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Shaped cylindrical eutectic AL,0;-ZrO,-Y,0; composites were grown by the Stepanov
technique. The morphology, crystalline structure and chemical composition of the AL,O;-
Zr0,-Y,0; samples were investigated using scanning electronic microscopy (SEM) and X-
ray photoelectron spectroscopy (XPS). Specimens were highly pure with carbon as the
dominant impurity at the surface. The Al,0;-ZrO,-Y,0; composites have also been
employed as solid electrolytes in oxygen sensors. The main characteristics and perfor-
mance of the Al,05-ZrO,-Y,0; composites in oxygen sensors were investigated by electro-
chemical methods at an operating temperature range of 400 to 1000°C. The electromotive
force (EMF) response of each sensor closely followed the Nernst equation. The Al,O;-
Zr0,-Y,0; eutectic composites with Pt electrodes behave as pure ionic conductors in the
oxygen sensors at operating temperatures as low as 480°C.

1. Introduction

Research on new ionic composite materials based on stabilised fluorite structures still
attracts the interest of scientists. The research concentrates mainly on obtaining incremen-
tal improvements in the properties of these composites. Any increases in the conductivity
at low temperature are important in terms of enhancing the efficiency of systems such as
oxygen sensors. Moreover, any reduction in the operating temperature of the oxygen
sensor by the manufacturing technology has a considerable effect on materials selection
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and lifetime predictions for such devices.®"” In the search for new manufacturing technolo-
gies for solid electrolyte systems with pure ionic conductivity, parameters such as high
strength, chemical stability withrespect to other sensor components, cost of materials and
specialised processing conditions must not be ignored if such materials are to be of
practical use in commercial devices.!~® The technology of growing of eutectic composites
is very promising for solid electrolyte materials. From a practical point of view, the
development of stable solid electrolytes with pure ionic conductivity at both low and high
temperatures is required to achieve more versatile measuring instruments. Due to the
steady increase in electronic conductivity of the ZrO,-Y,0; solid electrolytes at tempera-
tures lower than 700°C, few attempts have been made to find the best solid electrolytes for
oxygen sensors which are capable of functioning reliably at temperatures from 400° to 700°C.“

Solid electrolytes based on the ZrO,-Sc,0; system are of considerable interest as
candidate materials for intermediate temperature oxygen sensors because these systems
have the highest conductivity of any known zirconia stabilised electrolytes.” However,
Sc,0; as a material is still relatively expensive. Furthermore, the deterioration of the
conductivity of ZrO,-Sc,0; systems is another factor limiting the widespread application
of this solid electrolyte in oxygen sensors.

During the last decade, improvements in sensor design have led to a substantial shift of
the threshold temperature of operation towards a lower temperature, where a significant
output EMF can be obtained. However, the lowest working temperature of zirconia
sensors is restricted by impurities in stabilised zirconia which affect its electronic conduc-
tivity.® Therefore, in most sensor applications, the electronic conductivity of zirconia
should be lower than the ionic conductivity by more than three orders of magnitude.®
Although accurate oxygen sensors with operating temperatures lower than 600°C are
needed, the electronic conductivity has a significant influence on the total conductivity of
polycrystalline zirconia at temperatures below 600°C. Several investigations have ap-
peared recently!!™'? providing detailed information on various aspects of decreasing the
influence of electronic conductivity of polycrystalline zirconia at low temperatures. Previ-
ous analytical work'? supplied a great deal of valuable information on different aspects of
using the tetragonal phase of 3 mol% yttria-doped zirconia for low temperature sensors.
Though the ionic conductivity is smaller than that of 8 mol% yttria-doped zirconia,
handling is easier during the sensor fabrication process. The problem associated with this
material is the chemical stability. The ionic conductivity degrades during long term
operation. Grain boundary segregation as well as the formation of monoclinic phase may
be the reason for the degradation.® In addition, the surface of zirconia in these sensors is
given a hydrofluoric acid treatment before the Pt electrodes are applied. This treatment
reduces polarisation of the electrodes and allows accurate oxygen measurement at the
comparatively lower temperature of 400°C.

Among other solid electrolyte oxygen sensors for low and intermediate temperature
measurements, the sensor based on a zirconia single crystal in combination with molten
metal-metal oxide reference electrodes and with a Pt-ZrO,-Y,0; thin-film measuring
electrode!'? was the most effective for accurate oxygen measurements at temperatures as
low as 360-600°C. This appears to indicate that the oxygen sensor based on zirconia single
crystal is a serious contender for other low-temperature oxygen sensors based on polycrys-
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talline zirconia. However, due to the high cost of single crystal growth and the complex
manufacturing technology of these sensors, the development of alternative, inexpensive
but pure ionic conductors for low-temperature oxygen sensors with good ceramic proper-
ties is still in demand.

More recently, the growth of Al,0,;-ZrO,(Y,0s) eutectic composites by the Stepanov
technique and preliminary data on the mechanical properties and crystal structure have
been reported." The chemical resistance of zirconia eutectic composites is three times
higher than the conventional polycrystalline zirconia electrolytes.('¥ Therefore, oxide-
oxide solid electrolyte eutectic composites were considered as potential materials for low-
temperature oxygen sensors. In these eutectic composites the negative influence of
impurities segregation on the grain boundaries of zirconia is minimised. This is due to the
single crystal nature of the zirconia fibres in the Al,O3-ZrO,(Y,03) composites. Conse-
quently, the contribution of electronic conductivity to the total conductivity of the solid
electrolyte could be decreased. This study deals with a detailed investigation of the
microstructure and characteristics of oxygen sensors based on Al,03-ZrO,(Y,03)-shaped
cylindrical eutectic composites.

2. Experimental Procedure

2.1 Sample preparation

All samples of Al,05-ZrO,-Y,0; composites used in this study were prepared from
high purity (99.99%) powders of alumina, zirconia and yttria. These powders were
calcined, weighed in the desired proportions (49.9 wt% Al,Os, 45.7 wt% ZrO, and 4.4 wt%
Y,0;) and mixed. Cylinders of the Al,O;-ZrO,-Y,0; eutectic composites were grown by
the Stepanov technique in a resistance-heated furnace (~2000°C, vacuum ~10- Torr)
equipped with a graphite heater and afterheaters using an argon atmosphere at pressures of
1.1-1.5 atm. Molybdenum crucibles and die were used. The die was a cylindrical ring
tightly packed with molybdenum wires 0.35 mm in diameter. Rod-shaped Al,05-ZrO,-
Y,0; composites 5—7 mm in diameter were grown in ROSTOX-N Ltd. (Russia) in lengths
up to 300 mm. Sapphire bars 3 x 3 x40 mm in size were used as seed crystals. The growth
rates were 20-100 mm/h.  Samples were cut, polished and finished with diamond paste.

The polycrystalline Al,03-ZrO,-Y,05 solid electrolyte (49.9 wt% Al,O;, 45.7 wt%
Zr0, and 4.4 wt% Y,0;) were also made from high purity (99.99%) powders of alumina,
zirconia and yttria. The cylindrical specimens 6 mm in diameter were sintered at 1650°C
for two hours.

Finally, both Al,03-ZrO,-Y,0; cutcctic composites and polycrystalline Al,O;-ZrO,-
Y,0; cylinders with lengths lower than 10 mm were assembled into a leak-proof alumina
insulating tube. A technique developed in the CSIRO, Division of Materials Science
(Australia) was used for this purpose. This technique involves joining a solid electrolyte
pellet or cylinder to an alumina tube of the required length and diameter by a high
temperature eutectic welding operation.!'> The sensors thus prepared are rugged in
construction, have low leak rate and are suitable for most industrial and laboratory
applications. The cylinder-tube design of the oxygen sensor is a robust form of construc-
tion and avoids any possible leaks through the junction of the eutectic composite and
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insulating tube.!® Both measuring and reference electrodes were made by applying Pt
paste on the composite. A built-in K-type thermocouple was used.

2.2 Microstructure characterisation and gas sensing properties

Subsequently, the microstructure and the surface topography of the Al,03-ZrO,-Y,0;
specimens were examined using a field emission scanning electron microscope JEOL
JSM-6440F fitted with both a digital imaging system for electron microscopy and an
energy dispersive X-ray detector VOYAGER at Kyushu University (Japan). Specimens of
the eutectic crystals were polished by using Metadi II-diamond polishing compound
(USA) and were coated with a 30-nm-thick coating of carbon.

The chemical composition of the specimens was examined using XPS on a VG
Microlab 310F at RMIT University (Australia). An Al anode unmonochromated X-ray
source operated at a power of 300 W and 15 kV excitation voltage was used. The energy
of the Al Ko line was taken to be 1486.6 eV. The sample was tilted such that the escape
electrons were collected using an electron analyser normal to the sample surface. The
circular area of the sample from which escaping electrons were detected was approxi-
mately 2 mm in diameter. All spectra were collected in constant analyser energy (CAE)
mode at pass energy of 20 eV in 0.5 eV steps between data points. The spectrometer was
calibrated with a sputtered copper (99.999% pure) sample, and deposited gold on the sample
gave Cu 2p;,, Cugry, and Au 4f, binding energies of 932.60 eV, 334.8 eV (kE) and 84.06 eV,
respectively. All specimens for analysis in the Microlab were mounted on aluminium stubs
using double-sided adhesive conducting carbon tape. The base pressure of the analysis
chamber was 6 x 10-!! Torr before specimens were introduced. The binding energies were
calibrated with reference to C 1s at 285.0 eV for hydrocarbon contamination.

The oxygen sensing properties of sensors based on the Al,0;-ZrO,-Y,0; eutectic
composites and polycrystalline zirconia sensors with the same concentration of Y,0;
dopant were investigated in a conventional gas flow apparatus with heating equipment.
The EMF was measured by a computerised multimeter system with high impedance (>10
MQ) (34401A Hewlett-Packard, USA). Certified binary (N,+0O,) gas mixtures with
different oxygen concentrations were used for oxygen sensing measurements. All tests
were carried out using nitrogen as a carrier gas. In all measurements, the airflow rate was
~100 cm*min. The oxygen sensing properties of sensors based on the polycrystalline Al,O;-
Zr0O,-Y,0; solid electrolyte are shown for comparison.

3. Results and Discussions

3.1 Structure

It has been established that the structure of the shaped Al,0;-ZrO,(Y,0,) eutectic
composite, as well as the structure of composites obtained by other methods of directional
solidification in this system, consists of two phases: the matrix, which is alumina, and
stabilised zirconia."¥ In this Al,0;-ZrO, system, alumina is the first phase obtained at
growth rates of 20 mm/h and higher. In ref. (14) it was also reported that the microhardness
values and fracture toughness of the Al,O;-ZrO,(Y,0;) eutectic crystals at a temperature of
20°C are about 1700 kg/mm? and 5.6 Mpa.m'2. Figure 1 shows SEM photographs of the
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colony microstructure of Al,05-ZrO,-Y,0; eutectic composites. The Al,0;-ZrO,-Y,04
specimens with § mol% of Y,0; showed uniform grain size distribution of both zirconia
and alumina fibres surrounded by some enormous particles of both alumina and zirconia
around 5-10 um in the sub-micrometer scale (Fig. 1(a)). All specimens have zero porosity.

(a)

(b)

Fig. 1. Typical transverse section of Al,0:-ZrO,-Y,0; eutectic composite at different magnifications
shown by field emission (SEM). The dark areas are the Al,O; phase and the white are the ZrO,-Y,0;
phase: (a) colony structure; and (b) one colony at higher magnification.
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The diameter of the ZrO, fibres (Fig. 1(b)) in this structure is about 1-2 ptm. Attainment of
a fine, regular structure over the bulk of the crystal and the determination of the growth
conditions for which this occurs is one of the main problems in the directional crystalliza-
tion of eutectic oxide-oxide composites. It is usually assumed that a planar crystallization
front is required for the formation of a highly oriented structure in a eutectic system.
However, the Al,05-ZrO,-Y,0; composites displayed the colony structure; the surface of
the crystallization front was cellular (Fig. 1(a)). Anincrease in the growth rate may cause
either the faceting of cells or the appearance of dendrites.

In the Al,03-ZrO,-Y,0; eutectic composites examined here, alumina is the phase,
which first grows into the melt. This indicates that with increasing pulling rates, when a
condition of supercooling is reached, the alumina matrix becomes faceted at the cellular
growth front with part protruding into melt.

Figure 2 shows the microstructure (grain size and porosity distribution) for polished
polycrystalline Al,05-ZrO,-Y,0; specimens at different magnification. The polycrystal-
line specimens (Fig. 2(a)) showed a uniform grain size distribution with very few isolated

(a)

(b)

Fig. 2. Scanning electron micrographs recorded from polycrystalline A1,05-ZrO,-Y,0 specimens
showing grain size, porosity and alumina distribution. The dark areas are the Al,0; phase and the
white are ZrO,-Y,0; phase:(a) structure; and (b) structure at higher magnification.
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pores (Fig. 2(b)) and the grain size was in the 2.5-6 pym range.

Investigations of the phase assemblage of the eutectic Al,0;3-ZrO,-Y,0; composites
show the presence of mainly two phases, one of which is the phase with the cubic fluorite
structure of the ZrO,-Y,0; composition (Fig. 3(a)). Another phase is alumina (Fig. 3(b)).
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Fig. 3. Energy dispersive X-ray trace of regions of the Al,0,-ZrO,-Y,0; crystal: (a) within the
grain of the stabilised ZrO,; and (b) within the grain of Al,O;.
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Figure 4(a) shows the typical XPS survey spectra for the Al,05;-ZrO,-Y,0; composite.
It confirms the formation of both the stabilised zirconia with the associated binding energy
of the Zr 3d located at 184.16 eV and alumina with associated binding energy of the Al 2p
located at 81.40 eV. Photoelecwon peaks for Y 3d at 158.67 eV and O 1s at 531.98 eV were
also clearly recorded for all specimens. The peaks for Na 1s at 1073.28 eV and for carbon
C 1s at 285 eV were detected due to the contamination of the surface of specimens by
organic components at the finishing stage of the manufacturing process. However, after

4500 |
400}
3500i Cis

'l Ofis
3000 | o
[2] S
€ 2500 *ﬁf
=]
O 2000 |- " e e
1500
(a) z73d Y
1000 b —f .
A2p
500 |
1000 800 600 400 200 0
Binding Energy (eV)
\
6000
Ois
5000
4000
Nats
£ 30
(b) 5
O oo [~ H — WSS SR
s e | 2% vay Az
1000 4_41—_
. | | ! .«]J
1000 a0 600 400 20 0
Binding Erergy (eV)

Fig. 4. XPS survey spectra of the surface of Al,0+-ZrO,-Y,0, specimens.
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cleaning the surface of the Al,03-ZrO,(Y,0;) eutectic composite with neutral gas, the
carbon peak disappeared from the survey spectra (Fig. 4(b)). Figures 5(a), 5(b) and 5(c)
show high-resolution XPS spectra for Al 2p, Zr 3d and O Is, respectively. Table 1
summarises the chemical composition of samples calculated from the experimental data in
Figs. 5(a), 5(b) and 5(c). The calculation is based on the integrated area under the assigned
element peak and the sensitivity factor for the element.('”
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Fig. 5. Typical high resolution spectra for: (c) Al 2p.
Table 1
Chemical composition of the Al,0;-ZrO,-Y,0; eutectic composite.
Peak Centre (eV) SF PeakArea Tx.Function NormArea [AC] %
O Is 531.98 293 65045.837 0.1— 2537.88621 63.999
Zr 3d 184.16 7.04 14759.895 0.1 - 193.28330 15.986
Y 3d 158.67 5.98 7907.681 0.1 144.02052 4.018
Al 2p 81.40 0.54 5155.539 0.1 189.56924 15.997

The peak at 531.98 eV is characteristic of metallic oxides and is in agreement with the
O Iselectron binding energy for ZrO, and Al,0;. From the calculated atomic percentages
of Al and Zr it can be seen that the implied oxygen content of Al,O; and ZrO, is
approximately correct for all samples.

3.2 Characteristics of the Al,O3-ZrO,-Y,0s3-based oxygen sensors

Sensors based on the polycrystalline zirconia and sensors based on the Al,O;-ZrO,-
Y,0; eutectic composite with the same concentration of Y,0; dopant were used for
resistance measurements at temperatures from 400°C to 800°C. The temperature of the
sensors was measured to £0.5°C by a K-type thermocouple placed adjacent to the reference
electrode. Dry air was used for both electrodes in these tests (20.9% of oxygen). The
measured resistance of both sensors was reproducible during heating and cooling cycles.
The results of testing are shown in Fig. 6. The lines are approximately parallel, i.e., the
samples have similar activation energies. However, the difference in resistance between
the eutectic composite and polycrystalline zirconia at temperatures lower than 500°C is
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Fig. 6. Temperature dependence of the logarithm of resistance of the zirconiasolid electrolyte: (*)
polycrystalline Al,O3-ZrO,-Y,05; (*) Al,O;-ZrO,-Y,0 eutectic crystal.

still significant, probably due to the affect of impurities in the polycrystalline ceramic.

To find the lowest possible temperature at which the output EMF of a sensor based on
an eutectic composite closely followed the Nemst equation, experiments were performed
in the operating temperature range of 450°C to 600°C. Dry air was used as a reference gas.
A N,+0, mixture with 100 ppm of oxygen was used as a measuring gas. The airflow rate
on the measuring electrode was equal to the airflow rate on the reference electrode and was
~100 cm?*/min to avoid polarization on electrodes. Furthermore, to avoid the thermoelec-
tric effect on electrodeS,/ it was neccessary to maintain the airflow rate constant for both
electrodes. The electrode electrochemical reactions at this temperature range have low
rate. The steady state EMFs were obtained after only 5—-6 min for the sensor based on the
Al,0;-Zr0,-Y,0; eutectic composite. Each EMF measurement was reversible and was
made after each change of temperature. As reported previously,® the steady state EMF for
the polycrystalline zirconia sensor with (U,Sc)O,,, + Pt electrodes were obtained after
about 15-20° min for the same temperature range. Tests were conducted for several
heating and cooling cycles. Figure 7 shows the temperature dependence of an average
ionic transference number ( t,,, = EMF.,,. / EMF.,,,) calculated for a sensor based on the
Al,05-ZrO,-Y,05 eutectic composite. The ¢, , numbers at the same temperatures for both
Al,05-ZrO,-Y,05 and Al,O5-ZrO,-Sc,0; polycrystalline electrolyte sensors with Pt and
(U,Sc)0O,,, + Pt electrodes*® are presented for comparison. In these results the Pt content
in the (U,Sc)O,., + Pt electrodes was from 40 wt% to 75 wt%. The complex nature of the
(U,Sc)O,,, + Pt electrode allows it to trap the oxygen molecules on the (U,Sc)O,,, oxides
and to enhance the catalytic activity of the Pt on the triple line to dissociate the oxygen
molecules on ions at the low temperatures. Pt, as an electrode material, cannot itself
adequately promote the oxygen dissociation on ions at this temperature range.

As the operating temperature increased, the Nernstian behaviour of the sensor based on
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Fig. 7. The temperature dependence of an average ionic transference number for zirconia solid
electrolytes: (*) polycrystalline Al,05-ZrO,-Y,0; ceramic with Pt electrodes; (e) polycrystalline
Al,03-ZrO,-Sc,0; with (U, Sc¢)O,,, + Pt electrodes; (°) Al;05-ZrO,-Y,0; composite eutectic crystals.

Al,0;-ZrO,-Y,0; eutectic became more predominant. The reproducibility of the measured
EMF at temperatures higher than 480°C was reasonably good (+ 1 mV). The low value of
the output EMF for the polycrystalline zirconia sensors at operating temperatures less than
500°C can be explained by the absence of electrochemical equilibrium on the electrodes.
The rate of the reaction between electrolyte-electrode and gas phases is generally small at
low temperatures. This rate increases with temperature. In comparison with other
polycrystalline sensors, the sensor based on Al,05-ZrO,-Y,05 eutectic composite with Pt
electrodes exhibited a good output stability even at the temperature of 480°C. For a similar
sensor based on Al,05-Zr0O,-Sc,05 ceramic with (U,Sc)O,,, + Pt electrodes, the response at
the same temperature requires much longer time (~10 — 20 minutes),”® which is unsatisfac-
tory for industrial applications. Further, the (U,Sc)O,,, + Pt electrodes adhere poorly to the
solid electrolyte and come off easily after relatively short periods of time. Thus, the sensor
based on Al,05-Zr0O,-Y,0; eutectic composite with Pt electrodes could be used as an
alternative oxygen sensor at temperatures as low as 480°C.

Figure 8 shows the response and recovery times of the sensor based on Al,O3-ZrO,-
Y,0; eutectic composite with Pt electrodes. The 90% response time was only 55 sec upon
exposure to gas containing 1000 ppm O, at 500°C. The recovery time was also rapid.
However, the EMF retuned to its original level within ~100 sec. Although this sensor has
much faster response and recovery at high temperatures (less than | sec at temperatures
above 700°C), it almost satisfies the response characteristics demanded for practical
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Fig. 8. The response and recovery times of the oxygen sensor based on the Al,03-ZrO,-Y,0;
eutectic composites.

sensors working at the temperature range of 450°C to 600°C.('® Numerous measurements
of different O, concentrations at this temperature range have been shown that the sensor
EMF values agree almostlinearly with the logarithm of oxygen concentration from 0.1 ppm
up to 100 %. The main sensor characteristics of both Al,05-ZrO,-Y,0; eutectic composite
with Pt electrodes and Al,O;-ZrO,-Sc,0; electrolyte with (U,Sc)O,,, + Pt electrodes at
temperatures higher than 550°C did not differ significantly. Furthermore, continuous
oxygen measurements at an operating temperature range of 550°C to 1000°C show that the
sensors based on Al,0;-ZrO,-Y,0; eutectic composite with Pt electrodes accurately
measure oxygen not only at low but also at high temperatures. The measured EMF closely
followed the Nernst equation (+1 mV) in the working temperature range of 600°C to
1000°C. Figure 9 shows the EMF of the seﬁsor/based on Al,05-ZrO,-Y,0; eutectic
composite with the air reference electrode as a function of measuring temperature at
different oxygen concentrations. Thereis a strong correlation between the test results and
the calculated EMF from the Nernst equation in both the high-temperature and low-
temperature regimes. This implies that the sensors based on Al,0;-ZrO,-Y,0, eutectic
composite can measure successfully the oxygen concentration from 0.1 ppm not only at
low temperatures, but also at high temperatures.

Above 700°C, the values of response time for the sensor are limited by the inherent
speed of the electronic measuring equipment. True response times are probably less than
those shown. It can be seen that the response time of the high temperature sensor is ~ 130
ms or less® over its normal temperature range, whereas the values of response time
exceeded one minute as a typical response of the zirconia sensor below 400°C.'?
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Fig. 9. Correlation between the Nerstian (line) and measured (symbol) EMF for the sensor based on
Al,05-Zr0O,-Y,0; eutectic composite with Pt electrodes at different oxygen concentrations: (*) 0.1
ppm; (¢) 10 ppm; and (°) 10000 ppm.

Several important features about the influence of airflow rate on the EMF measure-
ments are worth reporting. At temperatures less than 530°C, the airflow rate of more than
100 cm?/min has a cooling effect on the electrodes. In this case the electrode reactions at
the electrode/electrolyte interface are sluggish. Furthermore, if airflow rate at the reference
electrode differs significantly from the airflow rate at the measuring electrode, it may result
in a thermoelectric effect on the electrodes. As a consequence of this, EMF mismeasurements
occur. Therefore, the airflow rate for the solid electrolyte sensors working at a temperature
range of 480°C to 530°C should not be higher than 100 cm*min. At temperatures higher
than 530°C, the influence of the airflow rate on the EMF measurements is negligible.

Thus, the sensors based on Al,05-ZrO,-Y,0; eutectic composite with Pt electrodes
appear to have a high level of reliability and long-term chemical stability and can be used
not only for oxygen measurement at low temperatures but also for the oxygen measure-
ment at high temperatures in gaseous and possibly molten metal environments. The output
EMFs obtained from these sensors were constant and reproducible from cycle to cycle over
a large number of tests.
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4. Conclusions

The purpose of this investigation was to study the structural and gas sensing properties
of Al,O5-ZrO,-Y,0; eutectic composites. The results obtained suggest that the composites
have a colony structure; the surface of the crystallization front is cellular. Results also
indicate that when the direction of composite growth is parallel to [001], the cells are
faceted by rhombohedral planes and alumina is the phase, which first grows into the melt.
The XPS results summarise the morphology, crystalline structure and chemical composi-
tion of the Al,05-ZrO,-Y,0;-shaped eutectic composite. Carbon was the dominant impu-
rity at the surface of the composite. The investigation of the sensors based on Al,0;-ZrO,-
Y,0; eutectic composite with Pt electrodes provides evidence that these composites behave
as pure ionic conductors at temperatures as low as 480°C. These findings indirectly
confirm the conclusions about the superior ionic conductivity of the zirconia single crystals
with Pt electrodes,'® which appears only at temperatures T >480°C. Comparison of the
results obtained for the sensors based on Al,05-ZrO,-Y,0; eutectic composite with the
results obtained for the sensors based on polycrystalline Al,05-ZrO,-Y,05 electrolyte and
previous results for sensors based on polycrystalline zirconia with Sc,0; dopant and
(U,Sc)O,, + Pt electrodes showed that the Al,0;-ZrO,-Y,05 eutectic composites appear to
be more effective than polycrystalline ceramics in promoting oxygen transfer at the
operating temperature range of 480°C to 550°C and are also less affected by higher
temperature exposure.
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