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ABSTRACT

After manufacturing 2 mol% CdO substituted 0.05Pb(Mn;38b,,3)03-0.95Pb(Zr 5, Tig 43)0; piezoelectric ceramics powder as
starting material, to manufacture green sheets using Doctor Blade method, the optimum composition of slurry was studied. Moreover,
the sintering properties and the dielectric and piezoelectric properties with variation a thickness of the manufactured sheets were
investigated. The optimum of slurry was investigated by the rheology with addition of additives, the sintering condition was decided
by TGA. And the properties of sheet were investigated through SEM, XRD. The optimum of slurry was the stablest at dispersant 3.0
wt% to solid loading 30 vol%. After, at addition of binder/plasticizer (0.75/0.25) 3.0 wt%, viscosity was 7.55 Pa-s. The dielectric and
piezoelectric properties of the sheet were increased a little with the increasing of sintering temperature but were not variable with
variation of sheet thickness.
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2.1. PMS-PZT &

B A7 AHgE ¢ Y82 PbO(99.9%, High Purity
Chemicals Co.), TiO5(99.9%, High Purity Chemicals Co.),
7r0,(99.9%, High Purity Chemicals Co.), Cd0(99.9%,
Hayashi Pure Chemical Industries LTD.), MnO,(99.9%,
Hayashi Pure Chemical Industries LTD.), Sb,03(99.9%,
High Purity Chemicals Co.)°] ARE-SIQITE 3+ 3734 =
4} (Morphotopic Phase Boundary, MPB) 2ol #34]
#} FRAol HU7t M Zrgsy/Tiges® F4A 244& A9
%9c}t® Columbite Precursor'® ¥WPE-L o]£3le] MnOS}
Sb,0sE 1:1 EH|ZE 600°CollA 2A17F 314§ MnSb,0s%
g3 2ZZA ¢ CdOE 2mol% FH7¥sled 0.05PbMn,;
Sby/3)05-0.95Pb(Zry 5, T 45)05%] ELE AZ3ATH gmjz
< SHES ARIIYE, & £EE 5°C/min, 850°CollA]
2417 3taEit). dtaE U2 80meshl] A7FE & ¥
laser scattering technique (90 Plus, Brookhaven Instru-
ments Corp., Holtsville, NY, US.A) WHe2 FAg &
o] JA=EAM LS 393, Autosorb-1(Quantachrome Corp.,
Boynton Beach, FL, U.S.A)) FH& BET %2 3%t}

2.2. Slurry M=

343 B3 f71H7AE AMRS slunyE ARSI
<, 8= F¥AHE FES azeotropic £ (Toluene :
MEK : Ethyl Alcohol = 6:2:2)5 AM-8195L, E4HA] (Man-
haden fish oil), ZFA(PVB.) 7I2A(D.B.P)S AR}
Fig. 12 £ A¥9 34 #AMzelth

Slurry?] #3515 98] 0~40 vol%olM F= A S 3
R, ojw H=AE MCR 300(Physica, Germany)g AM&
sttt gt Zhzke] uE R EAAE wslAgH
A AF B AFT RIS ZARA] ¥EL 0750258
1A T uRIE ZEaAY] R FIIIIEA Y A
gof] 2Ast slurye] =27 (7~10 Pa-5)E ARG

2.3. Green sheet M= % B4 H7}
=98 Efol=& STC40D(Hansung system INC., Korea)
E AFR3lY, sheetd] £%v 4mms, AZRLEE 28°C,

PMS-PZT powder

Solvent—> | 1%t Ball milling | «—— Dispersant
(Toluen : Ethanol : M.E.K = 6:2:2) D 12hr (Fish O1)

Binder — |2"? Ball milling | +—— Plasticizer

(PVB =0.75) (DBP = 0.25)
0 1z
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Fig. 1. Experimental procedure.
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30umE 1Y 3t] FYUFH green sheet(tape)E A|Z3HATH
HEA 2AL 4 250kg/em’, £ 65°CEIATE. AZE
green sheets 22 F3%5 ©Al(binder burn-out) ¥4
gotr7] 98] &% 10°C/min ALES7] 2709A
TGA #4-& AA3IE2H, 900°C, 950°C, 1000°ClA 2
A7V 27 & hydrostatic method(ASTM STD C3739] ¢}
Mz H=g 2431}, T3 XRD(X-Ray Diffractometer,
Rigaku Co., Japan) % SEM(Scanning Electronic Micro-
scopy, Hitachi S-2700, Japan)yS £33 A 43 vlA+x
#Hg Y AY 248 CuK, radiation(h = 1.5406 A)
< AME3HY 26 20~60°A RAFSISLL, scanning step
0.02°, step time Ssec, scanning power 40kV, 30 mAZ
» 38 HHE AU} sheet®] PIH R EHES #2000
O 2 polishingdt™] thermal etching & F&stgel. Het
UL AvpHe] SEM AR O ZXE linear intercept tech-
niqueE AA T3t

Sheete AFAUL AX AlMe] 2718 2X2cm AL §F
FAE 200 um, 250 pm, 300 umO 2 A2} T} Sheete]
A71H 54L& 3] A8 sheet FH HAFE silk
screenH O 2 EXF & 600°CoIA] 1587+ fAlehEA ¥
A3 F, 34kVieme] AAZ AYZ2L150°CIA 15
+2F B3 sk 718 §4L IRE 3y ot
Impedancce Analyzer(Hewlett Packard-4194A, US.A)E
AME-81e] 1 kHzOIA capacitance® 73 3HH )
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Fig. 2. SEM photograph of PMS-PZT particles.
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Fig. 3. Variations of viscosity with addition of dispersant at

20 vol%.
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Fig. 4. Variations of viscosity with addition of dispersant at

30 vol% and 40 vol%.
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Fig. 5. Viscosity with addition of binder/plastizer = 0.75/0.25
at 30 vol%.
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Fig. 6. Thermogravimetric analysis of green sheet.

H7}F 0.75/025¢ ) 71 A¥UEs) adeke d Ax
£ EYZ uRivs} 714419 B&S 07502502 AAs
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3.2. TGA%} sheete| WA H7|

A 249 34 AVHASS A7 B E shumyE
THE & sheetS AZ3E 3 Fig. 6914 B5E AZA] bumn-
out 2=E AY3L7] 35l green sheet®] TGA WH3SIE &
A5 A3t 158°ColA FAATIAIES] FEEr] AlFeked
430°C7HA] s gRAE F Al FIspt uEd ¥
G 38 7= Pb0o9] FuE7) Al&shs 920°C F2oll
A % A7 2T aej2E 450°CelA bum
out €5=F AASHL, green sheet 71 H7HES] &
H‘P 3ol ofgt 8 75 WA ] SEEE
2°C/min2 393, A% 771 F7EY S 3 450°C
°1W 4"]7 FfAEHT. E3E, PbOS] R 18 2dws)
g "] 8 B97] ELPbZrO)e AME-Ete] PbOS| F
%.}‘% R =

22]3 sheete] 71 A7HAY 3 ARE AFsP] 9
3 AFEAEAS AAS] Table 19 YERIICH &2 &
To Ao g AFEATHE FASAAT v e
ERARAT, sheetd] EAE & ITE vRA| 3= F

Table 1. Residual Carbon Content with Sintered Temperature

Sintered Temperature Residual carbon content
900°C 0.016 wt%
950°C 0.008 wt%
1000°C 0.007 wt%

(2) 900°C

(b) 950°C

(c) 1000°C

Fig. 7. Scanning Electron Microscope of sheet sintered at (a)
900, (b) 950, (c) 1000°C for 2 h respectively.

To] ghf-golet wddrt

Fig. 7& 900°C, 950°C, 1000°CA 2A17F &A% AlH
o mAlFR ARt BHYARL L2F2TTt FIFPEA
1.12um, 137 um, 146 um% Y7ol A7+ Frkele d4
< YIS ol3g AAY e 2F dxet 1714
B4 24Nz 21T F Ak

Fig. 82 7} 25 Z 443 sheetd] &4 Wg AT
Apolty, £ALE} F7FEPHA 900°Col 4] 7.86 glem’,
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Fig. 8. Bulk density of sheet at 900, 950, 1000°C for 2h
respectively.

Table 2. Sintering Shrinkage with Thickness and Length of Sheet

Sintered Shrinkage Shrinkage of
Temperature of length thickness
900°C 14.88% 11.90%
950°C 16.18% 11.93%
1000°C 17.05% 11.95%
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Fig. 9. X-ray diffraction of sheet at 900, 950, 1000°C for 2 h

respectively.
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