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ABSTRACT

The effects of Ng, Bi . TiO, addition on the microstructure and dielectric
propertiesof Zr-modified BaTiO, wereinvestigated. Thesintering tempera-
ture of Zr-doped BaTiO3 could be reduced to 1100 ;& by adding
Ng, Bi  TiO,. SEM results show acore-shell structure with Na  Bi  TiO,
addition. Meanwhile, DSC curves which have two curie points when the
sampleswere added with Ng, Bi  TiO, also confirmed that there were two
phases existing with a core-shell structure in the samples. The permittivity
decreased and the Curie temperature shifted to higher temperature when
theNa,Bi . TiO, content increased. The BaTiO,-based system shows great

potential for applicationsin EIA X8R-type capacitors.
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INTRODUCTION

Bariumtitanate (BaTiO,) hasbeenwidespread used
inthee ectronicsindustry because of itshigh dielectric
constant, and piezod ectricand ferroe ectric properties.
The high dielectric constant of BaTiO, and the ease
withwhichitselectrical propertiescan bemodified by
combination with other materialsmakeit exceptiona ly
suitable for miniature capacitor. Because of thelarge
variation of itsdiel ectric propertieswith temperature
and voltage, BaTiO, isnot, except inrareinstances,
used as adielectric without modification. Modified
BaTiO, can be produced with awidevariationin di-
electric properties. Presently, with the rapid develop-
ment of automotiveindustry, application of capacitor,
especidly for those used in the engine el ectronic con-

trol unit (ECU), programmed fud injection (PGMFI),
and anti-lock brake system (ABS), et d., requirespref-
erabletemperature characteristics. Thereisincreasing
need to extend the working range of these devicesto
150°C to achieve X8R specification (the capacitance
inthetemperaturerangeof -55t0 150°Ciswithin+£15%
of room temperature capacitance)!l. Thisrequiresap-
propriate chemical dopingtoincrease T .. Recently,
Na, .Bi, . TiIO,(NBT) with aperovskitestructureand a
relatively high T . (320°C) hasbeenusedtoraisethe T
of BaTiO,4. However, Bi,O, iseasy tovolatilizeand
has low capacitance at room temperature, Zr-doped
BaTiO, growing onthesurfaceof NBT can effectively
restrainitsvolatilization and enhancethe capacitancea
room temperature.

Thetraditional solid statereactionisusually per-
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Figure1: XRD patternsof (a) BaTi,Zr ,O,, (b) 5% NBT-
BaTi Zr ,0,and(c) 10%NBT-BaTi Zr O,

formed at e evated temperature, easily leadingto by-
productsand structural inhomogeneity. To some ex-
tent, such disadvantagesimpose limitationson the ap-
plication and properties of thematerials. In this paper,
theinfluenceof NBT onthemicrostructureand dielec-
tric propertiesof 1% Zr-doped BaTiO, isinvestigated.
Thevariation of T isused to estimatethe application
of theinvestigated ceramic material in X8R-type ca-

pacitor.

EXPERIMENTAL

TheBaTiO,-based sampl es studied were prepared
by two stepsinthefollowing way. Firstly, NBT was
prepared by microwave method with NaOH, Bi(NO,),
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andTiCl,. Thestoichiometric solutionsweremixedina
microwave oven for 30 min at 100°C. Secondly,
Ba(OH),, ZrOCl, and TiCl , which had mixed together
was mixed with various amounts of NBT (5 and 10
mol%6). The mixtureswere homogenized by amagnetic
stirrer placed on an electric hot plate to react below
100°C for 3 h. The solid powder of BaTiO,-baced
sampleswereobtai ned after filtering, washing and dry-
ing at 100°CB4., Thereaction may be described by the
following formulations. The mixtureswereuniaxially
pressed into discs under 10M Pa. Sintering was con-
ducted at 1100°C for 1 h under ambient atmosphere.

TiCl,+H,0—H,TiO, +HCI Q)
2H,TiO, +Bi(OH),+NaOH — 2Na, Bi, .TiO,+4H,0 (2)
H,TiO,+Ba(OH), BaTiO,+2H,0 @3)

Crystal structureof thesampleswereidentified at
room temperatureusingan X-ray diffractometer (XRD;
Modd: D-MAX 111V, Rigaku Co., Tokyo, Japan) with
CuKa radiation, operated at 30 kV, 20mV, and a scan-
ning rate of 1° min* withintherangeof 20 from 20° to
70°. Thelattice constants of sampleswere determined
withtheaid of silicon standard. Scanning e ectron mi-
crographs (SEM) wasrecorded with aJeol 940A elec-
tron microscope. Differential scanning calorimetry
(DSC; Modal: DSC131, Setaram, France) was used
to determinethe Tc of the samples.

Inorder to measurethe sample’s electrical proper-
ties, silver electrodes were attached to the surface of
the sintered discsand fired at 550°C for 30 min. Di-
electric permittivity and thediss pation factor of thedisc-
type capacitorsweremeasured usngaL CR meterina
temperaturerange of-55to 150°C at 10 kHz, 1 KHz
and 100 Hz respectively.

RESULTSAND DISCUSSION

Figure 1 showed the X -ray diffraction patterns of
BalTi Zr,,O,, 5% NBT-BaTi Zr, O, and 10% NBT-
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BaTi, ,Zr, ,O,. The BaTi Zr, O, sample showed a
clear provskite phase. However, asecond phase, iden-
tified asprovskite-type NBT, wasdetectedin 5% NBT-
BaTi, Zr,,O, and 10% NBT-BaTi,Zr O, samples.
Becausetheradius of Bi®* (0.108 nm) and Na* (0.95
nm) aredl littlethan Ba* (0.135 nm), the pattern cor-
respondingto NBT relatively moved rightward, which

iscons stent withthe Bragg'‘s law.
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Figure2: SEM photosof (a) 5% NBT- BaTi Zr ,O,and (b)
10%NBT- BaTi Zr O,
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Figure3: Differential scanning calorimetry (DSC) cur vesof

BaTi,Zr ,0, specimenswith variousamountsof NBT con-

tent for the measur ement of Curietemperature
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Figure4: Temper aturedependence of dielectric constant of
BaTi,Zr ,0,specimenswith variousamountsof NBT con-
tent

Figure 2 showed the SEM micrographsof 5%NBT-
Bali Zr,,O,and 10%NBT- BaTi, Zr,,O,. Thegrain
sizewassignificantly increased from 100 nmto more
than 200 nm. For both of the two samples, the SEM
photographsindicated no evidence of any other phases,
although the provskite-type NBT was detected by
XRD. It indicated that the NBT was enclosed inthe
Bali, ,Zr, O, phaseto acore-shell structure, sothat it

wasvery difficult to detect it by SEM.
Figure 3 showed the DSC curvesof BaTi jMn O,
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withvariousamountsof NBT content. Whentherewas
no NBT added, theTc of BaTi, Zr,,0,is80°C. Once
BNT was added in the sampl es, another Tc could be
detected at about 320°C. Again, themoreTcisdueto
theformation of core-shell structure. When the added
NBT content increased from 5% to 10%, the Tc of
samplesat high temperatureincreased from 315°C to
318°C, and that at low temperature increased from
80°Cto 86°C. Itimplied that more NBT promotethe
diffusion between BaTi  Zr,,O,and NBT, leadingto
chemically inhomogeneous adulteration, which could
diffuse the curie peaks and enhancethe temperature
Sability.

Figure 4 showed the temperature dependence of
thedielectric constantsof theNBT-BaTi, /Zr, O, sys-
temfor variousamountsof NBT content. It can be ob-
served that theBali, /Zr, O, samplewithout NBT ad-
dition hasthe highest die ectric constant. However, due
to the “clockwise effect”, the capacitance dropped
sharply. When theamount of NBT increased from0to
10 mol%, the dielectric constant gradual ly decreased
over thetemperature range of -55 to 150°C. Notably,
thesamplewith 10 mol% NBT had thelowest dielec-
tric constant. The decreased dielectric constant is at-
tributedtoincrease of NBT content. Theinterna stress
caused by the mismatch between the coreand shell of
thegrain might beresponsiblefor improving thetem-
perature dependence of thediel ectric constant!®.

CONCLUSIONS

BaTi  Zr,, 0, sampleswith variousNBT content
were synthesized by two-step liquid-method.
BalTi,Zr, O, wasgrown onthesurfaceof NBT grains.
Therewas secondary provskite phase detected inthe
samplesadded withNBT from the XRD patterns. But,
no evidence of other phase could be seen through SEM
photographs. It demonstrated that the grain had acore-
shdll structure. Thegrainsizeincreased from 100 nmto
morethan 200 nm with theincrease of NBT content.
Thesintering temperature of BaTi, Zr O, ceramics
could bereduced to 1100°C by dopingthemwith NBT.

Samples had two curie points when doping with
NBT. TheTc of samplesat high temperatureincreased
from 315°C to 318°C, and that at low temperature
increased from 80°C to 86°C whenthe NBT content
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increase from 5% to 10%. The trend was caused by
the diffusion between BaTi  Zr ,O,and NBT, which
lead to chemically inhomogeneousadulteration, diffused
the curie peaksand enhanced thetemperature stability.

Thetemperature dependence of the capacitance
was-2.4%~15.1% withthe NBT content of 5%, and -
3.38%~21.2% with the content of 10%. So, the ce-
ramic materialshavegreat potential asEIA X8R-type
multilayer ceramic capacitors.
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