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Temperature dependent conductivity of materials is one prime interest of materials science. Many ferrite
materials are reported showing conductivity anomalies with temperature. CoFe2O4, Mn0.5Zn0.5Fe2O4 and
SrFe12O19 are studied for the conductivity anomalies with impedance spectroscopy. Conductivity data of
the samples obtained during heating show anomalies with temperature, while during cooling do not
show any anomalies and follow Arrhenius behaviour. The anomalies in ac conductivity r0ðxÞ and
dielectric constant e0ðxÞ corroborated with the TGA and it is attributed to the absorption of water by
the material before performing the experiment. Hence it is recommended to perform the electrical
measurements during cooling of the sample from high temperature.
� 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Impedance spectroscopy is a suitable tool to study the electric
and dielectric properties of materials of various kinds [1–3]. Sev-
eral anomalies have been reported on the conductivity of ferrites
with temperature. Metal to semiconductor transition is reported
as conductivity decreases with increase of temperature (metallic
behaviour) in the low temperature region. At high temperature
range conductivity increases with an increase in temperature
(semiconducting behaviour) [4–6]. In the present work, we inves-
tigate electrical behaviour of different ferrites using ac impedance
spectroscopy by carrying out measurements for various tempera-
tures by heating and cooling the sample.
2. Experiment

CoFe2O4 (CFO), Mn0.5Zn0.5Fe2O4 (MZFO) and SrFe12O19 (SFO)
samples are synthesised by chemical co-precipitation method.
CFO is synthesised with Co(NO3)26H2O and Fe(NO3)39H2O. MZFO
is synthesised with MnCl2.4H2O, ZnCl2 and FeCl3. SFO is synthe-
sised with Sr(NO3)2 and Fe(NO3)3.9H2O. NaOH is used as the pre-
cipitation agent for all the samples. CFO is made into pellet and
sintered at 1073 K. MZFO is dried overnight and made into a pellet.
SFO is calcinated at 1173 K and made into a pellet. The formation of
samples is confirmed with powder X-ray diffraction and it is
shown in Fig. 1. Complex impedance data of all the samples are
taken for the frequency range of 0.1 Hz to 1 MHz in nitrogen ambi-
ence for various temperatures using Alpha-A analyser of Novocon-
trol instrument with quatro cryosystem of temperature accuracy
0.5 K. Electrical measurements have been carried out during heat-
ing of the sample from room temperature to higher temperature
and then cooled to room temperature. Thermogravimetric analysis
(TGA) of the sample is obtained with TA instruments Q600.
3. Results and discussion

Samples show conductivity anomaly on the measurement taken
during heating from room temperature to higher temperature.
MZFO and SFO show a decrease in conductivity with an increase
in temperature near 373 K. The ac conductivity measurements dur-
ing cooling do not show any conductivity anomaly and follows
expected Arrhenius behaviour. The ac conductivity of all the sam-
ples at 10 Hz for various temperatures is shown in Fig. 2. TGA of all
the samples shows loss of weight during heating of the sample and
it is shown in Fig. 3. It indicates evaporation of absorbed water. The
conductivity anomalies of the samples observed during heating of
the sample are related to their corresponding TGA data. CFO shows
less variation of weight loss (3%) in TGA and least conductivity
anomaly during heating. SFO shows moderate weight loss (5%)
and shows conductivity anomaly near temperature 373 K. The
conductivity data during cooling of CFO and SFO do not follow
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Fig. 1. X-ray diffraction pattern of samples.

Fig. 2. Ac conductivity of the samples at frequency 10 Hz for various temperatures.

Fig. 3. Weight loss of samples with temperature.

Fig. 4. Permittivity of samples at frequency 10 Hz for various temperatures.
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the heating path. Weight loss of CFO and SFO continues up to
523 K. MZFO shows large weight loss of 10% and very large conduc-
tivity anomaly during heating. The conductivity data during cool-
ing follow the heating path till 433 K. TGA data of MZFO also
show no weight loss from 433 K to 560 K. From the above observa-
tions it is clear that absorbed water in the sample may leads to
conductivity anomaly. Iqbal et al. observed similar conductivity
anomaly in Mg(1�x)CoxCrxFe2�xO4 during heating the sample and
it is attributed to moisture deep within the pores of the sample
pellet [7]. The dielectric constant e0 also shows similar anomaly
and it is shown in Fig. 4. As the temperature increases, the value
of e0 increases due to Maxwell–Wagner polarisation at low fre-
quencies and high temperatures [8]. Heating the sample causes
the reduction in the value of e0 at room temperature since the
absorbed water evaporates as observed by Iwauchi [9]. The
absorbed water in the samples may increase or decrease the total
conductivity [10].

4. Conclusion

Even after sintering the sample may absorb water from the
atmosphere before performing the electrical measurements. This
absorbed water in the sample leads to conductivity anomalies with
temperature. This may cause the very large Maxwell–Wagner
polarisation for low frequencies at low temperatures. The mea-
surements taken during cooling do not show any conductivity
anomaly with temperature and follows Arrhenius behaviour.
Hence, it is recommended to perform electrical measurements dur-
ing cooling the sample from higher temperature to avoid the free
charge carriers created by absorbed water, even for the sintered
sample.
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