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Abstract

In this study, we investigate structural, magnetimagnetocaloric and
thermoelectric properties of & 3Mn;xNixO3 compounds with 0.02%<0.125. X-ray
diffraction analysis shows the structure transfdramafrom the R-3c rhombohedral to the
Pbnm orthorhombic structure with Nidoping at %0.075 composites. The dc thermal
magnetization measurements reveal the monotoniedse in both Curie temperature and
magnetization values with Niaddition. The change in magnetic properties ofstielied
system is correlated to the ferromagnetism supjesand the antiferromagnetism
promotion according to some cooperative intringid axtrinsic factors. Results show that
Ni?* doping affects the magnetocaloric properties, wheshifts the maximum value of
the magnetic entropy change towards lower tempesitwith relative cooling power of
88, 105, 47 J/kg for x=0.025, 0.075 and 0.125 caitps, respectively. Moreover, it is
observed that Nf doping increases the absolute value of SeebecKidiest and
decreases hole conduction interval,
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1. Introduction
Pervoskite doped manganites are remarkable materi@dracterized by various
magnetic phenomena as the colossal magnetoregsi@MR) [1] and the magnetocaloric

effect (MCE) [2]. These phenomena have an intrirsigin occurring around the Curie



temperatures () and they are governed by the double exchangeautten (DE) between
Mn** and M ions (M**-O-Mn*"). In spite of the interesting CMR phenomenon, itsit
magnetic field dependence restrains the practicplamentations due to the high magnetic
fields used to achieve the high CMR values. This inareased the necessity to the high
sensitive magnetoresistive materials for low agbtigagnetic fields. This kind of MR has
been observed in granular manganites [3] and waewhknas the low field
magnetoresistance (LFMR). The LFMR has been atgthuo spin scattering and spin
polarized tunneling at grain boundaries [3] revegalhe LFMR extrinsic origin.

Magnetic refrigeration is an environmental frientdghnique working with energy
saving of 30% better than the conventional gas cesgon refrigerators [4]. This
technigue depends on the magnetic entropy chan@ 6f magnetic material upon
magnetic field application/removal. In details, matic field application decreases spin
entropy through their alignment in the magnetitdfigirection. Adiabatically, this decrease
in spin entropy is compensated by an increase enldttice entropy that increasas
leading to heat releasing. Due to the interestimgsigo-chemical properties of manganites
oxides as the high magnetization and the chemitabllgy, they have been paid attention
for magnetic refrigeration technology. Severalrétares have discussed the potential
applicability of these oxides [5], where, they shavhigh MCE response in comparison
with the Gd based alloys [6] asd&£a& sMnOzthat shows\s value of 5.27 J/kg.K [7].

Inspite of the outstanding manganites phenomenatliese phenomena are based
on complicated mechanisms. The thermoelectric pamesasurements of these oxides may
help to understand these complicated mechanismsré&yVhhe systematic analysis of
thermoelectric data provides information aboutdhange in band structure and enables us
to understand conduction mechanisms. In additioomfthe experimental view point,

manganites oxides can be considered as good gneegyecandidates for thermoelectrics



[8-10]. For example, they can be used in thermtetegenerators by converting the
wasted heat from engines to electrical energy.

The partial substitution of Mn-site by other traim metal is an interesting topic
that leads to a change in the magnetic couplingvdest MA* and Mrf* ions [11],
sometimes leads to a structural transition [12] had the advantage of charge ordering
suppression in some manganites [13]. The partibktgution of Mn by Ni ions was
studied before and the system showed prominent etaiggsistive results [14, 15]. So, in
this work, we are trying to understand the magnegbavior of La7Sr aMnixNixOs3
system.
2. Experimental

Polycrystalline La 7Sty sMn1xNixO3 (LSMN) ceramic samples with 0.026<0.125
were prepared by the solid state reaction methoe@srted elsewhere [16]. The crystal
structure was examined using x-ray diffraction (YRBchnique and the microstructure
was investigated by scanning electron microscop®A)Susing a deposited gold layer (Au)
on samples surface during imaging process. Magnetasurements were performed using
vibrating sample magnetometer (VSM), and the thetswiric power measurements were
measured by a home built set up.
3. Resultsand discussion
3.1 Structure

Room temperature XRD patterns of LSMN composites sirown in Fig.1. The
patterns show a single phase of LSMN with additigmesaks of LaOs; phase around
26=27.5 that were observed by [17, 18]. Rietveld refinetrefrthese patterns reveals the
R-3c rhombohedral structure forx6.05 composites and the Pbnm orthorhombic structure
for x>0.075 composites, in agreement whiostafa et al.[19]. The observed structural

transformation refers to the disturbance in the*¥wn** ratio as a result of the Mn-site



doping that decreases Kinions, which in turn increases the finratio [20]. It is
noteworthy to state that Mhis a Jahn-Teller distortion active ion, so, thesered
gradual orthorhombic distortion with increasing®Ntontent is reasonable. Also, the
decrease in the XRD peaks intensity with increadiifg content suggests the decrease in
phase crystallinity. SEM micrographs in Fig. 2 shawistribution of spherical grains, the
average grain size decreases witi"oping and so the XRD crystallite size that was
calculated from Laue-Scherrer's equation (see TdbleResults in Table hows the
smaller size of XRD crystallite in comparison withe SEM average grain size. This
suggests crystallites clustering inside grains tdustructural defects/internal stresses [21].
Fig. 2 also shows the energy dispersive x-ray (EBKgctra that confirm elements
presence through their characteristic peaks asisdba figure for x=0.025 and x=0.075 as
selected samples, in addition to Au peaks that civore the deposited gold layer on the
samples surface during the SEM imaging.

3.2 Magnetic properties and magnetocaloric effect (M CE)

In this part, we discuss the change in magnetipgees of LSMN system taking
into account the intrinsic and the extrinsic fastdrhe intrinsic factors are represented in a
change in magnetic interactions as the ferromagii interactions (Mf{-O-Mn*") or a
change in the internal structure [22], while, tix¢riasic factors arise from the change in
grain size or the presence of impurity phases [23].

The temperature dependent magnetization curvesgn3show a paramagnetic-
ferromagnetic (PM-FM) transition at the. Tor all studied composites. The, &nd the
magnetization values decrease monotonically wittreiasing Ni* doping content (see
Table 2), which are in agreement with the resultsLay Ca& 3sMni.NixO3 [24] and
Lag gNap 19VIn14NixO3 [25] compounds. Intrinsically, the magnetic prdgs change

arises from the change in magnetic interactionsther words, the partial substitution of



Mn by Ni?* ions weakens ferromagnetism by decreasing therfexgnetic DE interactions
(Mn**-0-Mn™) forming new antiferromagnetic bonds of f#HO-Ni?*, Mn**-O-Mn** and
Ni?*-O-Ni**, which are non exchangeable interactions that pterantiferromagnetism.
These antiferromagnetic bonds are suggested teaserin number with increasing®Ni
content due to the continuous decrease in magtieiizand | values. Moreover, the
structural role in the magnetic properties change loe realized through the increase in
Jahn-Teller effect with the gradual orthorhombictaition, which stabilizes charge
ordering in competition with ferromagnetism [26]itirespect to the extrinsic factors role
in the magnetic properties change, the decreaggaim size with Ni* doping content
decreases the grain inner core (the magnetic pad)increases its surface area (the non
magnetic layer containing defects) [27], which danfgrromagnetism. Besides, the,0a
impurity phase coexistence with the main pervoggitase leads to a quit broadness in the
PM-FM transition in magnetization curves [28-30].

Fig. 4 shows the isothermal magnetization curvesxt0.025, 0.075 and 0.125
composites. This figure illustrates the ferromagnbehavior in curves belowgTwhere
the magnetization increases sharply at the lowieghphagnetic fields and saturates at the
higher values. The figure also shows the paramagtethavior above J where, the
magnetization increases linearly with the appliegignetic field. The PM-FM transition
nature of these composites can be identified acogtd the induced Arrott plots in Fig. 4,
which are a relation betwea#f vs H/M. According toBanerjee’scriteria [31], the positive
slope of Arrott plots around .Tcharacterizes the second order transition; otlserwine
transition is a first order one. Accordingly, thesfive slope of Arrott plots around, T
reveals the second order transition in our system.

The MCE based onS was calculated from the isothermal magnetizatimves

using the approximated Maxwell equation in Eq.1][3%2here, M.1 and M are the



AS (T,AH) = 3 2itliss oy (1)

Ti=Tit1

RCP =ASviax X 0 TrwHMm (2)
magnetization values measured at &nd T temperatures at a magnetic field changk
The temperature dependexts in Fig. 5 shows negative values with a maximuouad T;
(ASmay. ASmax is shifted towards higher temperature and incieasamplitude with the
applied magnetic fields (not shown here). As one see, Ni* doping decreases the T
value towards lower temperatures, however, it hasrer effect on the\S,.«that shows
the values of 0.80, 81 and 0.71J/kg.K for x=0.025075 and 0.125 composites,
respectively. The Ni content independence AfSmax agrees wittBose et a[33] and can
be considered as a merit for magnetic refrigeragigplications, because the same material
can be used at wide range of temperatures. ARgy shift towards lower temperatures
refers to the decrease in the DE interaction witlrdasing Ni* doping, while a possible
reason for the insignificant change in th8,.xvalue may be the magnetic saturation at the
used magnetic field value [34]. Results in Tabkh8w a change in th&eS(T) curve width
with Ni?* doping that can be expressed by the full widthat maximum §Trwuv). The
good magnetocaloric material interests with highB@er a wide range of temperature.
So, the MCE efficiency may be expressed intermthefrelative cooling power (RCP) in
Eq.2 [34] that depends on bo®ax anddTrwrm. It refers to the transferred heat between
the cold and the hot reservoirs in a refrigeratoird) one ideal thermodynamic cycle [35]
From the RCP calculations presented in Table 2ime that x=0.025 composite shows a
room temperature MCE of 88 J/kg where it showsvalue of 310K, while, x=0.075
composite shows the highest RCP value (105 J/l@)ral 256K at 3T applied magnetic

field.

3.3 Thermoelectric power (TEP)



Fig. 6 shows the thermal variation of Seebeck odefit, S(T), for all composites.
Composites with %x0.075 show a crossover from positive to negafivegn atT*, while,
x>0.1 composites show a negatiSeign all over the temperature range. This reviwels
the conduction inx0.075 composites is due to both electrons and halesreas at>0.1
composites, electrons are the only carriers resplensor conduction. Ni* doping
decreases hole conduction interval until it varsshe»0.1, this can be inferred by the
decrease iM* (seeTable 3. The negativeés sign at high temperatures is attributed to the
high mobility of electrons in conduction band (CB)hich are excited from the valence
band (VB). In addition, the non sequential increasehe absoluteS value with Nf*
doping refers to the decrease in both DE interactiodey electron activity [36]. At low
temperatures, the VB band electrons are excitedth@ impurity band generating holelike
carriers that is responsible for the posit&/sign [37].

The change ofS sign in the ferromagnetic region suggests a changée
electronic band structure. To explain this chamgewill quoteAsamitsu et almodel[38].
According to this model, they, band consists of two orbitals separated by anratigy,
and this interaction increases when electrons aciteel from VB (kg to CB (g). In
degeneracy case, the lower orbitakpband will be occupied by an electron with a fijin
probability n=1-x, in spite of the full filled praibility is n=2, x is St or Mn*" ratio. In
this case, the lower orbital ef band is considered as a nearly empty level andbamel
exhibits a negativeS sign according toS= #°k’T/2e(d Ins(E)/dE) equation, where
conductivity,c(E), is proportional to the number of states, N(B)is equation describes
the metallic TEP and indicates that the nearlgdilband shows a positive TEP, while the
nearly empty band exhibits a negative TEP [39]. dpting the previous scenario, the
negativeS value at ¥0.1 suggests the degeneracypband all over the temperature range

and its behavior as a nearly empty band showingthenS values. Whereas atkf.075



composites, the degeneracyegband decreases with decreasing temperature thagsnita
a nearly filled band and behaves as a hole likeen@ht this can be inferred by the change
in Ssign.

TEP data were analyzed at low and high temperatirdsiow the components
responsible for behaviors in each region. At higimperatures, the thermal variationSf
obeys Mott equation (Eq. 3) [40], wheeds the electronic chargég is the Boltzmann
constantEs is the TEP activation energy ands a constant related to the polaron kinetic
energy [41]. Fig. 7 shows the best fitting datahwwtott equation at high temperatures for
x=0.025, x=0.05 and x=0.125 composites as seleswmuples. Table 3 shows the
monotonic increases in th& value with Nf* content with a drop at x=0.125 composite,

where, the increase iHs is attributed to the increase in carriers scattervith Ni?*

addition.
S=kgle (EJksT + a) 3)
S=Sp+Ss,T¥2+5,T* (4)
SotSiT+Sg, T2+ ST34+8, T4 (5)

At low temperatures, the ferromagnetic behavior lsarexplained on the basics of
the spin wave theory. According to this theory,rgeacarriers in ferromagnetic materials
are scattered by spin waves increasing the eleatignon scattering and producing the
magnon drag effect. In the same way, electron-pham@ractions can produce the phonon
drag effect. So, The TEP data at low temperatues analyzed by Eq. 4 [42], wheggis
a constantSs, is the magnon drag component @ds the spin wave fluctuation in the
ferromagnetic phase. However, the data shows ahwilting with this equation, which
suggests the contribution of other factors. Sdata was examined again with Eq. 5 [43]
and showed a good fitting with this equation thattains two additional components,

for the diffusion component arf@ for the phonon drag component. The fitting paramset

8



of Eq. 5 in the ferromagnetic region are displayedable 3. As clear from this table,
magnon and phonon drag componeats nearly small and constant with?Naddition
indicating their minor effect on TEP. But, the dd&achange in diffusion and spin wave
fluctuation components shows up their importargeetfin the TEP belows.
4. Conclusion

Structural, magnetic, magnetocaloric and thermdetec properties of
Lag 7Srh.aMn14NixO3 composites were studied. Composites show a coengtictural
transformation from the R-3c rhombohedral to tharRlmrthorhombic structure atX075
composites. Tand magnetization value decrease with" Mioping due to the decrease in
the ferromagnetic DE interaction&Snmax is shifted towards lower temperature wittf Ki
addition without significant change in the amplguckvealing that these materials can be
used in magnetic refrigeration at wide range ofggeratures with the same efficiency. In
addition, the composites show RCP values of 88, dfib 47 J/kg for x=0.025, x=0.075
and x=0.125 respectively. This nominates x=0.07Betdthe best MCE composition among
in the studied system, however, x=0.025 composiews a room temperature
magnetocaloric properties. Moreover, the increaseNi* content decreases the hole
conduction interval in the TEP measurements angases the negative S value.
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Table 1: XRD crystallite size (P), average SEM grains size (G) and T.of Lag7SrosMny«NixO3

composites.

X Symmetry P (nm) G (um)

0.025 Rhombohedral 20.9 0.537

0.05 Rhombohedral 19.57 0.482
0.075 Orthorombic  16.85 0.414
0.1 Orthorombic  16.34 0.382

0.125 Orthorombic 14.24 0.302




Table 2. Magnetic and magnetocaloric parametersfor Lag;Sro3Mny.,Ni,O3 composites

X Tc(K)  8Tewnm (K)  RCP (J/kg)
0.025 310 109 88
0.05 287 - -
0.075 256 130 105

0.1 229 - -
0.125 180 66 47




Table3: &, S, S32, Ssand S components in TEP below, Tr* (K) andEs (mev)

X S St Sa2 S Sy T*(K) Es(mev)
0.02t 18.09: -0.33¢ -0.49¢  0.28  -1.31x1(’ 2432 13¢€
0.0t 28.78¢ -0.4875! -0.49¢  0.28  -1.47xa(’ 2132 36¢
0.07t 14.86( -0.2001° -0.49¢  0.28  -2.14x1C® 232 50¢
0.1 - - - - - - 68C

0128 - - - - - - 144
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Highlights

The most important pointsin the manuscript:

Structural, magnetic and magnetocaloric properties of Lay7Sro3Mn«NixO3
have been investigated.

Ni?* doping results in structural transformation.

The magnetic properties are suppressed with Ni* addition.

x=0.075 composite shows the highest RCP vaue of 105 Jkg.

In thermoel ectric measurements, Ni?* doping decreases hole conduction.



