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ABSTRACT
A seriesof Bg Sr Zr, ,Ti

02701 09

-XxNd,O, solid solutions with average size of
50nm were synthesized by microwave method. XRD demonstrated that
the compounds were mutually misciblein the solid solution. The dielectric
constant in different sintering temperature was discussed. The result
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showed that the sample reached a high dielectric constant (about 140000)
when the doping content of Nd,O, was 0.2%and the sintering temperature
was 1240°C. Theeffect of sintering to microstructure was studied by means

of SEM, and the mechanism was also discussed.
© 2008 Trade SciencelInc. - INDIA

INTRODUCTION

Theoutstanding di€lectric, ferroel ectric and piezo-
electric properties of BaTiO, makeit thedesirablepri-
mary materialsfor avariety of applicationsincluding
multiplayer capacitors, thermistorsand electro optic
devicesd!. But BaTiO, hasthe highest dielectric con-
stant (~10%) at the Curietemperature (120°C), whileat
room temperature the dielectric constant decreasesto
2000~3000, and thediel ectriclossisvery high, which
greatly limitsitsapplications. It issupposed theoreti-
cally the Curie point of BaTiO, may belowered and
broadened when the activeions Ti* are partially re-
placed by the inactive Sn* or Zr*3, But traditional
solid-state adulteratingisnot only uneven, but also eas-
ily introduce someimpuritiesinto theproduct. Soit can’t
meet theneed of the modern electronicindustries. In
order

EXPERIMENTAL

Material and apparatus

TiCl,, Sr(OH).-8H.0, Ba(OH),-8H,0, ZrOCl.,
8H,0 and NdCl, are analytical reagents. All experi-
mentswerecarried out inthedouble-ditilled water.

Y-2000 X-ray Diffractometer (Dandong), JEM-
100SX Transmission Electrical Microscope (Japan),
KYKY-2800B Scanning Electron Microscope (USA),
769Y P-24Z Table Oil Press(Tianjin), AutomaticLCR
Meter and Reactor (Britain), SRIX-4-13 Automatic
Controlling Temperature Stove (Tianjin), Whirlpool
(USA) etc.

Synthesis of Ba Sr ,Zr,,Ti 0, XxNd,O, solid
solutions

By themethod in refs24, astoi chiometrica amount
of ZrOCl,-8H,0 and NdCl weredissolved in 100 ml
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water, asuitableamount of TiCl, solutionwasslowly
added into the above solution. The PH vaue of the
solution was adjusted to 7 by using NH_-H,O, Then
reacted withthealkaline solution of Sr(OH),and Ba
(OH), quantitatively inthewhirl pool for 25 minutes. The
solldsolutlon powder of Ba, Sr,,Zr,, Ti,, O, XNd,O,

(the values of x are 0.00075, O 001 O 0015 0. 002

0.0025, 0.003 respectively) was obtained after filter-
ing, washing and drying for 24h at100°C.

Preparation of ceramics

The samplewasmixed with suitableamount of ad-
hesive (8% PVA agueous sol ution) and ground evenly.
Theresulting powder waspressed into adisc at apres-
sure of 6~8Mpa. The disc was heating at 800°C to
remove the binder, then sintered at 1180°C~1270°C.
Itselectric capacity vaue (C) and did ectricloss (tand)
weremeasured by theAutomatic LCR Meter at room
temperature(1KHz). Thenthedidectric constantswere
caculated.

RESULTSAND DISCUSSION

XRD analysis

Asshowninfigure 1, thedoped BaTiO, solid solu-
tion powder had thesame X RD pattern aspure BaTi0,
phase and both of them bel onged to the cubic system.
The peaks shifted alittle owing to themixing effect of
thedoping additives.

TEM analysis

TEM showed that the solid sol ution particleswere
substantialy sphericd withtheaveragesizeof 50nmin
diameter.

Thereationship between component and dielectric
property

Thedependencesof did ectric constant(e) and com-
positionof Bg ,Sr,,Zr, . Ti, O, XNd,O, solid solution
areshownin figures3. It can be seen from thesefigures
that after theadulterated Nd evenly entersintothe ma-
trix lattice, which resultsin much higher did ectric con-
stant a room temperature.

Thiswasbecause Zr* wasdifferent with Ti*. Zr#
did not change its chemical valence while Ti** was
changeful at high temperature. In the powder of
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Figure 1. XRD pattern of the sample (a) BaTiO,; (b)
Ba,Sr Zr ,Ti , (0 Ba,Sr 2Zr, Ti O deO
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Figure 2 : TEM photograph of Ba Sr . Zr  Ti O,
0.002Nd,O,
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Figure 3: Relationship betweensand x of Ba Sr Zr ,

Ti O, xNd,O,
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Figure4: Relationship betweengand sintering temper a-
tureof Ba Sr ,Zr ,Ti 0,-0.002Nd.0O,

027701 0973

Ba, Sr,,Zr, . Ti, O, the electric bond of Ti-O was

broken dueotlo t?lge Er -doped, so it was hard to form
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(e) : 1260°C (f) : 1280°C
Figure5: SEM photograph of the ceramicsat different
snteringtemperature

conductance because the doped ion could only move
among severa atoms. Influenced by the spontaneous
polarization, thelocalized atomswere far away from
the balance position and polarized, the mixing effect
madethe ferroel ectric composition increase, and im-
proved thedid ectric constant. Another reason wasthat
Nd had adifferent chemicd vadence, asignificant change
could occur with little doping. When the adulterant of
Nd,O, waslittle, theconcentration of thelocalized elec-
tronsincreased with adulterant increasing, sodid the
did ectric constant. Vacancy compensation and lattice
distortion would occur with adulterant increase, which
led to the decrease of diel ectric constant.

Effect of sinteringtemperature

A denseandfinegrain microstructurewasformed
during the sintering process. Different sintering meth-
odsinfluenced the performance of the ceramic.

Sintering temperature was avery important and
rigid factor in the process of sintering ceramics. The
materia performancewould degradeif thesinteringtem-
peraturewas higher or lower thanthe optimum. Figure
4 showed the temperature dependence of dielectric
constant of thesample.

It could be seenthat thedid ectric constant increased

= Fyll Poper

with temperatureincreasing, and reached themaximum

(140000) at 1240°C, whereas decreased as the tem-

peratureincreased higher.

SEM micrographsof the ceramic at different sin-
tering temperature were shown in Figureb. From the
photos we could see that the particles and the pores
changed alot during the sintering process. Therewere
alwaysagreat deal of poresinthe ceramic disc, the
contact among particleswould augment gradudly due
to thesurfacetension from point tointerface and form
crystd boundary findly (Figure5(ab)). Theliquid phase
appeared with temperatureincreasing, whose surface
tension gave pressure to the particle on the contact
point. Thedistortion of the crystdl latticenear the con-
tact point ledtotheincrease of solubility (Figure5(c,d)).
Thesecondary crystallization occurred with the exces-
svesintering, thecrystal grew rapidly and somepores
intheinner could not gect , which made the decrease
of thedielectric constant (Figure5 eff).

CONCLUSIONS

1. Aseriesof nano-Ba, Sr,Zr,  Ti XxNd,0O, solid
solutionswere synthesized by microwave method.
By controlling thereaction conditions, dispersed and
uniform nanopowderswereobtained with average
size 50nm.Thereaction time reduced to only 25
min.

2. After adulteration of appropriateamount of S+, Zr*
and Nd* in BaTiO, by chemica method, the adul -
terated ionsentered into matrix latticeevenly. The
dielectric constant of thematerid improved Sgnifi-
cantly, reaching to about 140000. This material
could be used in miniaturized multilayer ceramic
capacitor.

3. Sinteringtemperaturehad agresat effect ontheprop-
ertiesof theceramic. It wasfound that thematerid
could achieve adense microstructure and ahigh
dielectric constant at 1240°C.
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thesized by normal pressureliquid-phase method, the
diel ectric constant can reach to about 1500018, To mest
therequest of miniaturizationin microe ectronic devices,
aseriesof ceramic nanopowderswith high dielectric
constant were synthesized doped with Nd by micro-
wavemethod.
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