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ABSTRACT

Nano-BaTiO, powder is synthesized with TiCl, and Ba(OH), by different
liquid-state methods, such as atmospheric method, high-pressure thermal
method and microwave method. Its phase, shape and capacity isinvesti-
gated by XRD, TEM, SEM, SAXS, LCR. XRD of the seriesof the nanom-
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eter powder demonstrates that BaTiO, of cubic system has been pre-
pared. Through TEM we found the products have a shape of uniform,
substantially spherical particles. Powder synthesized by microwave
method has the least grain-size, the lowest sintering temperature, and the

best dielectric capacity.

INTRODUCTION

Nano-ceramic materia istheassociative outcome
of modern chemistry and advanced technol ogy, which
will be one of themost important materiasin the new
century. Thereinto, BaTiO, ceramic hasawaysbeen
placed emphasison in thisvoluminousfamily of nano-
ceramic materid. It cutsabrilliant figureasindustry raw
materid intechnicad productionanddaily life. Thelinch-
pinto synthes zenano-ceramicisto preparelittlegrain-
Size powder with uniform shape. It issignificant to ex-
ploreapreparation method of BaTiO, nano-powder.

Withthegrain sizeof BaTiO, nano-powder dimin-
ishing, thegrain quantity for given quality will increase
and exterior areawill enlarge. Thustheboundary layer
effect functions markedly, which endue BaTiO, nano-
powder withinimitablephysca and chemica property.
Therefore, nano-BaTiO, ceramic materid turnsinto new
type and high-powered materia to 21 century, espe-
cidly asexcdlent did ectric materid with meritsof low

© 2008 Trade SciencelInc. - INDIA

cost, stableproperty and innocuity. Inthisarticle, three
liquid-state methods, such asatmospheric method, high-
pressure thermal method and microwave method are
researched. Different reaction conditionsare discussed
to confirm the optima synthesistechnique.

EXPERIMENTAL

Material and apparatus

TiCl,, Ba(OH),, 8H,0, NH,, H,O are of analyti-
ca grade. All experimentswere carriesout in double-
digtilled water.

Rigaku D/IMAX-RC-X-ray diffractometer(Jp),
TEM-1000SX Transmission Electricd Microscope(Jp),
769Y P-242 TABLE Oil Press(Tianjin), RIXG-5-13
Electricd Stove, Automatic LCR Meter(En), Whirlpool
microwave stove(Am) and reactor etc.

Synthesisof BaTiO, nano-powder
1. Atmosphericliquid-statemethod


mailto:wangjing9804@163.com

164

Compare of liquid-state methods synthesizing Nano-BaTiOs

ICAIJ, 3(2) April 2008

FPull Paper

Hydrolysisof TiCl ,issimilar to the literature!®4.
H,TiO, islaunched into water and conducted into se-
rum of 250ml, then commixed with 200ml akaineso-
lution of Ba(OH),,. Then the mixture mixed up by a
beater islain on aelectric cooker to react below 100°C
for 3~5h. The solid powder of BaTiO, isobtained after
filtering, washing and drying at 100°C. Reaction prin-
cipleasfollows:

TiCl,+H,0—H,TiO,+HClI
H,TiO, +Ba(OH), Ba(OH) +2H,0

2. High-pressurether mal method

CdculaedTiCl,ishydrolyzedintoH, TiO,, launched
into water and conducted into serum of 250ml, then
commixed with 200ml akaline solution of Ba(OH),.
Afterward, the mixtureis poured into high-pressure
thermal reactor toreact at 150 °C for 2h. Thesolid
powder of BaTiO, isobtained after filtering, washing
and drying at 100°C.

3. Microwave method>

Hydrolysisof TiCl ,issimilar to the literature!®4.
H,TiO, islaunched into water and conducted into se-
rum of 250ml, then commixed with 200ml alkaine so-
lution of Ba(OH),. Thenthemixture placed inabeaker
(Thebeaker isfull of water) islaininthe microwave
stove. The heating power isturned to 10 by regulating
the heating-power knob for 5 min, then turnedto 2 for
15 min, sothat thereactant maintainsdightly boiled at
100°C. The solid powder of BaTiO, isobtained after
filtering, washingand drying at 100°C.

Preparation of ceramics

The ceramic is prepared by the powder synthe-
sized and their propertiesare studied. Thesampleis
mixed with suitableamount of adherent (8% PVA ague-
ous solution) and grounded evenly, then bolted by the
screen with its aperture of 0.45mm (40 meshes). The
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(a) Atmosphericliquid-state method
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(b) High-pressur ether mal method

resulting powder ispressed into discwhosediameter is
1.5 cm and thickness is 0.2cm at a pressure of 6~8
MPa. Thebinder isremoved by firing at 600°Cin air.
After cooling, the discs are sintered by heating to
1150°C. After layered withAg €l ectrodes, their eectric
capacity value (C) and dielectricloss (tand) are mea-
sured by Automatic LCR Meter at different tempera-
tures, their thicknessand diameter aremeasured with
micrometer, and their did ectric constantsare cal culated
fromtheformulaasfollows, where Ciscapacity value
of sample, hthethicknessof disc, Stheelectrode area,
g,thevacuum dielectric congtants, & =1/4nx9x10"F
cm.

€= C—h =1.4395x% 1O4XC—L = 14400CL /d?
€0S d2

RESULTSAND DISCUSSION

XRD analysesof BaTiO, nano-powder

BaTiO, powder synthesized by three methodsis
analyzed with XRD respectively. It hasthe same XRD
pattern as pure BaTiO, phaseand dl of thembelongto
thecubic systeminfigure 1(a atmosphericliquid-state
method, b. high-pressuretherma method, c. microwave
method). But from the aspects of kurtosis and peak
vaue, the powder synthesized by different methodsdif-
fersfrom each other appreciably. The peak value of
powder synthesized by high-pressure thermal method
istopmost, while kurtosis of powder synthesized by
microwave method iswidest.

TEM analysesof BaTiO,powder

Through TEM, an observation of the BaTiO, pow-
der synthesized by different methodsreved sasfollows:
Grain size of atmospheric liquid-state method is
70~80nm with aspheroidic shape. Grainsizeof high-
pressure thermal method is 120~150nm with a
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Figurel: XRD patternsof nano-BaTiO,
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(a) Atmosphericliquid-statemethod  (b) High-pressurethermal method
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(c) Microwavemethod

Figure2: TEM photosof nano-BaTiO,
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Figure3: SAXSpatternsof nano-BaTiO,

squareoidic shape. Grains of microwave method are
subgtantidly sphericd withtheaveragesizeof 40nmin
diameter, whichisshowninfigure2.

Atmospheric solid-state method hasthe merits of
low reaction temperature, below 100°C. But it needs
long reactiontime, and artificia control throughout the
whol e preparing process. Otherwise, temperatureis
difficult to control heated by stove, so that the powder
synthesized by thismethod isasymmetric. High-pres-
suretherma method needs s ashing reaction conditions
such as high temperature and high pressure, so it has
the defects of large energy consumption, high cost.
Grainsgrowsto micro-meter under these conditions
which areimpossible to be used into nano-ceramic
preparation. While microwave method is the best
method inthethreein virtue of smpleoperation, short
reactiontime. It utilizes cavitation effect to obtain high
caefactivevelocity and caefaction frominsideto out-
sdewhichinducecresting vel ocity faster than growing
velocity of the powder. Sothegrainsizeisassmall as
40nm, and hasahomogeneous distribution.

SAXSanalysesof BaTiO, nano-powder

By TEM analyses, thelarger the quantity of deter-
mined grainsis, themoreactudly theaveragegransize
isreflected. Nevertheless, it can not reflect the powder

(@) High-pressurethermal (b) Microwavemethod
method
Figure4: SEM photosof discssynthesized from different

raw material

distributionwhichisanimportant index to estimate pow-
der property. In contrast, SAX Sandysishasthe merits
of excdlent statisticand little artificia error. Soit has
better determining repeat to character powder prop-
erty. From the patterns of grain size distribution as
figure 3 show, microwave method can preparethe pow-
der with themost homogeneousgrainsizedistribution.

Sintering capability of BaTiO, powder

The powder synthesi zed by different methodsispro-
cessed into ceramic discs, which areandyzed by SEM.
Thephotosof SEM anadysesrevedl that disc diameter
prepared by microwaveismuchlessthan disc by high-
pressurethermal method, because grain size of pow-
der synthesized by microwaveislessthan thelatter.
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TABLE 1: Thedielectric capacity of BaTiO,synthesized by
different methods

High-
Disc Atmospheric  pressure  Microwave
method thermal method
method
Sintering
temperalure/oc 1250~1300 1300 1150
Didlectric 4000 2500 7200
capacity
Didectricloss 0.1 0.1 0.01

Figure4iscompared thetow kindsof discs prepared
from different powder. Ceramic crystallinesizehasthe
near and near relation with powder Sze. Under thesame
ceramic preparation process, thelesstheraw powder
grainszeis, thelessthe ceramiccrystalline sizemade
fromthe powder is.

Measureof dielectric properties

Discs madefrom powder synthesized by different
methods are tested to compare their properties, as
showed inTABLE 1. It reveal sthat ceramic properties
prepared by microwave method are much better than
those prepared by other tow methods. It isbecause of
littlegrain sizeand homogeneousgrainszedistribution.
Powder synthesized by microwave method can be
pressed into discs without bond, which avoids bond
remanedinthesinteringcourse. Soitismucheasier to
decreaseporesamonggrains. That is, it iseasy to com-
pact.

CONCLUSION

Inthisarticle, threeliquid-state methodsused to
synthesize BaTiO, powder are compared with each
other, intheaspectsof experimenta process, grainsize,
S ntering cgpability and didectric properties. Microwave
method hasthe meritsof short reactiontime, easy con-
trol, littlegrainsize, narrow grain sizedistribution. Itis
infavor to prepare capability-excellent dielectric ce-
ramic. It will realize miniaturization and integration of
€electron implement asan outstanding techniqueto pre-
pare nano-ceramic.
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