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Abstract
Lithium ferrite (Li0.5 Fe2.5 O4 ) powder was prepared by solid state reaction method, which was finally pressed
and sintered at 1150 °C. The spinel structure of the lithium ferrite was confirmed by X-ray diffraction and
grain size estimation was obtained from scanning electron microscope (SEM). Fourier transform infrared spectroscopy (FTIR) confirmed the presence of primary and secondary absorption bands characteristic for spinel
structure. The force constants were estimated using absorption bands for the lithium ferrite. Magnetization
and dielectric studies were carried out for the sintered sample. Saturation magnetization (M s ) of 59.6 emu/g
was achieved and variation of magnetization with temperature was used to identify the Curie temperature. The
complex permittivity (ε∗ ) for the lithium ferrite sample was obtained for wide frequency range up to 3 GHz and
discussed based on available models. The Curie temperature was estimated around 480 °C and verified from
both magnetization versus temperature and dielectric constant versus temperature measurements.
Keywords: ferrites, sintering, structural characterization, magnetic and dielectric properties
tions. The measured dielectric and magnetic behaviour
could also help understand the dipoles interaction and
nonlinear behaviour in lithium ferrite at frequency less
than 3 GHz, useful in designing the composite material
comprising ferroelectric material [15], microwave devices edge guided isolators and circulators.
In present work, the lithium ferrite was prepared
through solid state reaction route and sintered at high
temperature. The magnetic and dielectric properties
have been studied as a function of temperature and applied field.

I. Introduction
Lithium ferrite is commercially available ferrite used
in different types of applications, such as: electromagnetic absorbers, fuel cells, sensors and microelectronic
materials, due to stability, low conductivity, stress sensitivity and high Curie temperature [1–9]. Spinel ferrites are widely used in high frequency zone operating
with Snoek limitation with narrow band width [10–12].
Several preparation methods and different sintering conditions have been used to control chemical composition and structure of lithium ferrite ceramics, as well
as to tailor the magnetic and electric properties. The
basic method of preparation is still conventional mixing of the corresponding oxides, followed by calcinations and final sintering [13]. The measurement of dielectric and magnetic properties allows understanding
of the polarization mechanism of the dipoles [14] associated under the above synthesis and sintering condi-

II. Experimental procedure
Lithium ferrite (Li0.5 Fe2.5 O4 ) powder with the desired composition was prepared using solid state technique. Lithium carbonate (Li2 CO3 ) and Fe2 O3 powders
of AR grade were weighted according to the stoichiometric formula of the desired composition:
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Li2 CO3 + 5 Fe2 O3 −−−→ 4 Li0.5 Fe2.5 O4 + CO2 ↑

∗
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These ingredients were thoroughly mixed in wet atmosphere (methanol) in an agate mortar for 6 h, and then
dried by slow evaporation. The mixture was calcined
in air for 4 h at 900 °C and again ground. The calcined
powder was mixed with the polyvinyl alcohol (PVA),
used as a binder, and then pressed into discs with diameter of 1.0 cm and thickness of 1.0–1.5 mm. Finally,
the green pellets were sintered at 1150 °C for 4 hours to
obtain lithium ferrite (LF) ceramics.
Phase composition of the sintered lithium ferrite was
identified using X-ray diffraction (Model: Bruker D8
SSS-CuKα) and grain size was estimated from scanning electron microscope (Model: Carlzeiss Ultra-55).
Fourier transform infrared spectroscopy (FTIR) was
measured using the Bruker, Germany Model: Vertex
70. Magnetic measurements were carried out at room
temperature by applying 20 kOe magnetic field coupled with temperature variation condition using vibrating sample magnetometer (Model: 9T PPMS-Quantum
design). The dielectric measurement, such as real part of
permittivity and dielectric loss (tan δ), was carried out
using impedance analyser (Model: Agilent technologies
model E5062A) for higher frequency range up to 3 GHz
at room temperature. The dielectric constant versus temperature measurement at a low frequency (10 kHz) was
carried out to understand the polarization mechanism of
lithium ferrite. For low frequency measurement of dielectric constant, LCR meter from Wayne Kerr electronics with model number 1J43100 was used.

Figure 2. SEM picture of lithium ferrite

III. Results and discussion
Figure 1 shows the powder diffraction pattern of the
lithium ferrite sample sintered at 1150 °C. The reflection
planes of the spinel ferrite structure shown in the X-ray
pattern are indexed and compared with standard JCPDF
data (89-7832 & 88-06711). Crystal structure was found
to be spinel in nature with obtained lattice parameter of
a = 8.3157 Å, which is in agreement with the previously
reported values [16].
The grain structure appears to be uniform in size with
the average grain size around 8.3 µm, estimated from

Figure 3. Magnetization variation with the applied magnetic
field (H) for lithium ferrite

SEM pictures (Fig. 2). This coarse grain structure could
be formed due to the interaction between magnetic particles through agglomeration or coalescence at relatively
high sintering temperature. These interactions often lead
to diffusion or concentration of dissimilar ions at various
sites in the structure leading to higher crystallite size or
grain size [17,18]. The discontinuous grain growth hampers the migration of pores to the grain boundary which
influences the domain wall contribution in the magnetization mechanism [19,20].
Variation of magnetization with the applied magnetic
field (H) for the sintered Li0.5 Fe2.5 O4 was studied at
room temperature. As shown in Fig. 3, magnetization
increases with increasing field suggesting movement of
the domains or domain boundaries changing direction
with respect to applied field. As the applied field increases, the movement of domains or domain walls follows the field at the expense of domains which are unable to orient. This continuous movement of domains
leads to the saturation value where domains are completely orientated towards the field. Properties such as

Figure 1. XRD pattern of sintered lithium ferrite sample
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saturation magnetization, coercivity and remanence, determined from measured data, are shown in Fig. 3. The
existence of very low coercivity can be observed from
the hysteresis (inset in Fig. 3). The saturation magnetization (M s = 59.6 emu/g) obtained for the lithium ferrite sample is comparable to the previously reported values [3,5]. The obtained data suggest that the magnetization nature depends on the sub-lattice collinear spin
model which depends on the cation distribution in A and
B sites. According to Neel this magnetic behaviour is
due to the contribution from AB sites rather than AA or
BB sites interactions [21]. The net magnetization is a result of difference of sub-lattice magnetization at both (A
and B) sites which are coupled through ferromagneticnonmagnetic behaviour. Here lithium is expected to be
in B sites playing the role of non-magnetic behaviour
along with the iron (Fe3+ ) which is also present in A site.
The value of magnetization obtained experimentally is
with agreeable range of theoretical value which can be
calculated using Bohr magneton [22]. The known magnetic moment calculated for Li+ (0 µB) and Fe3+ (5 µB)
ions could give theoretical value for Li0.5 Fe2.5 O4 calculated as:

spectroscopy where the occurrence of bands at specific
positions indicates the presence of metal ions.
The ferrite has space group Fd3m-Oh7 showing IR
bands in the frequency range 400–1000 cm-1 [26,27]
(Fig. 5). Formation of two bands with three subsidiary
bands shows the ordered nature of the sample. The
broad peak indicates the inverse spinel nature of ferrite
due to the distribution of Fe3+ in A and B sites [28]. The
first band at ν1 = 564.39 cm-1 is related to the stretching
vibration of Fe3+ −O2– in tetrahedral sites along with the
subsidiary bands near 661 cm-1 and 695 cm-1 . The second band at ν2 = 414 cm-1 is related to the metal-oxygen
vibration in octahedral sites along with subsidiary band
near 496 cm-1 . The subsidiary band appearance with additional peak attributed to the presence of two different
covalent ions at the tetrahedral sites could only be assigned to Fe3+ −O2– [29]. Potakova et al. [30] suggested
the presence of iron (Fe2+ ) ions in ferrite system producing the splitting of absorption bands which is attributed
to the John-Teller distortion inducing deformation. The
absorption bands allow calculation of force constants of

|M s |theo = |MB | − |MA | =
= |0.5 × 0 + 1.5 × 5|B µB − |1 × 5|A µB
|M s |theo = 69.82 A · m2 · kg−1
The 14% variation between calculated and measured
magnetization values could be understood on the basis
of the Neel model. The theoretical value is much higher
than the experimental one, suggesting the decrease in
contribution from B sites to the magnetization. This is
perhaps stronger influence than from A sites trending
to decrease net magnetization. Reduction of magnetization can only occur when lithium (Li+ ) limits the iron
mobility during sintering process in B (octahedral) site
[23] and these minor changes could also be noticed in
the dielectric properties.
Figure 4 shows the temperature variation of magnetization of the lithium ferrite with the Curie temperature at around 480 °C. Figure 4 shows the stable nature of magnetization up to the Curie point and fast
drop at higher temperature. This variation of magnetization could be due to the complex interaction between
lithium and iron ions leading to the spin canting effects in lithium ferrites as reported elsewhere [3,5,24].
This variation of magnetization further depends on the
grain size, anisotropy nature, porosity, sintering conditions and cation distribution. Weiss Brillouin theory of
ferromagnetism [25] indicates that the magnetic spins
experience the thermal stirring at non-zero temperature
and internal spin can be reversed by reducing the effective field on either of the sub lattices. These interactions
further depend on the distribution of lithium along with
iron (Fe3+ ) ions in B sites and iron (Fe3+ ) in A sites.
This distribution could be further analysed using FTIR

Figure 4. Temperature variation of magnetization of lithium
ferrites

Figure 5. FTIR pattern for lithium ferrite
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the ions at the tetrahedral and octahedral sites using the
equation [31]:
K = 4π2 c2 µν2

(2)

where c is the speed of the light (c = 2.99×1010 cm/s),
ν is the band associated with vibrational frequency
for A and B sites, µ is the reduced mass (µ =
2.601×10-23 g). The force constant values obtained for
the two main bands are Koct = 1.57×102 N/m and Ktetra
= 2.92×102 N/m. The higher value for the tetrahedral
sites suggests higher stretching between these ions leading to the higher force constant than that for the octahedral sites. This leads to assumption of higher value of
radii between Fe3+ −O2– at tetrahedral sites and reduced
value of radii at octahedral sites [32]. The presence of
charges at A sites and B sites could be useful in understanding of dielectric nature of the sample.
The complex permittivity was measured using
impedance analyser. The real part of permittivity (ε′ ) indicates the dielectric capacity or charge storage whereas
the loss of energy in material under the applied field is
represented by tan δ. Measurements were carried out in
a broad frequency range. Measurements at lower frequencies (Fig. 6) were done indirectly from capacitance,
but at higher frequency (Fig. 7) permittivity is measured directly from impedance analyser. In lower frequency range, grain boundaries play more effective role
than grains resulting in high permittivity. But, as the frequency increases, jumping frequency of charges cannot
match the applied field and therefore do not follow the
applied filed, reducing the permittivity. In the lithium
ferrite the Fe2+ ions exist in the octahedral sites and exchanges with Fe3+ causing higher resistivity [23]. The
presence of Fe2+ favours polarization effects reducing
the dielectric constant with increase in frequency due
to the inability of electrons to hop between Fe2+ and
Fe3+ under applied field. This behaviour of dispersion
could be interpreted on the basis of polarization effects
determined by local displacements of electrons in the di-

rection of field in accordance with the Maxwell-Wagner
interfacial and Koop’s theory [33]. The inability of electrons to polarize under the applied field leads to losses
in samples measured as loss tangent for different frequency range.
The loss tangent plotted against frequency shown in
Fig. 8 suggests the material characteristic loss at different frequencies. The dispersion in tan δ is observed as
lag in polarization in the higher frequency. The maximum peak or ferrimagnetic resonance is observed when
hopping frequency of electron equals to applied external field which jumping from Fe2+ ←−−→ Fe3+ expressed
as power loss [34]. The loss factor is due to the contribution of resistive nature of the sample mainly from
domain wall resonance in grains at lower frequency
and spin resonance at high frequency. The broad resonance in multiple regions of the frequency suggests the
presence of Fe2+ /Fe3+ ions in reasonable amounts. The
resonances (52.8 MHz and 1.36 GHz, 1.8 GHz) show
the jumping probability regions at high frequency for
lithium ferrite. Broad peak of loss tangent indicates the

Figure 6. Dielectric constant for lithium ferrite at low
frequency

Figure 8. Loss tangent for lithium ferrite at high frequency

Figure 7. Real part of permittivity for lithium ferrite at high
frequency
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value. Magnetization and dielectric variations with temperature show the thermal stability of the lithium ferrite
as the Curie temperature around 480 °C is obtained using both techniques. The observation of broad resonance
peaks in tan δ spectra suggests that the lithium ferrite
has multiple jumping probability frequency points in the
high frequency zone.

presence of distributed relaxation times instead of single one [35]. The maximum dielectric loss in the material can be understood using equation: ω · τ = 1 where
ω = 2π · fmax and τ is relaxation time which is jumping
probability (p) per unit time. These multiple resonance
features could be interpreted based on the loss contribution due to the domains in lower frequency region
(MHz) and spin contribution at higher (GHz) frequency
region. This is useful in predicting the nature of lithium
ferrite at microwave region for absorption purposes.
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