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ABSTRACT

Nano-BaZrO, was synthesized by Solid-State Reaction at Low tempera-
ture, useing Ba (OH) , » 8H,0 and ZrOCl, + 8H,0 asraw materias. First,
hydrolysisZrOCl, « 8H,0 preparation of high-activity ZrO, « H,O (H,ZrO,)
then evenly grinding after mixtured with Ba (OH) , « 8H,0 by 1:1 (mol),
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finally Drying at 100 °C reaction obtained a cubic barium zirconic nanom-
eter crystal. TEM photograph showed that they were uniform and sub-
stantially quadrate particles with the size of 40~80nm. The experiment
Determined that the chemical reaction is rate controlling step at low

temperature solid state reaction.

INTRODUCTION

BaZrO, ceramicsisoneof themost important elec-
tronic ceramic materias. Under high temperaturesit
exhibited good ionic conductivity when zirconiumwas
partly replaced by different pricemetallicion. Because
of itsexcdlent chemica stability and mechanicd strength,
itisakind of promising solid electrolyte materials.
BaZrO, catalyst has agood performance of storage
nitrogen and sulfur resistance?. Thereforethe synthetic
method of BaZrO, alwaysisthe domestic and foreign
material research focug®d. Synthesisby solid statere-
actionisacheap and s mple preparation method, with
thesmpleprocess, highyield, thereaction conditionsis
easy to contral, without solvents, and less pollution.
However, traditiond solid-gatereaction needshightem-
perature up to 1350 °C, and not only high energy con-
sumption, but a so easly particlessintered, which made
the powder heavy agglomeration and poor surface ac-
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tivity . Considering that, in our present work, anew
method called solid-state reaction at |low temperature
hasbeen explored to synthesize BaZrO,. Thismethod
has many advantages, such asno solvents, little pollu-
tion and high productive.

EXPERIMENTAL

Chemicalsand instruments

Y-2000 X-ray Diffractometer (Dandong), JEM-
100SX Transmission Electrical Microscope (Japan),
QM-3SP2 planetary bal mill (Nanjing) DHG-9076A
blast type e ectric oven thermostat (Shanghai) etc

Ba(OH),-8H,0 ZrOCl -8H,0 are analytical re-
agentsmadein China All experimentswerecarried out
inthede onized water.

Synthesisof BaZr O, powder
That acertain amount of ZrOCl, + 8H,0, adding
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few 1:1 HCI, dissolvedin 100 mL water for hydrolyss.
The pH value of the solution was adjusted to 7~8 by
dropping 1.1 NH,-H,O. Thenit wasfiltered and washed
with deionized water until the Cl- could not be detected.
Subsequently it was mixed with needed
Ba(OH),-8H,O(molar ratioisTi:Ba=1:1). Themixture
wasmilled for 60 min at room temperature, thendried
at 100 °C for 15h.

RESULTSAND DISCUSSION

XRD analysisof BaZr O, powder

Comparing XRD pattern of synthetical BaZrO,
powder with JCPDS Card (06-0399), to demonstrate
that that synthetica BaZrO, powder ispurecubic phase.
(showninFigurel)
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Figurel: XRD pattern of synthetical BaZrO,

TEM analysisof BaZr O, powder

TEM photograph of the powder showsthat thepar-
tidesareuniformand subgantialy quadratepartideswith
thesizeof 40~80nmin diameter.(showninFigure2)
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Figure2: TEM photograph of sample

I nfluence of reaction temperature
Themixturewasdevided into six parts, thendried
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respectively at room temperature, 40°C, 60°C, 80°C,
100°C and 120°Cfor 12D, 75h, 48h, 24h, 15hand12h
in order to bedried completely. XRD patterns of the
dried powder areshown in Figure 3.

InFigure3: 1,2, 3, 4,5, 6 respectively isthe XRD
pattern of dried powder at room temperature, 40 °C,
60 °C, 80 °C, 100 C and 120 °C.
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Figure 3 : XRD patterns of powders dried at different
temperatures

It is can be seen that dried powder both at room
temperature and 40°C are the BaCO, characteristic
diffraction peak. Astemperaturerising, 60°C startsto
appear BaZrQO, diffraction peak, 80°C has been com-
pletely gppeared BaZrO, characterigtic diffraction peak.
But till havethe obvious BaCO, impurity pesk. 100°C
BaCO, reducesto the minimum.

So we confiemed theoptimal reaction temperature
is100°C.

I nfluenceof reaction time

In order to determine how long the mixture needs
to form BaZrO, at 100°C, the mixture react respec-
tively for 3h, 4h, 5h, 6h, 9h, 12h, 15h under 100°C,
and then dried at room temperature. Their XRD
pattrernsareshownin Figure4.
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Figure4 : XRD patternsof samplereacting different time
under 100°C
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InFigure4: 1,2,3,4,5, 6, 7respectively indicates
XRD pattern of powdersreacting for 3h, 4h, 5h, 6h,
9h, 12h, 15h under 100 °C, then dried at room tem-
perature.

It can be seen that when the reaction timeis 3h,
only hasBa(OH), and the BaCQ, diffraction peak, no
BazrO, occures. Whenthereactiontimeis4h, BaZrO,
phasestartsto form. And Ba(OH), phase disappeared,
but still had the massive BaCO, existence. Theinten-
sty of BaZrQ, diffraction peaksincreaseswiththere-
actiontime, whilethat of BaCO, gradually decrease.

Reaction mechanism

Diffusion, reaction, nucleation and growth arethe
four steps of the solid-state reaction. In the past, dif-
fusion or nucleation isconsidered to betherate-de-
termining step of the high temperature solid-statere-
action. However, in the low temperature solid-state
reaction, the four steps may become rate-determin-
ing step. From Figure 3, it can be seen that the
strength of the Ba(OH), diffraction peaksisvery small
from the start to the end, so we can know the diffu-
sionfrom Ba(OH), toH,ZrO, isvery quickly. InFig-
ure 3, reaction under 100°C just exhibitsthe BaZrO,
diffraction peaksand in Figure 4, reaction for 4 h
under 100 just beginsto exhibit the BaZrO, diffrac-
tion peakswith high strength. From the above, we
draw a conclusion that diffusion, nucleation and
growthisquick. So we confiem that reactionisthe
rate-determining step of the solid-state reaction at
low temperature.

Inaddition, asaresult of the precursorsof thisre-
action is fresh prepared and very lively H,ZrO,
(ZrO,xH,0)1®, which hassmall particlesize, high ac-
tivity isextremely easy reacted with Ba(OH),, somake
thereaction at lower temperatures can be achieved.
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4. CONCLUSIONS

(1) Itisfirsttimeto use solid-state reaction at low
temperature to synthesize cubic BaZrO,. The
method is high productive and partly process
achieving economic atom reection accordingtothe
ideasof green chemidtry.

In the solid-state reaction at low temperature,
chemica reactionistherate-determining step.
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