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Ceramic nanomaterials have been studied intensively during recent years due to
their specific electrical, mechanical or chemical properties resulting from the high
interface area/ volume ratio. Many physical, chemical, mechanical or mixed proce-
dures were proposed in the literature to obtain powders, films or bulk nanomaterials.
Hydrothermal methods are mentioned to have important advantages such as: one-
step environmental friendly process, controlled crystallite size and composition, high
homogeneity and sinterability. Nanocrystalline powders from the complex systems
Y203-ZrO2 PbO-ZrO2-TiO2 and BaO-TiO2 have been obtained by hydrothermal pro-
cedures.

Precursor Zr (1V), Ti (IV), Y (llI), Ba (1) or Pb (II) aqueous solution mixed in differ-
ent controlled molar ratios have been used as raw materials. The synthesis pH was
adjusted to the desired value using an appropriate mineraliser. Powders have been
obtained by hydrothermal treatment of the suspension in a 2L Teflon autoclave
(CORTEST, USA) for different times and temperature range. Phase composition of
powders was investigated by XR diffraction and RAMAN spectroscopy. Mean crys-
tallite sizes and crystallisation degree were calculated from XRD spectra. The pow-
ders microstructure was investigated by SEM method.

A simple general model was proposed for the hydrothermal synthesis of ceramic
composite nanopowders. It allows the estimation of powders mean crystallite sizes
using the equation

tm ~ (3 kg /47rg)1/3 (Pe)1/3 (-InKpp, o)-1/3 [In(1/(1-(Pe/Sg))]1/3(1-0) 1/3 1)

where o is the experimental crystallisation degree, kg is Boltzmann's constant,
Kh,g is the hydrolisis constant of the hydrolysis reaction, P the concentration of pre-
cursor M(OH),, and S the initial metal concentration.

Extensive studies on the crystallization mechanisms and kinetics of
nanocrystalline powders from the systems Y203-ZrO2 PbO-ZrO2-TiO2 and BaO-TiOz2
have been done to verify the model and optimise the processes.

In the case of hydrothermal synthesis of zirconia-based nanopowders, it could be
observed that cubic metastable phase is the first formed from the solution due to its
lower surface energy compared to the stable monoclinic one (fig. 1).
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Yttria tetragonal nanopowders with large peaks typically for the nanopowders
have been prepared. The calculated mean crystallite sizes were in the range 8 nm
to 23 nm [1].

Mean crystallite size (d111) and particle sizes (Dp) were calculated [1]:
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Fig.1. XRD pattern of cubic zirconia powders

dy41 =-7.704 + 0.169 pH + 0.109 T [nm] @)
Dp = 0.6429+2.49.102 pH - 1.5797.10°3 T [mm] (3)

A model describing the hydrothermal synthesis process of BaTiO3 powders have
been also proposed [1]. The influence of the synthesis parameters (x1 - working tem-
perature; x2 - synthesis process duration; x3 - solution pH; x4 - molar ratio Ba/Ti in
initial solution) on the Ba/Ti molar ratio in the powder (y1) and crystallisation degree
of the synthesis product (y2) was studied. Process mathematical model is formed by
two equations [1]
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PZT nanocrystalline powders with mean crystallite sizes in the range 4 - 42 nm

have been prepared by hydrothermal crystallisation. The Avrami-type equation
describes the evolution of crystallite sizes with hydrothermal treatment time [1]:

yi= In (In 1/1-ri) (4)

where rj ratio between d; and dpj,54 and d; = In(t;).

The calculated values correspond to the experimental calculated crystallisation
degree presented in fig 2.
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Preliminary electrical tests [1] showed that piezoceramic active elements based
on PZT obtained by hydrothermal procedures present permitivity values higher than
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Fig. 4. Conductivity of sintered YTZP
References

1. R.M. Piticescu, R.R. Piticescu, D.Taloi,V. Badilita, "Hydrothermal synthesis of
ceramic nanomaterials for functional applications", TNT 2002, Spain (revised, under
press in Nanotechnology, editor IOP Publishing Ltd.).

2.. R.R. Piticescu, B. Malic, C. Monty, "Synthesis and sintering behaviour of
hydrothermally synthesised YTZP nanopowders for ion-conducting applications",
Electroceramics VIII, 25-28 August 2002, Rome, abstract book p. 139 (revised,
under press in J. Eur. Ceram. Soc)



