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The effect of Cu doping and calcination temperauren
photoluminescence (PL) spectra and XRD patterné-siabilized
ZrO, powders was studied. The PL spectra of (Y,Cu) pedo
samples showed the presence of two main PL comp®peaked
at about 630 and 540 nm in the most samples. Ttreare of
calcination temperature results in the non-monatmairiation of
total PL intensity as well as the somewhat chamgd3L spectra.
The temperature increase from 300to 600C results in the
increase of total PL intensity and can be ascribetie increase of
crystallinity degree. The next PL intensity deceeasvith
temperature rise up to 800-3@is attributed to the appearance of
non-radiative recombination centers, probably’ZFheir number
decrease after annealing at 900-1D0 due to phase
transformation from tetagonal to monoclinc as wal the
appearance of additional green band can be theorreas
consequence PL intensity increase.

Introduction

Zirconia (ZrQ) has attracted considerable attention becausts ahechanical, electric,
thermal and luminescent properties offering divaapplications such as catalysts, high
temperature and corrosion resistant coatings, sgnsaliation detectors, laser techniques,
biological labeling, etc [1-5]. Different defectlaged emission bands can be observed in
visible spectral range from pure and/or Y-stabdiz€rO, materials allowed an
application of zirconia for white light emitting diees [6-8].

In recent years, along with ZgGand Y-stabilized Zr@ materials, their Cu-doped
counterparts have attracted considerable attenbenause of promising superplasticity,
environmental degradation stability, catalitic wtyi and tribological behavior [9-12].
These properties were found to be depended ondalidation and Cu-related substances
in the composite. Along with structural propertitisey we analyzed in details in the
respect to Cu or its compounds located on the sairéh ZrQ grains. However, in spite
of the fact that light emission of these materalewed the information about composite
volume to be extracted, photoluminescence (PL) sonsof (Cu,Y)-ZrQ materials was
not examined well. In present work the interrelatiof PL properties and structural
characteristics of (Cu,Y)- Zrhanopowders was investigated versus sinteringitonsl
and Cu content by means of Raman scattering andd®hods.
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Experiment

ZrO, nanopowders doped with Y and Cu were synthesizea lzo-precipitation
technique using Zr, Y and Cu nitrates. The 25%,0H water solution was used as
precipitant. Sediments were mixed for 1 hour atnmmdemperature at pH=9. After this
they were washed with distilled water, filtered d@hdn hydrogel was dried in microwave
furnace and calcinated at=600-1000C for 2 h. The ¥Os content in the samples was
fixed at 3 mol%, whereas CuO concentration was & wrol%. The powder was pressed
in the pellets for structural and optical charaetron. The structure of the pellets was
studied by XRD method using Dron-3 and ARL X'TRAwmter diffractometer with
CuK, wavelength X=0.15418 nm) with grazing geometry. PL and PL etmh spectra
were measured using setup equipped with two mopoadiors. PL emission was excited
by the light of Xe lamp dispersed by grating momoamator MDR-23 in 200-400 nm
spectral range. PL spectra were collected using ogloomator IKS-12 and
photomultiplier tube sensitive in the 450-900 nnectpal range. All measurements were
performed at room temperature.

Results

Structural properties of the samples

Typical ZrG, powders with monoclinic and tetragonal structudemonstrate several
XRD reflections in the range 0H2=25-55°. For the monoclinic phase the peaks oleserv
at 28.05° (11-1), 31.33° (111), 33.98° (002), 34.@®0), 35.15° (200), 35.71° (10-2),
49.02° (022), 49.89° (220), 50.31° (12-2) and 53.@02) are indexed corresponding to
JCPDS 37-1484 (11). For tetragonal phase the paks-30.4, 35.5, 50.5° correspond
to (111), (002) and (220) reflections (JCPDS 804)78
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Figure 1. XRD patterns of Y-Zripowders doped with 8 mol % of CuO and calcined at
600°C (1) and 1000°C (2).

As one can see from Fig.1, XRD patterns for the gasmwith 8 mol% of CuO
calcinated at F500-800C represent only tetragonal Zr(phase (curve 1). The
monoclinic phase (curve 2) appears 900 C and further increase of.lip at 1000C
results in the increasing of contribution of momaicl phase up to 55% (Table 1). At the
same time in the samples with 1 mol% of CuO an afgyee of monoclinic phase at low
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contribution (~1%) is observed after calcinationTgt700°C. Higher T results in the
increases of its contribution increases up to 768gpbwders calcined at.¥1000C. The
crystallite sizes (coherent domain sizes) werareggd from XRD data using Scherrer
formula. These results as well as the contribugbtetragonal (T) and monoclinic (M)
phases are given in Table I. It is seen that tlgstallite sizes gradually increase with T
rise.

TABLE I. Phase composition and coherent domain sizes isah®les with 1% and 8% of CuO at
different calcination temperatures.

Calcination 1 mol% Cu 8 mol% Cu
temperature, °C Phase Coherent domain Phase Coherent domain
size, nm size, nm
500 1oa 11 1o0a 11
600 i1oa 12 1oa 12
700 M-99T 17 (T) 1oa 18
800 1M-99r 26 (T) 1oa 27
900 2M-77T 34 (T) 19M-8T 34 (T)
1000 70M-30T 40 (T), 55 (M) 55M-45T 39 (T), 42 (M)

Light emitting properties of the samples

Photoluminescence spectra of the (Cu,Y)-Zs@mples with different Cu content are
present in Fig. 2 (a,b). In the most samples tleyasn two broad emission bands with
maxima at ~540 nm (“green” PL) and ~630 nm (“oran@&) as well as the long-
wavelength tail extended up to 900 nm. The intgneft “green” PL band is slightly
higher than that of “orange” one.
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Figure 2. PL spectra of the samples with 1 molyata 8 mol% (b) of CuO calcined at
T.=500-1000°C. In (a) the PL spectrum for powder io&gld at T=700°C was not
included since it coincided with that for powdelcozed at T=500°C.

At the same time, in samples with 8 mol% of CuCcicaited at T=1000°C the
broadening of “green” band and the formation ofagau near its maximum is observed
(Fig.2b, curve 6). This transformation is obvioudlye to the appearance of additional PL
component located near 510 nm. In the samples dapkd. mol% of CuO and calcined
at high T, the increase of the PL magnitude in the 450-5@60 gpectral range is
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apparently caused by the enhancement of the “lidartl usually observed in the Y-ZrO
materials.

PL excitation spectra were measured for all theptesnand were found to be similar
for main PL components. The spectra were broad tgimaximum near 280 nm (Fig.3).
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Figure 3. PL excitation spectra of PL band peakie840 nm (circle symbols) and 630
nm (square symbols) measured for sample with 8 nubl@ZuO.

The intensities of different PL components deperssestially on calcination
temperature and Cu content (Fig.4). For the sangudesd with 1 mol% of CuO (Fig.4a)
besides the dependences for the 540-nm and 630kncorRponents, the corresponding
data for the 480-nm one are also shown because giresence (or appearance) of “blue”
PL band in the spectra.
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Figure 4. Variation of the intensities of diffetd?L bands and coherent domain sizes on
calcination temperature for the powders with 1 moR&uO (a) and 8 mol% of CuO (b).

At the same time, for the samples doped with 8 mGI3@, this evolution is present
not only for the 480-nm, 540-nm and 630-nm PL babds also for 510-nm one because
of an appearance of additional “green” band (Fig.#s one can see, the increase of
calcination temperature leads to complicated bemasfi PL intensity. At first, when T
increases from 500°C to 600°C, it increases fortlal components, then their PL
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intensity decreases followed by further rise. Thedst PL intensity for the samples
doped with 1 mol% was found for Tc=800°C (Fig.4a).

It is interesting that such variation of PL inteégss more pronounced for the samples
with 8 mol% of CuO (Fig.4b). Besides, the increaf&€uO content from 1 mol% to 8
mol% results in some difference in the temperatdrBL intensity minimum. It is seen
from Fig.4b, that the lowest PL intensity for trergples with 8 mol% of CuO became to
be observed for higher,T900°C). It should be noted that for the sampldsimated at
1000°C the PL intensities of “green” bands increase @rafor the samples with 8%
CuO. This is obviously due to an appearance ofta@il PL band near 510 nm.

The evolution of grain sizes estimated from XRDadah calcination temperature is
also shown for the samples with 1 mol% of CuO @ay.and 8 mol% of CuO (Fig.4b).

Discussion

The results described above show that one of thie features of PL spectra is the
non-monotonic variation of PL intensity with calation temperature. The increase of PL
intensity in the temperature range of 500-8D0can be caused by the increase of
crystallinity degree. Slower increase of PL intgnsbbserved for the samples with
8 mol% of CuO in comparison with that for the saesplith 1 mol% of CuO, can be
connected with the fact that Cu can hamper thetaystion process. Such an effect
was earlier observed for Y-Zg@owders doped with Cr [13]. The measurements of
crystallization temperatures for our samples atsafion this assumption (T=711 K (for
Y-ZrO,), 728 K (for (Cu,Y)-ZrQ with 1mol% of CuO) and 758 K (for (Cu,Y)-ZpQvith
8 mol% CuO).

Further increase of.lleads to the decrease of PL intensity for all laeds. Their
simultaneous quenching allows concluding that éfffisct is caused by appearance of fast
non-radiative channel of carrier recombination.common case, this channel can be
located at the grains’ surface or in their volurie evolution of grain sizes with, T
shows the decrease of PL intensity when the ctigstaizes increase. The latter means
that surface/volume ratio decreases that has tdtresthe decrease of surface role in
recombination processes. Therefore, we can conctbde non-radiative channel is
located in the volume of the grains. Because tlgge#eof PL quenching increases with
the increase of CuO content we can assume thapjpearance of this channel is caused
by Cu incorporation in Y-Zr@matrix. It is known [14] that this process resuftsthe
stabilisation of tetragonal phase leading to foiamatof oxygen vacancies and 3Zr
centers. As it was shown earlier [15,16], the sigfZr* defect is the center of fast
recombination. This allows assuming that'Zrenter in the crystal volume can also serve
as non-radiative center which results in the desred PL intensity.

The subsequent PL intensity increase correlatels it appearance of monoclinic
phase, in which the number of oxygen vacancies @rdespondingly Zf centers)
decreases. This confirms that the non-radiativenmélais connected with the native
defects, which number increases with Cu incorponatand decreases with the
transformation of tetragonal phase to monoclinie.oMhe interrelation of nonradiative
channel with intrinsic defects confirms also by todoration of samples investigated. In
fact, they have greenish color (Fig.5). Its intgnsiepends on CuO concentration
increasing with its increase. The intensity of tbadoration depends also on calcination
temperature. With its increase the coloration et fincreases and, after appearance of
monoclinic phase, it decreases. Because the salestawhich can be present on the
crystallite surface (CuO, GO, yttrium cuprate), cannot give such a coloratibsan be
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assigned to different color centers. It is knowattbne of the type of color centers are
above mentioned intrinsic defects that absorb itif& in the range of 300-500 nm [17]

and can result in such coloration. Besides, theriarion in sample coloration can give

the copper-related center. The increase and decodaloration degree correlates with
the increase and decrease of the contribution wfatbative recombination channel.

8 mm

a) 1 mol% of CuO —_— b) 8 mol% of CuO T

800°C 900°C 1000°C

Figure 5. Evolution of the color of pallets of (8)ZrO, with 1 mol% of CuO (a) and 8
mol% of CuO (b) with calcination temperature.

Thus, the investigation of the dependence of Pénisity on calcination temperature
and CuO concentation allows confirming of Cu in@ygtion into the crystals and
concluding that the formation of intrinsic defects Cu-related centers can result not
only in the appearance of radiative centers but emishe enhancement of non-radiative
channel. This can be the reason of well-known flaat monoclinic phase has the most
bright luminescence.

Besides the PL intensity the somewhat changes isdetctra was observed that was
caused by the appearance or the increase in ityteoisiadditional PL bands. In the
samples with 1% of CuO it is blue band while in saenples with 8% of CuO it is new
green band at about 510 nm. The blue band is ysabferved in Zr@with different
Y03 content while the green band can be caused byctdefaccompanied the
incorporation of Cu atoms in Y-Zgdnatrix.

Conclusion

The effect of Cu doping on light emitting and stwrel properties of (Cu,Y)-Zr©
powders produced by a co-precipitation techniquwenfiZr, Y and/or Cu nitrates was
investigated versus copper content and calcinagarperature. The samples sintered at
T.=500-800°C showed the presence of tetragonal ppesgominantly, whereas the
further T. increase results in appearance of significant rdmriton of m-ZrO,
demonstrating thém phase transformation. The higher Cu content inpibveders, the
higher T; of t-m phase transition was observed. Along with two nmfaincomponents
(peaked at 540 and 630 nm) observed for YxZs@mples, their doping with 8 mol% of
CuO stimulates an appearance of additional greebapd (at ~510 nm) in the powders
sintered at 100@. An annealing at 500-1000 °C results in the n@mmatonic variation

of total PL intensity as well as the somewhat cleanop PL spectra. The increase of
calcination temperature from 50D to 600C resulted in the increase of total PL intensity
can be ascribed to the increase of crystallinitgrede. The next its decrease with
temperature rise (up to 800-9@) is caused by the appearance of non-radiative
recombination centers, probably>ZrThe consequent increase of PL intensity can be
connected with the decrease of the concentratiothese centers due to decrease of
oxygen vacancies number under transformation fretnagonal phase to monoclinic one.
This correlates with the changes of sample colmmatiaused by the color centers. The
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calcination of the sample with 8 mol% CuO at highmperatures results in the
appearance of additional green PL band, which pngbaonnected with the defects
caused by Cu incorporation in Y-Zs@atrix.
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