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Table 1. Characteristic of powders.

Physical
Grains (primary particles)
Size and shape
Agglomerates (secondary particles)
Size and shape
Porosity
Amount
Size
Shape
Particle contact
Coordination
Strength
Density :
Specific surface area
Permeability
Compatibility
Flowability
Chemical
Bulk composition
Major clements (1 to 100%)
Minor elements (10 ppm to 1%)
Trace elements (<10 ppm)
Inorganic species
Organic species
Water and other volatiles
Phases
Crystallinity
us

Surface composition
Major elements
Minor clements
Trace elements '
Inorganic species -
Organic species
Water
Phases
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Fig. 1. SEM photographs of BaTiOs spray dried

powders and their cross-sections.
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Chemistry

Sampling
Dispersion

Error —

Measurement

Particle size ==

a3 2 9% X &40 #AE o3 ¥
Fig. 2. Dispersion error related to particle size.
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Table 2. Procedure for particle size distribution
measurement.

i Powder Lot

Sampling

Wetting and Dispersion

Measurement

l

Data Collection

|

Interpretation
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Dispersing Agent Concentration (wt%)

a8 3 B4A FE Wl g& ALOsY T ¢
7 wsgl

Mean particle size of AlLQOs varying
with concentration of disperisng agent.
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Fig. 3.
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4. Particle size distribution of AlQs
varying with ultrasonic condition.
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Table 3. Methods of particle size analysis and normal size range.

Nominal particle size

Method um Measurement diameter
Sieving

Dry >10 Geometrical

Wet >2

Field scanning

Optical microscopy 0.5-1000 Image

Electron microscopy 0.01-10

Stream scanning

Resistivity 0.05-500 Dynamic /Stokes
Optical 1-500

Ultrasonic atlenuation 100-1000

Column hydrodynamic chromatography 0.1-1.0

Sedimentation field flow fractionation 0.01-1.0

Laser Doppler velocimetry 0.01-3.0

Gravity sedimentation ,

Pipette : 1-100 Stokes
Photoextinction 0.5-100

X-ray absorption 0.1-130

Centrifugal sedimentation

Photoextinction 0.05-100 Dynamic /Stokes
Mass accumulation 0.05-25

X-ray absorption 0.1-5

Other

Gas absorption 0.005-50 Equivalent spherical
Mercury intrusion 0.01-200-

Gas permeability 0.1-40

Cascade impaction 0.05-30

Brownian motion 0.01-3 Geometrical

Ust= Los—o el )l (1)

187
Ust -—- settling velocity
D --- particle diameter

Capillary tube

ps of ~—— solid & fluid density
y —-- viscosity

v A A (Specific Surface Area)

mEuge 2id S4e FAEe Fow Y
= 2o shpolth. o HMERA e FEFoE

W, s Feish A AE(2™ 5), 22 S
5 %4712 1% %3 v AF (submicron) ¥
ge] kg & 4 vk T, HEWER e A
a75= ¥4 ME A7 (surface modifying
process aid, & AYA, &EAT) &g AR}
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Capillary hole

“\'nk bottle hole

Cavity
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total surface
_______ external surface
............ internal surface.

a3 5 gAe B
Fig. 5. Particle surface.
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M - Molecular Weight of N2
Acs - cross section area of N»

Specific Surface Area = St/W (4)
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Fig. 6. Comparison multi-point BET specific
surface with single-point BET specific
surface area in BaTiOs powder using
6mm cell.
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Fig. 7. BET specific surface area with varying
weight of AbOs; powder before and
after degassing.
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Table 4. Variables to affect tap density.
Instrumental Vibration Frequency, Amplitud'e, Vibrating Direction,
Variables Loading, Test Apparatus
Intrinsic Friction Coefficient, Specific Gravity, Particle Size
Variables Distribution, Particle Shape, Surface Smoothness
Environmental . .
Variables Temperature, Humidity, Lubricant
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Fig. 8. The fit of Kawakita equation (a) and
Heckel equation (b) to the measured
© o-n relation.
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Table 5. Methods for bulk chemical analysis of
powder.

Major chemical components (10-50 wt%)
X-ray fluorescence spectroscopy
Atomic absorption spectroscopy
Inductively coupled plasma emission spectroscopy
Direct current plasma emission spectroscopy
Ar¢ emission spectroscopy
Gravimetry
Combustion
Kjeldahl
Electrochemical
Coulometry
Selective-ion potentiometry
Polentiometric titration
Argentometric
Neutron activation analysis
Mass spectrometry
Nonmetallic impurities (0.01-1.0 wt%)
Combustion
Electrochemical
Fast neutron activation analysis
Ton chromatography
Mass spectrometry
Metallic impurities (0.01-1.0 wt%)
Electrochemical
Atomic absorption spectroscopy
Inductively coupled plasma
Direct current plasma
Optical emission spectroscopy

8000
6000 |-
0
< e, = 4600 (0.7um)
s
@
8 4000 -
o ¢, = 2400 (0.28um)
Q@
[l 2000 -
AN
¢, = 1800 (6.8um)
0—75 -5‘0 -2‘5 (‘J 2‘5 5‘0 75 100 125 150 175 200
Temperature (°C)
a3y 9 A9 ¥t wE BaTiOs F34+
o £xws)
Fig. 9. Dielectric constant vs temperature of

BaTiOs; showing various grain size.
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Fig. 10. Strain vs field with varying the grain
size in BaTiOs ceramics.

WatE vATR2 As 29 9, 107 Zo] Y=z
71l W2 A 45, FEE 2 electrostrictive
constant®] W37} dojdct ol E AU YA}
el &8s 90° domaing] %o} W3l =7 g
o2 B3 H1 UPB iy zA W @
diz 298 113 Zo} BaTiOsAlolA Ti Al A3
Hie Zro] g9 weME §FH A4 2 e
exe Wgs dgan?

0

8 8

Dielectric Constant x10° (5}
3

1 1 1 1 1 ! 1 1

[}
75 50 26 0 25 50 75 100 125 150 175 200 225
Temperature (°C)

a8 11, BaTuZrO:A Y Zr & W ©& &
A5 eEus)

Fig. 11. Change in dielectric-temperature relat-
ion with Zr content in BaTii-xZr«Os.
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