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THANIN PUTJUSO : GIANT DIELECTRIC PROPERTIES OF
COPPER OXIDE CERAMICS. THESIS ADVISOR : ASSOC. PROF.

PRAPUN MANYUM, D.Phil. 153 PP.

DIELECTRIC/COPPER OXIDE/SEM/XRD

This thesis is concerned with the study of the dielectric properties of CuO
ceramics prepared from the CuO powder obtained from commercial, direct thermal
decomposition (DT) and polymer pyrolysis solution route (PR) methods. The DT
and PR prepared precursors were calcined at 500, 600 and 700°C in air for 6
h to obtained the crystalline CuO powders with the particle size in the range
of 33 - 39 nm and 26 - 34 nm for the DT and PR powders, respectively. The
particles size of the commercial crystalline powder is about 43 nm. XRD analysis
of these powders shows main phase of the CuO. SEM micrographs reveal that
the particle size of the powders increased with increasing calcination temperature.
CuO ceramics are prepared from the synthesized powders by sintering. Sintering
is conducted in air at 900°C and 950°C for 10 h. The grain sizes of the ceramics
obtained from the sintering of the commercial, DT and PR powder are in the
range of 2 - 3 yum, 2 - 11 gm and 1 - 36 pm, respectively. All of the sintered CuO
ceramics show similar dielectric behavior at the temperature between -50 to 100°C
at the frequency between 100 Hz to 1 MHz. Specifically, they exhibit a Debye-like
relaxation and showed giant dielectric response with a giant dielectric constant
of & ~ 10* - 10° in the frequency range of 1 - 100 kHz. To study the annealing
effect on the dielectric properties, the obtained ceramics are then annealed in Ar
atmosphere. The dielectric behavior of the as-, Ar-samples can be explained based

on a impedance spectroscopy (IS) model. This impedance spectroscopy model and



its equivalent circuit consist of a series connection with external and internal part.
From the fitting results with this model, it is found that the external resistance
(Rest) is higher than the internal resistance (R;,;). The dielectric constant of these
ceramics is decreased after annealing in argon, and can be increased again by re-
annealing in oxygen at 700°C for 2 h. The decrease and increase of the dielectric
constant are closely related to the concentration of the oxygen vacancies (oxygen
ion) in the ceramics. The giant dielectric constant of the ceramics prepared from
the DT powder is higher than those of the ceramics prepared from the commercial
and PR powder. The dielectric loss tangent of the DT ceramics is higher than those
of the other two ceramics. In addition, the dielectric constant is decreased with
the increase in the dc-bias voltage since free charge carriers activate to overcome
the potential well of the external part of CuO ceramics. The dielectric constant
and dielectric loss tangent depend also on the uniaxial compressive stress. Both
parameters increase to the maximum value with increasing the compressive stress.
They then begin to decrease with further increasing of the compressive stress.
This stress-dependent dielectric behavior can be ascribed based on the electrical

polarization at interface between electrode and sample surface.
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