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The synthesis of single phase polycrystalline ceramic sample of NdFeO3z by high temperature solid state
reaction technique using high purity oxides has been reported. The structural parameters were
investigated by Rietveld refinement program. The prepared ceramics show orthorhombic structure with
space group Pnma. The frequency and temperature dependent dielectric constant, dielectric loss and ac
conductivity of the compound have been studied. The dc conductivity has also been measured and its
activation energies were calculated using Arrhenius relation. The calculated heat capacity (ACp) and
enthalpy change (AH) of the compound are 0.068 ] /gK and 2.3664 ]J/g respectively.

1. Introduction

Rare earth based orthoferrite ceramics attract great attention due to
spin reorientation, phase transition, high domain wall velocity, weak
ferro-magnetic behavior with rectangular hysteresis loop and smaller
magnetic field due to presence of rare earth elements and iron ions [1-7].
Due to these properties, these orthoferrites have been extensively studied
for various technological applications such as ultrafast photo magnetic
recording, non-thermal spin dynamics, laser induced ultrafast spin
reorientation, photo catalysis, solid oxide fuel cells, vehicle catalytic
converters, inertia driven spin switching, ambient multiferroics, magnetic
field sensors, gas sensors for CO, H.S and magneto-optical data storage
devices [8-12]. NdFeOs has been synthesized by different methods such as
sol-gel method, precipitation, floating zone, flux-melting, solid state
reaction etc. NdFeOs (NFO), exhibits an orthorhombic distorted perovskite
structure belonging to the space group Pbnm D,f [13,14]. There is no any
detailed report available on structural, electrical and thermal properties
of NFO ceramic so the present paper is an effort to understand the
mechanism of this compound which will be useful for researchers to
implement the physical characteristics of NdFeOs in different
technological applications.

2. Experimental Methods

The polycrystalline ceramic sample of NdFeOs has been prepared by
solid state reaction technique. The constituent oxides Nd203 and Fez03
(99.9% pure, Hi-media) were grinded together in a mortar and pestle
under liquid medium [(CH3)2CO] and calcined at different temperatures
(1073 K - 1498 K) continuously for 6 to18 hours. Pellets were made with
pressures 4 tons/cm?in a hydraulic press. This pellet was sintered at 1513
K for 2 hours. The formation of the compound was checked by X-ray
diffraction technique using Rigaku Mini Flex ULTIMA-IV X-ray
Diffractometer (XRD) with slow scan (2° / minute) in a wide range of 26
(20° to 90°). The lattice parameters of obtained XRD pattern were
obtained from Rietveld refinement method. HIOKI 3532-50 LCR Hi-meter
has been implement for the measurement of dielectric constant (¢’) and
dielectric loss (tan §) as a function of frequency (1 kHz - 5 MHz) and
temperature (RT - 723 K).

Also, the ac-conductivity of compound has been calculated from
temperature dependent dielectric loss curve. The dc conductivity

measurement was carried out on laboratory-made set up using two probe
method from RT to 543 K and the activation energies of the compound

were calculated by Arrhenius relation, o = g, exp (_k—ET“) The heat flow
(mW) and weight loss (mg) of the compound were carried out under wide
temperature range (RT to 1173 K) with heating rate of 10 K/minute using
Perkin Elmer DTA/TGA thermal analyzer (STA- 6000) in the inert (Nz)

atmosphere

3. Results and Discussion

3.1 Structural Analysis

The X-ray diffraction pattern was analyzed by FullProf program of
Rietveld refinement method. The observed and calculated patterns are
well matching with each other. Fig. 1 shows the refined XRD pattern with
space group Pnma in orthorhombic crystal structure of the compound. The
refined cell parameters are a = 5.5846 A, b=7.7607 A, and c = 5.4506 A.
The crystallographic atomic positions of neodymium (Nd), iron (Fe) and
oxygen (0) atoms along with the coordinates of NdFeOs are shown in Table
1. Also, the other refined structural parameters obtained from the Rietveld
analysis are also shown in Table 1. The observed and calculated
interplanar spacing’s (d-values) have shown good agreement between
them, which is tabulated in Table 2.

The crystallite size (D) of the compound was calculated using the
Scherer formula, D = kA/Bcos® [15] which is 1.57 nm. The dislocation
density (8) of the compound was calculated using the Williamson-
Smallman relation § =1 / D2 and the calculated value of § is 0.000551 (nm)-
2. The strain (€) of the compound has been calculated using the equation €
=3 / 4tanb and the calculated value of strain is 0.070093. Also, the number
of crystallites per unit area (N) of the compound has been calculated using
the relation N = t/D3, where t is the thickness of the sample and the
calculated value of N is 725.728 (nm)-2.

Table 1 Crystallographic atomic position and structural parameters obtained from
Rietveld analysis

Crystallographic atomic position Structural parameters

Atom X Y Z Unit cell volume 236.4 (A)3 Rp 2.73

Nd 0.548 0.25 0.510 Density 6.98 (g/cm3) Rwp 3.56

Fe 0.489 0.00 0.000 Numbe‘r of 107 R 426
Reflections

01 -0.019 0.25 0.398 R Brag 109 X2 0.7

02 0.303 0.041 0.717 Re 16.3 GOF 0.83
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Fig. 1 Rietveld refinement profile of NdFeO3

Table 2 Obtained d- values from XRD pattern of NdFeO3

26 ( degree) hkl d-obs. () d-cal. (&)
22735 101 3.9013 3.9001
25.533 111 3.4858 3.4845
32.019 200 2.7928 2.7929
32,514 121 2.7514 2.7503
32.832 002 2.7256 2.7250
34.088 210 2.6279 2.6295
38.305 130 2.3477 2.3472
39.728 220 2.2669 2.2660
40.404 022 2.2305 2.2304
41.859 131 2.1563 2.1565
46.517 202 1.9506 1.9505
48.053 212 1.8918 1.8972
52.633 141 1.7375 1.7365
53.268 311 1.7182 1.7166
57.385 321 1.6043 1.6038
57.808 240 1.5936 1.5926
58.413 123 1.5785 1.5783
63.863 331 1.4563 1.4561
68.175 410 1.3738 1.3753
73.823 313 1.2825 1.2809
77.700 161 1.2279 1.2258
83.047 333 1.1619 1.1598
87.366 044 1.1152 1.1141
3.2 Electrical Analysis

Dielectric constant (¢) and Dielectric loss (tan §) as a function of
frequency (100 Hz to 5 MHz) have been measured at room temperature
and is shown in Fig. 2. From Fig. 2, it is observed that dielectric constant is
decreasing with increase in frequency. The inefficacy of electric dipoles
which is produced by applied electric field supports the decreasing trend
of € at high frequency region. Due to the presence of all types of
polarizations which align themselves in one direction with the applied
electric field, € shows high apparent values at low frequency region and
small apparent values in high frequency region and it is explained by
dipole relaxation phenomenon in the ceramics. However, a reverse trend
was obtained for the tan §, which is the imaginary part of the dielectric
constant. Dielectric loss (tan §) shows increasing trend with increase of
frequency due to higher conductivity which leads the leakage current
phenomena in the ceramics. Both € and tan § shows small dispersion (in
the insets of the Fig. 2) with increase in frequency (From 1 MHz to 1.6
MHz) which support the Maxwell-Wagner type interfacial polarization and
also the Koop’s theory [16].
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Fig. 2 ¢’ and tan 6 vs. frequency curve
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Dielectric constant (¢') as a function of temperature (K) has been
measured over 10 kHz, 100 kHz, and 1 MHz frequencies and is shown in
Fig. 3. At high temperature, the € shows high magnitude in all measured
frequencies which supports the strong temperature dependent nature for
dielectric constant of the sample. Dielectric constant (&') shows increasing
trend with increase of temperature but no any phase transition has been
observed up to the measured temperature region. With increase in
temperature, the effect of charge polarization is enhancing hence the
permittivity rise to apparent values which shows the electrical insulation
characteristic of the sample. The increasing trend of € with temperature
in all measured frequencies support the dipoles mechanism in the pellet.
However, the € show a sluggish dip in between 10 kHz to 1 MHz
frequencies due to smaller crystallite size of the compound, which is the
characteristic of a good dielectric material. Dielectric loss (tan &) as a
function of temperature over the measured frequencies is shown in Fig. 4.
From Fig. 4, we see the decreasing trend in magnitude of dielectric loss
with increase in frequency. Also, the tan & increases with increase of
temperature in all measured frequencies. This increment in tan § with
increase of temperature supports the leakage current phenomenon.
Hence, we can say that the prepared material behaves like a conductor in
high temperature zone.
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The ac-conductivity measured at different frequencies (10 kHz, 100 kHz
and 1 MHz) show increasing trend with increase of temperature which is
shown in Fig. 5. Due to oxygen ion vacancy, the magnitude of log oac
increases with increase in frequency (from 10 kHz to 1 MHz). The dc-
conductivity of the sample is shown in the inset of Fig. 5. The conductivity
(log o4c) increases with increase in temperature under dc-field. This
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increment in conductivity with increase in temperature occurs due to
impurities, interstitials, defects etc. takes place either through band
mechanism or through hopping of the charge carriers among impurity
centers. Also, the increase in conductivity is a consequence of thermally
activated process which can be described by the Arrhenius relation. The
calculated activation energies (E.) are 2.69 eV and 1.73 eV for the
temperature ranges (473 K to 498 K) and (503 K to 543 K) respectively.

3.3 Thermal Studies

The heat flow vs. temperature curve in the heating and cooling cycles
for neodymium ferrite is shown in Fig. 6. The endothermic sluggish peak
around 1103 K in heating cycle has been observed. This sluggish peak
around 1103 K is the ferroelectric transition temperature/Curie
temperature (Tc) of the sample and the magnified view near Curie
temperature is shown in the Fig. 6. There are no any major/sluggish peaks
have been observed in cooling cycle. The calculated values of change in
heat flow (ACp) and change in enthalpy (AH) are 0.068 J/gK and 2.3664
]/g respectively. Also, weight vs. temperature curve is shown in the inset
of Fig. 6. The calculated value of weight loss with increase in temperature
is 0.157 mg. This achieved value (0.157 mg) is 1.01 % for the initial weight
of stoichiometric amount of NdFeOs. This small weight loss indicates the
thermal stability of the compound.
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Fig. 6 DTA-TGA curve of NdFeOs (a) heat flow vs. temperature (b) magnified view of
heat flow near Tc (c) weight loss vs. temperature

4. Conclusion

The polycrystalline NdFeOs ceramic has been prepared by conventional
high temperature solid state reaction method. The formation of the
compound exists in Pnma space group which has been confirmed by X-ray
diffraction analysis and its lattice parameters were calculated using
Rietveld refinement method. The high magnitude of dielectric constant at
room temperature supports the dielectric relaxation phenomenon. The
dielectric constant as well as dielectric loss studies support the Maxwell -
Wagner type interfacial polarization. The increment in dielectric constant
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with increase in temperature supports the probability of electric dipoles
occurrence in the sample which is the characteristic of electrical
insulation. The dielectric loss shows decreasing trend with increase in
frequency. Also, with increase in temperature this dielectric loss is
increasing in the all measured frequencies. The activation energies (2.69
eV and 1.73 eV) were calculated in two temperature ranges (473 K to 498
Kand 503 K to 543 K). The thermal analysis measurement confirms that
this compound is thermally stable due to very low weight loss (1.015% of
the initial weight). Hence, this detailed analysis of structural, electrical and
thermal characteristics for NdFeOs ceramic will be useful for practical
applications.
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