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Optical properties of ZnWQO, ceramics obtained by radiation synthesis

One of the promising methods for producing ceramics from tungstate metals of the MWQO, composition is ra-
diation synthesis using powerful electron fluxes. Due to the unique properties of radiation, it was possible to
significantly accelerate the synthesis process. It has been demonstrated that ZnWO, ceramics can be synthe-
sized by acting on an electron flux with an energy from 1.4 to 2.5 MeV and a high power density of 10-
25 kWi/cm?. In this regard, studies of the optical properties of ceramic samples of zinc tungstate ZnWO, ob-
tained by this method were carried out. The morphology of the surface, X-ray diffraction spectra and optical
properties of ZnWO, ceramics obtained by radiation synthesis were studied. X-ray diffraction measurements
and EDX analysis confirmed the formation of zinc tungstate ceramics ZnWO, as a result of radiation synthe-
sis. The absorption, luminescence, and luminescence excitation spectra of synthesized samples were meas-
ured. Luminescence spectra of a reference single crystal sample were also measured. X-ray diffraction con-
firmed the formation of zinc tungstate (ZnWO,) as a result of radiation synthesis. The luminescent spectra of
the synthesized sample coincide with the spectra of crystalline ZnWO,. A comparison of the luminescence
spectra of a synthesized ceramic sample and a monocrystalline reference sample measured under different op-
tical excitation conditions shows significant differences in the luminescence spectra of the synthesized sample
and the reference sample and indicates possible various defects present in the compared samples.

Keywords: ceramics; luminescence; radiation synthesis; zinc tungstate, X-ray diffraction spectra, EDX analy-
sis, power density, optical properties of ceramics.

Introduction

Most scintillation materials used in ionizing radiation detectors are used in single crystal form. It is
known that growing scintillation crystals with high melting point is a labor-intensive and expensive
process [1]. One of the promising approaches is the replacement of single crystals by ceramic materials, for
example, on the basis of alumina yttrium garnet Y;Als0,, (YAG) with metal tungstate ceramics, the study of
which has been carried out for quite a long time [2-5]. Due to their unique scintillation properties, such as
isotropy, possibility of giving any shapes [2—-7], advantages over monocrystalline materials, optical ceramic
materials are promising scintillators and detectors and are characterized by high efficiency, mechanical and
thermal stability. In contrast to technologies for the creation of single- crystalline materials, ceramic
technology offers the possibility of fabricating highly transparent and large- sized samples at lower synthesis
temperatures with homogeneous or controlled gradient distribution of activator ions [8-16], which is its
undoubted advantage. Nevertheless, today the technological peculiarities of creating ceramic materials are
still the subject of active study.

Metal tungstamates of alkaline-earth and transition group metals of the composition MWO, (M — Zn,
Mg, Ca, Mn, Ca, etc.) with a tungstate structure have long been of practical interest because of their
attractive luminescence [17, 18]. ZnWO, has been applied as a possible new material for microwave
amplification by stimulated emission [19], scintillator [20, 21] and optical hole grating material [22], etc.
Recently, new applications of this material have emerged, including large-scale bulk scintillators for high-
energy physics [23]. In particular, ZnWOQ, is a wide bandgap semiconductor with a bandgap width close to
4 eV [24] and is a promising material for new generation radiation detectors.

However, there are still many questions that require further study of these materials, so in a number of
studies proved the existence of nanodefects confirmed by studies of luminescence LiF:WO;, MgF,:WO;,
metal tungstates [25, 26]. In crystals of tungstate luminescence is caused by the existence of their own lattice
defects, in crystals of alkaline-earth metal fluorides luminescence is caused by defects introduced with
tungsten [27, 28].
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Due to the complex of certain properties, luminescent materials are widely used. As a rule, such
substances function under conditions of high external loads and therefore they should be resistant to thermal,
mechanical, radiation effects. The most promising is the use of ceramic materials, which accumulate the
advantages of crystalline and glassy materials. However, the process of synthesizing ceramics from
refractory compounds is rather complex, involves many steps, time- and energy- consuming. Many existing
technologies for the synthesis of ceramics from refractory materials, focused on a particular type of
compounds, are characterized by low reproducibility. There is a need to develop new synthesis methods that
are more universal, efficient and controllable. It is possible to significantly accelerate the synthesis of
refractory optical materials by stimulating solid-phase reactions in the radiation field. It can be expected that
the inclusion of new effects in the synthesis process, reactions between intermediate products of radiolysis,
will not only increase their speed, but also open up new possibilities for the creation of composite materials.

One of the promising methods of synthesis of ceramics with metal tungstate of composition MWOQO, is
the method of radiation synthesis in the field of powerful electron fluxes. It is supposed to use a powerful
flow of high-energy electrons to affect wide-gap refractory materials. In dielectric materials, the main share
of radiation (99 %) is spent on the creation of electronic excitations. At high power density (up to
30 kwW/cm?), high electron energies, more than 1 MeV, high ionization density and high concentration of
intermediate products of radiolysis are created in the material volume, which leads to the development of
effective diffusion processes, solid-phase and gas-phase reactions in the charge of precursor powders. This
feature is supposed to be used in the proposed project for the synthesis of promising luminescent materials
for LED?’s, scintillators, dosimeters. The possibility of synthesis is demonstrated on the example of synthesis
of scintillation material based on MgF, activated by tungsten, YAG:Ce phosphor ceramics [29].

It is necessary to know their optical properties of scintillation materials for using them. Therefore, the
work was carried out to study the optical properties of synthesized ceramic samples of zinc tungstate ZnWQ,
synthesized by radiation synthesis.

Experimental

Zinc tungstate ceramics (ZnWOQO,) were used in this work. These samples were obtained by radiation
synthesis from WQO;, ZnO powders at the UNU Stand ELV-6 electron beam accelerator at the G.I. Budker
Institute of Nuclear Physics of the Siberian Branch of the Russian Academy of Sciences (G.l. Budker Insti-
tute of Nuclear Physics of SB RAS). Electron beams with energies ranging from 1.4 to 2.5 MeV were used.
These electron fluxes are sufficient for synthesis of samples with sizes up to 15 cm®. More details on the
technique of sample synthesis can be found in [29]. The single crystal ZnWO, was also used as a reference
standard.

X-ray diffractograms of the samples were obtained using a Bruker D8 ADVANCE diffractometer
equipped with a scintillation detector. Sample identification was performed using a database of powder dif-
fraction files, and indexing was performed using EVA software (Bruker, 2007) and using literature data [30].

The surface structure of tungstates was investigated. The study was carried out on a scanning electron
microscope (SEM) Mira 3 (TESCAN). To prepare the material for the study, the samples were fixed on a
special conductive tape. Since the investigated samples are dielectrics, the samples were coated with a con-
ductive layer of carbon on a Quorum Q150R ES sputtering machine. The study was carried out at an acceler-
ating voltage of 25 kV. Secondary electrons (SE (secondary electrons) detector) and back scattered electrons
(BSE, back scattered electrons) detectors were used. The EDX detector, INCAPentaFET-x3, Oxford Instru-
ments, England, was used for EDX analysis.

Absorption, luminescence and luminescence excitation spectra were measured using an AvaSphere 50-
HAL-12V integrating sphere, AvaSpec- ULS2048BCL-EVO spectrometer (Avantes, Netherlands) and
Aval ight DH-S deuterium-halogen light source were used to measure absorption spectra. Luminescence and
photoluminescence excitation spectra were measured on a SM 2203 Solar spectrofluorimeter. Luminescence
spectra were also measured using an AvaSpec-ULS2048BCL-EVO spectrometer with two types of excita-
tion sources UV region of mercury lamp emission obtained with UVS6 filter (ultraviolet glass number six)
and 355 nm laser AO-355A-1W.

Results and Discussion

Initially, the surface morphology of the synthesized ceramics was studied (Fig. 1). The sample has a
heterogeneous structure and there are microparticles on the surface of the sample of various shapes and sizes.
These particles may be the particles from which the ceramics were synthesized.
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Figure 1. SEM images of the surface of zinc tungstate sample

The EDX spectrum of the sample surface was measured. The EDX spectra confirm the presence of W
(1.8, 8.2,9.5 keV, etc.), Zn (1, 8.5 and 9.5 keV) and O peaks (0.5 keV), Figure 2. The stoichiometric compo-
sition of the samples obtained from the measurements is given in Table, where, G — a mass concentration of
elements, At — an atomic concentration of elements, ¢ — a standard deviation of the measured value. The
stoichiometric composition was determined from averaged data.

Table
EDX analysis data of zinc tungstate sample
Element G, % c At, %
Zn 18,3 2,12 13,3
W 57,4 2,58 14,8
O 24,3 3,17 71,9
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Figure 2. Energy-scattering characteristic X-ray spectra of the sample

According to the atomic concentrations of elements in the sample, the stoichiometric composition of the
sample was estimated. It amounted to ZnW, 1,05 45. This composition does not significantly differ from the
required composition of ZnWQ,. The discrepancy can be related both to the accuracy of EDX analysis and
possible changes in the composition of ceramics.

The measurement map of the EDX spectra is shown in Figure 3. The elemental composition is shown in
Figure 4. Comparison of the data shows that the distribution of tungsten and oxygen is uniform. While zinc
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is not evenly distributed on the surface in the microstructure having predominantly green color in Figure 3
zinc content is reduced. In the rest of the map it is distributed quite uniformly. Thus, it can be said that the
microstructure with reduced zinc content may be various tungsten oxide compounds WO,, WO; and possibly
intermediate oxides Wy,0ss and W10y [31].

25um

Figure 3. Map of EDX analysis of the sample composition surface
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Figure 4. Map of distribution of elements (W, O, Zn) on the surface of the sample

X-ray diffractogram of zinc tungstate ZnWQO, was obtained (Fig. 5).

In Figure 5, all diffraction peaks can be attributed to ZnWQ, using a standard map (JCPDS map No. 73-
0554). No peaks from other crystallized phases were observed, which also indicated the formation of ZnWQO,
crystals [30].

X-ray diffraction and elemental composition measurements confirmed the formation of zinc tungstate
ZnWO, by radiation synthesis.
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Figure 5. X-ray diffractogram of ZnWO,

Optical properties of the ceramics were investigated. Absorption spectra were measured for the sam-
ple (Fig. 6). Since the samples are opague absorption spectra cannot be measured by standard methods.
Therefore, the measurements were performed using an AvaSphere 50-HAL-12V integrating sphere and an
AvaSpec-ULS2048BCL-EVO spectrometer. The AvaLight-DH-S compact combined deuterium-halogen
light source was used as a light source.
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Figure 6. Absorption spectrum of zinc tungstate in the wavelength range from 350 to 1100 nm

Measurement of absorption spectra showed an increase in the optical density of the samples starting
from 450 nm to 350 nm. A similar increase in the intensity of the optical density of ZnWQO, samples was also
observed in [32]. It is shown that initially observed growth of optical density of ZnWO, crystal from 420 nm
to 340 nm is associated with the presence of impurities such as iron and/or chromium [32], further from
340 nm there is an intense growth of optical density of the crystal associated with the fundamental absorption
of ZnWOq, [32, 33].

The absorption spectrum in the range from 200 nm to 350 nm could not be recorded due to the low in-
tensity of the excitation source in this region of the spectrum. For better measurement of absorption spectra
in the UV region of the spectrum, a more powerful UV source is needed.

From the absorption spectra, the energy of transitions associated with absorption in the region from 350
to 450 nm was determined. It amounted to 2.25 eV. This value may indicate the possible absorption of de-
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fects in synthesized ceramics ZnWO, since the width of the forbidden zone of the forbidden zone (E), ac-
cording to literature data is 3.98 eV [33].

Luminescence and luminescence excitation spectra were measured. The luminescence excitation and
luminescence spectra are shown in Figures 7 and 8, respectively.
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Figure 7. Excitation spectrum of ZnWO, luminescence with signal detection in the luminescence maximum at 494 nm
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Figure 8. Luminescence spectrum of ZnWO, under excitation by a mercury lamp at Ay = 490 nm (250-320 nm) (1)
and spectrum under excitation by a laser source at 355 nm (2)

In the excitation spectrum, a band in the region from 200 to 260 nm is observed. A band in the region of
300-320 nm with a maximum at 310 nm is also observed.

Luminescence spectra of the samples obtained at excitation in the region of 250-320 nm under excita-
tion by a mercury lamp have the following characteristics: maximum luminescence intensity Amax = 494 nm,
half-width of the luminescence spectrum A\, =46 nm. Luminescence spectra at excitation of samples at
355 nm (AO-355A-1W) shifted to the red region of the spectrum relative to the luminescence spectra of
samples excited at 250-320 nm are observed. The maximum luminescence intensity and half-width of the
luminescence spectrum were: Amax = 496 NnM, Ay, = 64 nm. The shift is 2 nm.

The presence of optical density growth in the absorption spectrum from 400 nm to 350 nm with a calcu-
lated transition energy of 2.25 eV, as well as the presence of luminescence of the sample when excited by a
laser excitation source at 355 nm shows the presence of deep defect levels. Additional information can be
obtained by comparing the luminescence spectra of the synthesized ZnWO, sample with the reference single-
crystal ZnWQ, sample.
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The luminescence spectra of a reference sample of single crystal ZnWO, were measured. The spectrum
of the reference sample is shown in Figure 9 (a, b).
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Figure 9. Luminescence spectrum of single crystal ZnWO, sample under luminescence excitation
by mercury lamp (a) and laser excitation source (b)

In the case of the reference ZnWQO, sample, the shift of the luminescence intensity maximum is more
than 100 nm between the spectrum obtained under excitation by a mercury lamp Amax: =490 nm (250-
320 nm) and the spectrum under excitation at 355 nm Anax; = 600 nm. This is an additional indirect factor
indicating high defectivity of ZnWO, samples synthesized by the radiation method synthesis. Significant
differences in the luminescence spectra of the synthesized sample and the reference sample indicate possible
different defects present in the compared samples.

Conclusion

Thus, the surface morphology, EDX analysis, X-ray diffraction spectra and optical properties of
ZnWO, ceramics obtained by radiation synthesis were studied.

On the surface of synthesized ceramic samples there are microparticles of different shapes and sizes.
These particles may be the particles from which the synthesis of ceramics was carried out. The distribution
of tungsten and oxygen is uniform on the surface of the sample. Zinc is not uniformly distributed over the
surface. It is possible that the areas with reduced zinc content may contain various tungsten oxide com-
pounds.

X-ray diffraction measurements confirmed the formation of zinc tungstate ZnWQ, by radiation synthe-
sis.

The optical properties of ceramics were investigated. From the absorption spectra the energy value of
transitions related to absorption in the region from 350 to 450 nm. It amounted to 2.25 eV. This energy value
may indicate a significant presence of defects in the synthesized sample.

The luminescence spectra of the synthesized sample correspond to those of crystalline ZnWQO,. Com-
parison of luminescence spectra of the synthesized ceramic sample and single-crystal reference sample
measured under different conditions of optical excitation indicate significant differences in the luminescence
spectra of the synthesized sample and reference sample indicating possible different defects present in the
compared samples.

This research was funded by the Science Committee of the Ministry of Science and Higher Education of
the Republic of Kazakhstan (Grant No. AP 19579177).
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I'.K. AnnsicoBa, JI.A. Adanacwes, JK.K. bakuesa, JI.A. JIucuipina,
M.T'. T'onkosckuit, A.K. Tycynoekosa, A.A. Kucabekosa, C./l. Tyneyos

Pagunanusibik cMHTE3 apKbLIbI AJbIHFaH ZnW(Q, kepaMuKaCbIHbIH
ONTHKAJIBIK KacHeTTepi

MWO, xypambIHIarsl Bolb(paMaT MeTaqapblHaH KepaMUKa aTyIblH MepCIeKTHBAIIBI 9iCTepiHiH 0ipi —
OyJ1 PIEKTPOHAAPIBIH KyaTThl aFbIHAAPBIH IaiilajlaHa OTHIPHII, PaAuasUIbK cuHTe3 aaici. CayneneHyniy
Oipereil KacHMeTTEpiHIH apKachIHIA CHHTE3 IPOLCCIH aWTapibIKTail kemenaery MyMKiH Oommbl. ZnWO,
KepaMuKachl 3Hepruscel 1,4-teH 2,5 MaB-ra aeltinri xoHe KyaTsl 10—25 KBT/cM? OFaphl THIFBI3IBIKTAFbI
JJIEKTPOHIAp aFbIHBIHA OCEp €Ty JKOJIBIMEH CHHTE3JENyl MYMKIH eKeHAIri kepceTinai. Ockiran OaillaHBICTHI
ocel omicieH anbiHFaH ZnWO,; MBIpBII BOJB(GPAMATHIHBIH KEPAMUKAIBIK YJTLIEPIHIH ONTHKAIBIK
KacHeTTepiHe  3epTTeynep Kyprisiami. Kymeicta OeTki  KabarTelH  MOpPQOJOTHACH, PEHTIEH
IUQPaKIUACEIHBIH CHEKTPJIEPi JKOHE PpaJualMsUIBIK CHHTE3 oficiMeH anblHFaH ZnWO, KepaMHKaHBIH
ONTHKAJIBIK KacueTTepi 3eprrenai. Penrren mudpakuuscen enmmey xaHe EDX tanaay paauanusuiblk CHHTE3
HoTwkeciHne ZnWO, MbIpsIl Bodb(ppamMaThl KePaMHUKACBIHBIH KAJIBIITACYbIH pacTanbl. CHHTE3IeNreH
YITiIEpAiH  CiHIpY, JIOMHUHECHCHIUS, JIOMHHECICHIMSHBI KO3IBIpY crekTpiepi emmenai. CoHmaii-ak
STAJTOHIBIK MOHOKPHCTANIBIK YITiAeri JIIOMUHECHEHIMsI cHekTpiiepi emmeHnl. Pentren mudpakiuscel
pamuanusUTBIK CHHTE3 HOTWKeciHme MBIpem (ZnWO,) Bomb(hpaMaThHBIH Taiiaa OONYBIH pacTalbl.
CuHTe3MIeNnTeH YITiHIH JIOMUHECHEHTTIK CrekTpiaepi kpucranasl ZnWO, chekTpliepiMeH ColKec KeJemi.
OnTHKANBIK KO3ABIPYIBIH OPTYPIi >KaFdailapblHAa OJIISHTeH CHHTE3JeNTeH KepaMUKAbIK YITiHIH KOHe
MOHOKPHUCTAIBIK STAaJOHABIK YITIHIH JIOMHHECHEHIHS CIEKTPJIEPIH CaNbICTBIPY CHHTE3AEITeH YITiHIH
JKOHE OTAIOHABIK YATIHIH JIIOMUHECHEHIHsS CIEKTpJISpiHIeri eneyni alblpManibUIBIKTapIbsl  JKOHE
CaJIBICTBIPBUIATHIH YITiIep e O0ybl MyMKIH SPTYpJIi akayJiap/bl KOpCeTesi.

Kinm ces30ep: xepamuKa, JIOMHHECIECHIMS, DPAAMAlVSUIBIK CHHTE3, MBIPBIII BOJNb(ppaMaTbl, PEHTTEH
JudpakUsACHHEIH cnektpiepi, EDX-Ttannay, KyaT ThIFBI3/IBIFbI, KEPAMHUKAHBIH ONTHKAIBIK KACHETTEPI.

I'.'K. AnmsicoBa, JI.A. Adanacwes, K .K. bakuesa, JI.A. JIucuisina,
M.T". T'onxosckwii, A.K. Tycyn6ekosa, A.A. Kucabekona, C./l. Tyneyos

Onruueckue coiictea ZNWO, kepaMuKH, 10JIy4YeHHOMH
MEeTO/I0M PAAMAllNOHHOI0 CHHTE3a

OnuH 13 NepCHEeKTUBHBIX METOI0B MOJIy4YeHHsI KePaMUKH M3 METaJlIoB Bosib(pamara coctaBa MWO, — 3T0
paAMalOHHBIl CHHTE3 C HCIONB30BAHMEM MOIIHBIX MOTOKOB 3JIEKTPOHOB. braromaps yHHKaabHBIM
CBOWCTBAM H3JIy4eHHUs YIAJOCh 3HAYUTENBHO YCKOPHUTh MPOLECC CHHTE3a. BBUIO MPOEMOHCTPUPOBAHO, YTO
kepamuka ZnWO, MoKeT ObITh CHHTE3UPOBaHA IyTEM BO3/ICHCTBHS Ha IMOTOK 3JIEKTPOHOB C 3Hepruei ot 1,4
mo 2,5M»dB u BeIcOKOW MmIOTHOCTRIO MomHOCTH 10-25 kBt/cM? B cBsI3M ¢ 3THM OBUIM TIPOBEIEHBI
FCCIICIOBAHUSI ONTHYECKUX CBOWMCTB KepaMHUuecKnX o0pa3unoB Boibppamara uHKa ZnWO,, MOTyYeHHBIX
JaHHBIM MeToJOoM. B cratbe ObUIM M3y4deHbl MOP(OJIOrUsS NOBEPXHOCTH, CHEKTPBI PEHTI€HOBCKOH audpak-
MU U ONTHYECKue cBoiicTBa kepamuku ZNWO, METOZOM paJMallMOHHOTO CHHTE3a. I3MepeHust peHTIeHOB-
ckoit mudpakipn 1 EDX ananus noareepannu GpopmupoBanie kepaMuku Bojbdpamara unka ZnWO, B pe-
3yJbTaTe PaJHAllMOHHOIO CHHTe3a. VI3MepeHbI CIIEKTPhI MOTJIOICHHS, TIOMUHECLCHIINH, BO30OYKICHUS JIFO-
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MMHECLICHIIMY CUHTE3UPOBAaHHBIX 00pa3uoB. Takke H3MEPeHbI CHEKTPbI JIOMUHECLICHIIMH 3TAJIOHHOTO MOHO-
KpUCTaIMuecKoro obpasua. PeHTreHoBckas mudpakuus HOATBEpAMIa o0pa3oBaHHE Bosb(ppamaTa LUHKA
(ZnWO,) B pesynbrare pagualldOHHOTO CHHTE3a. JIIOMHHECIIEHTHBIC CIICKTPBI CHHTE3UPOBAHHOTO 00pasia
COBIIAIAIOT CO cHeKTpamMH Kpuctammieckoro ZnWO,. CpaBHeHHE CIIEKTPOB JIIOMHHECIEHIINH CHHTE3HPO-
BaHHOTO KePaMHUYECKOro 00pa3na 1 MOHOKPHCTAUTMYECKOTO 3TAJIOHHOTO 00pa3na, N3MepeHHbIE TIPH Pa3HBIX
YCIIOBHSIX ONTHYECKOTO BO30Y)KICHHS, MMOKA3bIBAaCT 3HAYMTENbHBIC PA3INYUs B CIIEKTpPax JIOMHHECICHIINI
CHHTE3MPOBAaHHOTO 00paslia M ATAJOHHOTO 00paslia M yKa3blBaeT Ha BO3MOXKHBIE pa3yIMUHbIE HE(EKTH,
UMCIOIINECs B CPaBHUBAEMbIX 00pa3Lax.

Knrouesvie crosa: kepaMuka, JIOMUHECLICHIMSA, PaJUallHOHHbIA CHHTE3, BOJb()pamMaT LHHKA, CIIEKTPbI PEHT-
TeHOBCKOH nudpakimu, EDX-aHanus, IIoTHOCTh MOIITHOCTH, ONITUYECKHE CBOHCTBA KEPAMHKH.
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