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Abstract

The high ionic conductivity of stabilized zirconia materials by substitutional doping of lower valent metal oxides (MgO, SrO, €80, Y

SG0;3, etc.) are materials of outstanding technological importance. The Mg and Sr stabilized zirconia have been synthesized by co-precipitation
method. The formation of the compound has been confirmed from XRD analysis. The particle size has been calculated from the XRD analysis
and are found to be in the order of nm. The electrical characterization is carried out using the impedance spectroscopy method in the frequency
range of 50 Hz—5 MHz. The conductance spectra show the dc plateau and dispersive region. The dispersive region suggests the correlatec
hopping motion of ions. The charge carrier concentration is found to be higher for Sr stabilized zirconia rather than for Mg stabilized zirconia.
The bulk resistance for Sr and Mg stabilized zirconia have been found to be in the order @f 4% cm~ and 5.05< 10° Q cm2.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction is maintained and/or different binary oxide systems such as
CaO, SrO, MgO, etc., are add®d Numerous reports have
Stabilized zirconias are materials of outstanding techno- been published on the ionic conductivity of Mg—zr&8We
logical importance, because of their use as electrolytes inhad already reported that 18 mol% and 22 mol% of Mg—-2rO
high temperature fuel celfs? While some researchers focus  were found to have high ionic conductivity compared to pure
on the development of SOFCs for operation at high temper- ZrO,.8 In the present study a comparative analysis of pure
atures of 900—100TC, it becomes increasingly importantto  ZrO,, 18 mol% of Mg and Sr stabilized zirconia has been
reduce the operation temperature of the fuel cells down to thereported. The Ac impedance technique is a powerful tool to
range of 400-800C, in order to substantially increase thelife analyze the electrical properties of ceramic ionic conductors.
of SOFC, widen the selection of electrode, and to reduce the So far no report has been published on the Impedance analy-
cost of the materials processing and cell fabricafifrSo sis of Sr stabilized zirconia. Hence, in the present study lon
in order to reduce the operating temperature of SOFCs thedynamics analysis of Sr stabilized zirconia has been reported
operating temperature of the corresponding electrolyte playsand compared with Mg stabilized zirconia.
an important rol@. The stabilized zirconias with tetragonal
and cubic polymorphs are found to have an operating tem-
perature in the range of 600-800.* The high temperature 2. Expérimental
tetragonal and cubic polymorphs of zirconia can be stabi-
lized at room temperature provided a nonometric grain size  The samples pure Ze#D18 mol% Mg and Sr stabilized
zirconia have been prepared by co-precipitation method. The
* Corresponding author. Tel.; +91 422 2422222x422; raw material ZrOGJ-8Hz0 (>99% purity), was dissolved in
fax: +91 422 2422387. distilled water and stirred well. Precipitation of the powder
E-mail addresssekarapandian@yahoo.com (S. Selvasekarapandian). was done using aqueous NaOH as the hydrolyzing agent. The
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Fig. 1. XRD pattern for Sr stabilized zirconia at room temperature. Z' OHMS

detailed preparation procedure for pure Zr&hd 18 mol% Fig. 2. Cole—Cole plot for Sr and Mg stabilized zirconia at 4G0

Mg stabilized zirconia have been reported elsewfieFae

same procedure has been adopted to prepare 18 mol% Sr staro solid solutions with the fluorite structure in the ZkMO

bilized zirconia. The prepared samples are annealed 2800 (M =Be, Sr, Ba) at temperatures below 15@ But in the

for 24 h in open-air atmosphere. X-ray diffractogram (XRD) present study the cubic fluorite structure has been observed

has been taken to confirm the formation of samples by usingfor Sr stabilized zirconia. This has been due to the presence

Philips X-ray diffractometer PW 1830. The annealed samples of nano sized particles in the sample, which in turn stabilizes

are crushed into fine powder and sprayed in a die. A pressurethe desired phase. Since it has been already been reported

around 4000 kg crt? is applied to form pellets with 0.1 cm by Ramamoorthy et al. that the cubic phase ¥O¥-ZrO,

thickness and 1.0 cm diameter. Aluminum has been coated orsystem has fully been stabilized due to the smallness of the

both sides of the pellet by thermal evaporation method using crystallite site'®

HINDHIVAC 12 AD coating unit. The ac impedance mea-

surements are made in the temperature range of 1002100 3 2. Impedance analysis

The impedance analyzer HIOKI 3532 controlled by a com-

puter is used to obtain the electrical measurements in the Fig. 2shows the Cole—Cole plot of impedance for Mg and

frequency range of 50 Hz—5 MHz. Sr stabilized zirconia at 40@C. The data fall on a single semi-
circle whose center lies below the real axis at high frequencies
indicating the non-debye nature of the material. The associ-

3. Results and discussions ated capacitance of the semicircle has been calculated from
_ the relationrwRC =1 at the arc maximum and it is found to be
3.1. XRD analysis in the order of pF, that is attributed to a conduction process

through the bulk of the materi&t. The bulk resistance of the
The X-ray diffraction patterndg. 1), the unitcell param-  sample at various temperatures has been calculated from the
eters of pure and 18 mol% Mg stabilized zirconia have been |ow frequency interception of real axis. The bulk resistance
reported elsewherféFig. 1 shows the XRD pattern for St of Sr stabilized zirconia has found to be low compared to the
stabilized zirconia. The particle sizB) are estimated using  pure ZrG. The bulk resistance of the material for Sr and Mg

the Debye Scherrer’s formula: stabilized zirconia are found to be 3.4710’ @ cm~! and
0.9 5.05x 10° Qcm~ ! at 400°C. The bulk resistance is found
=— (1) to be decreasing with increase in temperature for both the
Py cOSO samples. The bulk resistance value of both the samples indi-
wherex is the wavelength of the X-ray angby is the full cates the high ionic conductivity for the sample Mg stabilized

width at half maximum of the corresponding peak of the XRD  zirconia.

pattern. The particle size for Sr and Mg stabilized zirconia

have been found to be 23 and 32 nm, respectively. This indi- 3.3. Conductivity spectra analysis

cates the formation of nano crystalline phases in the present

sample. The XRD analysis reveals that Sr stabilized zirconia  Fig. 3shows the conductance spectra for Sr and Mg stabi-
has found to have mixture of tetragonal and the cubic fluorite lized zirconia at 400C. Each curve displays a low frequency
structure. But in literatuf¥it has been reported that there are  plateau, which corresponds to the dc conductivity of the bulk
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Fig. 3. Conductivity spectra for Sr and Mg stabilized zirconia at4D0
material, and a dispersive region at high frequency, which

2575

has attracted considerable attention, as the low radius of the
magnesium cations gives high ionic conductivitfhe high
ionic radius of Sr may block the oxide ions mobility resulting

in decrease of ionic conductivity.

4. Conclusion

The samples have been prepared by co-precipitation tech-
nigue. The XRD analysis reveals the nano crystalline phase
of both the samples which in turn stabilizes the cubic phase
and the particle size of the samples. The impedance analysis
reveals thatthe sample Mg—Zg®as found to have high ionic
conductivity compared to Sr—ZgOThe conductance spectra
reveal that the charge carrier concentration of Sr-Zn@s
found to be one order higher than for the sample Mg—-=ZrO

References

corresponds to the ac conductivity. The existence of such a 1. chen, . J., Khor, K. A., Chan, S. H. and Yu, L. G., Influence of

dispersive regime in the conductivity rules out the possibility
that mobile ions perform a random hopping and reveals that
the ionic motion is somehow correlated. The dc conductivity

estimated from the conductivity spectra can be represented

asl?
N€&d?y WH

"d":( 6 )(kT)

where N and e are the carrier concentration and chatged

)

wy are the characteristic hopping distance and frequency and 5.

y is a geometrical factor. In the case of stabilized zirconia
samples the product of geometrical factor and hopping dis-
tance can be taken a8y =0.3%? with a=0.516 nm being
the structural parametThe hopping frequency has been
extracted from the almond and West formali®m.

Jdc

H = ( A )l/" ©)

The charge carrier concentratidd)(has been calculated for
all the samples using the above values by substituting in Eq.
(). The charge carrier concentration calculated from the Eq.
(2) for Sr stabilized zirconia and for Mg are in the order of
10%° and 1@*and are found to be constant over the temper-
ature range studied. This implies that all the ions responsi-
ble for the conductivity are in mobile state and it supports

the strong electrolyte theory. It has been observed that even

though the charge carrier concentration has found to be highe
for Sr stabilized zirconia rather than for Mg stabilized zirco-
nia, the conductivity has found to be very high for Mg stabi-
lized zirconia. This may be due to the high ionic size of Sr
compared to Mg. It has already been reported that Mg-ZrO

microstructure on the ionic conductivity of yttria-stabilized zirconia

electrolyte.Mater. Sci. Eng.2002,A335, 246-252.
2. Hirata, T., Raman active modes and the tetragonal-monoclinic phase
transistion in ZrQ doped with 12 mol% Ceg® J. Phys. Chem. Solids
1995,56, 951-957.
Aoki, M., Chiang, Y. M., Kosacki, I., Lee, L. J., Tuller, H. and Liu,
Y., Solute segregation and grain boundary impedance in high purity
stabilized zirconiaJ. Am. Ceram. Soc1996,79(5), 1169-1180.
. Mucillo, R., Netto, R. C. B. and Mucillo, E. N. S., Synthesis and
characterization of calcia fully stabilized zirconia solid electrolytes.
Mater. Lett, 2001,49, 197-201.
Mucillo, E. N. S. and Kleitz, M., lonic conductivity of fully stabilized
Zr0O,:MgO and blocking effectsl. Eur. Ceram. So¢1995,15, 51-55.
Zha, S., Xia, C. and Meng, G., Effect of Gd (Sm) doping on properties
of ceria electrolyte for solid oxide fuel cell§. Power Source2003,
15, 44-48.
Antonioli, G., Lottici, P. P., Manzini, |., Gnappi, G., Montenero, A.,
Paloschi, Fet al, An EXAFS study of the local structure around Zr
atoms in ,O3-stabilized ZrQ by the sol-gel methodl. Non-Cryst.
Solids 1994,177, 179-186.
. Vijayakumar, M., Selvasekarapandian, S., Bhuvaneswari, M. S., Hi-
ranKumar, G., Ramprasad, G., Subramanianetral., Synthesis and
lon dynamics studies on nano crystalline Mg stabilized zircdpig/s-
ica B, 2003,334, 390-397.
Kharton, V. V., Naumovich, E. N. and Vecher, A. A., Research on
the electrochemistry of oxygen ion conductors in the former Soviet
Union. |. ZrO,-based ceramic materiald. Solid State Electrochem.
1999, 3, 61-81.
Ramamoorthy, R., Viswanath, R. N. and Ramasamy, S., Synthesis and
study of nanostructured yttria stabilized zircoridanostruct. Mater.
1995, 6, 337-340.
Bhuvaneswari, M. S., Selvasekarapandian, S., Vijayakumar, M. and
Hirankumar, G., lon dynamic studies on LiCaZr(Pe J. Mater. Sci.
2004,39, 727-729.
Luo, J., Hairetdinov, E. F., Almond, D. P. and Stevens, R., The char-
acteristic frequencies for ionic conduction in 12 mol%04 doped
Zr0O,. Solid State lonics1999,122 205-210.

3.

6.

7.

9.

10.

Al

12.



	A comparative study on ionic conductivity of Sr and Mg stabilized zirconia by impedance spectroscopy
	Introduction
	Experimental
	Results and discussions
	XRD analysis
	Impedance analysis
	Conductivity spectra analysis

	Conclusion
	References


