23013 2agdYdol o @ Ba-, Pb-A HAAgg 29 AZ
oY’ oF

st Alehel ot
w2 Pdittn ArB e

Fabrication of Ba-, Pb- electronic ceramics by powder preparation of wet chemical
method

Abstract

AT FE - ARG gdez 1 Y AANEA WP Fa0t FuisT Qe
ol2| & el Zlwte] E AAA F ARMtY 27t AASE ¥Fo] 2 YREES
AA &3 en o] g a9 szt FH AX Aok ol *‘Z}H]E}‘llit‘:— +
AR g, AGAE, GAAE, =44 AE Fo2 UHA € ojg3 & gol7te
32X B4 AstE YHl Qubdoln nAd 2uo HAME ié(smterirg) I1s
224 YFFAFor g4€E

olgi3k AatMigielAart A2 aTEHE T A4, & UEE €45y M 98
T AxdA HE Aoyl Pasich ¢EEH Y - TN I YEE 2 FEYY
olugl 1Y FAgE S Y¥& vA7) wfFoitt Aty ERAZ uY F Y
Hog AMHe WHeEe 1Y AEE EUSIY F4i(calcination)3F X s}
‘TARIY' F49 o £ alkoxide §U& |t Ao Azt ‘F4
A Aol o nARARY e RALEI B 71AIA B4 ol oEsinz
ZY - ZdAC) FolNi EUIAVE lum °lt2 257 5T e &2zt
T J1A3A B4 YA d& & e LA FL Exeoe 7L ¢
submicron ©]3le] PlAY EUE A& & Ut ometA ol ¢4 Haty Yoz J
S BERE AR vAR Qe 4oz QM AHLEE R 5 led FYUS o
ATzt AT ZAHE ZAE Z1AA - AJA BAFUE 7HAE & A "o

(r = Hm

44 31at3 2ugAy e dedtd %ol akoxidedl 7F-E & o83t sol-gel ¥}
&9 H(salt) B9& o83, 2YHoz APE IHE IAAY = FHAE
(coprecipitate) ¥Ele] £¥E& Fe, AAY2E UYd F Y. AP 2ELdE pH
R pCO; Tl & °l&F9 &= Aoj& olfste 224 Z ol2F wE
solubility product(ksp)a o] &3l AFET. & dAFdAM= %‘-J*“ﬂ‘- AL83 Ba-, Pb-
A AAAErg 2] BUdPgel tiFt o8 a3 FIAYNL £ 4¥L Y EHEA
Aol ] golrgitt £ AYAe] HAAAee L 4L A, Hety giea, ¢
AA8R 9] AMEEHE BaTiOs, PZT(PbZrOs-PbTiONst &3 A7)71E&uiss & 7t5
Aol 9128 hard ferrite® 9@ 29| Ba-ferrite(BaFe;z010) M 41318 Fejo A
of i3 7]F(mechanism)9t FAJol tfsf AvjRglich
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oll3k A A3 By AAHoe A2FM9 Ao FYE vixe pH 2FA
U} 9864 ¢ # 4 e Na', K, CI, SOy £9 Al A(washing &2 filtering)7}
gsAolt), 2} JARNA A He B2 oS oA colloidd FYsHA
o, o]&}¥ colloid AEN] nMIE AAYAY} filtering mediaoll 7oA = HstEA
= A9 Byg JtAE filter caked FA3H7] W&ol filteringoll B2 A3 g9
filtering agent(¥ AW A FF+)7F adA €ch kA o8y FAHEE &
Asty] 98t colloid AElY HAEEL AH} HolE freezing process® HE, &3}
o o g ¢ a¥ 22U ELYeE st B
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Wet Chemical Powder Preparation Method

'*= i) Precipitation
= Precursor: m: tal salts
- Precipitates
1) chemical compound
. crystalline or émorphous with rclatively low transition -
(amorphous-—->crystallinc statc) temperaturc
2) coprecipitate (chemical mixturce of atomic scale)

: amorphous with relatively high transition temp.

= Sol-gel ctc.

* (Objective Materials :

1) BaTiOs3 : — Precipitation Calculation
- Chemical Compound Prcecipitation
(PPcroxide Compound P’recipitate)
2) PLZT: - Coprecipitation
3) Barium Ferrite (BaleizO10):
- Coprecipitation
- New Proeesses: 1) IMilter cake drying

2) I'rcezing process
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Precipitation Calculation

x) BaTiO;

AG" = -RTenKsr ( Ksp : solubility product
in agucous solution)

= Ksp values:
Ba(OH); = 5.0 x 10~
TiOOM); = 1 x 10%

= Solubility of Ba(OII); depending on pll
Ba(OH); = [Ba®|lOI |” - 50 x 10
If log is taken al both sides
Tlog[Ba®'] + 2loglOIl'} - ~2.301, {loglOIT'l- ~14 + pII)

= loglBa®'l = 25.699 ~ 2pll.

In this way,

loglTiO*'] = -1 - 2plI

* Jog C (C: concentration, mol/2)
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|
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Ba”
TiO(OH)»
TiO*
| 1 u | | |
0 2 4 6 8 10 12 14
pH
Fig. Log C versus pll of cach ion in aqueous solution.
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:Chemical Compound Precipitation_of BaTiO3;

______ by aid of 1202

: TiClh (aq.) + 11202 =
TiCli(aq) + IOz — Ti(02)(OID" " +nll’

- Qver pll 8 =
Ti:05(0H)z — Ti:0s(0ID’ — ThOs(OM)Y — Tiz0s(OH); -

~ Possible compound formation rcaction =

9Ba® + Tiz0s(OID’ — BayT1:05(0Is (p.p.,)

- BayTi;0s(OID)s > 2BaTiO2(0z) — 2BaTiO;
(amorphous) — (below 200T) — (crystaline)
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Ba(NO3)2 TiCl4 11202

Mixing

— ———— HH40l

Preciplitation

Freeczing

Filtering

-~ AgHO3(Cl- detect)

Calcination

Sintering

Elcctroding

Fig. Flow chart of experimental procedure
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—— compressed N gas

pll me*er

. stas

H
NH4O

solution

water bath

mixture

magnetic stirrer

Fig. Apparatusn of spraying precipitation method
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(mg) TG-DTA (microV)

14 50
N
O | 4 O
—-14 | SN S SN N NS U S 4 > 11-50

100 300 500 700 900
Temperature, °C

Fig. TG-DTA curves of prepared powder

- 270 -



| . BaTiOs

20(Cu Ka)

Fig. X-ray diffraction patterns of the precipitated power<

heat treated at various temperature
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Pb(NO;),

zrocl, | | Ticlg LaCl3 (PL 2 T/

Mixing|——— 10 hrs
— NH4OII
Coprecipitation
and
Stirring
Washing
—— AgNO, ( C17 petect)
Drying
— X-ray,TG,DTA,SEM
Calcination
600°C 1 hr
——— X-ray , SEl
Milling
—— CIP press
Sintering
Characterization

Fig.l. Flow Diagram for 9/65/35 PLZT Preperation
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Fig. SEM micrograph of calcined (600 T) PLZT powder.
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Table Characteristics of Coprecipitated
and Sintered Bodies.

Sinteringl|A t i i
Sample Clnd?x"ng Dpepar‘in Before Poling|After Poling K, Q%

ondition|Density . tans . tans
1150°C

P e 7.69 738 [(0.015| 745 |0.014]| 0.44 | 356
1150C

P Ihe 7.76 1411 {0.02 | 1462 [ 0.019| 0. 56 77
11560C

P 1h 7.75 1682 | 0.023 | 1722 [ 0.019] 0.65 57

r L

1150°C

PL 1hr 7.75 | 3499 [0.019| 3602 {0.01 | 0.60 84

% P: PbZro.54T10.4603
Pi: PbZro.54Ti0.4603 + 1.5 wt.% LaClj
Po: PbZro.s4Tio. 4603 + 3 wt.% LaCls
P.: PLZT: Pbl~xLax( Zf‘yTi 1-x ) 1-x/403
(x= 0.08, y= 0.60)

Property Requirements in Application

- High €., Low tand => Condensers

- High &, High K, => Ignitors, Sonar, Buzzer,
Pickups,

- High Qu => Resonators
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c) 1275°C 1 hr
d) 1275°C 30 hrs

Fig.9. SEM Photo. of Sintered Specimens
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