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Abstract

The synthesis, structural, morphological characterization, as well as the magnetic properties, of a double perovskite fam-
ily La,FeB"Oq, (B” =Fe, Co, and Ni) were studied. The investigated samples were synthesized by a modified citrate auto
combustion route. The crystal structure and microstructure were refined applying Rietveld profile refinements with the help
of the Maud Program. The difference between the detected and simulated powder diffraction patterns is minimized using
the reliability index parameter. The presence of nanometric crystallite was confirmed by X-ray diffraction (XRD) and field
emission scanning electron microscopy (FESEM). The presence of multiple oxidation states of Fe, Co and Ni were con-
firmed by X-ray photoelectron spectroscopy (XPS). The maximum value of exchange bias was obtained for La,Fe,Og4, while
La,FeNiOg recorded the minimum value. In the investigated samples, the different natures of antiphase boundaries (APBs)
cause the lack of magnetic saturation at relatively high magnetic fields. On the other side, the existence of various magnetic

interactions with different magnetic antisite disorder (ASD) initiate the system to change to spin glass state.

Keywords Antisite disorder - Double perovskite - Magnetization - Nano crystallite size

Introduction

As a subclass of perovskite-type oxides ABO;, the double
perovskite-type oxide A,B'B’’Og has attracted more and
more attention (Morrow et al. 2014). Numerous significant
benefits to the physicochemical properties, stability, affect-
ing activity and high efficiency in novel applications can
be introduced through the double perovskite formation (Xu
etal. 2019).

The double perovskite structure may be considered as the
3-dimensional arrangement of single perovskites, AB'O; and
AB’’0O;, placed in an alternative manner in space (Dhilip
et al. 2019). In B-site ordered double perovskites, alternat-
ing octahedra of B'O, and B’’ Oy are expected to act in a
complementary fashion (Vasala and Karppinen 2015).
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Numerous double perovskite materials of the general for-
mula A,B'B”’O¢ show high ferromagnetic T, and significant
low field magnetoresistance (Alarcén-Suesca et al. 2019; Li
et al. 2014). In addition, they can be considered as an impor-
tant source of spin-polarized electrons (Erten et al. 2011).

A major disadvantage of the double perovskite materials
is the misallocation of the B’ and B’’ ions, which do not
organize themselves in the ideal alternating structure. The
physical properties of these materials are strongly related to
the variation of antisite disorder (ASD) of the system (Asaka
et al. 2007; Singh and Majumdar 2011; Navarro et al. 2001).

The structure of double perovskites can be classified into
ordering or disordering types, in such a manner that the two
different cations B’ and B’’, may remain disordered at the
B site, or they can order, forming a so-called B-site ordered
double-perovskite type (Pilania et al. 2016).

The significant factors which affect B-site cation arrange-
ment are namely the size, electronic configuration and
charge of B-site cations and also the A/B size ratio (Ander-
son et al. 1993). In some situations, it is observed that the
order is not complete. Simply, when the charge difference
between B’ and B” is two or less, order—disorder effects are
most often encountered.
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From the structural point of view, the flexibility of the
structure and the B'Og (or B’*) octahedral tilting allows com-
bining several d elements with lanthanide and actinide ele-
ments (Kimura et al. 1998). Equally important, the elucida-
tion of the physical properties involves a deep knowledge of
the crystal structure stability, electro-magnetic configuration
and bonding effect between atoms.

The present study is concerned with inorganic double per-
ovskites, La,Fe,0q, La,FeCoOg4 and La,FeNiOg, in which
the A-site element is rare-earth ions (La) and the B-site ele-
ments are transition metal ions. A crucial part of the motiva-
tion for the following study is to elucidate the role of both
the difference in charge between B’ and B’ cations and their
types on the physical properties of the samples. The suitable
candidate sample can be easily deduced, by differentiating
between the studied materials.

Experimental

Perovskites La,FeB’’Og4 (B”” =Fe, Ni and Co) were syn-
thesized using the citrate auto combustion technique (Ateia
et al. 2020a; Almessiere et al. 2019; Ateia et al. 2019).
The metal nitrates La (NO5);-6H,0, Fe (NO3);-9H,0, Co
(NO3),-6H,0, Ni (NO;),-6H,0 and citric acid were used
as starting materials. All the metal nitrates are supplied
by ACROS with high purity (99.999%). The nitrates were
weighed according to the compositions of the desired sam-
ples and dissolved in deionized water. Citric acid and metal
nitrates were mixed together with a ratio (1:1) with con-
stant stirring to form the citrate precursor mixture. Stirring,
heating and drying were continued until the samples under

Fig. 1 Schematic flowchart for
the preparation of double

investigation were prepared. The details of the preparation
method are shown in Fig. 1.

X-ray diffraction patterns of the La,Fe,Og, La,FeCoOgq
and La,FeNiO¢ nano ferrite samples were collected using
X-ray powder diffraction pattern (XRD) with a diffractome-
ter (X’Pert PRO PANalytical, Netherland). It was operated at
45 kV and High Score Plus software. The crystal structures
and microstructures were refined applying Rietveld profile
refinements (MAUD 2.55 program).

The morphology and nanostructure of the samples were
studied by field emission scanning electron microscopy
(FESEM) using SEM Model Quanta 250 FEG attached with
EDAX unit (energy dispersive X-ray analyses). The chemi-
cal states of various elements in La,FeB’’O4 nano-crys-
tallites were studied with the help of X-ray photoelectron
spectroscopy (XPS) collected on K-ALPHA (Themo Fisher
Scientific, USA) with monochromatic X-ray Al K-alpha
radiation. The magnetization (emu/g) was measured at room
temperature (300 K) using a vibrating sample magnetometer
(VSM) Model Lake Shore 7410.

Results and discussion

The prepared samples are formed in a single-phase orthorhom-
bic structure with space group Pbnm (#62 orthorhombic) for
La,Fe,O¢ and Pnma (#62-orthorhombic) for both La,FeCoOy
and La,FeNiOg as illustrated in Fig. 2a—d. The obtained struc-
ture fully matches with diffraction files (01-074-2203), (00-
044-0361) and (01-088-0638) for La,Fe,O La,FeCoOg and
La,FeNiOg, respectively. The Rietveld refinement of X-ray
diffraction patterns for the synthesized samples is presented
in Fig. 2b. In each panel, solid squares represent the observed

perovskite using modified
citrate method
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Fig.2 Show a X-ray diffraction pattern of the prepared samples, b refinement profile for La,Fe,O4 with the inset crystal structure, ¢, d crystal

structure for La,FeCoOgq and La,FeNiOg, respectively

data; the line shows the calculated profile. The difference

1/2

between the observed and the calculated pattern is shown at Rexp = N - f; , )
the bottom Rietveld refinement of the samples. 2 wil 0
The difference between the detected and simulated powder
diffraction patterns is minimized using the reliability index ¥ [ I, - Ic]
parameter, R,,, (weighted residual error), Ry (Bragg factor) R, = ——, 3)
and Rexp (expected error)(Abbas 2019; Fuster et al. 2015; 2o
Bhagwat et al. 2003). Consequently, the accuracy of the profile
fitting is estimated by the following equations and the Rietveld GOF = R, @

parameters is tabulated in Table 1:

_ > wily = 1) 12

R - T = ’
P Z WJS

(M

exp

where [ and [, are the experimental and calculated intensi-
ties, respectively. Furthermore, w,(1/1,)) is the weight, N is
the number of experimental observations and P is the num-
ber of fitting parameters. The refinement of the structural
parameters is continued till convergence is optimized to a

Table 1 Values of lattice

e Sample Lattice parameter Crystallite R, R, Ry GOF
parameters, crystallite size and size (nm) P P
refinement parameters
La,Fe,04 a=5.540, b=5.558 and ¢ =7.846 19.000 18 20 14 1.1
La,Fe CoOgq a=5.452,b=7.740 and c=5.501 14.100 20 24 15 1.2
La,Fe NiOgq a=5.544,b="7.768 and c=5.498 12.959 19 17 11 0.9
é’f’;ﬂ;ﬁ N Springer
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goodness of fit (GOF) between 1.0 and 1.2 (Vandana and
Rudramadevi 2017; Manik and Pradhan 2004; Lira-Hernan-
dez et al. 2016). The GOF values obtained in the present
analysis suggests good refinements of the data.

It is important to note that the orthorhombic space group
Pnma does not permit the ordering of the B-site cations over
the six-coordinate sites of the perovskite structure (Tezuka
et al. 2000; Ke et al. 2009). Thus, B-site ordering cannot be
expected in La,FeCoOg and La,FeNiOg, while in case of
Pbnm it is quite different. Such order—disorder phenomena
are of fundamental interest.

Considering the two classes of ki reflections, the reflec-
tions with hkl all even are subcell reflections, and the
hkl all odd reflections are superstructure reflections. In
La,FeCoOg¢ and La,FeNiOg, the superstructure reflections
disappear which indicate that there is no long-range order
of the B cations, although the superstructure reflections are
always broader than the subcell reflections so an expected
order—disorder phenomenon are found. Besides, the most
interesting order—disorder phenomena are found when the
charge difference between the two cations equals “2”, where
a wide range of partial order may take place.

The average crystallite size is estimated using Scherer for-
mula (Ateia and Mohamed 2017) and tabulated in Table 1.
It confirms that the synthesized powder is polycrystalline,
matching well in structure with previous reported data (Jin
2017).

The change of the lattice parameter is related to an
increased octahedral tilting pattern of the perovskite frame-
work. This occurs primarily for La,FeCoO¢ and La,FeNiOg
due to decreasing the (Mz—O,) and My—O, bond length,
whereas bond length for La,Fe,O¢ remains unchanged (as
shown in Table 2). In addition, B-site cation ordering has a
remarkable influence on the electronic structure as well as
lattice parameters which is mainly due to a large size mis-
match between the Fe and Ni/Co ions.

However, the B'(B”) elements are balanced with transi-
tion metals with an O ion placed equally between each pair.
If there is a difference between B’ and B” in either charges
or ionic radii the oxygen ions slightly change their position
toward the more charged cation, while the octahedral sym-
metry of the B'Og and B” O units is conserved.

Furthermore, two non-equivalent forms of oxygen (O,,
0O,) atoms are accompanied by the obtained structure. The
two O, atoms are located on the Z-axis and four O, atoms are
located on the XY-plane, as shown in Fig. 2c, d. On the other

side, the structures with non-equivalent types of O atoms,
where the angle B'-O,—B” remains unchanged (180°).
While a little change of B'-O,—B” angle will take place.
Table 2 illustrates the variation of bond lengths and bond
angles according to the Rietveld refinements. During struc-
tural optimization, the c/a ratio is very close to the value of
\/ 2. This structure leads to the antiferromagnetic property,
as will be discussed later in the magnetic measurements.

It is crucial to calculate the tolerance factor from Gold-
schmidt relation as follows (Markandeya et al. 2015):

ra+r,

\/E X (VB/-;VBH + r0> ’ (5)

where r,, 1y, rgr, ¥, are the ionic radii of A, B, B” cati-
ons and oxygen ions, respectively. It can be detected that
LaFeB”O¢ (B” =Fe, Co and Ni) double perovskite presents
a tolerance factor in the range of 0.9, 0.87 and 0.86 respec-
tively, which are in a good agreement with the data obtained
by Gorodea (2014). The structural “mismatch” gives rise
to the rotation of B'O¢/B” O4 polyhedra causing the move-
ment of La cations while lowering symmetries and causing
distorted perovskite structures.

Figure 3a—c shows field emission scanning electron
microscopy images (FESEM) for La,Fe,O4, La,FeCoO,4 and
La,FeNiOg, respectively. An irregularly conglomerated of
small grain sizes is observed for all the investigated samples.
However, the greater particle sizes are formed by smaller
particles agglomerated. This observation agrees well with
the crystallite size estimated from XRD data. The obtained
data show that La,FeNiO, sample has the lowest particle
sizes which are corresponding to high agglomerations.

EDAX mapping of the samples is presented in Fig. 4a—c
which indicates a homogeneous distribution of all the cati-
ons. The EDAX mapping images of La, Fe, Co, Ni and O
are indicated by different colors, as shown in the figure.
Although it is difficult to precisely analyze distribution of
these elements, the mapping provides the notion that the
elements are well distributed throughout the sample matrix.

During the sintering process, loss of ingredients may
occur which leads to non-stoichiometry in the prepared
samples. This, in turn, shows unexpected behavior. Conse-
quently, it is essential to check the chemical stoichiometry
of each sample. A representative energy dispersive analy-
sis of X-rays (EDAX) pattern is shown in Fig. Sa—c. The
semi-quantitative chemical composition analysis performed

=

Table 2 Refined values of

Samples
bond lengths and bond angles

MA_OI MA_OZ MB_OI MB_O2 MA_MA MA_MB MB_MB MB_OI_MB MB_OZ_MB

obtained from Rietveld

La,Fe,0, 242 242
refinements

La,Fe CoO, 205  2.67
La,Fe NiO, 250  2.48

1.94 3.92 3.28 3.92 159 155
1.69 3.88 3.32 3.88 164 159
1.78 3.87 3.28 3.87 172 176
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Fig.3 Shows FESEM images for a La,Fe,Og, b La,FeCoOg¢ and ¢ La,FeNiOg. The inset histogram represents the grain size distribution

by EDAX suggests values that can be approximated to the
empirical formula and confirm the stoichiometry. Differ-
ences in the values are attributed to little scattering X-ray
diffraction of the oxygen. No trace of any impurity was
found indicating the purity of the samples.

The chemical states of various elements in the samples
is characterized by X-ray photoelectron spectra (XPS) tech-
nique. All XPS spectral peaks are fitted with CASAXPS
software. The data analysis involved spectra normalization
and Shirley background subtraction.

Figure 6a—e shows X-ray photoelectron spectra for
La,Fe,04, LaFeCoOg4 and La,FeNiOg samples. The Fe 2p
spectrum consists of Fe 2p; , and Fe 2p, /, excitations, as
shown in Fig. 6a. The Fe 2p;,, XPS signal can be divided
into two peaks, one at (710.97, 710.29 and 709.77 eV) And
thee other peak appears at (714.51, 713.01, and 712.89 eV)

for La,Fe,O¢, LaFeCoOg4 and La,FeNiOg, respectively. The
observed peaks are assigned to Fe*™ and Fe** (Rajagopalan
and Chen 2017).

Similarly, the Fe 2p, ), is divided into two peaks indi-
cating the mixed oxidation state Fe**/Fe** (Ghaffari et al.
2012).

Moreover, the observed peaks at 719.14, 719.43 and
721.07 eV for La,Fe,0g4, LaFeCoOg and La,FeNiOg respec-
tively, are reported as Fe 2p;, satellite peaks as per NIST
XPS database. These peaks confirm the presence of 3 + oxi-
dation state of Fe. The feature peaks which are identified in
La,FeCoOg¢ and La,FeNiOg at 716.13 and 716.97, respec-
tively, are corresponding to the presence of Fe?* cation
(Aguilar et al. 2019).

The relative percentages of Fe3*/ Fe**in surface
of La,Fe,04 are (0.72/0.28), while Fe**/Fe**/Fe’* in
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Fig.4 a—c Represents the mapping images for La,Fe,Og, and La,FeCoO¢ and La,FeNiOg respectively

La,FeCoOg4 and La,FeNiOg are (0.64/0.23/0.13) and
(0.58/0.30/0.12), respectively.

Deconvolution of Co (2p) core level spectrum is shown in
Fig. 6b. The 2P;,, and 2P, ,, main characteristic peaks having
a binding energy of 780.05 eV and 795.15 eV, respectively,
are assigned to mixed Co**/Co?* state (Singh and Kumar
2019; Sudha et al. 2019). Moreover, the weak satellite peak
at 789.37 eV is assigned to CoO. Therefore, this analy-
sis confirms the presence of Co*™ as well as Co®" species
(Silva et al. 2018). The relative percentage of Co**/Co?* is
(0.85/0.15).

The Ni 2p spectrum (Fig. 6¢) consists of two spin—orbit
doublets characteristic of Ni** and Ni** (Joshi et al. 2015).
Clearly, additional feature develops at the low binding
energy side (EB=2852.2 eV) which can be attributed to
metallic Ni (Uhlenbrockt et al. 1992). The relative percent-
age of Ni**/Ni**/No is (0.43/0.28/0.29).

The O 1s region is divided into three components in all
prepared samples, as shown in Fig. 6e. According to Zhao
et al. (2016), there are two kinds of oxygen in the double per-
ovskite-type oxide. One is the adsorbed oxygen (0,>~, 0,!7)
with binding energy higher than 530.0 eV which is interre-
lated to the concentration of oxygen vacancies. Another is

Pielase clla)l auan .
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the lattice oxygen with binding energy lower than 530.0 eV.
The ratio of O, (adsorbed oxygen) to O,,, (lattice oxygen)
on the surface of each sample is in the order of La,Fe,Og
(0.29) <La,FeCo0Oq (0.65) < La,FeNiOg (1.15).

According to the obtained data, La,FeNiOg has a higher
lattice defect compared to the other samples. This can be
attributed to its lowest crystallite size and highest surface
area.

The XPS spectrum for La is shown in Fig. 6d, where
La 3d spectrum has two spin—orbit components of La 3d;/,
and La 3d,, with peaks appearing at binding energy nearly
equal 838 and 833 eV, respectively, confirming La** oxida-
tion state (Singh and Kumar 2019; Tulliani et al. 2013). The
shakeup peak (shake-up satellites) with a binding energy
of #851.5 eV may be due to the electron transfer from La
atoms to the empty 4f subshell in the ionization process, as
mentioned in the literature (Jgrgensen and Berthou 1972).
Besides, the low tolerance value obtained for La,FeCoOyg
and La,FeNiOg assures the oxygen defect in the samples.

Figure 7a—d represents the magnetic hysteresis loops for
double perovskite samples with general formula La,Fe,O,
La,FeCoOg4 and La,FeNiOg4. Magnetic hysteresis plots with
different shapes suggest the existence of more than one
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Fig.5 Represent the EDAX spectra for a La,Fe,Og, b La,FeCOOg¢ and ¢ LaFeNiOg

phase or an intrinsic inhomogeneity in the system. The
magnetic parameters obtained from hysteresis loops such as
the saturation magnetization (M), remanent magnetization
(M,), coercivity (H,), hysteresis loss, exchange bias (Hgg)
and squareness ratio are presented in Table 3.

As shown in the figure, the saturated fields are much
different for the samples, which suggest that the antiferro-
magnetic coupling intensity in La,FeCoOg4 and La,FeNiOg
samples are stronger than that in La,Fe,O4 sample. This
remarkable increase of antiferromagnetic coupling should be
attributed to the formation of the antiferromagnetic antiphase
boundaries (APBs) in the La,FeNiOg and La,FeCoO4 sam-
ples the amount of APBs in La,FeNiO, sample would be
much larger than that in La,FeCoO, sample.

The squareness ratio M /M determines the type of inter-
grain exchanges. In the case study, the squareness value is
less than 0.5 (Table 3). Consequently, nanoparticles interact
magnetostatically (Ateia et al. 2020b).

The small values of the coercivities for the investigated
samples confirm the presence of competing ferri and antifer-
romagnetic interactions, which will be discussed later. On

the other side, in the La,Fe,O, sample, the antisite disorders
distribute separately in each La,Fe,O grain, and there is
no strong magnetic coupling among the antisite disorders.
Thus, there are some ferromagnetic and antiferromagnetic
moments in the investigated samples with high antisite dis-
order degree.

Exchange bias (Hgg) can be determined from the follow-
ing equation (Mumtaz et al. 2007):

Hgg =—(H" +H)/2, (6)

where H™ and H" are the left and right coercivities. The
obtained Hgy field for different B” cations is tabulated in
Table 3. The La,Fe,O4 sample has a maximum value of
1.062 emu/g and 40 Oe, corresponding to saturation mag-
netization and exchange bias, respectively, while La,FeNiOg
sample records the minimum value, as shown in the Table.
Therefore, by changing B” type, one can effectively modu-
late the EB effect in the investigated samples.

Generally, the large number of probable combinations of
B’, B” in double perovskites produce a variety of magnetic
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Fig.6 X-Ray photoelectron spectroscopy (XPS) spectra of a Fe 2p, b Co 2p, ¢ Ni 2p peak, d La 3d peak, and e oxygen for La,Fe,O¢, LaFeCoOg

and La,FeNiOg4 samples

Fig.7 a-d Represents the VSM
hysteresis loops for the prepared
samples

Table 3 Magnetic values of
saturation magnetization (M,),
remanent magnetization (M,),
coercivity (H,), hysteresis
loss, exchange bias (Hgg) and
squareness ratio (M,/M)
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La,FeCoO, 0.482 0.063 746 1121 0.130 15 0.042
La,FeNiOg 0.423 0.032 242 519 0.075 5 0.037
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phases. These phases are ferromagnets, antiferromagnets
and spin glass. Moreover, in case of study, there is devia-
tion of bond angle (Fe—O-Ni), (Fe—O-Fe) and (Fe—O-Co)
from 180° to 176°, 155°, 159°, respectively, as shown in
Table 2 The bond-angle distortion decreases the effective
d-electron hopping energy through the decreased hybridiza-
tion between Ni, Fe, Co in “d” state and oxygen “p” states,
leading to the insulating phase in the samples (Sclauzero
et al. 2016). Antisite defects and antiphase boundaries are
the most common way in which disorder at either A- or
B-site cation sub-lattices can take place in double perovs-
kites (Vasala and Karppinen 2015).

In the investigated samples, a crucial issue that influences
their physical properties is antisite disorders (ASDs) (Nav-
arro et al. 2001). The interchanging the ionic positions of B’
and B” in the ordered structure (Morrow et al. 2014) is the
main reason for the occurrence the antisite disorders (ASDs)
in the samples, as shown in Fig. 8

Moreover, the ferromagnetic region consisting of
Fe**—0*—Co**is separated by antiphase boundaries (APBs)
resulting from antiferromagnetic super exchange interaction
between Co?"—0?"—Co?" and Fe**—0?"—Fe’*. The different
natures of APBs cause the lack of magnetic saturation at
relatively high magnetic fields (as shown in Fig. 7) (Krishna
Murthy et al. 2017). On the other side, the existence of vari-
ous magnetic interactions with different magnetic antisite
disorder (ASD) initiate the system to change to spin glass
state (Sahoo et al. 2017; Harbi et al. 2019). In other words,
a large B-site disorder in the La,FeCoOy can be attributed
to the mismatching between the ionic radii of Fe (0.585 A)
and Co (0.745 A) and the mixed-valence states of Fe>*/Fe**
/Fe**and Co®*/Co*. This haphazard distribution leads to a
competition between nearest neighbor and successive near-
est neighbor superexchange interactions strengthening the
local magnetic frustration in the lattice; consequently, the
spin-glass phase appears in the sample.

On the other side, the changes in the ratio of Fe3*
(3d>, S=5/2) /Fe** (3d*, S=1)/Fe* (3d®,S=2) or Co**
(3d’, S=3/2) /Co**(3d°, S=2) for La,FeCoO, samples

leads to the change of magnetic moment, as shown in the
table. Simultaneously, the presence of Fe** and Co’*ions
will weaken the FM interaction by creating other AFM
pairs in the form of Co**~0*-Co**, Co**-02"—Co*",
Fe3™—0?~—Fe**, Fe**—-0?—Fe** etc. along with the FM cou-
pling, such as Co**—0* —Fe** and Co’*-0?"—Fe’* etc.

The Goodenough—Kanamori (GK) rules (Morrow et al.
2014; Ahmed et al. 2017) shows that a 180° superexchange
coupling of two magnetic ions with partially filled d-shells
can be strongly antiferromagnetic. In case study, the partially
substituted La,FeNiOg samples are showing antiferromag-
netic properties due to the NiO4 and FeOg octahedra gives
rise to bond angle in the range of 176 °C of superexchange
interactions between Ni** (d%: t2g6 rsgz)/Ni3Jr (d”: t2g6 egl) and
Fe’* (d° :tzgsego) according to Kanamori—-Goodenough rule.

The small values of the coercivities for the investigated
samples confirm the presence of competing ferri and antifer-
romagnetic interactions.

Interestingly, LaFO; possess AFM with canted Fe** spins
as reported in the previous work (Ateia et al. 2017). This
property changes to a ferrimagnetic in double perovskite
La,Fe,04 sample. The change of valence state of Fe’* in
LaFeO, to mixed-valence states of Fe**/Fe*t in La,Fe,Of
is the main cause for the observed change. The Fe*"—Fe’*
coupling is more stable than the Fe**—Fe®* coupling, which
is consistent with the XPS results as mentioned before.

Conclusion

The double Perovskites La,FeB’’O4 (B’ =Fe, Ni and Co)
were synthesized successfully using the modified citrate auto
combustion technique. The crystal structure and microstruc-
ture were refined applying Rietveld profile refinements with
the help of the Maud Program. The presence of nanometric
crystallite was confirmed by X-ray diffraction (XRD) and
Field Emission Scanning Electron Microscopy (FESEM).
La,Fe,Oc is an important member of the synthesis family,
as it is a promising candidate for ultrahigh-density magnetic

Fig.8 Two models of double perovskite. a Ideal structure and b random antisite disorder (Singh 2012)
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recording. While the usage of La,FeNiOyq as cores of trans-
formers can be attributed to its narrow hysteresis loops
that, limit the energy loss in form of heat. The competition
between the various magnetic exchange interactions with
different magnetic ASD initiatives the system to spin glass
state. The exchange bias in the investigated samples gives
strong evidence for the existence of the APBs in double per-
ovskite samples. One can modulate the exchange bias effect
in the investigated samples by changing B” type (Fe, Co
and Ni).
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