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Abstract

In this research, CaCu,Ti,O,, (CCTO), NiO-based, CuO and (1-x)CaCu,Ti,O,,-
XLiy 50Tl 0Ny 0 (CCTO-LTNO) nanocomposite ceramics were synthesized. X-ray diffraction
(XRD) and scanning electron microscope (SEM) with energy dispersive x-ray spectrometer (EDS)
were used to characterize the phase formation and microstructure of theses ceramics, respectively. The
dielectric and electrical properties of the synthesized ceramics were investigated in the frequency and
temperature ranges of about 10°-10" Hz and -50-200 °C, respectively. The research is divided into
four parts as the following.

First, the dielectric properties of CCTO ceramics prepared by three different methods—a simple
PVA sol-gel, an egg white, and a polymerized complex—are investigated. It is found that the

synthesized ceramics exhibit the microstructure that consists of grains and grain boundaries. The values
of € of the CCTO ceramics prepared by these three methods are found to be in the range of

1.0X10°-2.0X10" at the frequency of 10° Hz. Interestingly, € of the CCTO ceramics prepared by
egg white and polymerized complex routes is nearly frequency independent in the frequency range of
about 10°-10" Hz. The dielectric relaxation behavior exhibited in the CCTO ceramics can be well
ascribed by using the Cole-Cole relaxation model. The giant dielectric response in the CCTO ceramics
may be attributed to the electrically heterogeneous structure, consisting of semiconducting grains and
insulating grain boundaries. As a result, the internal barrier layer capacitor (IBLC) effect exhibited in
the special structure can result in the giant dielectric response of the CCTO ceramics.

Second, the investigation of the giant dielectric response in Li Ti Ni, O (x = 0-0.10 and

1-x-y
y = 0-0.15) prepared by a polymer pyrolysis route are studied. The XRD and SEM-DES results
demonstrate that the Li and Ti doping concentrations have remarkable influences on both of the phase
formation and microstructural evolution of the LixTinilwa ceramics. It is found that the Ti'" doping
ions prefer to form the second phase of NiTiO, phase; in contrast, the Li" ions can easily substitute the

Ni’" sites in the NiO crystal lattice. Interestingly, Li doping has a large contribution to the substitution
of the Ti'" ions on the Ni”" sites. It is observed that the NiTiO, particles largely accumulate along the
grain boundaries and on surfaces of the LTNO ceramics with Ti = Li. However, such large
accumulation can be removed by increasing the Li doping concentration. The microstructural evolution
can suitably be ascribed based on the liquid-phase sintering mechanism. For the dielectric properties,
all of the Li TiNi, O ceramics exhibit the giant dielectric constant, €' ~10°-10°. Two sets of
relaxations are observed in the dielectric spectra of LTNO ceramics with Ti 2 Li. Both of the LFR and
HFR can be well fitted by the Cole-Cole relaxation equation combined with the dc conduction term. It

is found that the oxygen vacancies in the ceramics induced by annealing in Ar atmosphere have a great



influence on both of the LFR and HFR processes. The total resistance and grain resistance of the LTNO
ceramics increase with increasing the oxygen vacancy concentration. These changes in the resistances
can cause a dramatic change in the dielectric properties in both the LFR and HFR processes. The
increase in the total resistance is attributed to the transformation of the semiconducting surface to the

insulating surface. Consequently, the additional polarization at the interface of surface layer and the

inner part can raise the low-frequency €' of the LTNO ceramics. The decrease in £ at a high
frequency range is attributed to the increase in the resistance of the grain. Besides the Li Ti Ni, O
O ceramics, which are prepared by a direct thermal decomposition method

0O, LiXFeyNi O, and

ceramics, the Li TiNi,_

and a PVA method, as well as other NiO-based systems, i.e., Li V Ni,_ 1oxey

Li ALNi, O, are also studied in this research. The giant €' exhibited in these ceramics can be

ascribed based on the interfacial polarization mechanism, resulting from the inhomogeneous structure.
Third, the influences of the heat treatment in Ar and uniaxial compressive stress on the

dielectric properties of the CCTO-LTNO nanocomposites are investigated comparing to the CCTO

ceramic. The results reveal that oxygen loss in the structure due to the effect of annealing in Ar results
in the increase in the €' value of the CCTO ceramic, but no effect on the dielectric properties of the
CCTO-LTNO nanocomposites. It is also found that both of €' and tand gradually increase with
increasing the applied compressive stress; while, €' and tanO of the CCTO-LTNO nanocomposites
remains constant. As a result, the dielectric properties of the CCTO ceramic can be modified by adding
LTNO nanoparticles. The experimental results can be well explained based on the IBLC effect.

The last, the dielectric and electrical properties of CuO ceramics are investigated. It is found
that the CuO ceramics can exhibit the giant €' of about 10"-10°. The dielectric relaxation behavior
exhibited in the CuO ceramics nearly coincide with the ideally Debye relaxation model. The observed
giant €' in the CuO ceramics may be attributed to the electrical responses of the grain boundary and
inside the grain. The low-frequency g’ value corresponding to the electrical response of the grain

boundaries is found to be decreased with increasing an applied dc bias, which is related to the increase

in the resistance of the grain boundary due to the effect of dc bias.

Keywords: Synthesis; Nanoparticles; Nanocomposite; Ceramic; Oxide; Giant dielectrics; Crystal
structure; Microstructure; Dielectric constant; Dielectric properties; Electrical properties; Polarization;

Dielectric relaxation; Cole-Cole model; IBLC model; Annealing; Uniaxial stress; Oxygen vacancy
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