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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 arca
Permeability
Compatibility
Flowability
Chemical
Bulk composition
Major clements (1 to 100%)
Minor eiements (10 ppm to 1%)
Trace elements (<10 ppm)
Inorganic species
Organic specics
Water and other volatiles
Phases
Crystallinity
us
Surface composition
Major elements
Minor clements
Trace elements '
Inorganic species -
Organic species
Water
Phases




2.2 £

2.1. 29 228 £4 g3}

443 H (Powder Shape)

g EEe ARy e F =2 A4
7 (SEM, TEM)E& %3lo +3o] g} ojff &
oA & FAL FFo wet ISO 3252, BS 29559
A Aogsm ok’ EF, vde AEV5oR §
AL 7128 & Aud 2T EYOE o4 shape
factor?l W+ f %, 3, 244 BY& 9
g = 9k 238 Ao o8 eAv f2E
de EAHE A3yl Y&, Beddow %
Luerkens A& #Actatdt! 28 loae AR3
mAL ol g% dx YA granuled] W-HF
geig B2g 98 e’

ae3, FARAY ez 48 o] Ao F
o —a—ﬂH Al AE BES A& F Jdov, 4
7] BAPerE gL gol 4HAR Y
=
@ A% Y47 (Feret 3), @ ALY AAA
(Krummbein 74), @ AW BHFEA (Martin
A), @ 59U AY 4374 (Heywood 3)

o oo -{>

9]% B ¥ (Particle Size Distribution)

e BE¥E A3y ddMe E 2% e A
i}i 2AE 248 ok B!

oM AW AHol st AFsA, A EA A
zﬂqs]a}r: 883 (Probabilistic) 2= d9He
2 HHAs= 88 EH (Non-Probabilistic) %ol
dEd, A7t 0e A8 $HSZ Rifflrs e
olgaM +3e ¥ F AR® dx EX FAA
A7 oxg By ag 29 2o YEE F 4
s, AE AFGA LAHE 3= A& A7
z7% 4 2 34 2 9 & & A

g 202 RE A7z AL ¥A 4FE, MR
aA exs8 H#EE F£ A= FEo EY
(dispersion)olgte A& ¢ + Utk 2EE, 9
E E¥ 2L A8 A MYy FHo2ZA £
A4 Zosth Z dx X E F&3 A5 4
A A AEl7l FEEordtn, o] & A £
A Al (dispersant) & H7HECE] BAZe] L
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forcest steric force7t At} s & FaAle
electrical double layer force & steric forceZ

-
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a8 1. BaTiOy &~EZdo] Az Fwe W Y
2 Azdv)d =3
Fig. 1. SEM photographs of BaTiO; spray dried

powders and their cross-sections.
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Chemistry

Sampling
Dispersion

Error ———e=

Measurement

Particle size =t

a8 2. 9% 2% 244 AAd 23 £X
Fig. 2. Dispersion error related to particle size.

EAHE ddd 4gE vAA . G2H B4
Ao £79 ¥x, 2% A Azte] W A
& 29 3st 49 VbR

dx E¥XE ZAss YL ¥ 37 2o 49
U Eo] g, o]EF 9 71X Wyl st 7
@3] dFE 34, d& 2o £4 A73 HA
o2 Coulter H3EE 7122 AP 245
o] U= Bgo] & ZFo AFo] AA e 21
o e 5 AG o AFY waE A 4

H  2.%% B¥ 23& A% X
Table 2. Procedure for particle size distribution
measurement.

i Powder Lot
I
Sampling
l
Wetting and Dispersion

l

Measurement

I

Data Collection

Interpretation
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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 attenuation 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

(p,—0p)gD

= 1V
Ust= 187
Ust -—- settling velocity
D --- particle diameter
ps, ot ——— solid & fluid density
y --— viscosity
v ¥ A (Specific Surface Area)
N EUEe 2A S54& Hieke Fa% &
2 z9 gyl 9 v gAY ge AT

A, JAEe Feo B3 FE(2E 5), a8z 4
£ =R7]2 F& RI: AE (submicron) ¥
e e ¢ & Aok =Y, HEDVAH §Fe o
a7s:= ¥4 /A3 /A (surface modifying
process aid, & ZAHA, Lg% ¢& AR

total surface
——————— external surface

Iy 5 YA Bd
Fig. 5. Particle surface.
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7l 3z, YA A% JHE Bristed o &
gq.ll,lz

717 FAYPL o83 FHFH 2L 1A AH
o #A3 71FAAY A (RAE AL, ol22
aAygE)e &2 F2 (physisorption or physical
adsorption)# €% (desorption)oll 23l ZAo]
g2tk o8 @ #AE Jelde AL isothermel &
8t3, BDDT (Brunauer, Deming, Deming, and
Teller)9] 5712 Wl&EAS isotherml & s
gl 12

H EH 3 (Specific Surface Area: the ratio of
the total surface area and the mass of powder)
S Adde 49 F kA wye 7)A F3
9] BET °©|&%& o|&3l:= wWyd" 74 %3
(permeametry)& S33le Wyo] Ut B =&
e Ak F29 BET ol&d dstd AdFsA
!

Brunauer-Emmett-Teller (BET) %<& A
B9 wyg AANY] 98 pF dE] eln
@ 23 & BET ¢ o/gat!

1
W-[ (Po/P)—1]
1 Cc-1 P

Win Ct Win-C \Po

2

W — Weight of gas adsorbed at a relative
pressure P/Po

Wm—Weight of gas adsorbed at surface
monolayer

C — BET constant

9] W43 BET 44E A ¥4 F3439 4
YAg e a ]“ Z F2A s H{FAA
& BAE L}E}lﬂ Ayl Ao FAx FFE o
43} Multipoint BET ¥ olM+= ¥3 isotherm
9 AAM Fdgd FAEA =HedH, dAE P/Pod
gL 0.0594 0359 E47F Ak o] FGeA
$1 BET 4% ol&39q 1/ W-[ (Po/P)-1 1] &
P/Podl A 9L don, Wme 71£71(S)%
ANz e A 9 293 (SHs ¥R
W A (specific surface area)2 @ 222 T3
g}

o
s

St= Wm'N-Acs/M 3

N - Avogadro’s Number,
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M - Molecular Weight of N2

Acs - cross section area of Nz
Specific Surface Area = St/W (4)

Single point BET 34 A$& N.& &% 7}
22 AME3HE= ¢ diJsle BET C 3t 4933
7 BET 49 AHL ojgtn 7tAHsx, 39
Ad 48 (i P/Po=03)14 &g A9 ¢
9] &R0 93y, AA HAAHL @ 7 Zo] &
£ 7 Itk

St=P:N:V:Acs+(1-P/Po)/RT (5)

HEREY Z2AA, A3 A48 71A e 9
& Had & du® AH cell e BAlY FAE
H3lA 7 HA, S35 v EHH Y ¥3E #F
g d3E 29 60 et 29 FAV 3
71242 multi-point Y| EHHY ge FiAHE
g Holm Q:, AlA cell Wl FE%o] UE
Z4Rods g A4 vEdAgel & AP
Hola glch ojgl e HFFL cellly void 39
oA 7]l %k},
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-—-@®— Mutti-Point BET

—O-— Single-Point BET

oso—/'\.

o—%—5

Specific Surface Area (m Z/g)
5
:

1 1

1.0 1.5

Sample Weight (g)

3% 6. BaTiOsE 2N 6mmAd& AH&3to £3
3t single?®} multi-point BET#t¢] ®l 2

Fig. 6. Comparison multi-point BET specific
surface with single-point BET specific
surface area in BaTiO; powder using
6mm cell.
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FYst7] e AFH EAE HdEE we
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Atk
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Fig. 7. BET specific surface area with varying
weight of AlOs powder before and
after degassing.

¥H¢ 4% ( Powder Density)

°olg 9k& Z A T=d dsld XRDE &
Aol He Az A5 94 24 s Ao
€k 10 um ol3te] A AEE 24387 YA
+ He& ©o]&% 71~ 8|FA (gas pycnometer)&
ol&atd FAd: Aol FFsh pAEFY 2HL
AAME AA vFHE o] 43l Aol H&3ir)
A A=E 37 & A9 BIE 243
T 3o| 713 Fa3, st2d dA7 EA9 9
H 713E Ag 7, 44 71T 5o J9A A
B3 EA R E 23 A g UB

A7 de 4718 dAS £ 2HL 2 3 2
A AR e RH2 B FAE J¥
A F3E ¥ UE (tap density)= 433 283
H7t o, Age WA w R, AP
4, 4 d39A4 de 2olzm e H7t Wy

A&d4 : A% AdY £AY S, 924

. °] tap density: mass property® YEM =,
FTF S ENY gx EHAA HZsr £3)
t EA9 549 u3E AAY + A =3,
Y REE 249 #5EE YehdE 57} F9,
5} 4(tapping number)®} %79 = (packing densi-
ty)she]l BAE 4833F <48 4y uxg o
q3 FAZE A7) A 4 FAH AEI} H
1% o} 18

B AEE Hree Ade B2 247 &4
gl 9FE "AA dh@E 7Y 2FE tap
density®] 822 94 ® 243 & Hausner
HE d2 52 4 B

Tapped Density
Poured Packing Density

6
F, o] H7} €55, #8EE 247 Ha, ¢y
ZHE F7HE vEiie] £A9 f%59 Fxde ¢
F A% 48 339 23 7179 F 2177 A
ot #ARREH, $AYE9 P59 =39
#Ae 4 @ ©@F TE Heckel 4 =EE:
Kawakita 4] &2 el an?

Hausner Ratio =

Heckel equation : po—pa= (Po - Po Je ™™ ()

. . n_ 1  »
Kawakita equation : = ab+ 2 8)
(=52)
c_
O n

a9 8¢k ol HAY JE7d o oF
compaction mechanism& BQlvti B3 Hn gl
on olF HREL 4AFVTE HHE g2 ¢
B, TE&RA 29 £ vy 23 HI 9l

£

7} F % (Porosity)

713E EHE7 8 2ole MR dwrya W
He & dAx ZAYTA & FEAYeld 2
A YL & Zo] Ao dojuzr gL
AANE 71T FAE& ANA 7T & A P
22 2nm Y€ 2000ume) 49e HAEE =
71%2€ &4 7tsd. 54 dge nAd A5H
T e 43 taAE do2 dojAEd A
3 7eke] wkEAlY hysteresis7t WEbdTH 71
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E 4 Pdxd %L FE Hy

Table 4. Variables to affect tap density.
Instrumental Vibration Frequency, Amplitude, Vibrating Direction,
Variables L oading, Test Apparatus
Intrinsic Friction Coefficient, Specific Gravity, Particle Size
Variables Distribution, Particle Shape, Surface Smoothness
Environmentat e
Variables Temperature, Humidity, Lubricant
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Kibushi ctay
Glass beads

n’c
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(a)

A 8 PYdxz e Y4d whE Kawakitad] (a)3
Heckel? (b)8] &

Fig. 8. The fit of Kawakita equation (a) and
Heckel equation (b) to the measured
o n—n relation.

FAYes A3 WHeZANE 15mm FH
100nm 7% g 49& = JFE& PG 37
3 &3 isothermS hysteresis?} £A8A HEd,
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g 71 BEXE FA37] A8A o] isothermo]
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22 BEt2M ¥ EW B4
A 20 92 = AES4E A4S
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=
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S °
=
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(b)

Mg T8 849 e £59 B4E B
FL98Q FTAMREH g, i
eAE Aoyt dslele] wi$ tysmz o
& A% AEH7E s o H h(Inductively
coupled plasma emission spectroscpy %
Atomic absorption spectroscopy’t ti®&)! =
& s BHA olEF Alm E& ozg o9
dx RAHA G o 71X B 37
2% 4 ded, 48 28 &4 Fod 4 &4
&7] A& silicateFol 9 A8 o4, AEH
gleo] AlRstE 87194 Nagl £&52 InF &
a9 EMF3 AT 2AE & 5 ) o9
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e AA, NELAT HFH §99 AE o]
A LA EalF e AAFY A 228
A3 stoopdn) F 59 Vel o 35 ¥4
Heol dREL 99 e FAHE Wxsn glo
o, oJH# EAHFL #HFr Y3, &edy Fd
W EE IS A 8 Wy B d7dHa
=%

XRF(X-Ray Fluorescence Spectrometry): 7]
&9 Yy F Az &AE8 NEY AAd
ol I AFYE F AE A 4 gz
Qd A AEgsr FdME BHsig 2
Adyioltt, a3y o] WL FAHXJ} mAGY
& We AErt A7 PR A 2AHAE
7] gt BEHAES A dAHE EFEA
B9 Z@FHE ALY AR E AAYsAor @
o JAAAE AAQE g 54Ny g%
g 24& 27 AEd 4o dXHE BEFEAR
9 & FH3 e Ao uwlg olHu). uatA diF
o AL A4 AT AAAMNEE AHLI9 A
FAE A Hed o] FS A FHA
(compatibility)] Hxd £ A7|A Hn HA
Alge AT AAAY dARE oL A7t B
A Hoz AW A84=s Gud $de §831Y
AYg HAXNE HAHF EEANEY & o "a
&},

T3 FEAS ddAE XA A 2 2
oln], A9 BH ¥4 Av=2AME XPS (X-ray
photoelectron  spectroscopy), FTIR (Fourier
Transform Infrared spectroscopy), RS (Raman
spectroscopy), NMR spectroscopy, ESR (Electron
Spin Resonance)s°] &8t A9 &9 A
A AteleAe] A4S U7l AME A0 FS
(electrical double layer) ¥+ zeta-potential® 3
Ao #rh o]F ZASE WY e Hol 4

7kA we]  dtd:  electrophoresis, electro-
osmosis, streaming potential, sedimentation
potential.

23 HoIN §49 ¥

A 540 w2} MHE AANFH Sdde
B o7t AR B =M FASAA @
& g3 xR ¥ A 54 F BaTiOsA
o = FE ¥z o4& 9, 22F £A49 1
ATze dAa7]e B2 A ARE 4o
A o g4A AL FE FEH, 48 FvdE
HA4 QA AN dojuA @t olst Zol

31

NedY - A4 Az A 4P 44, 094

E: 3 5. 49 seEAL e Iy
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
Arc emission spectroscopy
Gravimetry
Combustion
Kjeldaht
Electrochemical
Coulometry
Selective-ion potentiometry
Potentiometric 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
Alomic absorption spectroscopy
Inductively coupled plasma
Direct current plasma
Optical emission spectroscopy

8000
6000 +
IC 4
£
=
§ “or
<o 5, = 2400 (0.28m)
-
<
5 2o}
N
« = 1800 (6.8,m)
R T R TR )
Temperature (°C)
a3y 9. 944 wWale] m& BaTiO® #3A+
0 2z
Fig. 9. Dielectric constant vs temperature of

BaTiOs; showing various grain size.



—e— Grain Size 50 ym
-—0— Grain Size 1pum

Strain (104

Field

a3 10. BaTiOs®] 4A=27] Wste &g A73
o] 3t strain®] P33k

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

wstg wATx2 As 29 9, 105 o] Y=
71 }E f4 7, TESE % electrostrictive
constant®] W27t dojdc, o3 HUdL 4=
o} A3 90° domain®) %ol A 57| HE

22 13 3 Yu?® =@, 24 dgd 0@
d2 2% 113 Zo] BaTiOsAdA Ti Bl A&

He Zrd Fégd gME £33 d¢ 2 7
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Dielectric Constant x16° (g}
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AQe 23

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