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Abstract 229283

Project Code: RMU4980002

Project Title: Preparation and characterization of Pb(B;,3Nb;;3)O5 Qpe relaxor
ferroelectric materials by B-site precursor method

Investigator: Assoc. Prof. Dr. Supon Ananta

E-mail Address: suponananta@yahoo.com

Project Period: 20 July 2006 to 19 July 2009

Objectives:

Two major aspects, i.e. powder preparation and ceramic fabrication, have been
concentrated in order to investigate the effect of B-site precursor method on the phase
formation, microstructure and dielectric property of the Pb(B;sNb,s;)Os type relaxor

ferroelectric materials (where B is Mg, Ni or Zn).

Experimental procedures, Results and Discussion:

(I) Lead-based perovksite ferroelectric powders in the Pb(B;;3Nb,;3)0; system (where B
is Mg, Ni or Zn) have been prepared via a solid-state reaction method that involves
niobate compounds with the columbite- and the corundum-type structures as B-site
precursors. Phase formation and morphology of the calcined powders have been
investigated as a function of calcination conditions. It has been found that the starting B-
site precursor and firing condition have a pronounced effect on the phase formation and
morphology of the calcined powders. The use of either columbite or corundum B-site
precursor routes to prepare pure PMN and PNN powders with the pervoskite structure
has been successful, but not for the PZN powders where a stable pyrochlore phase is
formed preferentially. However, by employing higher perovskite phase stabilizers such as
BaTiO; and PZT additives, the perovksite stability of the PZN phase can be successfully
improved. In addition, it is seen that lower optimized calcination temperatures for the
production of pure perovskite PMN and PNN powders can be obtained by using the
columbite-route, whereas the smallest particle size was found in the corundum route

powders.
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(I} The ceramics in the Pb(By;3Nbys)O; system (where B is Mg, Ni or Zn) have been
fabricated by using a traditional sintering method. Selected compositions were also
fabricated by employing a modified two-stage sintering method. Attention has been
focused on relationships between chemical composition, sintering condition, phase
formation, dé‘nsiﬁcation. microstructure and dielectric properties of the sintered products.
It has been found that by using either the columbite or the corundum B-site precursor
routes, conformable perovskite PMN and PNN ceramics with high density were
successfully fabricated, except for PZN. Pure perovskite phase PMN ceramics with
slightly higher dielectric constant can be produced at lower sintering temperature by
using a corundum route. Whilst the fabrication of pure perovskite PNN ceramics with
larger grain size, higher density and better dielectric properties can be obtained via a
columbite route. Perhaps for PZN, in addition to the pyrochlore formation, the tolerance
factor, bonding and structural parameters e.g. cation valence stability, ordering
parameters, etc. should also be considered. The presence of pyrochlore-type phases

downgrades the dielectric properties of the final products.

Conclusions:

Lead-based perovksite relaxor ferroelectric materials Pb(By;3Nb,;3)03 (where B is Mg, Ni
or Zn) have been prepared via a solid-state reaction method that involves niobate
compounds as B-site precursors. The B-site precursor method has been employed in
two different routes, namely the columbite and the corundum methods. Optimisation of
processing parameters especially the starting B-site precursor and the calcination
condition can lead to single-phase PMN and PNN powders of the desired compositions.
This study clearly shows the influences of the B-site precursor processing on the
variation of the phase formation characteristic, the microstructural evolution and the
dielectric properties of Pb(Bj;3Nby;3)O; ceramics. Under suitable two-stage sintering
schemes, dense and pure perovskite ceramics can be successfully achieved with better
dielectric properties than those of ceramics from a conventional sintering technique. It
has been found that this two-stage sintering technique can effectively suppress the grain

growth in both perovskite PMN and PNN ceramics.
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Suggestion for further work:
() Further investigation on the effect of A-site precursor route on phase formation,
microstructure and dielectric properties of the Pb(B;;3Nby;3)0; system would be useful for

developing a potentially alternative processing route.

() Some improvement may be achieved by increasing the perovskite stability of the
samples in this study by using higher perbvskite phase stabilizer e.g. BaTiOs, PbTiO5 or
PZT additives. However, their size effects and appropriated adding amounts would need

to be considered.

(Il) Further work on surface analysis, microstructural characterization especially at the
grain boundaries and their ferroelectric properties measurements would facilitate a

deeper understanding of these lead-based perovskite relaxor ferroelectrics in general.





