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INVESTIGATION OF STRUCTURAL, MAGNETIC AND ELECTRICAL
PROPERTIES OF PURE LaFeO; SYNTHESIZED
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Lanthanum ferrite (LFO), perovskite-type oxide was prepared by solution combustion
method using acetylacetone as chelating agent and urea as fuel. Differential thermal
analysis (DTA) and thermogravimetric analysis (TGA) used to investigate the mechanism
of various reactions involved in the process. Structural parameters such as atomic
positions, bond angle and lattice parameters were calculated by Rietveld refinement of
XRD data. Further, the SEM and EDAX study was carried out to analyze the surface
morphology and elemental composition, respectively. The magnetic behaviour was
observed by vibrating sample magnetometer (VSM). The temperature dependence
conductivity measurements were done to evaluate the activation energy (E,). The present
study underlines the influence of structure and morphology (porosity) of LFO on
magnetization at room temperature and also observed the effect of temperature on its
insulating behaviour.
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1. Introduction

Multiferroics are the key materials which exhibit ferroelectric and magnetic properties in a
single phase, which are extensively rare from those of conventional materials.There are various
such materials are present like BiFeO;, BiMnO;, and DyFeO; [1-3]. Despite having different
attractive features, they concern some serious drawback of leakage current caused by oxygen and
for cation vacancies and secondary impurities [4]. Therefore, it is crucial to develop new
alternative materials that open the novel opportunity for the device fabrication, sensors and next
generation storage media [5].

Recently, LaFeOs; has received enormous attention due to its multiferrocity [6]. In addition
to this multiferrocity, it possesses high thermal stability and well defined structure. These
intriguing properties have been providing one more degree of freedom for utilization in a number
of advanced technologies across the worldwide. In general, LaFeO; shows G-type weak
antiferromagnetic ordering below 735 K and ferroelectric transition at 475 K [7]. It comes under
the classes of rare-earth orthoferrites (ABOj) with a space group Pbnm, here BOg octahedra
rotates, while the Fe+3 cation slightly shifts from their centrosymmetric position. Therefore, the
displacement of the A ion with BOg octahedra cause ferroeletricity and Fe—O—Fe super exchange
interaction leading to the canted antiferromagnetic ordering in the system.

In the preparation of the oxide based ceramics generally the time and temperature play a
crucial role in the formation of high quality material. An excess temperature always promotes
grain growth rapidly leading to the agglomeration of grains is observed and lower temperature
stays chemical reaction incomplete, because the low mobility of the constituent ions. Even the
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optimized temperature and time duration could prevent material from the phase transformation as
well as formation of other phases. The conventional oxide based reactions are the most common
and inexpensive techniques to prepare single phase pervoskite ceramics. Literature reported that
[8] these techniques exhibit some limitations; mainly its starting materials are oxides which require
several hours of intermediate grinding and high temperature annealing. The pure LFO ceramics
were prepared using a solution combustion synthesis. This technique has attracted enormous
attention as to it offers self-sustained reaction of the oxidizers (metal nitrates) and fuels that make
it simple, versatile and rapid process. This process involves two major steps, which drive the
propagation of the reaction. Firstly, the formation of a homogeneous solution of precursor in liquid
state is providing atomic level compositional uniformity throughout the reaction, without any
precipitation. Secondly, auto-ignition that provides fast heating which helps in the formation of the
desired crystalline phase in short duration of intervals. In the present communication, LFO was
prepared through solution combustion synthesis and the structural, magnetic and electrical
properties of LaFeO; are studied.

2. Experimental

The single phase LaFeO3; sample was prepared by solution combustion synthesis with urea
(fuel). The stoichiometric amount of high purity ferric nitrate, lanthanum nitrate, 2-methoxyehanol
(CsHgO,) and acetylacetone (CsHgO,) were taken as starting ingredient. The 2-Methoxy ethanol
was used as solvent that provide media for synthesis. The metal nitrates were discretely dissolved
in small amount of 2-methoxy ethanol and mixed together under constant stirring. Then a few
drops of acetylacetone used as a chelating agent was added. The role of chelating agent was to
form stable metal-chelate complex that hindered the aggregation of different metal ions in the
solution [9]. This approach provides an extra degree of freedom in the formation of homogeneous
solution. At last, urea (with calculated fuel-to-oxidizers ratio) was added to the solution [10]. Then
solution was introduced into the muffle furnace maintained at 500°C which produced fast and self-
ignite redox reaction. Thereafter the bluffly dark yellow powder was obtained. The resultant
powder was grounded and calcined at 700°C and 800°C for 3 hrs in a muffle furnace. Then the
powder pressed into pellets and sintered at 1300°C for 6 hrs. The heating and cooling rate were
maintained at 5°C/min.

La(NO3)3*6H20 + Fe(N03)3*9H20 + 5 CH4N,0 = LaFe03 +5C0O,+25H,0+ 8N,

The simultaneous analysis from thermogravimetry and differential thermal analysis
(TG/DTA) of mixed precursor were performed using a Thermal Analyzer (Melter Toledo).The
phase purity and crystal structure were analyzed by using X-ray diffractometer (Bruker D8
Advance) equipped with a CuKa target of (A=1.54A) radiation. The Rietveld refinement of the
XRD peaks was performed through Fullproff Suit program 2.05. The surface morphology of the
pellet was observed by FE-SEM (Carl ZEISS-SUPRA) meanwhile, the subsequently elemental
analysis was done by the EDAX detector attached with the FE-SEM. The magnetic measurement
was done by a vibrating sample magnetometer (VSM 736, Lake Shore Cryotronics). The
conductivity of the LFO was measured using an Alpha high resolution impedance analyzer using
Nova Control.

3. Results and discussions
3.1 Thermal behavior
Fig.1 Shows the DTA/TGA curve of precursors of mixed powder. Three stages are

observed during the weight loss and energy change in the process from room temperature to 500°C
as mentioned in the Fig. 1. The two endothermic peaks present in the graph at 47.8°C and 171.6°C.
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Mostly, the endothermic peaks are the signature of loss of water and inorganic residues left during
the process of combustion. In the first stage, the weight loss of 30% with first endothermic peak is
observed due to the evaporation of physisorbed water [11]. In the second stage, the endothermic
peak around 171°C with corresponding weight change of 20% represents the loss of chemisorbed
water [12]. At the final stage, the next 20% weight loss in this process indicates starting of the
decomposition of nitrates and other gaseous elements [13]. This observation signifies that the
reaction between the precursors is very fast. After that no further weight loss was observed. It was
clearly found that to obtain the pure LFO; the as-synthesized sample needs to be calcined at above
600°C.
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Fig. 1: The DTA/TGA graph of mixed precursors

3.2 XRD analysis

Fig. 2 Shows the XRD patterns of the LFO powders synthesized by solution combustion
method. Both the diffraction patterns match with the JCPDS card No. 01-074-2203. As the
calcinations, temperature increases the material goes towards crystallization as clearly indicated in
the Fig. 2. All the peaks pointed out orthorhombic structure corresponding to Pbnm space group.
No extra peaks were observed up to XRD limit. Therefore, we can ensure that the formed material
is pure LFO. The crystallite size of LFO samples was estimated through peak broadening fp of
XRD pattern [14].
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The Debye-Scherrer’s equation,
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Where, t is the particle size (nm), A= 1.5406 A (characteristic CuK, wavelength of X-rays) and 3,
is the peak width at half maximum intensity for peak position 26. Pure Si has been taken as a
standard for the calculation of instrument broadening. The obtained average crystallite size of the
LFO particles is 157.51 nm. The Rietveld refinement was carried to investigate the various
structural parameters for the LFO sample. Fig. 3 represents the experimental values, calculated
values and its difference with respect to Bragg’s position. It is concluded from the fitting
parameters that, the structure is very well fitted for orthorhombic system. The %2, Rgragg, Rr and
lattice parameter were obtained through calculation are summarized in the table 1. The percentage
porosity of the sample was calculated using X-ray density from the relation [15].

Dtheoritical - Dexperimental

x 100

porosity (%) =
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Where, Dineoritical @0 Dexperimentat @re the experimental and theoretical density, respectively. The
experimental density of the sintered pellet was measured through the Archimedes technique
[16].After calculating, the percentage porosity of the sample obtained was 9.95 %.
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Fig. 2: The XRD graph of LaFeO; Fig. 3: The Rietveld refinement of LaFeO;

Fig. 4. The orthorhombic structure of the LaFeO; unit cell.
The color represents: Blue (La), Green (Fe), Black (O1) and Pink (02)

Table 1: XRD parameters

Atomic positions
X v pd Bond length (A°) Lattice Parameter (A°) | Other parameters
and Volume (A°)?
4c  La -0.00614  0.02840  0.2500 La-O 3.1582 a=5.5560, b=5.5578 x2=1.33
4 Fe 0.0000 0.5000 0.000 Fe-O 2.0063 €=7.8496 Re=3.88
4 01 0.07310  0.48750  0.2500 0-O 2.8675 V=242.390 Reragg= 3.05
8d 02 -0.28090  0.28150  0.3940 Density= 6.652 g/cm®

3.3 SEM analysis

The surface morphology of LFO sintered pellet through field emission scanning electron
microscopy (FE-SEM) is shown in the Fig. 5 (a). The LFO sample shows the uniform porosity and
homogeneous grain growth throughout the sample. It is well known fact that the formation of
porosity is due to insufficient sintering time and/or temperature, which results in an inadequate
grain growth and density. The average grain size of LFO is found to be 0.377 um. The size of
these grains was estimated through the grain size distribution graph as shown in fig. 5 (b). The
chemical composition of the LaFeO; was analyzed through energy dispersive x-ray spectroscopy
(EDAX) as shown in the Fig. 5 (c), which represents that all the elements (La, Fe and O) were
present nearly in the proper ratio throughout the sample.
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Fig. 5. (a) The SEM image of LaFeO; calcined at 800 <C; (b) The Particle size distribution
graph of LaFeOs; (¢) EDAX

3.4 Magnetic measurements

The magnetization curve (M-H) at the room temperature of the LaFeOs pellets sintered at
1300°C is shown in the Fig. 7. In brief, the curve displays no saturation within the range of applied
magnetic field. The magnetization curve indicates nearly zero remnant magnetization and low
coercive field of 1867 Oe. This represents antiferromagetic ordering of the Fe**spin [17]. The
reason behind the origin of weak magnetization in the present case of LFO may be due to the grain
morphology. However, sintering alters the grain growth, which affects the structural and magnetic
disorders in the materials. The SEM image and density measurement results show that, the
porosity of the material is affected on the magnetization of the materials. Kadam et al [18] studied
LaFeOs; ceramics synthesized by Sol-gel auto combustion method and reported 435.06 Oe of
coercive field for 26.1% of porosity at the room temperature. Therefore, the value of coercive
magnetization is strongly influenced by the size of the pores in the materials [19].

In addition to that, LaFeO; is known to have weak magnetic material similar to other Bi-
and Y-orthoferrites [20, 21]. The interaction of transition-metal ions (here Fe**) spin via oxygen
ion leading to spin canting phenomenon due to exchange coupling generates a very less net
magnetic moment in the materials [22].
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Fig. 7. (a) The magnetic field Vs magnetization for LaFeO;
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3.5 Conductivity measurements
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Fig. 8. Conductivity as a function of temperature

Fig. 8 shows the dependence of the AC electrical conductivity (c,c) on temperature (T) of
LaFeO; ceramic. It is clearly observed from the results that conductivity increases abruptly from
RT to 526 K and becomes linear above 526 K with an increase in the temperature. The observed
trend is suggested that the conduction process obeys the Arrhenius relationship [23]

= over |7}
0 = 0gexp KT
Where, o, and k are pre-exponential factor and the Boltzmann constant respectively. From the
above equation, the values of activation energy 0.315 eV in the temperature range of RT to 526 K
and 0.038 eV beyond 526 K were evaluated. The activation energy (E,) was found higher at low
temperature and lower at high temperature. The pure La based pervoskite materials are good
insulators at low temperatures and shows insulator to metal transition at high temperature. The
observed results are in good agreement with previously reported [24].

4. Conclusion

In summary, the LaFeO3z ceramic has been successfully prepared using simple and fast
solution combustion method using metal nitrates and urea as a fuel. X-ray diffraction results reveal
that the pure phase formed at 800°C and exhibit orthorhombic structure with Pbnm space group.
The 9.91 % porosity and homogeneous microstructure with 0.377 um grain size was obtained. The
magnetic measurement represents the antiferromagnetic nature and coercive field (Hc) 1867 Oe of
the sintered sample at room temperature. The magnetic characterization indicated that the porosity
strongly affects the magnetization in the material at room temperature. The observed temperature
dependence conductivity measurements show insulator to metal transition at higher temperature.
Further studies are needed to use these properties in practical applications.
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