SSPH18-94
2006B1576 BL02B2

FHE VBNV AF IR FICBIBE AV Ay 7R FREERED
LK 78 1 7€ BLBR A% o 1% W
Mechanism of Mesoscopic Particle Structure Induced Ultrahigh
Dielectric Properties for Barium Titanate Nanoparticles
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Barium titanate (BaTiO;) nanoparticles with various particle sizes from 17 to 1,000 nm were prepared by a
2-step thermal decomposition method of barium titanyl oxalate. Various characterizations revealed that these
particles were impurity-free, defect-free, dense BaTiO; nanoparticles. The dielectric constant of these BaTiO,
nanoparticles was investigated using a powder dielectric measurement method, and as a result, the dielectric
constant of BaTiO; nanoparticles with a size of around 140 nm exhibited a maximum of around 5,000. To
explain this size dependence of dielectric property, a mesoscopic particle structure was precisely investigated
using synchrotron radiation. As the results, it was revealed that all BaTiO; nanoparticles were always composed
of three-layer model, i.e., (1) surface cubic layer, (2) bulk tetragonal layer and (3) gradient lattice strain layer
(GLSL), and the crystal structure of each layer was almost constant despite particle sizes while the volume
fraction of each layer changed with decreasing sizes. On the basis of these mesoscopic particle structure, the

origin of the ultrahigh dielectric property was discussed.
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Heat- Particle  Crystallite

trcnir_n_cnl size m) size Impurity Composition Density
- lattice: negligible 5.87g/em?
non- 20 2 attice: negligible Ba/Ti=1.00 s/em
treatment surface: OH, CO;> 99.2%
Iattice: ligibl; 5.88g/cnt?
680°C 3hr. 30 30 attice: negligible Ba/Ti=1.00 /e
surface: OH, CO5> 98.8%
lattice: negligible . 5.88g/cmi®
700 °C 3hr. 40 36 Ba/Ti=1.00
surface: OH, CO> ' 98.3 %
lattice: negligible - 6.01g/ent?
800 °C 3hr. 85 80 Ba/Ti=1.00
surface: OH, CO5> ' 100 %
. Iattice: negligible . 5.97g/cns?
850 °C 3hr. 140 1.3X10* Ba/Ti=1.00
surface: OH, CO> 99.2 %
lattice: negligible 5.97gfcn?
900 °C 3hr. 215 2axqge  ‘ttiees negligible Ba/Ti=1.00 wlen
surface: OH, CO> 99.3 %
lattice: ligibl; 5.99 3
1000C3hr. 430 axqqe  'attice: negligible Ba/Ti=1.00 slem

surface: OF, CO* 99.6 %

Table 1 Characterization results for BaTiO; nanoparticles

prepared using two-step thermal decomposition method.
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Fig. 1 Particle size dependence of dielectric constant for
BaTiO; nanoparticles.
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Fig. 6 Fitting result using three-layer model for the BaTiO;
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Fig. 3 Fitting result using three-layer model for the BaTiO;

nanoparticles with 430 nm.

nanoparticles with 85 nm.
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Fig. 7 Particle size dependence of lattice parameters for (I)

surface cubic layer and (II) bulk tetragonal layer.
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Fig. 4. Fitting result using three-layer model for the BaTiO;
nanoparticles with 215 nm.
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Fig. 8 Particle size dependence of thickness of each three

layers for BaTiO; nanoparticles.
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Fig. 9 Particle size dependence of volume fraction of each

three layers for BaTiO; nanoparticles.
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Fig. 10 Schematic distribution of dielectric constant for
BaTiO; nanoparticles with three-layer model.
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Fig. 11 Size dependence of dielectric constants for BaTiOs
nanoparticles; (I) experimental and (II) caliculated values.
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