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a b s t r a c t

In this work, we have studied structural, electro-magnetic and magnetocaloric properties of La0.7B-
a0.3MnO3/xTiO2 manganite/insulator system with 0 � x � 0.08. X-ray diffraction (XRD) shows
the coexistence of TiO2 and La0.7Ba0.3MnO3 phases in doped composites through their characteristic
peaks. This reveals their interaction lack preserving the R-3c rhombohedral structure for all
composites. Due to interaction lack, TiO2 is suggested to segregate at grain boundaries weakening
grains connectivity and decreasing metal-semiconductor transition temperature (Tms). The segregated
TiO2 hinders conduction between grains leading to carriers tunneling that increases the low field
magnetoresistance (LFMR) of La0.7Ba0.3MnO3 from �3% to �3.3, �3.5 and �3.7% for x ¼ 0.02, 0.04 and
0.06 for doped composites. The dc magnetization measurements reveal the constant value of Curie
temperature (Tc) and its non impact by doping level referring to the TiO2eLa0.7Ba0.3MnO3 interaction
lack. Also, the magnetocaloric properties of La0.7Ba0.3MnO3 are enhanced with TiO2 doping, where, the
relative cooling power (RCP) of La0.7Ba0.3MnO3 has been enhanced from 35 J/kg to 51, 47, 49 and 50 J/
kg for x ¼ 0.02, 0.04, 0.06 and 0.08 composites at 1.5T magnetic field.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Magnetoresistive doped manganites interest with several
outstanding phenomena associated with their structural, elec-
trical and magnetic properties, as the colossal magnetoresistance
(CMR) phenomenon for magnetic recording applications [1] and
magnetocaloric effect (MCE) for magnetic refrigeration technol-
ogy [2]. The electro-magnetic response of these oxides relies
on the mixed valence state Mn3þ/Mn4þ that plays a vital role
in the double exchange mechanism (DE), the change in
MneOeMn angle and in the eg electron mobility. So, any
disturbance in this ratio may change the electro-magnetic
properties. In fact, potential magnetic applications favor the
high values of CMR that can be achieved at high magnetic fields,
what retard their technological implementation. However, high
values of MR have been observed in polycrystalline granular
ty of Science, Oviedo Univer-
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materials and multilayered manganites [3] at low applied mag-
netic fields (LFMR), pointing to the relevant role of grain
boundaries. This discovery has increased the interest in grain
boundaries synthesis and their modification either by annealing
process [4], preparation methods [5] or artificial defects [6]. The
LFMR has been studied carefully and attributed to spin polarized
tunneling and scattering mechanisms across grain boundaries
according to the polarization ability [7].

Another important property of manganites is the MCE that
used in magnetic cooling technology as an alternative to gas
compression mode [8]. In magnetic materials, the MCE arises
from the change in lattice magnetic entropy (DS) as a result of
magnetic field application. The applied magnetic field orients the
unpaired spins lowering their entropy, this is compensated by an
increase in lattice entropy (DS) that leads to heat releasing. As
spin orientation reaches maximum at Tc under an applied
magnetic field, so, DS is expected to show a maximum at the
same temperature too. With this property, manganites have
been explored for magnetic refrigeration applications and found
to be good candidates as La0.67Ba0.22Sr0.11Mn1�xTixO3 [9] and
Pr0.5Eu0.1Sr0.4MnO3 [10]. This is because of the high
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Fig. 1. (a) XRD patterns of LBMO/xTiO2 composites, 0 � x � 0.08 and (b) Rietveld based
calculated profile of the undoped compound LBMO.

Table 1
Lattice constants, cell volume (V), SEM grain size and Rietveld agreement factors for
LBMO/xTiO2.

Composition a(Å) c(Å) V(Å)3 Grain size (mm) c2 Rf RB

x ¼ 0 5.54368 13.483 358.86 0.748 3.12 5.44 5.30
x ¼ 0.02 5.54093 13.483 358.52 0.659 2.65 3.12 3.02
x ¼ 0.04 5.5349 13.503 358.25 0.659 3.39 4.04 3.35
x ¼ 0.06 5.5347 13.503 358.20 0.684 5.39 4.59 4.13
x ¼ 0.08 5.5360 13.497 358.22 0.635 2.85 4.60 3.98

A.E.-M.A. Mohamed et al. / Journal of Alloys and Compounds 657 (2016) 495e505496
magnetization, the high Tc, the chemical stability, the simple
preparation methods, the low cost and the negligible magnetic
hysteresis advantages that have put manganites in comparison
with the high MCE Gd [11] and Gd based alloys [12]. For example,
La0.7Ca0.3MnO3 shows a MCE response of 5.27 J/kg.K at 1.5T
magnetic field, nearly twice larger than Gd based alloys at low
magnetic fields [13].

Manganite/insulator system is an inhomogeneous system
consists of manganite and insulator materials. This system is
characterized by the interaction lack between compounds that
keeps the intrinsic properties of the manganite material. There-
fore with this system, we can make use of the spin polarized
properties and the heterogeneous granular advantages, where,
the secondary insulating phase works as an energy barrier at
grain boundaries and hinders conduction between grains leading
to the spin tunneling and the LFMR. This work has two important
aims, first one is the attempt to enhance the LFMR of La0.7B-
a0.3MnO3 (LBMO) by the artificial boundaries, this is by intro-
ducing TiO2 insulator as a secondary phase forming LBMO/xTiO2
system. The second aim is to explore the magnetocaloric prop-
erties of this system, which are expected to be promising because
we talking about a change in the MCE properties at the same
temperature range (Tc).

2. Experimental method

LBMO/xTiO2 ceramic samples with x ¼ 0, 0.02, 0.04, 0.06 and
0.08 were prepared in several steps. LBMO was prepared by
the solegel method using LaN3O9.6H2O, Ba(OOCCH3)2 and
Mn(OOCCH3)2 .4H2O starting raw compounds. Stoichiometric
solutions of these salts were mixed and stirred together, then 1:1
volume ratio of citric acid was added during the stirring process
and resulted in a white colloid. After drying, the brown xerogel
was ground and calcined at 600 �C for 8 h. The obtained black
powder was pressed and sintered at 1200 �C for 24 h. TiO2
nanotubes (NTs) were prepared by the electrochemical anod-
ization method as reported in [14], where Ti foils with high pu-
rity (99.6%) were cleaned ultrasonically in acetone, isopropanol,
ethanol and de-ionized water, respectively. The anodization
process was carried out at room temperature for 24 h in elec-
trochemical cell with platinum grid cathode at constant dc
voltage (60 V). The electrolyte solution was a mixture of
ammonium fluoride (0.3%), ethylene glycol and de-ionized water
(1.8%). The resultant TiO2 NTs were calcined at 400 �C for 2 h to
increase their crystallinity obtaining the anatase phase [15].
Finally, stoichiometric amounts of LBMO and TiO2 NTs were
mixed, pelletized and sintered at 800 �C for 24 h.

The crystal structure was examined by XRD at room tempera-
ture and the structural information was obtained by Rietveld
refinement using FULLPROF program. The surface morphology was
carried out using scanning electron microscope (SEM). Electrical
resistivity measurements in zero and 0.5T magnetic field were
measured by the standard four-point Van der Pauw technique, and
the magnetic measurements were performed using SQUID
magnetometer.

3. Results and discussion

3.1. Structure

XRD patterns in Fig. 1a show the single phase of LBMO with
additional peaks of TiO2 in doped composites at 2q ¼ 25.32� and
48.25�. The coexistence of TiO2 with the LBMO phase in all
doped composites suggests their interaction lack that preserves
the R-3c rhombohedral structure of LBMO with doping level as
proved by Reitveld refinement. Where, Fig. 1b shows Reitveld
profile for LBMO compound as an example with refinement
factors listed in Table 1 as the goodness of fitting (c2), the crys-
tallographic factor (RF) and the Bragg factor (RB). TiO2eLBMO
interaction lack may be supported by SEM micrographs, where,
Fig. 2 shows TiO2 NTs destruction, during preparation process,
and their precipitation at the boundaries and on the surfaces of
LBMO as segregated grains. This explains the insignificant change
in cell volume, lattice constants (a, c), SEM grain size and
structure stability with increasing doping level as seen in Table 1.
Moreover, the presence of La, Ba, Mn and Ti elements were
confirmed for the nominal composition by the energy dispersive



Fig. 2. SEM of LBMO, x ¼ 0.04, x ¼ 0.06 and x ¼ 0.08, and the EDX of LBMO and x ¼ 0.08 composites.
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X-ray (EDX) analysis, where, their characteristic peaks are clearly
observed in the spectra as shown in Fig. 2.

3.2. Transport properties

Fig. 3 shows the temperature dependence of zero field re-
sistivity curves, r(T), of LBMO/xTiO2 composites. As common in
Ba and small grain size manganites [16e19], LBMO shows a
double-peak resistivity at Tp1 and Tp2 temperatures as shown in
the inset of Fig. 3. Tp2 represents the real Tms and ascribed to the
DE interaction between Mn3þ and Mn4þ ions (Mn3þeOeMn4þ)
[20] that is responsible for the metallic behavior below this
temperature. Whereas, Tp1 reflects the interfacial tunneling effect
at grain boundaries [21] that arises from the difference in mag-
netic ordering between the surface and the core of the grain.
With increasing doping level, the resistivity increases and the Tms
decreases with a discontinuity at x ¼ 0.04 (see Table 2) in
agreement with [22e24].

To explain doping effect on the transport properties, we will
consider the grain effects (size and distribution), but as observed
in Table 1, the negligible change in grain size suggests to consider
only the effect of grain distribution. Conduction in granual
manganites occurs through the direct contact between grains
that work as conduction channels [25]. Therefore, it is expected
to get two different kinds of conduction channels in our system.
The main conductive channels of LBMO grains responsible for



Fig. 3. Temperature dependence of zero field resistivity for LBMO/xTiO2 composites
and the inset shows a clear vision of the undoped LBMO compound.
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the properties and the secondary insulating channels of TiO2
grains, which are distributed at the boundaries and on the sur-
faces of LBMO grains. Accordingly, the change in the transport
properties can be understood depending on the interruption of
LBMO conduction by the additive TiO2. The segregated TiO2
weakens the connectivity of LBMO grains and increases their
boundaries resistance leading to conduction interruption, which
in turn increases resistivity and decreases Tms with TiO2 content
[22,26]. The increase in grain boundaries resistance with TiO2
doping can be inferred by the increase in low temperature re-
sistivity (r100K) that mainly origins from grain boundaries (see
Fig. 3 and Table 2). The discontinuity behavior of Tms at x ¼ 0.04
may refer to the TiO2 agglomeration as interstitial grains be-
tween LBMO grains opening new conductive parallel channels
[23], in agreement with [24,27]. Also, it is noteworthy the larger
increase in resistivity at x � 0.06 composites that may be
attributed to a small partial substitution of Mn3þ ions by Ti4þ

ions in LBMO lattice that promotes resistivity with an intrinsic
factor. The Mn3þ partial substitution suppresses the ferromag-
netic DE interactions due to the non-participation of Ti4þ in this
mechanism (Mn3þeOeTi4þ). In addition, the difference in ionic
size between Ti4þ (0.605 Å) and Mn3þ (0.66 Å) leads to LBMO
lattice distortion that decreases MneOeMn angles and hence
decreases eg electron mobility. In general, both consequences of
Mn3þ partial substitution result in a stronger localization of eg
electron and a larger increase in resistivity of x � 0.06 compos-
ites. The Mn3þ partial substitution suggestion at x � 0.06 com-
posites may be acceptable because of the small change in Tc at
x ¼ 0.08 composite as will be seen in the magnetic
measurements.

To recognize conduction mechanism nature above and below
Tms, resistivity data were analyzed with well established models
and experimental equations in each region. In the semiconducting
Table 2
Tms (K), Tc (K), r100K (U.cm), MR100K (%), SPH and VRH parameters for LBMO/xTiO2 comp

Tms(K) Tc(K) qD (K) yPh (Hz) Er(mev) N(EF) (e

x ¼ 0 350 348 716.84 1.49 � 1013 110.02 20.44 �
x ¼ 0.02 179 348 560 1.16 � 1013 136.96 7.14 �
x ¼ 0.04 186 348 589 1.22 � 1013 139.49 6.06 �
x ¼ 0.06 174 348 571 1.19 � 1013 142.18 4.77 �
x ¼ 0.08 163 346 568 1.18 � 1013 176.87 3.45 �
region, above Tms, resistivity data were examined using the small
polaron hopping (SPH) and the variable range hopping (VRH)
models. The SPH model with r/T ¼ ra exp(Er/kBT) formula [28] is
well applicable at T > qD/2 as shown in Fig. 4a, where ra is a con-
stant, Er is the activation energy at high temperatures, kB is
Boltzmann constant, qD is Debye temperature and qD/2 is the de-
viation temperature of linearity with this model. While, the VRH
model with expression s¼ s0 exp (�T0/T) 1/4 [28] is well fittedwith
the resistivity data at Tms < T < qD/2 as shown in Fig. 4b, where
T0 ¼ 18/kBN(EF)a3 is the Mott characteristic temperature, N(EF) is
the density of states near Fermi level (EF) and a is the localization
length and equals 0.45 nm as reported in Ref. [29]. And according to
the VRH model, at Tms < T < qD/2 carriers can hop from site to site
with hopping energy Eh passing a distance Rh, which are temper-
ature dependent parameters and can be determined from
Eh(T) ¼ 1/4kBT3/4T01/4 and Rh(T) ¼ 3/8a(T0/T)1/4 equations [30]. The
continuous increase in grain boundaries thickness and resistance
with doping level increases carriers hopping distance (Rh) and
localization, which decreases N(EF) and transport across grains (see
Table 2). So, carriers need more energy to overcome barriers and
localization for easy transport between grains, what explain the
monotonic increase of Er and Eh with TiO2 content in Table 2, in
agreement with [4]. Also, the promotion of LBMO carriers locali-
zation with TiO2 addition increases its SPH temperature range that
could be inferred by the decrease in qD and phonon frequency (yPh)
values as seen in Table 2 (yPh has been determined from hyPh¼ kBqD
relation, and h is Planck constant).

On the other hand, resistivity data in the metallic region,
below Tms, were examined by empirical equations Eqs. (1e4).
Where, r0 is the resistivity arises from the grain boundaries
component and temperature independent parameters, r2T2 term
arises from the electroneelectron interactions, r2.5T2.5 term ari-
ses from the electronemagnon interactions, r4.5T4.5 term arises
from the spin wave scattering process and r5T5 arises from the
electronephonon interactions. The resistivity data of LBMO
satisfy Eq. (4), as seen in Fig. 4c. This exhibits the roles of grain
boundaries, electroneelectron interaction, spin wave and elec-
tronephonon interactions in conduction mechanism at this
compound. But in doped composites, the resistivity data are
fitted more with Eq. (3) as shown in Fig. 4d. This excludes elec-
tronephonon interactions conduction participation in doped
composites because of the increase in scattering process due to
the presence of TiO2 as scattering centers. Generally, Table 3
confirms that grain boundaries component has the most effec-
tive role in resistivity change with doping level that supports the
experimental results.

r ¼ r0 þ r2T
2 (1)

r ¼ r0 þ r2:5T
2:5 (2)

r ¼ r0 þ r2T
2 þ r4:5T

4:5 (3)
osites.

V�1 Cm�3) Rh (Å) 300 K Eh(mev) 300 K r100 K (U.cm) MR100 K (%)

1020 13.19 50.56 0.023 �11.19
1020 17.15 65.77 0.24 �15.49
1020 17.87 68.51 11.6 �15.54
1020 18.97 72.72 50.97 �12.89
1020 20.44 78.38 864.5 �9.08



Fig. 4. (a) SPH and (b) VRH models for x ¼ 0.06 composite, and the red solid line represents the best fitted points with these models, while (c) and (d) are the fitting of resistivity
below Tms with Eq. (4) and Eq. (3) for LBMO and x ¼ 0.06 respectively.
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r ¼ r0 þ r2T
2 þ r4:5T

4:5 þ r5T
5 (4)

Fig. 5 shows the temperature dependent MR, which has been
calculated from [r(H)¡r(0)]/r(0) equation, where, r(H) is the re-
sistivity measured in 0.5T magnetic field and r(0) is the resistivity
measured in zero magnetic field. In this figure, composites with
x � 0.04 show a negative MR all over the temperature range, while,
x� 0.06 composites show a crossover from negative to positive MR
Table 3
The best-fitting parameters in the ferromagnetic region obtained from the experi-
mental Eq. (3) and Eq. (4) for all composites.

Composition r0 r2 r4.5 r5

x ¼ 0 0.0145 7.53 � 10�7 �1.11 � 10�12 4.7 � 10�14

x ¼ 0.02 0.166 2.26 � 10�7 �2.41 � 10�13 e

x ¼ 0.04 8.32 3.19 � 10�4 �2.94 � 10�10 e

x ¼ 0.06 37.37 1.35 � 10�3 �1.45 � 10�9 e

x ¼ 0.08 638.97 2.48 � 10�2 �3.53 � 10�8 e
in a plunge at relatively high temperatures, which is quite familiar
in some manganites [22,31]. The negative MR has a high value at
low temperatures decreases with temperature elevation and passes
through peak, in similar behavior with [32]. LBMO shows a MR
peak at temperature close to its Tms with a maximum of �3% that is
shifted towards lower temperatures with TiO2 doping and in-
creases in value to�3.3,�3.5 and�3.7% for x¼ 0.02, 0.04 and 0.06,
respectively. Table 2 also shows the low temperature MR value (at
100 K) with TiO2 doping as an evidence of the general enhance-
ment. The LFMR enhancement with doping level at x � 0.06 refers
to the increase in grain boundaries resistance leading to scattering
and spin-polarized tunneling across the insulating grains [3,7].
While, with further doping amounts (x ¼ 0.08), the grain bound-
aries resistance and thickness may exceed the spin memory length
[33] decreasing electron tunneling effect, which in turn decreases
the LFMR [34].

The negative or positive sign of MR is mainly related to the
majority and minority spin carriers, respectively, near EF [35],
suggesting spin carriers change at x � 0.06. In more details, due



Fig. 5. Temperature dependence of magnetoresistance for LBMO/xTiO2 composites.

Fig. 6. (a) Temperature dependence of magnetization at H ¼ 100 Oe and (b) Hysteresis
loop at 300 K for LBMO/xTiO2 composites.
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to the complete TiO2eLBMO interaction lack at x � 0.04, Ba2þ

electrons will keep occupying the eg band of LBMO representing
the major spin carriers near EF that exhibits a negative MR.
While at x � 0.06, the small partial substitution of Mn3þ by Ti4þ

may result in Ti4þ electrons leakage into LBMO leading to the
spin carriers change and hence the change in MR sign. Where at
low temperatures of x � 0.06, Ti4þ electrons go to occupy eg band
(eYg or e[g state ) of LBMO preserving the majority carriers spins
that exhibits a negative MR [35]. Whereas with temperature
elevation, Ti4þ electrons start to occupy the tY2g band, where its
edge becomes closer to the EF than the eg band. In this case, the
spin orientation of tY2g becomes antiparallel with the system
leading to the minority spin carriers near EF and the positive
MR [35].

3.3. Magnetization

Fig. 6a shows the temperature dependence of dc magnetiza-
tion, M(T), at 100 Oe magnetic field, where, the ferromagnetic-
paramagnetic (FM-PM) transition characterizes all composites
at Tc. The sharp drop in the magnetic transition of LBMO ensures
its high homogeneity as observed in XRD, while, the relative
broadness of magnetic transition in doped composites refers to
the TiO2 presence as an impurity phase [36]. TiO2 doping is found
to decrease system's magnetization due to the decrease in LBMO
ferromagnetic ratio. The magnetic transition temperature, Tc, was
determined from the minimum of dM/dT curves and is listed in
Table 2. This table shows the Tc independency of doping content,
where it shows a constant value of 348 K for all composites with
insignificant change at x ¼ 0.08, in agreement with [37,38]. The
non impact of Tc by TiO2 doping level refers to its intrinsic
property that depends on the ferromagnetism inside the grain
[39]. Where, TiO2 affects the grain boundaries only, due to
TiO2eLBMO interaction lack, without any change in the grain
ferromagnetism or Tc. In the same way, the insignificant change
of Tc at x ¼ 0.08 can be easily understood, where, the small
partial substitution of Mn3þ by Ti4þ weakens the intrinsic grain
ferromagnetism through the antiferromagnetic Mn3þ-O-Ti4þ

bonds that decreases Tc. In contrast, Tms is an extrinsic property
can be easily affected by grain boundaries, so, the occurrence of
Tms far below Tc [39,40] is reasonable and shows up the grain
boundaries role as a main source of resistivity rather than the
grain itself [41]. Fig. 6b shows the hysteresis loops at 300 K, and
the narrow hysteresis characterizes all composites. This figure
shows the rapid increase in magnetization at low magnetic fields
and the tendency of saturation at high magnetic fields. The
saturation magnetization decreases with doping level as a result
of ferromagnetism ratio dilution and the non magnetic nature of
TiO2.

3.4. Magnetocaloric effect (MCE)

The isothermal magnetization curves as a function of mag-
netic field, with m0H ¼ 0e3T and thermal interval 5 K, are shown
in Fig. 7. Below Tc, magnetization increases sharply with low
magnetic fields and saturates at high magnetic fields corre-
sponding to the ferromagnetic behavior. While above Tc,
magnetization increases linearly with the applied magnetic field
indicating the paramagnetic behavior. The FM-PM transition
nature has been determined using Arrott's plots in Fig. 8, where,
the positive slope of these plots around Tc indicates the second
order transition [42]. Gibbs's free energy in Eq. (5) also can
provide another proof for the second order transition, where the
positive value of the thermodynamic parameter b(Tc) in Fig. 9 is
the condition of the second order transition [43,44], b(T) has



Fig. 7. Isothermal magnetization curves at different temperatures of LBMO/xTiO2 composites.
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been determined from Eq. (6) (the equilibrium state of Eq. (5) at
dG/dM ¼ 0).

GðM; TÞ ¼ G0 þ
aðTÞ
2

M2 þ bðTÞ
4

M4 þ CðTÞ
6

M6 þ………:� m0H

(5)
m0H ¼ aðTÞMþ bðTÞM3 þ CðTÞM5 (6)

DSðT;DHÞ ¼
XMi �Miþ1

Ti � Tiþ1
DH (7)
The MCE based on the magnetic entropy change, DS, was
determined from the isothermal magnetization curves using the
approximated Maxwell's relation in Eq. (7) [45]. Where, Miþ1 and
Mi are the magnetization values measured at Tiþ1 and Ti tem-
peratures in magnetic field DH. The thermal variation of DS at
different applied magnetic fields is shown in Fig. 10, where, DS
shows negative values with a maximum (DSmax) around Tc that
increases in value with the applied magnetic field. Fig. 11 shows
the decrease in DSmax value and the insignificant change in its
temperature position with doping level. This decrease in value is



Fig. 8. Arrott's plots for x ¼ 0.04 and x ¼ 0.06 composites as selected samples.
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Fig. 9. Thermal variation of b(T) parameter for x ¼ 0.04 and x ¼ 0.06 composites.
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attributed to the decrease in the LBMO ferromagnetic ratio with
doping level, while, the negligible change in position refers to the
constant Tc. The efficient MCE material should have a high value
of DS and at a wide temperature range. So, depending on these
two parameters, the magnetic cooling efficiency of our samples
can be determine in terms of the relative cooling power (RCP) in
Eq. (8) [46], where, dTFWHM is the full width at half maximum of
DS curve.

RCP ¼ DSMax � dTFWHM (8)

In spite of the decrease in DSMax with doping level, as dis-
cussed before, but TiO2 doping is found to increase the spread
of MCE temperature range, which can be inferred by the increase
in dTFWHM as seen in Table 4. So, the dTFWHM increase is
responsible for the notable enhancement in RCP values with
doping level as shown in Table 4 and so with the applied mag-
netic fields � 1T as shown in Fig. 12. In Table 4, we present a
comparison between our system and other works in the mag-
netocaloric properties, this comparison suggests the applicability
of system in low field-high temperature magnetic refrigeration
applications.

From the MCE measurements, we can draw an interesting
feature of the manganite/insulator system that is related to the
RCP variation in the same temperature range. In more details, DS
shows a maximum around Tc and any attempt to enhance this
value by substitution process with other element results in a
change in the Tc, which in turn changes the RCP working tem-
perature range. But, this is rarely happen in the manganite/
insulator system because of the interaction lack between the
insulator and the manganite material that preserves Tc of the
manganite material at the same value that keeps the same RCP
temperature range. By this way, if we could choose a manganite
material with an optimum Tc especially in room temperature
range, we might enhance the MCE properties without changing
this temperature.



Fig. 10. Thermal variation of DS from 0 to 3T magnetic fields for LBMO/xTiO2 composites.
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Fig. 11. DS dependent temperature as a function of doping level at 1.5T magnetic field.

Table 4
Comparison of magnetocaloric properties obtained in this work and reported
results.

Compound m0H (T) Tc (K) dTFWHM (K) RCP (J/Kg) Ref

La0.7Ba0.3MO3 1.5 348 32.91 35 This work
La0.7Ba0.3MO3/(TiO2)0.02 1.5 348 50.02 51 This work
La0.7Ba0.3MO3/(TiO2)0.04 1.5 348 58.97 47 This work
La0.7Ba0.3MO3/(TiO2)0.06 1.5 348 63.26 50 This work
La0.7Ba0.3MO3/(TiO2)0.08 1.5 346 68.49 49 This work
La0.7Sr0.3MnO3 2 369 e 29 [47]
La0.7Pb0.3MnO3 5 352 e 48 [48]
La0.67Sr0.33MnO3 5 370 e 252 [49]
La0.7Sr0.3Mn0.95Fe0.05O3 5 343 e 215 [50]

Fig. 12. RCP dependent magnetic fields for LBMO/xTiO2 composites.
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4. Conclusions

LBMO/xTiO2 manganite/insulator system has been studied in
composition range of 0 � x � 0.08. XRD and SEM have proved the
interaction lack between TiO2 and LBMO in doped composites
that keeps structure, cell volume and grain size without insig-
nificant change. The LFMR peak of LBMO is shifted towards lower
temperatures with TiO2 doping and increases in value from �3%
to �3.3, �3.5 and �3.7% for x ¼ 0.02, 0.04 and 0.06. The
TiO2eLBMO interaction lack preserves the intrinsic properties of
the LBMO system without any change with doping level as Tc.
With respect to the magnetocaloric properties, the RCP values are
enhanced with TiO2 doping during the enhancement of the
dTFWHM. Where, the RCP of LBMO is enhanced from 35 J/kg to 51,
47, 49 and 50 J/kg for x ¼ 0.02, 0.04, 0.06 and 0.08 doped com-
posites at 1.5T magnetic field. In general, the good response of
magnetoresistive and magnetocaloric properties of LBMO/xTiO2
system in low magnetic fields may nominate these materials to
be good potential candidates for both LFMR and magnetic
refrigeration applications.
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