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We described the anomalous temperature behavior of the giant dielectric response and losses using the core-
shell model for ceramic grains and modified Maxwell-Wagner approach. We assume that core shells and grain
boundaries, which contain high concentration of space charge carriers due to the presence of graphite inclu-
sions in the inter-grain space, can effectively screen weakly conductive ferroelectric grain cores.
We considered several possible mechanisms, which can lead to the giant values of the relative dielectric per-
mittivity accompanied by the very high values of dielectric losses in the strongly inhomogeneous ferroelectric-
semiconducting ceramics.
The first mechanism is the effect of “geometric” capacitance, which could appear in the highly porous mix-
tures of the insulating and conducting inclusions. In this case the effective surface area of the capacitor could
be much larger than the electrodes area, and the effective area could accumulate the space charge. Note that
the geometric capacitance effect contribution could be verified by measuring the capacitance of the ceramic
samples of different cutting angles, thickness, electrode area, frequency, and temperature.
The second mechanism is the Maxwell-Wagner effect [1], which could lead to the apparent enhancement
of the dielectric response in the dielectric-semiconducting mixture in the presence of insulating polar grains,
screening shells and conducive graphite inclusions. In principle all conductivity effects in the inhomogeneous
media are strongly inter-wined and closely related with possible electric percolation effects. The possible roles
and relative contributions of the different conductivity effects were considered with the help of the different
theoretical models.
According to the effective media model proposed by Liu et al. [2], the one can consider two (or more) layers
representing all grain cores, their screening shells and grain boundaries, graphite inclusions and inter-grain
space in the Maxwell-Wagner approach. One of the “effective” layers corresponds to weakly-conductive grain
cores, and the other corresponds to all stronger conductive regions (such as screening shells, grain boundaries
and/or inter-grain space). The layers are characterized by the effective dielectric permittivity and conductiv-
ity for grain cores, grain boundaries and/or inter-grains. These effective parameters are temperature and/or
frequency dependent.
The superparaelectric-like state with a giant dielectric response can appear in the paraelectric shells and inter-
grain space due to the step-like thermal activation of localized polarons in the spatial regions, being in agree-
ment with experimentally observed frequency-dependent transition of the electro-transport mechanism [3].
Obtained results can be the key for the description of complex electrophysical properties inherent to the
strongly inhomogeneous media with electrically coupled insulating ferroelectric nanoregions and semicon-
ducting superparaelectric-like regions.
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