, com-
monly referred to as traditional cooling systems, play 
a vital role in our daily lives, relying on the compres-
sion/expansion principle of gases. These systems, 
which remain at low levels compared to other sys-
tems in terms of energy efficiency, have high energy 
consumption. In these systems, which are known to 
reach thermodynamically limited values, high-vibra-
tion compressors are used that cause high energy 
consumption and excessive noise. Additionally, gases 
used in these systems as refrigerants have adverse 

effects on the environment [1]. Consequently, there is a 
need for research and regulations to reduce the energy 
consumption in refrigeration and air conditioning pro-
cesses and reduce the effects of traditional systems on 
the environment.

Refrigeration systems based on different ther-
modynamic effects have been developed to replace 
these conventional systems [2]. Among these alterna-
tives, magnetic refrigeration (MR) systems are more 
advantageous in terms of energy consumption and 
efficiency and are considered the future of the cool-
ing technologies [3]. MR systems operate based on 
the magnetocaloric effect (MCE) principle, which is 
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one of the reversible thermodynamic effects with 
potential applications in various technologies [4–6]. 
MCE is the observed change in temperature of the 
material due to the change in entropy of the mag-
netic material as a result of exposure to an external 
magnetic field. This effect involves two fundamen-
tal processes: adiabatic temperature change ( ΔT

ad
 ) 

and magnetic entropy change ( −ΔS
M

 ) [7]. The most 
essential condition for designing a magnetic cooler 
is to obtain magnetic material with a high −ΔS

M
 and 

a high ΔT
ad

 value within the operating temperature 
range [8]. MR systems have been developed in which 
Gd and Gd-based alloys are used as cooling sub-
stances [9]. The practical application of these mate-
rial systems has not been feasible for some critical 
reasons [5]. Factors affecting their commercial use 
include high raw material costs, challenging and 
complex production techniques, high thermal and 
magnetic hysteresis, etc. [10] Materials that can be 
used as cooling materials should not have these and 
similar negative features. Considering these criteria, 
manganites are among the material groups with high 
potential to be considered as a suitable cooling ele-
ment for MR systems. Although the manganites have 
relatively low −ΔS

M
 values compared to other mate-

rial groups, they have desirable properties such as 
low raw material cost, simple and inexpensive pro-
duction techniques, and a second-order phase transi-
tion (SOMT). One of the reasons why manganites are 
in a more advantageous position compared to other 
material groups is that their magnetic phase transi-
tion temperature (TC) can be adjusted with doping 
[10].

The structural properties of manganites have a great 
impact on their magnetic and MC properties. There-
fore, it is necessary to briefly mention the structural 
properties of manganites. Manganites are a group of 
materials represented by the chemical equation with 
ABO3, crystallizing in the perovskite structure, and 
containing manganese ions as the B-site element [11]. 
Numerous investigations have been conducted to 
examine the magnetic and MC properties of La and 
Pr-based manganites [11–15]. In many of these stud-
ies, it is aimed to investigate the effects of factors such 
as change in the average ionic radius of the A-site , 
Mn3+/ Mn4+ ratio, cationic mismatch effect, sinter-
ing temperature, and doping of A and B-sites [14, 
16–20]. The structural, magnetic, and MC properties 
of Pr0.55Ca0.05Ba0.40Mn1-xBixO3 (x = 0 and 0.02) mangan-
ites, which have not been studied before, are presented 

in this study. The results of the analysis and measure-
ments performed to examine the structural, magnetic, 
and MC properties of the samples are given in detail.

2 �Experimental procedure

In this study, the solid-state reaction method was 
chosen due to its simplicity and ease of application 
for sample preparation. Detailed information about 
the processes of the method has been provided in 
our previous work [11, 20]. Sigma Aldrich brand 
Pr2O3 (99.9%), CaO (99.995%), BaO (99.995%), Bi2O3 
(99.99%), and MnO2 (99.99%) chemicals were used in 
sample production. Stoichiometric amounts of these 
starting chemicals were ground and mixed in an agate 
mortar for 6×10 minutes. The powder mixture was cal-
cined in air at 600 °C for 6 hours. After this process, a 
second grinding process was applied under the same 
conditions (for 6×10 minutes for a total of 60 minutes). 
Then, the powder sample was pressed to form tab-
lets. The tablets were subjected to the sintering pro-
cess at 1200 °C for 24 hours. The synthesized samples 
Pr0.55Ca0.05Ba0.4Mn1−xBixO3 (x = 0 and 0.02) have been 
labeled as PrCaBaMnO for x = 0 and PrCaBaMnBiO for 
x = 0.02, respectively. To determine the crystal sym-
metry and phase purity of the samples, X-ray diffrac-
tion (XRD) measurements were executed at room tem-
perature. The surface morphology of the PrCaBaMnO 
and PrCaBaMnBiO manganites was analyzed using 
scanning electron microscopy (SEM). The magnetic 
measurements were performed by a physical property 
measurement system (PPMS) equipped with a vibrat-
ing sample magnetometer (VSM) module.

3 �Results and discussions

The diffraction patterns obtained from XRD analyses 
of PrCaBaMnO and PrCaBaMnBiO manganites are 
presented in Fig. 1. In the diffraction patterns of the 
manganites, the red dots and solid black lines repre-
sent observed and calculated data, respectively. The 
green ticks show Bragg diffraction positions. The dif-
ference between the calculated and observed data is 
illustrated by the blue line. Sharp and narrow-based 
diffraction peaks interpreted as good and homoge-
neous crystallization of the samples are seen from 
the XRD patterns [21]. A very weak diffraction peak 
consistent with the BaMnO2.98 impurity phase was 
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detected in the diffraction patterns of both samples, 
showing antiferromagnetic (AFM) properties [22]. The 
volume fraction of the impurity phase [23] is 3.6 % and 
3.5 % for PrCaBaMnO and PrCaBaMnBiO manganites, 
respectively. The diffraction peaks of the studied man-
ganites overlap with the Pbnm space group belong-
ing to the orthorhombic crystal structure. In Table 1, 
lattice parameters and unit cell volume (V) acquired 
from the XRD refinement for PrCaBaMnO and PrCa-
BaMnBiO manganites using FULLPROF software are 
provided. Although a change in the lattice parameters 
was detected with the addition of Bi, no change in the 
crystal structure was observed. As seen from Table 1, 
the unit cell volume (V) of the PrCaBaMnBiO man-
ganite is smaller than that of PrCaBaMnO manganite. 
Although an increase in the V value was thought due 
to the larger ionic radius of the Bi ion, a decrease in V 
value was noticed [24]. It is thought that this decrease 
is a result of the chemical pressure induced in the Mn 
octahedral as a consequence of the change in lattice 
parameters [25]. This decrease may also be attributed 
to the electronic configuration of Bi3+ ions that are 
identified by their 6s2 electrons which can create local 

distortion and hybridize with oxygen’s 2p orbitals 
[16]. The change in lattice parameters and decrease in 
V value may affect the magnetic and MC properties. 
The stability of the perovskite structure is controlled 
by the Goldschmidt tolerance factor (tG) given below 
[26]:

The terms of ⟨r
A
⟩ and ⟨r

B
⟩ given in the equation state 

the mean ionic radii of A and B-sites, respectively. The 
term r

O
 is the ionic radius of the oxygen ion. For PrCa-

BaMnO and PrCaBaMnBiO manganites, the tG values 
have been calculated based on Shannon’s effective 
ionic radii list [24]. The tG values of the studied man-
ganites are represented in Table 1. The obtained values 
confirm that the samples crystallize in the perovskite 
structure [27, 28]. The tG values calculated for the sam-
ples are compatible with the orthorhombic structure. 
As expected, a decrease in tG has been observed with 
doping Bi at a concentration of x = 0.02 to the Mn-site 
since Bi3+ ions have larger ionic radii than Mn3+ ions 
[24]. The average crystalline size (DXRD) of the PrCa-
BaMnO and PrCaBaMnBiO manganites was calculated 
using the Debye Scherrer equation as follows [20].

where λ is the x-ray wavelength (λ=1.54060 Å), κ is 
the grain shape factor, β denotes the full width at half 
maximum of the most intense peak, and θ is the Bragg 
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Fig. 1   XRD patterns of the studied manganites

Table 1   The lattice parameters and the V values of PrCaBaMnO 
and PrCaBaMnBiO manganites

Sample codes PrCaBaMnO PrCaBaMnBiO

a (Å) 5.492 (7) 5.494 (1)
b(Å) 5.501 (3) 5.491 (2)
c(Å) 7.816 (8) 7.798 (1)
V(Å3 ) 236.200 (1) 235.262 (4)
χ2 4.33 4.85
Rp 3.75 3.57
Rwp 5.63 6.06
Rexp 2.71 2.75
t 0.938 0.935
β (°) 0.1863 0.180
DXRD (nm) 44.51 46.00
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diffraction angle. In Table 1, the calculated β and DXRD 
values are provided. It is released that the β value 
decreases with the Bi substitution for Mn, leading to 
an increase in the DXRD value. The discrepancy in the 
ionic radii of the Mn3+ and Bi3+ ions may contribute to 
an enhancement in DXRD values.

To investigate surface morphology and determine 
the average particle size (D) of the manganites, SEM 
images at 20 kx magnification were attained (inset of 
Fig. 2). The SEM images of both samples show parti-
cles of different sizes and shapes and intergranular 
spaces. Grain boundaries are more apparent for PrCa-
BaMnBiO manganite than that of the other. Therefore, 
we can say that the sharpness of the grain boundaries 
increases with the Bi substitution. ImageJ software was 
used to determine the D of the manganites. The size 
of 100 randomly selected particles was measured with 
this program and their histograms were obtained (See 
Fig. 2). The histograms reveal granular structures of 
different sizes in both samples. The average particle 
size (DSEM) was approximately determined by Gauss-
ian fit. DSEM for the PrCaBaMnO and PrCaBaMnBiO 
manganites was determined as 0.79 and 0.83 μm, 
respectively. Although the particle size and the clar-
ity of the grain boundaries are positively influenced 
by the Bi substitution, an increase in the volume of 
the intergranular spaces is also observed. The mag-
netic and MC properties of the studied manganites 
may decrease due to the deterioration of intergranular 
conduction with the increased volume of intergranular 
spaces. When compared to the D calculated from SEM 

and XRD, it is observed that the DSEM is higher than 
that of DXRD. It implies that the grains are formed by 
several crystallites due to internal stresses or defects 
in the structure. The agglomeration degree, indicat-
ing the average number of crystallites forming a single 
grain, is determined by the DSEM /DXRD ratio [29].

To determine the TC values of PrCaBaMnO and 
PrCaBaMnBiO manganites, low field M(T) measure-
ments were made in both the ZFC and FC processes 
under a magnetic field of 100 Oe and in the tem-
perature range of 5–300 K. The M(T) curves of PrCa-
BaMnO and PrCaBaMnBiO manganites are given in 
Fig. 3. When the M(T) curves were examined, it is 
observed that the samples exhibit a particular mag-
netization value at low-temperature values, and the 
magnetization value decreases with increasing tem-
perature and rapidly drops to zero. The tempera-
ture at which the magnetization value decreases to 
zero occurs represents the magnetic phase transition 
temperature, TC. This change observed in the M(T) 
curves is a transition specific to FM materials, and 
the material showed a transition to paramagnetic 
(PM) phase in TC. The decrease in the magnetization 
value of the samples as the temperature increases 
is due to the increasing thermal interaction energy 
disrupting magnetic couplings in the structure [30]. 
Although the temperature-dependent variations of 
the curves obtained in the ZFC and FC processes 
behave similarly at temperatures above TC, these 
curves in the low-temperature region exhibit dif-
ferent behaviors. The ZFC curves for both samples 

Fig. 2   The size distribution histograms of PrCaBaMnO (a) and PrCaBaMnBiO (b) manganites. The inset shows SEM images at 20 kx 
magnification for the studied manganites
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enhance with increasing temperature. This behavior 
may be due to the coexistence of AFM and FM clus-
ters [31]. For both samples, a separation is observed 
in the low-temperature region due to the different 
temperature dependence of the ZFC and FC curves. 
The separation observed at low temperatures indi-
cates that the samples exhibit a spin-glass-like behav-
ior [32–34]. This separation allows us to have an idea 
about the long-range or short-range magnetic inter-
action in the material and the magnitude of the mag-
netic anisotropy of the structure [34, 35]. Materials 
with high magnetic anisotropy exhibit spins ordered 
in a preferential orientation, and in the ZFC process, 
their spins remain locked in random orientations. If 
a magnetic field is applied to the material after the 
cooling process, the measured magnetization value 
changes depending on the anisotropy of the material. 
Systems with high magnetic anisotropy may exhibit 
a low magnetization value in the ZFC curve at low 
temperatures, as the applied field strength may not 
be sufficient to direct the spins, resulting in differ-
ences between the magnetization curves measured 
during cooling in the FC process. When the mag-
netization value increases, the lower the magnetiza-
tion value of the ZFC curve at low temperatures, the 
higher the anisotropy of the structure [36]. Consider-
ing the explanations given above, it can be said that 
the magnetic interaction is short-range [37]. The TC 
values were determined by obtaining the dM/dT-T 
curve from the M(T) data obtained in the ZFC pro-
cess. This is one of the most widely used methods to 

determine the TC value. In this method, the tempera-
ture value corresponding to the minimum point of 
the dM/dT-T curve gives the TC value. The TC val-
ues of PrCaBaMnO and PrCaBaMnBiO manganites 
were determined as 164 and 154 K, respectively. The 
observed decrease in the TC value with Bi substitu-
tion to the Mn-site may be due to the weakening of 
double exchange (DE) interactions [38, 39]. In addi-
tion, it is seen that the magnetic phase transition of 
the Bi-doped sample occurs in a wider temperature 
range than that of undoped manganite. A large value 
of −ΔS

M
 is generally observed when the magnetic 

phase transition occurs sharply [40] and the expan-
sion in the magnetic phase transition temperature 
range with Bi-element substitution into the Mn-site 
can cause a decrease in the −ΔS

M
 value.

The M(H) curves of PrCaBaMnO and PrCaBaMn-
BiO manganites obtained from M(H) measurements 
performed under 0–5 T field change at 4 K tem-
perature intervals around TC are given in Fig. 4. In 
the low-temperature region, it is observed that the 
magnetization values initially increase rapidly with 
the field and reach saturation above a field value of 
0.5 T. No further change in magnetization value is 
observed with increasing field. This is characteristic 
of ferromagnetic materials and is the result of the 
orientation of all magnetic moments in the direction 
of the field. In the high-temperature region (above 
TC), the M(H) curves exhibit a linear variation with 
the applied field, representing paramagnetism. In 
summary, the transition from the FM state to the 

Fig. 3   The M(T) curves which obtained at ZFC and FC modes under 100 Oe magnetic fields for PrCaBaMnO (a) and PrCaBaMnBiO 
(b) manganites
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PM state observed in the M(T) measurements is also 
clearly seen in the M(H) curves.

The main components defining the MCE are the 
−ΔS

M
 ve ΔT

ad
 values. Indirect measurement methods 

are commonly used to determine the −ΔS
M

 value. 
Initially, the TC of the samples is identified, and iso-
thermal M(H) measurements are performed around 
the TC. The numerical value of the −ΔS

M
 value can 

be determined by using the data obtained from these 
measurements and the following equation.

(3)−ΔS
M
(H,T) =

∑
M

i
−M

i + 1

T
i + 1

− T
i

ΔH
i

The terms Mi and Mi+1 given in Eq. (3) are abbre-
viations that express magnetization values at Ti and 
Ti+1 temperatures, respectively. The −ΔS

M
(T) curves 

obtained for various magnetic field change ( ΔH  ) val-
ues of PrCaBaMnO and PrCaBaMnBiO manganites 
are given in Fig. 5. When the curves are examined, 
it is seen that it gives a maximum peak around TC, 
which is called the maximum −ΔS

M
(−ΔSmax

M

 ) value 
[41]. It is observed that there is an enhancement in 
−ΔS

max

M

 values due to the increase in magnetization 
of PrCaBaMnO and PrCaBaMnBiO manganites with 
the increase of the external applied field. In addition, 
it is observed that the peak position of −ΔSmax

M

 for 
PrCaBaMnO and PrCaBaMnBiO manganites moves to 

Fig. 4   The M(H) curves for PrCaBaMnO (a) and PrCaBaMnBiO (b) manganites

Fig. 5   The temperature dependence of the −ΔS
M

 curves under different magnetic fields for PrCaBaMnO (a) and PrCaBaMnBiO (b) 
manganites
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high temperature with increasing magnetic field. This 
behavior may arise from the magnetic field depend-
ence of the TC [42, 43]. For the PrCaBaMnO mangan-
ite, the −ΔSmax

M

 value calculated under 2 T magnetic 
field was calculated as 3.15 Jkg-1K-1. Under the same 
magnetic field value, this value is 2.86 Jkg-1K-1 for the 
PrCaBaMnBiO manganite. According to the results 
obtained, the replacement of the Bi-element with Mn 
at low rates causes a decrease in the value of −ΔSmax

M

 . 
It is considered that this decrease is due to the increase 
in the volume of intergranular spaces obtained from 
SEM analyses and the reduction in particle sizes.

For MS systems, the magnetic material must meet 
particular criteria to be considered a cooling element 
[44]. Although the material has high −ΔS

M
 ve ΔT

ad
 

values under low field is the primary condition for 
being considered as a candidate cooler, it is not suffi-
cient to meet this criterion. Apart from these two 
parameters, the RCP value, which determines the cool-
ing capacity of the MS system to be designed, must be 
high and the hysteresis (thermal and magnetic) effect 
affecting the performance of the cooler must be negli-
gible [11]. Thermal hysteresis is associated with the 
reversibility of the MCE of a magnetic heat sink, while 
magnetic hysteresis is connected to the operating effi-
ciency of a magnetic heat sink [10]. The RCP value of 
t h e  m a t e r i a l s  i s  c a l c u l a t e d  b y 
RCP =

|||−ΔS
max

M

||| × δT
FWHM

 equation. The δT
FWHM

 term 
is the full width at half the maximum of the −ΔS

M
 (T) 

curve. For PrCaBaMnO and PrCaBaMnBiO mangan-
ites, the RCP values were calculated as 82.4 and 
88.6  Jkg-1 under 2 T magnetic fields, respectively. 

Although the −ΔSmax

M

 value of PrCaBaMnBiO mangan-
ite is lower than PrCaBaMnO, its RCP value is higher. 
This result may stem from the magnetic phase transi-
tion occurring in a broader temperature range of the 
PrCaBaMnBiO manganite. In order to compare the 
results obtained with the literature, the −ΔSmax

M

 and 
RCP values of some Pr-based manganites for varied 
ΔH values are given in Table 2.

It is necessary to identify the type of magnetic phase 
transition of materials that can be used as cooling sub-
stances in MS systems. Materials in which the phase 
transition is attended by a structural transition exhibit 
First-Order Magnetic Transition (FOMT). The use of 
materials that exhibit transition of this type in tech-
nological applications is not suitable because the per-
formance of the magnetic cooler is adversely affected. 
Second-order magnetic transition (SOMT) materials 
have high potential for applications. This transition 
of magnetic materials exhibiting SOMT usually occurs 
over a wide temperature range, and as a result, high 
RCP values may be achieved. There are many methods 
used to determine the type of magnetic phase transi-
tion [45–49]. The widely used method for determining 
the type of magnetic transition is the Banerjee criterion 
[45]. In this criterion, H/M–M2 curves (described as 
Arrott plots) are obtained by using the data obtained 
from isothermal M(H) measurements. Considering the 
sign of the slopes of these curves around TC, the type 
of magnetic transition is decided. The positive slope 
of the Arrott curves around TC implies that the type of 
magnetic transition is second order. The negative slope 
states that the kind of magnetic phase transition is first 

Table 2   Summary of −ΔSmax

M
 

and RCP values for some 
magnetocaloric samples at 
different magnetic fields

Sample ∆H (T) −ΔS
max

M
(Jkg-1K−1) RCP (Jkg−1) Refs.

PrCaBaMnO 2 3.15 82.4 Present work
PrCaBaMnBiO 2 2.86 88.6 Present work
PrCaBaMnO 5 4.78 116.6 Present work
PrCaBaMnBiO 5 4.40 106.3 Present work
Pr0.55Na0.05Sr0.4MnO3 2 1.75 – [52]
Pr0.8K0.2MnO3 2 1.88 82.5 [53]
Pr0.6Sr0.4MnO3 2 2.46 78.0 [54]
Pr0.55Sr0.45MnO3 2 1.71 143.64 [55]
Pr0.55Sr0.35K0.1MnO3 2 2.20 86.0 [56]
Pr0.7Ca0.3Mn0.8Cr0.2O3 2 1.5 – [57]
Pr0.7Ba0.2Ca0.1MnO3 5 2.2 261 [58]
Pr0.67Ba0.63MnO3 4 5.5 225 [59]
Pr0.7Ca0.3Mn0.9Ni0.1O3 2 1.46 101.62 [60]
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order. In light of these statements, the Arrott curves 
were obtained to determine the type of magnetic phase 
transitions of PrCaBaMnO and PrCaBaMnBiO man-
ganites (Fig. 6). The Arrott curves of the PrCaBaMnO 
and PrCaBaMnBiO manganites have a positive slope 
around TC. Consequently, it can be said that the mag-
netic phase transition of the studied manganites is of 
the second order. To check whether the methods used 
in determining the type of magnetic phase transition 
are compatible with each other, the phenomenologi-
cal method proposed by Franco et al known as the 
universal master curve was also used [47, 50]. In this 
method, the rescaled temperature (θ) dependence of 
−ΔS

M
(T)∕ −ΔSmax

M

 is obtained. The θ is calculated from 
the following equations;

where Tr1 and Tr2 are the temperatures above and 
below TC, respectively. In this approach, if the curves 
obtained for different ΔH values collapse to a single 
curve, the nature of magnetic phase transition is sec-
ond order [51]. The − ΔS

M
(T)∕ −ΔSmax

M

(θ) curves for 
PrCaBaMnO and PrCaBaMnBiO manganites are given 
in Fig. 7. It is seen that the curves for both mangan-
ites are reduced to a single curve. According to the 
obtained curves for both manganites, it can be said 
that the magnetic phase transition type is second 
order. These methods used to determine the magnetic 
phase transition are consistent with each other.

(5)𝜃 =

{
−
(
T − T

C

)
∕
(
T
r1
− T

C

)
T ≤ T

C(
T − T

C

)
∕
(
T
r2
− T

C

)
T > T

C

,

Fig. 6   The Arott plots of PrCaBaMnO (a) and PrCaBaMnBiO (b) manganites

Fig. 7   The -ΔS
M
(T)∕ −ΔSmax

M
(θ) curves for PrCaBaMnO (a) and PrCaBaMnBiO (b) manganites
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4 �Conclusions

In the present work, the structural, magnetic, and mag-
netocaloric properties of Pr0.55Ca0.05Ba0.40Mn1−xBixO3 
(x = 0 and 0.02) manganites prepared by the solid-
state reaction method were examined. XRD analyses 
were performed to determine the crystal structure of 
manganites and to examine the effect of Bi contribu-
tion on lattice parameters and unit cell volume. It is 
understood from the XRD results that both mangan-
ites crystallize in the orthorhombic crystal structure. 
No change in the crystal structure was induced by Bi 
doping to the manganese region. However, the unit 
cell volume of the PrCaBaMnO and PrCaBaMnBiO 
manganites was decreased with the substitution. In 
light of the information obtained from SEM analysis, 
it was observed that a small Bi substitution to the Mn-
site caused a decrease in the volume of interparticle 
spaces and the size of the particles. From M(T) meas-
urements, the TC values of PrCaBaMnO and PrCa-
BaMnBiO manganites were identified as 164 and 154 
K, respectively. Compared to undoped PrCaBaMnO 
manganite, a decrease implying deterioration of DE 
interactions in the TC value of Bi-doped PrCaBaMnBiO 
manganite was observed. For the PrCaBaMnO and 
PrCaBaMnBiO manganites, the −ΔSmax

M

 values calcu-
lated under 2 T magnetic fields were calculated as 3.15 
and 2.86 Jkg-1K-1, respectively. The RCP values are 82.4 
and 88.6 Jkg-1 at 2 T magnetic fields. A higher RCP 
value was calculated for the PrCaBaMnBiO manganite, 
implying that the magnetic phase transition occurs in 
a broader temperature range. According to Banerjee’s 
criterion and Franco’s universal master cure, both 
manganites show SOMT. The −ΔSmax

M

 and RCP val-
ues of the studied manganites are within acceptable 
limits for low-temperature applications especially 
(100–200 K).
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