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Trr s sesearch. the elfect of Mo sapopariictes doping on clectrionl aid wechuniood
peopeitios of PET covaicos were sinddios, PATM o0 doped (0=F vol' 31 coramics were
prvpiced by conventional wizved exide metfind and Sintered ar 120000 for 20 Plase
formaetiont and nticiosteuchiory were exautiied Bw Xepay ditfreciion eltigue iXRID b and
seaaaing clection sticeoscope L SEML An impodencs analvoerwaos alvo wsed o mivasire
the diclecteic comstant de, bt soop tesypreratiee. The miiceolicrdness sas detormined
i o Vickers indemtation reclhiique, The vesslisy found Hial the cvevage oraies site
docreave with the addivion of Moty venoparticles, The diclectrvic constant and micie
ferrchtess 1 ontdy fnpeoved at 0.0 volty Mot doping,

fuerwords Moy oeparicles: Fed Aivconae Taagates Pnclectne constant: Vicken
harrdiess

Introduction

[emd sirconnde Gtinate (P71 coramies Tunve boen extensively studied during the Tast fow
decades sinee they are used Tor aovariety of apphications sueh as piesocledive trapsducers,
pyroetectige sensors, apd high diclecteie comstant capmeitors [ 3L The maximum proper
tivs in both of diclectric and piezoclectric o be fowmd witl almost pear PO a3 Ty ot
composition which corresponding Bo the morphotropie thombobedeal tetragenal phase tran
sitton |51 Phe /e THOVPZ T nanocompaosites wore prepared from haeh pariiy P21 powder
aned soadl ot L TR0 volir of oxides sueh ax ALO Bifects of the additives on
mechanical and presoclectvic propertios of the naocompesites were investipated. The e
chanival properties of cerandes can be sippificonty baproved by introducing mimostzed
vermie prlisles o the corpic ity grains or prai houndavios, The most signihc
achievementowith this approach livve heen reported By Nighaen and Nakahie [0 8]0 this
work, effect of nuigsesivm oxide panoparticles onomicrostractioe, depsity and dictecine
constant (various frequencies ot reon fompernture of P71 commies wore studied. At room
temyperature, the solid solution between fead ttmude. PRTO (P T aud dend sirconate,
Phi/aCr (P2 prosents two ferroclectrie phiases, actetragonal phase in the titaniam nvh side
of the preudobinury svstenn, and o ;hmnlm}m cal one i the srconium vich side [0

Received June 200 20000 in iuad foros July 90 1010
fCmresponding author Danpnd mgoue 20020 vaboocon

[I33 117




w
&9
o
-y
s
A
e

¢
[

| Naresuan U

conded by

N

[BRY

i

94

R ERT) K. Sunjeoni et al,

[PRSTIA ATHY

[T Fe)
G 2ol L
F".“s
=
3]
VVVV GR ool L
;ﬁw
i [RYTRRI AT ] .
I
— |
Ty LinQ ’
|
JOPDS s 0 13 0783
10 20 30 40 50 60

20 degrees)

4

Fhenre 10 NRD panerns of PAT coramiivcs with ¢ 2 vl Met) sanopariicles smter at 1H0O07C

Fxperimental

PV O wmmoparticles cormios in ihh rexearch were prepared by mised axide method.
Phe starting nueriads of PO 9905 0 Riedel de Thens, 200 (9904, Riedel de Thidm
aned ‘M( ". Ficdel de Hadny were nuxed methanol medium for 24 hand cadeined
ab ROUTC for 2he The MeO mmopowders (A dreh USAL 30 nov wis blended winh the
calemesd AT powder i cabios of between £ 2 vol% . PAT MeO mixuge was hall mifled
tor 1.2 I Then the slurry was dried sioved and pressed inmch*' The sivtering proveduyre
wis carried ot 20000 for 2 b Phases formatioas and aicrostroctore were exmined by
Neray diftrnctometer (XRITyand Seauning clectron mivrascope (5EM L Average gradn size
wiy mneanurenent by Tinew inferception method. An tmpedinee auadvzer wan gl gaed o
measure the dwh‘cfm, constant 0 al roony lemperature. Vichers imdorohurdness of samples
wis investigated by Vickers microlumdnoss toster

Results and Discussion

The X roy diffraction pattors of sintered PAT coramios with the addifion vge of O 2 vol
MeO nanoparticles were shosen e B, TOATE the pattens careetuaied 1o JCPDS fie number
A3 represonted the tetrmpona] stitctore ji{}l‘ [ ‘zftim" it :‘;"um‘ivr were woboulided by
Aoy progmmitchea s L0 A b = LOAO A and e = L1100 A The nasimum mtensity
of peak wis 26 309, i Ny tee of Molry “:sm;w.nru Iu pf wise wires detected, The amount
of MeO i the samples may e been too sl o he detected by NI-EL

Figire 2 showed SEM icroemph of surihce and Practuee of P2 corios with O
O 03 amd 2 vol MeO papopmticles, Indevpranular fracture was foumd for P2T saople
thig 2bn The fracture mode clanged to mtergrmslar with portial mtragranub fractar
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Figure 2. SEM photographs of surlace and fracture of PZT ceramics with: ta. by O ceody 001 e 1y
0.3 and (g, o 2 volte MgO nanoparticles,

for the sample with 0,1 vol% MgO addition (Fig, 2 (). indicating that the MgO particles
reinforced the PZT prain boundaries [11]. However, the fracture mode became to mainly
intergranular for the samples with 0.3-2 vol% MgO (Fig, 2 (f, h)). The average grain sizes
of the samples were found to decrease with the addition of MpO nanoparticles. indicating
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that the MaO mmoparticles inhibited peain provah (Fies 2 oo e and on The range ol
selected Mo O dopingthe prain size {1 ponis alimost the wome as shown in g 2 However,
MO s not offective in changing e morphology of gram. Those prams exhibited equing
shape i all doping comditions.

Frpure J showed the volume fraction of the relative diclectyic constant for PAT dopad
MO with the shiferent fresuencies. As shown, PAT coramie with oD vol’ e of MeO dopimg
can vewch the dielectie constant at the suedmm vidue for Wl froguencies o0 100 100,
S0t Ky and 1 ML al room temperature ), Moreover, the dielectrie constant is shichiiy
ecrensesd with pnereasing MpO content o more than 0.1 valts,
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Figure 3. Vickers lurdiess of PAT coramies as o tometion of MyO addition,

Phe vesntts of Vickers mdorohardness e shown i Figo 50 The raaximnm value ot
wicrohardness of LGP wivs found for sample contaimng 0.0 voltd MaO. The walue
close fo the reported by T et al [12] The improved hardness i proposed o be die (o
MO reintorcing the grain boumbaries thae. 2 adie The sheht decrease i morohardpess
anmon g fron 8 D ta 2 vel s be due to the Tower sinterabihis of the PAT for 003 2

soffr Mty [T

onclosions

b vonchsion. PZT coramios with the whdition of MpO manoparticles were fabricaied by
mixed oxide youte with the sinformg wemperature at 20000 Gor 2 B The orvsial stenctare
i~ tetrngonal with no secondary phose deteoted, Dielectrie constuni and raicrolurdness s
only dmproved st O vol's MeO doping. The average grain sizes of the samiples were
foumd 1o decrease with the addition of MaO pagoparticles. However Mg s not effective
e chaneinge the morphology of grain
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Figure 1 XRD pattern of PZT + (0-2) vol.% ZiO, nanoparticles ceramics sintered at 1200 *C
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Figure 2 SEM photographs of surface of PZT + (0-2) vol.% ZrO, nanoparticles ceramics sintered at 1200 °C:
(a) 0, (b) 0.5, (¢) 1 and (d) 2 vol.% Zr0;, nanoparticles ceramics.
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Mechanical Property of PZT/MgO Nanocomposites
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Abstract

In the present study, PZT/MgO nanocomposites were prepared by the conventional
mixed oxide mcthod. The starting powders of PbO, Zr0; and TiO,; were mixed ir.
ethanol using zirconia balls as the grinding media, After drying, the powders were
calcined at 800°C for 2 hours with a heating rate of 5°C/min. The calcined PZT
powders were mixed with MgQO nanoparticles (50 nm average particle size) and 1%«
PVA binder, and ball milled in ethano! for 12 hours using the same method >
mentioned earlier. The slurry was then dried and sieved to a fine powder. The mixed
powders were uniaxially pressed into pellets at a pressure of 40 MPa. The pellets were
sintered at 1200 °C for 2 hows with a heating rate of 5 "C/min. The microstructures of
the sintered samples were examined using scanning electron microscopy (SEM). The
mechanical property of the monolithic PZT and PZT/MgO nanocomposites were
studied using a Vickers microhardness tester. Indentations were applicd on the polished
surfaces with loads in the range of 0.3 kg, and an indentation period of 15 s. It was
found that, monolithic PZT ceramic showed large grains with the mean grain size of 3
um, It was clear that the addition of MgO nanoparticles could sjgnificantly reduce the
mean grain size within the range of 1-14 pum. The PZT/MgO nanocomposites
displayed ~20% higher hardness than the monolithic PZT. The maximum value of
hardness of 4.5 GPa was found for the samples containing 2 vol.% MgO.

Keywords: Mechanical property, Monolithic. PZT/MgO nanocomposites
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