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Abstract

In this paper, the dielectric properties of (0.8-x)Pb(Mgi/sNby3)03-0.2BaTiOs-xCaZrOz (x=0.1, 0.15,
0.2. 0.25) ceramics were investigated. Specimens were prepared by the conventional mixed oxide
method, and sintering temperature and time were 1000~1150C, 2hr, respectively. The structural and
dielectric properties with variation of sintering temperature and composition were investigated.

All the specimens sintered at 1150°C showed perovskite structure without pyrochlore phase.
Dielectric constant was increased with increasing sintering temperature, 0.7PMN-0.2BT-0.1CZ
specimen sintered at 1150T for 2hr showed the highest value of 1043. With increasing the contents

of CZ and frequency, dielectric constant was decreased,

temperature from 30°C to 1507C.

and which was decreased with increasing
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Fig. 1. Processing diagram of the specimen.
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Fig. 3 X-ray diffraction patterns of 0.7PMN-
0.2BT-0.1CZ specimens with sintering
temperature.

12
10 }

5
- 8F
=
- —
ht
g 6
5
[$)
£ .________./‘
3 4
G — X
a
——70/20/10
ot ——65/20/15
—&~ 60/20/20
—%—55/20/25
0 ) I A . i . Il
1000 1050 1100 1150

Sintering Temperature ['C]

38 4 £2F 259 ©& PMN-BT-CZ A|H9 &

A449(at 1 kHz, 30C)

Fig. 4. Dielectric constant of the PMN-BT-CZ
specimens with sintering temperature(at

1 kHz, 30T)



)=
=&

A
A A =

PMNY xn&% 3 42dLx7t
pyrochlore’d 3 vj9rg 229 Zas
of 9% 7F4-A4 perovskiteds] F712 ¢
7}6}3510“1 1150Cell A 27§ 0.7PMN-0.2
1CZAHY 7% 10439) Hdigks JeEhiTh
é° 4z BF 2FAL% w oty A
ot 35%018te 4z § g vEtdided,
1100C ol X 4223 0.7PMN-0.2BT-0.1CZ A&
12%2 HA2zS vehddc

o]
Tr
=
=

Al
}

N

9]
)\
2
0
'5‘

oL Ry oolx
"i_&°>.

Fl'> ° 01N [Tl ru

o r\r o

o J{m O Ho &

hy

[ %]

Dielectric Loss

i1 —e—70/20/10
-m—65/20/15
—&—60/20/20

—>—55/20/25
0 - . L L 1 . [

1000 1050 1100 1150
Sintering Temperature ['C]

AAgxo W& PMN-BT-CZ AH¢]
HRA&=A(at 1 kHz, 30C)

loss of the PMN-BT-CZ
specimens with sintering temperature
(at 1 kHz, 307C)

ay 5

Fig. 5. Dielectric

z34 Wzt @& PMN-BT-CZAH
e Relth
=547} 100 Hzol A 100 kHz& Z 7} ol uhe}
AsE i gasg. duden ES2 A
A7t AAFE AREIo] g A3AZE
(relaxation time)& 7FA ] AlHo] AAZ Q7AH=
Azrol @8tAIZr BTt 2 ol E3HE S (saturated
polarization)e] @oiuA T L3pAI Tk Aostd &
ze @A dolur] o4y ok’

webs Q7 FoErh Fohgel we
e AgRIe) ad 71dsd F448
A Bk 1 kHzol A9 FAE59 24
no] A B39 ogAld FAFT ALE AR
o weld Fa5 A mE §H54E 2
B}aiA g vnAd FIF ARY FoF 9
(BaatiEel= ]

2P

w
E=

H
ir)

> ol oo
N
N

rir

b} r.E‘,n
o % At £ B 2L

i
oX

Pb(Mg1aNbz3)03-BaTiOs-

1044

A, o84, W7l

12
- Sintering Temperature: 1000C ~ —®—70/20/10
o~ ~—@—65/20/15
10 f ~— 60120120
= ~¥—55/20/25

e o L

= 8 ~ M *
c
8 —. s .
2 6|
)
O
o 4F ‘x_:Q?:Q:“‘
= R
5]
L))
g2}
a

O | L | L ) S T L

12

L Sintering Temperature: 1050C
8 | . * -
e | ———,

Dielectric Constant [ x 102 ]
[e>]

2f
O 1 " L L 1 e L
12
~ Sintering Temperature: 1100C
10}
x ~— * * -
Z 87
c
& -— i
2 6 -
Q ‘\L
Q A A A
o 4 e ” x
g
s 2f
a
0 L L I} I 1 e [
— 12
S ——— - .
- 10 2 ad
x
z 8}
s — e -
g 6 -
8 Ly —h— -
o AF 7 * * —x
g 2 Sintring Temperature: 1150T
g 0 [l i’ 1 & e, s L
0.1 1 10 100
Frequency [KHz]
O 6. Fug ¥t W& PMN-BT-CZ A A9

FHS

Fig. 6. Dielectric constant of the PMN-BT-CZ
ceramics with frequency.

oy 7-102

AMHY &2ze) e



FHEHE YERd Boloh 30~150CY £
A RAdsE ¢y wsE qqm_tq

°HL$__&

55 %MW €3 PMN _1
8% Y4 42 6% wHY %o Zaste @
12
S 10 f
x
~ B8}
c
S
2 6f
O
O -
g2 471 —— 1000
o ) —&—-1050T
@ o | Sintering Temp.  —g—1100%
2 —%- 11500
a
0 B T S ) I N R i S i
3
Lol 2.
R SP
2 2t
8
o 1.5 ¢
2 1}
K
S5}
0 L T [ 1 ——— L
30 50 70 90 110 130 150
Temperature (C]
3% 7. 0.7PMN-02BT-0.1CZAHe) 2% Wsto)
HE fAgFe FAE
Fig. 7. Dielectric constant and dielectric loss
with temperature in the 0.7PMN-
0.2BT- 0.1CZ specimens.
8
w7}
o
* 6
ERN|
eat
o
‘i 3 F ——1000T
= o —~#—1050TC
8 2 j, Sintering Temp. A—1100T
] ~6—~1150C
atr
O ] i § R U R SR N S | o L

1045

A7 A A 88 A Vol 10, No. 10, December 1997,

3.5

25 ¢

1.5 F

Dielectric Loss {%1
- n

0.5t
0 { . i N ] . i IS g . )
30 50 70 90 110 130 150
Temperature [C]
a3 8 0.65PMN - 02BT - 015CZA WY &
wate) e FHALFS FAEA
Fig. 8. Dielectric constant and dielectric loss
with temperature in the 0.65PMN-
0.2BT-0.15CZ specimens.
6
‘é N \\’\’\x\‘_\’
=4 m
C
=
23t
(.o) —&—1000T
%)' 21 Sintering Temp 1:?3?;
3 1 —%—1150T
6 0 1 Y i th ] ] L
3.5
v 3 )
®
; 2.5 F ’\/\\/‘/
w
s 2
215 }
Q
o 4
@
©os5t
L 4 ! —| L o . 1 ) 1 . ]
30 50 70 90 110 130 150
Temperature [TC]
a8 9. 06PMN - 02BT - 02CZA MY 2=W

stol g2 fAdss fAEd
Dielectric constant and dielectric loss
with temperature in the 0.6PMN-02BT-
0.2CZ specimens.

Fig. 9.



A

ad

Fig.

o % o d foe

Dielectric Loss [%]

Wi(—)fﬂfg-"

o

o
N

b
L

N Dielectric Constant [ x 102 ]
& o

—_

o

B

Ly

w

¢ : N
ocums OO WL
r

rir
o

= &4
H 28 27}e]

Q2.
=
E

]
e}

{14

re

8

77 B2® ez Amdrh

Udehlies, o a4
72 M B-sited 2 o
Ago] BEFAAoR A we AFT=2
49 ETFYGel 71U F3Y FAold 9%
Azda gy fFHEde Lews o
AAY WEE Holn gov, oo W

KX
s

bt
& o

oW
w o
—

~4—1000T
~3—1050T
Sintering Temp. —g1100T
~—61150TC

o _.
o v = N W
— y

W S A L

30 50 70 90 110

Temperature [C]

130 180

sase] hE A5 94

10. 055PMN - 0.2BT - 025CZ A|H9| &

10. Dielectric constant and dielectric loss

with temperature
0.2BT-0.25CZ specimens.

4.4 8

dTAME  08-x)

in the 0.55PMN-

Pb(Mg1/3Nb;3)03-0.2Ba

TiOs-xCaZrOs(x=0.1, 0.15, 0.2, 0.25)d =& Y&t
AHMOE A%Y T LFEE L 24N e

FZH, F14 E4& 2AR A9 oen 2e 2

£& 9

1. X-4 349 ZF3 1150TY 422 XA
pyrochlored 2 mlgtg EZol EA&R @+
A% perovskite T2 AlHo] Alzhs o),

. Pb(Mg 1/&Nb?/3)03—BaTi03-CaZIO3*“ el

1046

2.

Il

A%, ola, WAzl

SHYFE 1150TCAA AZg 07PMN-02
BT-0.1CZA1H 9 Z 4 24 104322 Hojgk
& JEdgen, FHE4E 1100TAA 227
0.7PMN-0.2BT-0.1CZ A HolA 12 %2 HA2F
< YEeld

CaZrQs;9] #H713e) Z7igel wet fadss 2
23 AFE el AT, Fa5

g B34 e FEHA

Lxge e fAAFE Ade x4 Wt
€ & 9% X e, vuy 49 ¥
g Bolg 45T 2EEAHS JEUT 5
3 1100CelA 2% 055PMN-0.2BT-0.25CZ
ANHe ZA$ 071/C2 ®¥s&ol 7y HA Jet
Stk

olale] HAEo 2 Hol PMNAZd o BT CZE
SA7I RN 259 Fasusld g LS

Aot $HE ZrloE 4L wAx 2§
Aoz yelyo g f3& I R IR F

Ae A% AFzANAR H7HE A A7t d

osol Aohd nHAEL AE AN Azl
Hsetelet 4get

WE EFEhUE SHueE d7n A4
o o)) 3 =g
248

S. Nishigaki, K. Murano, A. Ohkoshi, System
(SrosPbo2sBan ) TiO3-Biz03 + 3Ti02 and Their
Applications in a High Voltage Capacitor”, J.
Am. Ceram., Soc., Vol.65, pp.554-560, 1982.
G. Smolenskii, “Ferroelectrics with Diffuse
Phase Transitions”, Sov. Phys. Solid State,
Vol. 1, p.1429, 1960.

M. Lejeune and J. P. Boilot, "Low Firing

Dielectrics Based on Lead Magnesium
Niobate”, Mat. Res. Bull, 20, pp.493-499,
1985.

J. P. Guha and H. U. Anderson, " Effect of
Excess PbO on the Sintering Characteristics
and Dielectric Properties of Pb(Mgi3Nbzs03
-PbTiO3 Based Ceramics”, J. Am. Ceram,
Soc., 71(3), C-152, 1988.

S. L. Swartz and T. R. Shrout, "Fabrication of
Perovskite Lead Magnesium Niobate”, Mat.



res. Bull,, Vol. 17, No. 10, pp.1245-1250, 1982.
M. Inada, Japanese National Technical Report,
23(1), p.95, 1977.

B, Jaffe, "Piezoelectric Ceramics”,
Press, 1971.

i 7714, oA, o193, “Pb(MgisNbas)
O3-PbTiOz-Pb(NiiaW12)03 AlgtE 9] #4 54

Academic

A7 AR 8838 A Vol. 10, No. 10, December 1997,

o @ A7, diA71E3 A, Vold0, No.9,
pp. 893-899, 1991.

AAY, A3, o4z, wiA7), 193], “(Srs
Pbo2Baozs)TiOs Algt2le) FHEA B3 @
T, FFAARAFE A, Vol8, No3, pp.
267-269, 1995.

A48

19554 59 2994, 19624 $4chetE 7
o A7 F 1078 84 Q4
$2 Y A713%3 ANEE. 84
$2H434 HeANBANEL B 2
33,

o4

19444 79 2394, 19724 HAd) W) E
o3 &9 1929 A2Y gty W2
s EQAAD, 19973 44 AU o
9 271785 A4, 8H AR
ARYS A3 2ag

1047

LR

1950 449 944 19769 $Ad T4 A
N33 24 19799 MG AgdEd
EA(HAD. 19899 20 iy AR
2387 EY(AD. A4 ddd T
A7) Ay, 7 3 2AAL



