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ABSTRACT

A PMN-PT-BT/Ag composite was prepared by surface modification with MgO sol with hoping to suppress silver's migration during
sintering. The mixture of PbO, Nb205, TiO, with Mg(NOj), instead of MgO was ball milled, the solvent was removed and then the
dried powders were calcined at 950°C/1 h. The calcined powder were treated with 3.0 mol% Ag,O and 1.0 wt% MgO sol and calcined
at 550°C/1 h. The dielectrics sintered at 1000°C/4 h under a flowing oxygen showed the dens1ty of 7.84 g/cm the room temperature
dielectric constant of 18400, the dielectric loss of 2.4%, the specific re51st1v1ty of 0.24x 10" Q-cm. It also showed the bending strength
of 120.7111.26 MPa and the fracture toughness of 0.87+0.002 MPam 2" which were comparable to commercial PZT. The micro-
structure consisted of grains of ~4 um. SEM and SIMS analysis showed that Ag grew as ~1 um and excess MgO as ~0.5 pm.
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PMN-PT-BT/Ag B3 A= 2 714, $44 &4 847

PZT(dsp=0.9 um)°ll Pt(dsy=3.02 um)S 1-30 vol%Z F7}
dted 1200°C 223 Pl 0.1 pm ©]3HE AL} 5-10
um 719 Bads 7|2 BAME AAAE 4oy
Pt} o] 15vol% o)/dol Hojof 71AY vt
Aty 9 adesst 349 diffusiono] AsHA
dojd 4= Y& Sxvt HY 458 Bads 2 =2
712 EFAE olFS ¢ + U} Sao T2 PMN-PT
< columbite®IH o2 A2 Wl Ag, Pd, Ag/PdE &%
A7tEte 24 2959 f3 A9E 58 4 A0y BEX
gt e ERERRH sHHo] Ay Y
3 AgE 2% 7 BAsld, 22 Wxe fFANFE &
30, 7144 BAE FHAE F e Ao JidEn.
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MgO7t 2ZA ] 71AAH 43 4 A vAe 9
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PbO(99.2% <%, Kanto Chem. Co., Pl3), Nb,Os
(999% <%, Aldrich Chem. Co., "), TiO,(anatase
999% <X, Aldrich Chem. Co. u]=), Mg(NOs), *
6H,0(99% <%, Aldrich Chem. Co., Y|=), BaCO,
(99.89% <%=, Sakai Chem. Inc., ¥ &), Ag,0(99.8% +=,
Aldrich Chem. Co., W]Z)#} o|AZIZRHES EHEHR
AH&-EH T

o] Agol|re] FAA 242 0.96(0.91Pb(Mg;sNby/3)0;-
0.09PbTiO;)-0.04BaTiO;0] 2 7HeF3] PMN-PT-BTZ LHERY
o &3 7ol A Z3IGTE PbO0.096 E), Nb,Os
(0.0288 =), BaCO;(0.004 2)¢} Ti0,(0.0136 £)S Z2|=
299 Fol B3, {TFY o) AZEREH N EFAYo}
g ¥X 7M7Y F, 2% &9 53U Mg(NOs),-
6H,0(0.03024 &) 842 F7Hd o 2413 H & ©H
< 3t o] £ €8 E Fg2A & F, rotary
evaporatorg ©|-&3l &vlE AAHT. AxE LS
950°Cel A 1A1ZE BtAste] HRZEBEX2F0)E whdide] §
AE &S XRDE ISHATHOIS PBT 22 AF.
3143 Bl 1.5 8% Ag,0S Wi LT 2447 &
42 2 %%, Az g 550°C/1h A28t Ag
7F AR ARG AAA o] BE 1.0wt%
MgO & (magnesium acetateZ- butanololA] 4+ 7HpE-3)
Z3 o 1.0w% FE2 AZRSATHE H7st
oF 3 A|ZF £ F Axg the, 550°CHA] A7t &
adle] Ao 2AY MgOZ FW NEE E(]F PBT/
Ag B2E AhE 100 vl AE o] &3t 7HE5 o
ok 1000 kg/em® A U3 7IIS R 10x~3 mme] H o
2 A¥sHt A¥Ae PbzZro; 97 22E A3}

Bl oya to

o B9 5°CE 538k 1100°ColA 2A17F 2] 3t
FAEAG 2L A% 2FAE A 2Z2 = 1000°C
| d

=
HEe H4EAE HFHCE & F PbZrO, 5 9171
T2 ARE3te] b B9 7|AA B 20°CE F-23H
AX7F 2ZAste], Mol ZE AAAE AR olF 2
mmX3 mmx35mm 2712 MOR A¥& 7FE3I ~5pum
U0 slurry2 AvFSEA T AlHE span 30 mme] 33
A HE ARE-5}ld cross head £ 2 mm/min®g 3] o]
8 AEE A3 2F dEs BN ¢goHd A
o g ZAsE. 4 5AE SA] At &~
Ao SFHES HHEA Avldt §, 2H=S screen printing
S 2 A HoAMe FH et &4 1kHzoA
Impedance-Gain Phase Analyzer(Model 4194A, Hewlett-
Packard Inc., V=& AME3te] &3t A-2dx 9
A71A 3 25 Vol picoammeter(Model 4339A, Hewlett-
Packard Inc., P]<)& AH&-sle] ZA 34T

e 2 2F8A 9 vAHlFE2E Scanning Electron
Microscope(Model L-240, Hitachi Co., € £)S EaA =
Aot &4A o] v tRe sfehd T tholokZE 3 um,
1um Hlo]2E2 ¥ Arl ) 850°C/1 h thermal etching
3 ¥HS B2k Ag'” images SIMS(Model PHI-
7200 TOF SIMS/SALI System, Perkin-Elmer Co. ©|=9)Z
A3k

3 4 @1 ¥ =9

H2HXAT0|E ¢dA PBT 22 15 2% Ag,08
1.0 wt%2] MgO°l dF3te MgO €& 713 o2 <F
308 wHk 3 Az BES 550°C/1h 438k Ag,0
o] BI= Agrt A8 EH, MgOE AR 7} o] FojX 1,
F7REE AAFH LA NN dojd EF ZAE

Fig. 1. SEM micrographs of PBT powders calcined at 950°C/
1 h and ball-milled for 24 h.
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Fig. 2. SEM micrographs of the polished or fractured surface
of PBT/Ag composites sintered : (a), (b) 1100°C/2 h in
air and (c) 1000°C/4 h in oxygen.
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o] B2& 1100°C2h 7] FollA 2HF AJH} lOOO“C/
4h 2 BY7I0A AT AJHY nH7ERE BT

Fig. 2¢] SEMS HW, A7 X7} 1100°CE Agel 3
9! 961°C HT} 140°CH =ol §§ Agel o]5Fo=2 Agrt
A TA AE AoE dAAEIe o] e FH B
o}z &3 Age F #ZT F gtk 284 Fig. 2l
A B5o] ~4um o] v|wd FYT wAFE= ~0.5 um
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Fig. 3. SIMS micrographs of the PBT/Ag composite bar sin-

tered at 1000°C/4h in oxygen :
with 5 um alumina slurry, (b) image of Agm7
image of Mg.

(a) surface polished
and (c)



PMN-PT-BT/Ag B3] A= 2 7144, $34 54 849

Ho] A3, dulole 23 BEHo] 3 B 4 AUtk
ol #HJel MgoZt YWl 3 9] inclusione = Ex| 3

£ BuskE o]z} glem, ol Mgort ®Eo] of
W 2 HrbHe] Yxar]e AR =€ A 7
gty AZHET) Fig. 2(0)9 S ] SEMo|A] gcto]
intergranular2 VY EHAUSL & 4 AT} o= Ag, Pt
Ee 24 2skEo] Hrte AFAA|Y ok Aol transg-
ranularol A intergranular® Walk= AAba} 72t o)d #A
2 Ag’ o]&o] Pb™* o] &3} A7|7} v|&Ee PMN-PT +
Z8] AAGTE A WA TN FoWA o A
2gEe] Eojzt £ Jorg WYL pbort YA o
F27 Hol YAIZt Fstedx mdo] YAE wet J3Y
dAgeE dojue FFez e F Ut PBT/
Ag®l 1100°C2h AFA A2 UEE 7.72g0m’, A&
FANEE 20400, B £4L 1.9%, HIAFE 201x10"
Q-cmo|Ath &2Z IxE ¥3]7] 98t F7] B4l PbO
9] E4to] golgt b BTN #¥ A4 AHE
A2A3H T At 3EA] 1000°C/4h EHE R A2 A&
AA 9 24YEE 785 gem’E FAHYY FA A
= 1850082 74, §4 $42 25%E 78k, )
AFE 025x102 Q- cme. 2 ZHAE T SEMe] B E
= AgZt Ho|A] &o} MOR HHE Al =4 AgE Ato-
mic Absorption(AA)Z A &3 A% A 0.97 mt%E ©]
E3] 1.02 wt%2] 95%Z 1000°C/4h Ao A% Age &
AL 5%°1 . °]E 09PMN-0.1IPTA A Agd] £33 &
#E ZA =294 1100°C2h 22N 2 E% Agrt
AZFEAE o 35%%F dol U, 5E% Ag H7MAe
73%%t ol YA 3 A9} viwd of 100°CY &
T Aol & st AF AZbe] 2A17 A3, AbA
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Astg ot MzZEt) Fig. 32 MOR Al#2 SIMSE
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A Mge #AMEHA BEE 29 ~0.5ume] MgOZ
A I A o] EXHY Yg B F AU o] B
A= ez FL& /A 5L 29 FAC 59
72 120741126 MPa, 3] 14L& 0.8740.002 MPam'?
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