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The paper presents the experimental results of light radiation from Y203 ceramics caused by X-rays with energy up to 50 keV. The
samples were made from commercial Y203 nanopowder by pressing and subsequent sintering in air at different temperatures from
1300 to 1500°C. Some samples sintered at 1500°C were additionally annealed at 1000°C for 10 hours. X-ray diffraction analysis of all
samples did not reveal differences in the crystal structure that could be explained by heat treatment during sintering and annealing. The
spectra of light emission in the wavelength range of 250-750 nm showed the presence of radiation from the electronic transitions of
YO structures on the background of the luminescence of trivalent yttrium oxide. The presence of such lines of YO systems were
observed also for the powder, which allows us to conclude that these structures appear on the surface of the crystallites during
production. As the sintering temperature of the sample increased, the intensity of optical radiation increased. A significant difference
in the effect of both temperature and sintering (annealing) time on the intensity of light emission of yttrium oxide was revealed. The
intensity of the luminescent band, which is associated with the self-trapped exciton, increased with increasing thermal contribution (to
estimate the contribution, we introduced a parameter equal to the product of temperature and the time of thermal action). The increase
in spectral intensity in the second, third, fourth, and fifth line systems (especially for the system of lines with a maximum
of A=573.5 nm) considerably exceeded the one for self-trapped exciton. Our experimental results on the second, fourth and fifth systems
of lines, which coincide well with the molecular lines YO, suggest that the heat treatment of the samples sintered from pressed Y203
powder leads to an increase in YO structures on the surface of the crystallites.
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Development of new technologies is associated with the use of materials basing on wide class of inorganic refractory
compounds (oxides, carbides, nitrides, borides and others), which, in addition to high melting temperatures, have high
resistance, high fire-resistant and anti-corrosion properties in combination with important electrophysical and optical
characteristics [1-2]. The sintering process is of particular importance for powder formation of ceramics. Herewith
powder consolidation technologies can be divided into two main methods. The first is the molding of a material pressed
at room temperature followed by sintering; the second, called sintering under pressure, is the simultaneous pressing and
sintering of powders [1].

In most materials, including ceramics, physical and mechanical properties depend on the homogeneity of structure
and density. As a rule, with increasing porosity, these characteristics decrease. The initial powders of ceramics of different
fractions are subjected to different methods of shaping and heating at different rates. The larger the size of ceramic
specimen, the slower it is necessary to raise the temperature during sintering, sometimes up to 0.1+10 degree per minute,
to suppress nonuniform heating processes caused by low thermal conductivity of oxides: nonuniform solidification
contraction of ceramics on the surface and in the middle of specimen. At nonoptimal heating rate, ceramics with a large
number of macro- and microdefects (pores, macro-and microcracks, dislocations) are formed. For small samples
(laboratory) the rate of temperature rise can be much higher.

Among a wide class of ceramics, yttrium oxide (Y203) is of particular interest. This material has many applications,
such as a supplement component in the processing of ceramic materials, substrates for semiconductor films, optical
windows and doped with rare earth components elements for lasers and so on [3]. Structural stability in combination with
unique mechanical properties also permits to consider Y,Oj3 as an interesting material for other applications. Its optical
properties have been widely studied in terms of its use as a host matrix material for doping with rare earth ions such as
samarium, erbium, gadolinium and europium for luminescence applications [see, for example, 4-6]. As for pure yttrium
oxide, its optical properties have been less studied, nevertheless, in recent years a number of works has paid attention to
its luminescent properties in connection with new possibilities of using as active elements of solid-state lasers [7-8] and
luminophores [9].

Due to spectroscopic study (spectroscopy is the most versatile remote monitoring tool) astronomers have revealed
presence of YO-components in various astrophysical sources. That is why YO-molecule spectrum is of considerable
astrophysical interest because it is one of the main features in the spectra of cool star atmosphere [see, for example, 3-4].
Note that the presence of isolated YO-lines in the spectra of sintered ceramics of Y203 samples was confirmed in a number
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of works [12-13]. The authors [12] identified series of narrow bands that are located in the blue (435-510 nm), orange
(515640 nm), red (645-700 nm), and infrared (785-840 nm) spectral ranges as most pronounced in the spectra of
commercially available powder and Y03 ceramics. They assumed that these series are emitted by bound YO-radicals,
which are a part of the surface structure of yttria crystals. In our earlier experimental work [13], we also paid attention to
the fact that isolated YO molecular lines were observed in the spectrum of ceramics sintered from yttrium oxide (sintering
of the samples compacted from pure Y,0O3 nanopowder).

This paper deals with an experimental study of X-ray light emission of Y,0; (nanopowder and ceramics) making an
emphasis on changes in spectral series which are responsible for YO band systems depending on heat treatment of the
samples.

EXPERIMENT

The experiment were done with commercially available yttrium powder «ITO-Lyumy, consisting of pure Y,O3
(purity of the powder was approximately 99.9828 %). The samples were produced by compaction procedure of the
powder. «ITO-Lyum» powder hitch with mass of 1 g were placed inside the cylindrical pressform with a diameter of
10.8 mm. A hydraulic press worked in the following regime: the pressure inside the pressform was grown from 0 up to
the value of 3000 kgf per cm? (327.5 MPa) during 1 minute without an additive exposure at maximum pressure. So
pressed cylindrical pellets of 10 mm in diameter and approximately 3 mm thickness were prepared. Thermal treatment
was performed in commercial electric furnace «Naberthem LHT 04/18». To avoid possible penetration of impurities into
the sample (contamination by volatile oxides from the furnace) we used special a container made from the same yttrium
oxide ceramics. Sintering was carried out in in air atmosphere. The heat treatment cycle included the following stages
(see Fig. 1): 1) slow increase of the temperature during approximately 3 h (the average rate was 8+10 °C per min) up to
sintering temperature 1300 °C (sample #1), 1400 °C (sample #2), 1500 °C (sample #3); 2) sintering at this temperature
for 1 h; 3) cooling to room temperature for 4 h in an air atmosphere. Some of the samples were additionally annealed at
1000 °C for 10 h, followed by cooling for the same time (the sample #4). It is generally accepted that sintering of yttrium
oxide ceramics begins at temperatures of about 700 °C [15] (Fig. 1 shows the area (filled by gray color) that corresponds
to the most efficient sintering process).
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Figure. 1. Typical heat treatment shown by the example of the sample T=1500 °C.

The samples were examined by some diagnostics: X-ray diffraction analysis (XRD) and Scanning electron
microscopy (SEM). Light emission excited by X-ray irradiation was studied on spectrometric complex (see details
in [13]). X-ray vacuum tube source operated at voltage of up to 50 kV. Spectra were measured by grating monochromator
at wavelength range of 250-750 nm. The measuring channel was calibrated with taking into account corresponding
spectral sensitivity of the apparatus.

RESULTS AND DISCUSSION
X-ray diffraction

X-ray diffractometer DRON-4-07 (Cu-Ka radiation with applying Ni selectively absorbing filter, diffracted radiation
was registered by a scintillation detector) was applied for crystallographic analysis of the samples. X-ray diffraction
pattern showed presence of single-phase and cubic yttrium oxide (space group No. 206). No traces of other phases were
found within the sensitivity of the method. XRD demonstrated that the samples #1-4 were almost identical; no significant
differences were found in the pattern.

The lattice parameters were slightly higher than database (ICDD PDF-2 International database). The distribution of
the intensities of the diffraction lines corresponded to a polycrystalline non-textured state.
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Scanning electron microscopy

SEM-examination of our ceramics was done by means of commercial Scanning Electron Microscope
JEOL JSM-7001F. Fig. 2 shows the morphology of Y»,0;. The prepared samples showed good morphology and
homogeneity with grains of nano- and micro- sizes. We have seen that the images for plane surface and fresh cleavage
demonstrated no noticeable differences. SEM-study of the the samples #3 and #4 demonstrated minor differences in the
images before and after additional 10 h annealing, which indicates the absence of significant changes in the structure of
Y,03 ceramics associated with long heating. Also, no significant difference was found on the surfaces and fresh cleavage
of the additionally annealed sample.
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Figure. 2. SEM-image of Y203 (sample #3, T=1500 °C): a is plane surface, b is fresh cleavage.

Luminescence measurements

Figure 3 shows typical light emission spectra induced by X-ray irradiation for powder and ceramics, sintered at
1500 °C (sample #3). To compare the spectra for different samples and experimental conditions, we performed the
normalization to the maximum value of the first band, which is usually associated with self-trapped exciton (STE) [16].
As it could be seen, the spectra contained one wide band and four systems of lines, which we have already observed
earlier [13]. The maxima of the first band lied near 350 nm, the other maxima of line systems were 487 nm, 545 nm,
573.5 nm and 670.5 nm. It should be noted that the spectrum observed for ceramic sample #3 was also similar to the
spectra for samples #1, #2 and #4.The origin of light generation of the bands has been already discussed [13]. We only
note that the first broad band is associated with an exciton [16], while the second, fourth, and fifth systems of lines are
identified with good accuracy as lines of molecular yttrium oxide [17]. The origin of the third peak has not yet been
established and requires further research. As for the doublet in the region 314—316 nm, its identification turned out to
be difficult, since it did not correspond to any known radiation from up-to-date atomic and molecular spectral
databases.

As can be clearly seen from Fig. 3 for the spectra of the powder that was not subjected to heat treatment, the lines
associated with YO molecule system of lines are small, except for a peak at approximately A=573.5 nm. For samples that
were heat treated, the situation changed. The emission peaks of YO molecules have increased significantly compared to
the maximum of the STE band. Heat treatments with the temperatures at which the samples were sintered hardly led to a
significant increase in the size of Y,Os crystallites, and, consequently, to an increase in the maximum of the band
associated with STE light emission. The significant increase in YO systems of lines is apparently associated with a
significant increase in the number of YO structures on the crystal surface.

The processes of sintering and annealing of powder ceramics strongly depend on both temperature at which these
processes effectively occur and on the time of exposure of the sample to these temperatures. As we mentioned above,
yttrium oxide the sintering and annealing processes begin to proceed effectively at temperatures above 700 °C [15]. We
took into account the influence of these factors on the properties of the samples under study by applying such a parameter
as temperature multiplied by the time of exposure of a given temperature to the sample (some analogy of the energy
contribution parameter). We calculated the value of this parameter for our samples and plot the dependences of the
maximum values of the light intensities for 5 band systems on the energy contribution parameter during heat
treatment (Fig. 4).

As it can be seen from the figure, with an increase of the energy contribution parameter, the intensity of the line
systems associated with YO structures increases. The last points for all experimental curves, corresponded to the sample
#5 sintered at a temperature of 1500 °C with additional annealing at a temperature of 1000 °C, tend to influence slightly
the YO line system light emission.
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Figure 3. X-ray luminescence spectra of yttrium oxide powder and ceramic sample (sintering temperature of 1500 °C).

The numbers from 1 to 5 indicate the wavelength ranges of the corresponding first band and systems of lines (vertical bars are
shown to guide eye, it indicate the borders of the bands).
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Figure 4. Luminescence light intensity as function of sintering temperature multiplied by time
for different wavelength bands of Y203 spectra.

CONCLUSIONS

The performed study of the light emission from the powder and sintered ceramics exposed to X-ray irradiation up
to 50 keV made it possible to conclude the following. As shown by X-ray structural analysis, as a result of sintering and
annealing, Y»Os crystal lattice does not change, and new types of the crystal lattice are not formed. Meanwhile, the
luminescence measurements revealed that besides light emissions associated with Y>O3; band systems corresponded to
self-trapped exciton decay (generation of radiation in the entire volume of ceramics), there were intensive YO band
systems (molecular character of the spectral lines pointed out on light emission from molecule structures on surface of
the crystallites). The linear structure of the YO spectra suggests that YO structures are weakly bound to Y»Os crystal
structure. The influence of the sintering temperature on peak maximum intensities, which allows us to talk about growth
of energy contribution to the Y,Oj3 pellet, leads to an increase in the intensity of the band and systems of lines associated
with YO structures. The presence of YO structures on the surface of the initial ITO-LUM powder, which is clearly seen
on the spectra, makes it possible to draw a conclusion about the synthesis of these structures during production process
of Y,03 powder. It should be noted that the number of these structures on the surface of Y»Ojs crystallites increasing with
heat treatment process.
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JIOMIHECHEHIISI OKCUAY ITPIIO, CIPUYUHEHA PEHTTEHIBCBbKUM OITPOMIHEHHSAM
C. Kononenko, O. Kananrap’sin, B. )Kypenko, B. Uimkana, C. JInToBueHKO
Xapxiecoxuu Hayionanenuii ynieepcumem im. B.H. Kapasina
61022, Vxpaina, m. Xapxie, ni. Ceoboou, 4

HaBemeHo pe3ynbTaTH eKCIEPUMEHTANbHHAX JOCHIKCHb CBITIOBOTO BHUIPOMIHIOBaHHS KepaMmikd Y203, CHPHYUHEHOTO
PEHTTeHIBCHKHM BUIIPOMIHIOBaHHAM 3 eHepriero 10 50 xeB. 3pa3ku BUrOTOBISUIHCS 3 KOMepLiifHOro HaHOHmOpomKy Y203 MeTomoM
IIpecyBaHHs Ta MOJAIBIIOTO CHIKaHHS B aTMOc(epi MOBITps 3a pizHUX TemmepaTyp Bin 1300 no 1500°C. [eski 3pa3kw, credeHi 3a
temneparypu 1500°C, mogarkoBo BigmamoBaiucs 3a Temneparypu 1000°C mporsirom 10 roguH. PeHTreHOCTPYKTYpHI TOCTIPKEHHS
BCIiX 3pa3KiB He BHSBIIIM BiIMIHHOCTEH y KPHUCTaNI4HIIl CTPYKTYpi, SIKi MOTJIHM OyTH MOB'3aHi 3 TeMIIepaTypHOI0 00pOOKOIO IiJ| Jac
crikaHHA Ta Bignany. CrieKTpH CBITJIOBOTO BHIPOMIHIOBaHHS B fiama3oHi 250-750 HM MOKa3ylOTh HAsSBHICTH BHIIPOMIHIOBAHHS BiJ
CJICKTPOHHUX TiepexoiB YO CTPYKTyp Ha TJIi JEOMiHECICHINT OKCHIY TPUBAJICHTHOIO iTpito. HasBHICTH TAKOrO BHIIPOMiIHIOBAHHS
OyJ10 3ahiKCOBaHO i JUISl MOPOIIKY, IO JO3BOJISAE 3pOOUTH BHCHOBOK LIOJO BHHUKHEHHS LUX CTPYKTYpP Ha ITOBEPXHI KPHCTAJITIB y
mpoleci BUPOOHUITBA. 3i 3POCTAHHSAM TEMIEPAaTypU CIIKAHHS 3pa3ka IHTEHCHBHICTh ONTHUYHOTO BHIIPOMIHIOBAHHS 3pOCTala.
BusiBnieHo cyTTEBY BiZIMIHHICTb BIUTUBY SIK TEMIIEPaTypH, TaK i yacy crikanHs (BiAnany) Ha IHTCHCUBHICTb JIIOMIHECLIEHIIIT Ta CBIUCHHS
OKCHIIB iTpit0. IHTEHCHBHICTH JIIOMIHECIICHTHOT CMYTH, sSIKa MOB'A3YETHCS 13 CAMO3aXOIUIEHUM €KCUTOHOM, 31 3pOCTaHHSM TEIUIOBOTO
BKJIaJly 3pocTaiia (I OIL[IHKH BKJIQJy MH B pOOOTi 3alIpOBAIHIIN ITapaMeTp, IO TOPIBHIOE JOOYTKY TEeMIIEpaTypH Ha Yac TEIJIOBOTO
JisTHHS). 3pOCTaHHS IHTEHCHBHOCTI BUIIPOMIHIOBAHb Y IPYTil, TpeTii 4eTBepTiH 1 I'ATil cucTeMax JiHii (0COOIMBO JUIs CHCTEMH JIiHIN
3 MakCHMyMoM A=573,5 HM) NOMITHO IEpPEBHUIIYBaJO TaKe JUII CaMO 3aXOIUIEHOTO eKCHTOHY. OTpHMaHi HaMU €KCIEpPHMEHTAIbHI
pe3yJbTaTH OO0 JPYroi, YETBEPTOI Ta M'ATOI CUCTEM JIiHiH, sKi H00pe 30iraroTbes MOJICKYJIspHUMH JiHisMu YO, T03BOJSIOTH
HPUITYCTHTH, II0 TeIyIoBa oOpobKa 3pa3KiB KepaMiky, CHEYEeHOI 3 MPECOBAHOTO MOpoIKy Y203, mpu3BoauTh 10 30iabmeHHs YO
CTPYKTYp Ha IIOBEPXHi KPUCTAJIITIB.

Kuro4oBi ci10Ba: peHTreHiBChbKa eMicCist CBiTiIa, OKCU iTpito, crektp, YO CTpyKTypa, 3ammiKaHHs MOPOILKIB.





