KOHOEHCAUUANAHFAH OPTANAPOAF bl PAOUALIUATBIK MPOLIECTEP
PAONALUMOHHBIE NMPOLIECCHI B KOHOEHCUPOBAHHbIX CPELOAX
RADIATION PROCESSES IN CONDENSED MATTER

Article
https://doi.org/10.31489/2024PH4/9-19 Received: 10.06.2024
UDC: 535.37 Accepted: 19.08.2024

G.K. Alpyssoval, Zh.K. Bakiyeva®", I.P. Denisov? E.V. Kaneva®,
E.V. Domarov*, A.K. Tussupbekova®

1Karaganda Buketov University, Karaganda, Kazakhstan;
2National Research Tomsk Polytechnic University, Tomsk, Russian Federation;
3X-ray Analysis Laboratory, Vinogradov Institute of Geochemistry SB RAS, Irkutsk, Russian Federation;
*Budker Institute of Nuclear Physics of the Siberian Branch of the Russian Academy of Sciences Novosibirsk, Russian Federation
("Corresponding author’s e-mail: shanar83@mail.ru)

Dependence of the Radiation Synthesis Efficiency of
Ceramics Based on Tungstates on the Flow Power

Ceramic samples of monocomponent (CaO, MgO, ZnO and WQOs3) and two-component (ZnWQO,, MgWO,,
CaWO,) compositions were synthesized by direct impact of high-energy electron flow on the charge of stoi-
chiometric composition. Radiation synthesis of samples weighing about 50 g is realized in time of 10s with-
out the use of any additional substances to stimulate the process. Systematic studies of the dependence of ra-
diation synthesis of tungstate ceramics on the flux power density have been performed for the first time. It
was found that the dependences of synthesis efficiency on the flux power density of monocomponent (CaO,
MgO, ZnO and WO3;) and two-component (ZnWO,, MgWO,, CaWO,) ceramic samples have the form of
constantly increasing curves. There is a threshold above which the synthesis is realized for all synthesized
samples. The effect of mutual influence of charge components on the efficiency of synthesis of two-
component systems was found. Synthesis of ZnWO,, MgWO,, CaWO, ceramics is realized under the same
conditions of radiation treatment, while the thresholds of synthesis realization of one-component samples of
Ca0, MgO and ZnO and WO; ceramics differ significantly. It is shown that at all used modes of radiation
treatment the formation of ceramics with the same properties are realized. This effect is due to the inhomoge-
neous distribution of electron flux energy losses in the substance. Synthesis of two-component (ZnWQ,,
MgWO,, CaWO,) ceramic samples is realized at the same power density above 1,0 kW/cm?. The radiation
synthesis of the ZnWO,, MgWO,, CaWQO, ceramics is mainly determined by tungsten oxide.

Keywords: ceramics; metal tungstate, luminescence; radiation synthesis, X-ray diffraction spectra, EDX anal-
ysis, power density, optical properties of ceramics.

Introduction

Crystals and ceramics based on tungstate of alkaline-earth and rare-earth metals have found wide
application as scintillation materials [1-3]. These materials have high absorption capacity of radiation, are
resistant to external factors: temperature, aggressive media. They can be used both for registration of heavy
particles, electrons and X-ray radiation [4-7].

Synthesis of these materials from metal oxides with high melting point is difficult. Moreover, the
melting point of the main initial component, WO; (1473 °C), differs significantly from the melting points of
other components, such as MgO (2825 °C), ZnO (1975 °C), CaO (2572 °C). Therefore, the synthesis
methods used, most often Czochralski and Bridgman [8-11], are labor-intensive, time-consuming, and
require the use of other substances to stimulate synthesis.
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Radiation method is promising for the synthesis of ceramics based on metal oxides, fluorides. It realized
and described first time in [12-14]. The radiation method showed that the impact of a powerful flow of
electrons with an energy of 1.4, 2.5 MeV t power density up to 30 kW/cm? on the charge stoichiometric
composition is possible to form ceramics based on metal oxides, including tungstate. It is established that the
synthesis is realized by direct impact of the electron flux on the charge in the crucible for a time less than 1 s,
with high efficiency, without the use of any additional substances that contribute to the process.

The present work is aimed at studying the dependence of the synthesis efficiency on the radiation ion
treatment modes, in particular, on the power density of the electron flux falling on the charge.

Experimental

Radiation synthesis of ceramics was realized by direct impact of a powerful flow of high-energy elec-
trons on the charge. The synthesis of materials was carried out by direct electron beam irradiation using the
ELV6 electron accelerator at the facility UNU Stand ELV-6 of Budker Institute of Nuclear Physics, of the
Siberian Branch of the Russian Academy of Sciences Novosibirsk, Russian Federation. The ELV-6 electron
accelerator provides generation of electron flux with energies in the range from 1.4 to 2.5 MeV and power up
to 100 kW. The electron beam output through the differential pumping system has a Gaussian distribution in
cross-section. In our experiments, the beam area on the charge surface in the crucible was 1 cm?. A scanning
system was used for obtaining large area samples. The beam was scanned at a frequency of 50 Hz across the
mixture surface in the transverse direction of a crucible with a width of 5 cm and a length of 10 cm. The cru-
cible was displaced relative to the scanning beam at a speed of 1 cm/s for the entire length of the crucible.
Each elementary section of the charge in the crucible was exposed to the radiation flux for 1 s. The total time
of exposure of the electron flux to the treated surface of the charge in the crucible was always 10 s. The syn-
thesis of ceramics was realized only due to the energy of the radiation flux, only from the charge materials,
without additives of other materials facilitating the process.

Measurements of dispersity of initial powders used for synthesis of initial powders for obtaining ceram-
ic samples were carried out by laser diffraction method using a laser particle size analyzer Shimadzu SALD-
7101.

The X-ray diffraction patterns were obtained using a Bruker D8 ADVANCE (AXS, Berlin, Germany)
diffractometer equipped with a scintillation detector.

The luminescence of the synthesized samples (luminescence excitation spectra and luminescence spec-
tra) were measured using a Cary 5000 UV-Vis-NIR spectrophotometer.

Results and Discussion

Mixtures of WO, MgO, ZnO, CaO starting powders in stoichiometric ratio were prepared for synthesis.
All the starting powders were obtained from Hebei Suoyi New Material Technology Co., Ltd, had a purity
degree of at least 99,95 %.

It was shown in [15] that the results of radiation synthesis are largely determined by the prehistory of
the starting materials, not only their purity but also their particle size distribution. All starting materials have
significantly different melting temperatures [16]. In this connection, we investigated the particle size distri-
bution and performed radiation synthesis of each of the starting materials prior to the synthesis of multicom-
ponent ceramics.

The results of the particle size distribution study are shown in Figure 1. The figures show the distribu-
tion of particles in the used powders in the form of dependence of the number of particles on their size and
dependence of the volume of the particles.

There are two groups of particles with sizes from 0,01 to 1 um and from 1 um to 50 um for all powders.
The number of small particles is dominant, but in the total volume of powders their volume is much smaller.
Therefore, the synthesis result should be determined mainly by the number of the large particles. The ratio
between the number of small and large particles in powders of different composition differs. As follows from
the presented results, the distributions of large particles of ZnO and MgO overlap with the distribution of
WO; particles. The size distribution range of large CaO particles is much wider than that of WO3;. We can
expect a difference in the efficiency of synthesis of ceramics of tungstates of these two groups: a large dif-
ference in the size of the initial particles may appear in the express synthesis due to the existence of local
non-stoichiometry [14].

The starting materials for the synthesis of two-component metal tungstate ceramics have significantly
different melting points: WO; (1473 °C), MgO (2825 °C), ZnO (1975 °C), CaO (2572 °C), which can affect
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the efficiency of their synthesis [17]. However, for radiation synthesis, ionization processes play a dominant
role in the formation of a new structure from the initial ones, while thermal processes contribute to their effi-
ciency. It seems necessary to study the efficiency of radiation synthesis of ceramics of starting materials. We
have carried out a series of studies of the dependence of the synthesis of ceramics from starting materials on
the power density of the radiation flux. The charge for synthesis was simply initial powders of WO3, ZnO,
MgO, CaO. Radiation treatment of the charge was carried out under the conditions mentioned above in the
“without scanning” mode. The dependence of the morphology of synthesized samples on the modes of radia-
tion exposure and electron flux power density is shown in Figure 2.
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Figure 1. Particle number and volume distribution of the used powders

Figure 2 shows photos of ceramic samples from the initial materials. The value of power density is in-
dicated in the figures. As follows from the presented photos for monocomponent ceramic samples, the de-
pendence of the synthesis result on the electron flux power density is clearly visible. Especially clearly this
dependence is seen on the example of WO; and ZnO. This dependence is less pronounced in the synthesis of
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CaO ceramics. Synthesized MgO ceramics has high power densities, but the ceramic samples are formed
under the surface of the charge, because the bulk density of the MgO charge (p=0.5 g/cm?) is much less than
WO, (p=2.6 glcm®) and ZnO (p=1.1 g/lcm®). WO; and ZnO differ significantly from MgO and CaO in melt-
ing temperatures. For CaO, a picture of a sample obtained using the “with scanning” mode is given as an eX-
ample. The synthesis of ceramics from the whole charge in the crucible is realized in this mode. According-
ly, in order to fulfill the equality of absorbed energy in both modes, the power density in the “with scanning”

mode is increased by a factor of 5.

Figure 2. Dependence of morphology of synthesized samples on radiation exposure
modes-electron flux power density

Quantitative dependences of synthesis efficiency on power density in the studied monocomponent
compositions are shown in Figure 3. Synthesis efficiency in this work is understood as the weight of the syn-
thesized sample. Such characterization of the process seems to be quite justified: the charge volume in our
work is always the same using the same crucibles.
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Figure 3.Dependence of ceramic synthesis efficiency from used initial
monocomponent compositions on power density
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The synthesis of WO; and ZnO ceramics is realized when the power density exceeds 1-1.5 kW/cm?,
whereas for the synthesis of MgO and CaO ceramics, power densities above 2.5 kW/cm? are required.

We consider that it is necessary to emphasize the following. To determine the weight of the synthesized
sample using the “without scanning” mode, the sample is removed from the crucible and cleaned from the
charge adhering to it. This procedure is easily realized when the charge is treated with high power radiation
fluxes. It is impossible to clean the completely porous sample from the charge at low power densities. There-
fore, the initial points on the dependences are determined with some error. Nevertheless, the full dependence
quite unambiguously indicates that the threshold for the realization of the synthesis of WOz and ZnO ceram-
ics is lower than that of MgO and CaO. It is necessary to pay attention to the existence of a constant growth
of the sample weight at high power density. The growth of the sample weight is due to the increase of the
sample area, as it is clearly seen for WO; and ZnO. The growth of the bandwidth of the formed ceramics is
due to the fact that the electron beam has a Gaussian distribution. As the integral power of the beam increas-
es, the width of its impact region increases with exceeding the threshold for synthesis, as can be seen from
Figure 2

A charge was prepared from the above described monocomponent metal oxides and radiation synthesis
was performed. The charge was prepared from oxide powders in stoichiometric ratio. Table 1 describes the
compositions prepared for synthesis, radiation treatment modes used for synthesis, electron flux power densi-
ty. The sample number means the serial number of the experiment according to the accounting system adopt-
ed by the authors. The masses of the charge in the crucible and the yield of the synthesis reaction are also
given. Here, the yield of the synthesis reaction is understood as the ratio of the mass of the sample to the
mass of the charge used. The synthesis was carried out in the “scanning” mode.

Table 1
Composition of synthesized ceramics when treated with 1.4 MeV electron flow
Sample, Ne Sample description P, kW/cm® M, ¢ Output, %
623 ZnWQO, (Zn0O 26 %), (WO374 %) 15 64,63 91,29
624 MgWQO, (MgO 14,8 %), (W03 85,2 %) 15 47,31 97,17
625 CawO, (Ca0 19,5 %), (WO;3 (80,5 %) 15 39,46 73,28
627 ZnWQO, (Zn0 26 %), (WO374 %) 15 62,56 93,36
738 MgWQO, (MgO 14,8 %), (W03 85,2 %) 18 36,99 98,8
718* ZnWO, (ZnO 26 %),(WO; 74 %) 22 86,62 90,0
*Note — 718 was obtained at an electron beam energy of 2.5 MeV.

Figure 4 shows photos of samples of synthesized ceramics in standard crucibles with internal dimen-
sions of 100x50 mm.

Figure 4. Photos of samples of synthesized ceramics ZnWQ,, MgWO,, CaWOQO,

The samples have the form of plates similar to solidified molten mass, about 5 mm thick, with a porous
structure inside. Not the entire volume of the charge is involved in the synthesis of ceramics. They use three
types of crucibles differing in depth: 7, 10 and 14 mm. For each experiment, differing in the composition of
the synthesized ceramics, its bulk density, and electron energy, the one is chosen at which the electrons of
the beam will be completely absorbed by the charge. Otherwise, atoms (ions) from the crucible will be intro-
duced into the formed ceramics. Therefore, there always remains a layer of unused charge under the formed
ceramics. Part of the charge may disappear during radiation treatment, atomized due to charging of particles
by the electron beam. This process can be significant at low mass of dielectric particles of initial substances.
We take into account in determining the yield of the synthesis reaction the existence of residues of the charge
in the crucible and atomization during radiation treatment.
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As can be seen in Table 1, the yield of the synthesis reaction in all samples synthesized in the “with
scanning” mode has a value ranging from 73 % to 98 %. Two reasons for this difference are possible. CaO
(2572 °C) has a melting point higher than ZnO (1975 °C) and WO; (1473 °C). But MgO (2825 °C) also has a
melting point higher than ZnO and WO;. Another factor that differentiates the starting materials is the differ-
ence in particle size distribution. In the dispersion spectra (Fig. 1), the number and volume of particles with
sizes above 10 umare are much larger in CaO than in WO, MgO and ZnO. It seems to us that this character-
istic can determines the difference in the yields of the material synthesis reaction. Nevertheless, we do not
deny the influence of the difference in melting temperatures on the synthesis process.

Studies of the dependence of the synthesis efficiency of ZnWQO,, MgwQO,, CaWO, ceramics in the
“without scanning” mode were performed, as well as for monocomponent compositions shown in Figure 3.
The results of the studies are presented in Table 2 and Figure 5. The weight of CawO,, MgWO,, ZnWO,
tungstate ceramics samples was measured during synthesis without scanning at different electron beam pow-
er densities with E=1.4 MeV.

Table 2
Efficiency of synthesis of tungstate ceramics
Power P, kW Weight of CaWO,, g Weight of MgWO,, g Weight of ZnWQO,, g
15 8,74 11,07 9,57
2 12,97 14,55 13,47
3 16,88 18,26 20,14

Weight dependence of CawO,, MgWO, and ZnWQ, tungstate ceramics during synthesis without
scanning at different electron beam power densities with E=1.4 MeV.
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Figure 5. Weight dependence of CaWO,, MgWO,, ZnWQ, tungsten ceramics on electron flux power density

As follows from the presented results, synthesis in all investigated samples of multicomponent ceramics
is realized at the same regimes of radiation treatment. We emphasize that ceramics of monocomponent sam-
ples is realized at different regimes for CaO, MgO, WO; and ZnO. Note that equal conditions of electron
beam energy losses during radiation treatment in the “without scanning” mode, for example 1.5 kW/cm?,
corresponds to 7-85 kW/cm? in the “with scanning” mode.

The structure of synthesized samples of ZnWO,, CawO, ceramics was studied by X-ray diffraction us-
ing a Bruker D8 ADVANCE diffractometer (AXS, Berlin, Germany) equipped with a scintillation detector
in step-scan mode over a diffraction angle range of 10 to 90° 26 and CuKa radiation as the source. Details of
the research methodology and analysis are described in [15].

The results of the X-ray powder diffraction investigation are presented in Table 3. The qualitative phase
analysis and indexing of the diffraction patterns utilized the data from the PDF-2 database (ICDD, 2007) as
follows:

- PDF 01-088-0251 “Zinc tungsten oxide (ZnWO,)”, symmetry — monoclinic lattice, space group —
P2/c (#13), a=4.6926 A, b=5.7213 A, c=4.9281 A, f=90.632 °.
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- PDF 01-072-0257 “Calcium tungsten oxide (CaWOQ,)”, symmetry — body-centered tetragonal lattice,
space group — l41/a (#88), a=5.243 A, c=11.376 A.
- PDF 01-072-0677 “Tungsten oxide (WOs)”, symmetry — monoclinic lattice, space group — P21/n
(#14),a=7306 A,b=7.54 A,c=7.692 A, f=90.881 °.

The results of the phase composition

investigation

Table 3

Sample

Phase

Degree of crystallinity

Crystallite size

Refined unit cell
parameters

ZnWQO,

ZnWO,

99.9 (£5) %

131 (x15) nm

P2/c,
a=4.689(4) A,
b=5.716(7) A,
c=4.925(3) A,
B=90.6(1)°,
V=132.0(1) A®

Cawo,

Cawo,
(~86 %)

99.9 (£5) %

WO,
(~14 %)

167 (£35) nm

141/a,
a=524322) A,
c=11.371(4) A,
V=31252) A3

114 (£28) nm

P21/n,
a=7311Q2) A,
b=7.532(2) A,
c=7.694Q2) A,
B=90.8(1)°,
V =423.6(1) A®

The results of the study of MgWO, ceramics are not presented due to the absence of complete data on
this material in our database [18]. As can be seen from the results presented in the table, during radiation
synthesis in the samples ceramics formed crystalline phase in the form of crystallites with sizes of
100-170 nm. The dominant phase is ZnWQ,, CaWQ, ceramics, with WO; as the accompanying phase [19].

The main functional characteristic of metal tungstates is luminescence and its properties [20]. Excita-
tion and luminescence spectra were measured for ZnWO,, MgWO,, CaWQO, ceramics samples [21]. The ex-
citation and photoluminescence spectra were measured on a SM-2203 Solar spectrofluorimeter. Figure 6
shows the excitation and luminescence spectra of ZnWO,, MgWQ,, CaWQO,.
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In ZnWO, ceramics luminescence is excited by UV radiation from 230 to 320 nm, in
MgW0QO,230-250 nm, in CaW0O, 230-260 nm [22]. The luminescence maxima occur in ZnWOQO, at 500 nm, in
MgWQ,, at 460 nm, in CaWO, at 460 nm. In general, the spectral characteristics of photoluminescence cor-
respond to those known for crystalline materials [23].

Conclusion

For the first time, systematic studies of the dependence of radiation synthesis of tungstate ceramics on
the conditions of radiation treatment have been performed. The dependence of synthesis efficiency on the
power density of high-energy electron flux of monocomponent (CaO, MgO, ZnO and WO3) and two-
component (ZnWQ,, MgWO,, CawW0,) ceramic samples has been established. It is shown that these depend-
ences have the form of continuously increasing curves. Nevertheless, for all synthesized samples there is a
threshold above which the synthesis is realized. The knowledge of thresholds and dependence on the electron
flux power density allows us to choose the optimal conditions for the synthesis realization and contributes to
the development of ideas about the processes in the charge in the radiation field that ensure the formation of
ceramics.

The effect of the mutual influence of charge components on the synthesis efficiency of two-component
systems is of interest. Synthesis of ZnWO,, MgWO,, CaWQ, ceramics is realized under the same conditions
of radiation treatment, while the thresholds for the synthesis of single-component CaO, MgO, ZnO and WO;
ceramics samples differ significantly.

It is shown that at all used modes of radiation treatment the formation of ceramics with the same prop-
erties are realized. This effect is due to the inhomogeneous distribution of electron flux energy losses in the
substance.

Acknowledgements

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). And this research has been funded by TPU and
INP SB RAS under the project of the Russian Science Foundation of the Russian Federation (GrantNo. 23-
73-00108).

Funding

This research has been funded by the Science Committee of the Ministry of Science and Higher Educa-
tion of the Republic of Kazakhstan (Grant No. AP19579177)

References

1 T'puneB b.B. CUMHTHUISIIHOHHBIE IETEKTOPBI M CHCTEMBI KOHTPOIIS paananuu Ha ux ocHose / B.B. I'punes, B./l. Peokukos,
B.I1. Cemunoxxenko. — Kues: Hayk. mymka, 2007. — 447 c.

2 Grassmann H. Scintillation properties of ZnWO4 / H. Grassmann, H. -G. Moser // Journal of Luminescence. — 1985. —
Vol. 33. — Issue 1. — P. 109-113. https://doi.org/10.1016/0022-2313(85)90034-1

3 Tnobyc M. IlyTu moBbIlIeHHS! PAAMAMOHHONW CTOMKOCTH HEOPraHWYECKUX CLUHTWIUIALHOHHBIX KPHCTAIUIOB MUl (DH3HMKH
BbIcOKHii aHepruii / M. I'noGyc, b. I'punes, B. Jlrobnauckuii, T. Xpymnosa // Borpocskl aToMHo# Hayku U Texauku. Cep. Dusrka pa-
JVAMOHHBIX TIOBPEXICHUH 1 paananuonHoe Marepuanosenenue. — 2003. — T. 89. — Ne 6. — C. 89-97.

4 Nagirnyi, V. Energy transfer in ZnWO4 and CdWO4 scintillators / V. Nagirnyi, E. Feldbach, L. Jonsson, M. Kirm,
A. Kotlov, A. Lushchik, V.A. Nefedov, B.l. Zadneprovski // Nuclear Instruments and Methods in Physics Research. — 2002. —
Vol. 486. — P. 395-398. https://doi.org/10.1016/S0168-9002(02)00740-4

5 Kolobanov, V.N. Optical and luminescent properties of anisotropic tungstate crystals / V.N. Kolobanov, I.A. Kamenskikh,
V.V. Mikhailin, I.N. Shpinkov, D.A. Spassky, B.l. Zadneprovsky, L.I. Potkin, G. Zimmerer // Nuclear Instruments and Methods in
Physics Research. — 2002. — Vol. 486. — P. 496-503. https://doi.org/10.1016/S0168-9002(02)00760-X

6 Mikhailik, V.B. Cryogenic scintillators in searches for extremely rare events / V.B. Mikhailik, H. Kraus // Journal of Phys-
ics D. — 2006. — Vol. 39. — No. 6. — P. 1181-1191. DOI 10.1088/0022-3727/39/6/026

7 Minoru Itoha. Photo-stimulated luminescence and photo-induced infrared absorption in ZnWO4 / Itoha Minoru, Katagiria
Tsuyoshi, Aokia Tomonori, Fujita Masami // Radiation Measurements. — 2007. — Vol. 42. — P. 545-548.
https://doi.org/10.1016/j.radmeas.2007.01.049

8 Sarukura N. 4 — Czochralski Growth of Oxides and Fluorides. Handbook of Crystal Growth (2nd ed) / N. Sarukura,
T. Nawata, H. Ishibashi, M. Ishii, T. Fukuda. — 2015. — P. 131-168. https://doi.org/10.1016/B978-0-444-63303-3.00004-3

16 BecTHuk KaparaHgmMHCKoro yHmBepcuteTa


https://doi.org/10.1016/0022-2313(85)90034-1
https://doi.org/10.1016/S0168-9002(02)00740-4
https://doi.org/10.1016/S0168-9002(02)00760-X
https://doi.org/10.1016/j.radmeas.2007.01.049
https://doi.org/10.1016/B978-0-444-63303-3.00004-3

Dependence of the Radiation...

9 Dabkowska H.A. Floating Zone Growth of Oxides and Metallic Alloys / In P. Rudolph (Ed.) / H.A. Dabkowska,
A.B. Dabkowski, R. Hermann, J. Priede, G. Gerbeth // Handbook of Crystal Growth: Bulk Crystal Growth: Part A. — 2015. —
Vol. 2. — P. 281-329. https://doi.org/10.1016/B978-0-444-63303-3.00008-0

10 Brandle, C.D. Czochralski growth of oxides / C.D. Brandle // Journal of Crystal Growth. — 2004. — Vol. 264. — No. 4. —
P. 593-604. https://doi.org/10.1016/j.jcrysgro.2003.12.044

11 Konocos B.H. DiekTpoHHO-0ITOCPEIOBAaHHBIC PEAKIIUH TIPH METALIOTCPMHICCKOM BOCCTAHOBJICHUH OKCHIHBIX COCTUHECHUIMA
mosymbneHa u Boimbpama / B.H. Komocos, BM. Opnos // Hoxir. PAH. — 2019. — T. 484. — Ned. — C. 447-450.
https://doi.org/10.31857/S0869-56524844447-450

12 Lisitsyn V.M. YAG based phosphors, synthesized in a field of radiation / 6th International Congress “Energy Fluxes and Ra-
diation Effects” IOP Publishing / V.M. Lisitsyn, M.G. Golkovsky, D.A. Musakhanov, A.T. Tulegenova, Kh.A. Abdullin,
M.B. Aitzhanov // Journal of Physics Conference Series. — 2018. — Vol. 1115. — No. 5. — P. 5. DOI:10.1088/1742-
6596/1115/5/052007

13 Lisitsyn V.M. Formation of Luminescing High-Temperature Ceramics upon Exposure to Powerful High-Energy Electron
Flux / V.M. Lisitsyn, L.A. Lisitsyna, M.G. Golkovskii, D.A. Musakhanov, A.V. Ermolaev // Russian Physics Journal. Optics and
spectroscopy. — 2021. — Vol. 63. — No. 9. — P. 1615-1621. DOI: 10.1007/s11182-021-02213-9

14 Lisitsyn V. / Radiation Synthesis of High-Temperature Wide-Bandgap Ceramics / V. Lisitsyn, A. Tulegenova, M. Golkovski,
E. Polisadova, L. Lisitsyna, D. Mussakhanov, G. Alpyssova // MDPI Journal. Micromachines. — 2023. — Vol. 14. — 2193 p.
https://doi.org/10.3390/mi14122193

15 Lisitsyn V. The Optimization of Radiation Synthesis Modes for YAG: Ce Ceramics / V. Lisitsyn, D. Mussakhanov,
A. Tulegenova, E. Kaneva, L. Lisitsyna, M. Golkovski, A.M. Zhunusbekov // MDPI Journal.Materials. — 2023. — Vol. 16. —
3158 p. https://doi.org/10.3390/mal6083158

16 Mikhailik V.B. Performance of scintillation materials at cryogenic temperatures / V.B. Mikhailik, H. Kraus // Wiley Online
Library. Physica status solidi (b). Review Article. — 2010. — Vol. 247. — P. 1583-1599. https://doi.org/10.1002/pssh.200945500

17 Nikl M. Complex oxide scintillators: Material defects and scintillation performance /. Nikl, V.V. Laguta, A. Vedda
/I Physica status solidi (b). Feature Article. — 2008. — Vol. 245. — P. 1701-1722. https://doi.org/10.1002/pssb.200844039

18 Mikhailik V.B. Studies of electronic excitons in MgMo0O4, CaMo0O4 and CdMo0O4 crystals using VUV synchrotron radiation
/V.B. Mikhailik, H. Kraus, D. Wahl, M.S. Mykhaylyk // Wiley Online Library. Physica status solidi (b). — 2005. — Vol. 242. —
Issue 2. — P. R17-R19. https://doi.org/10.1002/pssb.200409087

19 Itoh M. X-Ray Photoelectron Spectroscopy and Electronic Structures of Scheelite- and Wolframite-Type Tungstate Crystals /
M. Itoh, N. Fujita, Y. Inabe // Journal of the Physical Society of Japan. — 2006. — Vol. 75. — No. 8. — P. 8.
https://doi.org/10.1143/JPSJ.75.084705

20 Pxesckas O.B. OnrTuyeckre W JIIOMHUHECIEHTHBIE CBoicTBa MOHOKpuctamuioB CdWO, u CdWO,: Mo / O.B. Pxesckasi,
I.A. Cnacckuit, B.H.Kono6anos, B.B.Muxaitnuu, JLJI. Haropras, W.A. Tymuununa, B.J. 3agaenpoBckuii // Onrtuka u
cnekrpockomnusi. — 2008. — T. 104. — Ne 3. — C. 407-414.

21 Pankratov V. Luminescence center excited state absorption in tungstates / V. Pankratov, L. Grigorieva, D. Millers,
S. Chernov, A.S. Voloshinovskii // Journal of Luminescence. — 2001. — Vol. 94-95. — P. 427-432. https://doi.org/10.1016/S0022-
2313(01)00326-X

22 Ovechkin A.E., Luminescence of ZnWO4 u CdWO4 crystals / A.E. Ovechkin, V.D. Ryzhikov, G. Tamulaitis, A. Zukauskas
// Physica status solidi (a). — 1987. — Vol. 103. — P. 285-289.

23 Nagirnyi V. Luminescence study of pure and Fe- or Mo-dopped ZnWO4 crystals / V. Nagirnyi, L. Jonsson, M. Kirm,
A. Kotlov, A. Lushchik, 1. Martinson, A. Watterich, B.l. Zadneprovski // Radiation Measurements. — 2004. — Vol. 38. —
P. 519-522. http://dx.doi.org/10.1016/j.radmeas.2004.01.024

I'.K. AmmsicoBa, W.I1. Jlenncos, XK.K. bakuera, E.B. Kanesa, E.B. Jlomopos, A.K. Tycyn6ekoBa

Boasdpamar Herizinaeri kKepaMUKAHBIH PAXUANUAJIBIK CHHTE3iHIH
THIMAIITIHIH aFbIH KyaTbIHA TYeJIijIiri

MouokomnoneHTTi (CaO, MgO, ZnOxoneWOj3) sxoHe ekikommoneHTTi (ZnWO,; MgWO,, CaWO,)
KOMITO3ULIMSIIAP/IbIH KePAMUKAIIBIK YIITIepi CTEXHOMETPHSUIBIK KYPaMHBIH HINXTAChIHA J)KOFapbl YHEPTHSLIbI
SIEKTPOH JaparblHbIH TiKeneH ocepi apkbuibl cuHTe3menai. Canmarsl mamamed 50 © GOMaThIH YITUICPAiH
paaualMsUIBIK CHHTE31 MPOLIECTi bIHTANAHBIPY YIIIH Ke3 KeJIreH KOChIMIIA 3aTTapAbl Konaanbaii 10 ¢ yaksiT
ilIiHAe JKy3ere acelpbUIafbl. AJFam per Boib(pamMar KepaMUKACHIHBIH PaAHalMsUIBIK CHHTE3IHIH aFbiH
KyaTbIHBIH THIFBI3BIFBIHA TOYSNIUIri Typamsl >KyHenm 3eprTreymep >kyprisinmi. CHHTE3 THIMAINIriHIH
6ipkommonerTTi (CaO, MgO, ZnO xone WO3) xoHe exikomnoneHrti (ZnWO,, MgWQO,, CaWO,) kepamnka
YITUIEpiHIH aFbIHBIHBIH  THIFBI3ABIFBIHA TOYEIAUIrE YHEMiI ocilm Kelle J>KaTKaH KUCBIKTap TYpiHZAe
OOJIaTBIHABIFEl AHBIKTAIIBL. BapiblK CHHTE3meNTeH yirijep YIIiH ImeKTi MOH 0ap, OHBIH YCTiHIE CHHTE3
JKy3ere acelpblIaabl. EKIKOMIIOHEHTTI JKyiHenepaiH CHHTE3iHIH THIMIUTriHe [IUXTa KOMIIOHEHTTEPIiHIH 03apa
acepinin acepi aubikranael. ZnWO, MgWO,, CaWO, kepamukachiHbIH CHHTEe31 Oipieil argainapia,
panmanusuiblK  eHzeyde xysere aceippuianel, an CaO, MgO xone ZnO xoHe WOj3 KepaMHKAaCBIHBIH
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G.K. Alpyssova, Zh.K. Bakiyeva et al.

OIPKOMITOHEHTTi YITUIEpiH CHHTE3[ey IIEKTepi aWTapibIKTail epekiueiaeHeni. Paguanusuiblk eHISYAiH
OapyiblK KOJJAHBUIFAaH peXuMIepinae Oipaell Kacuerrepi Oap KepaMHKaHBIH KaJbIITACybl JKy3ere
aCBIPBUIATBIHIBIFBl KOPCETUIreH. Byl ocep 3aTTarbl 3JIEKTPOHIAD AarbIHBIHBIH OSHEPTHs IIBIFBIHBIHBIH
TeTeporeH Ii TapanybiHa GailsIaHbICTHI.

Kinm ce3dep: kepammka, MeTaUIBOIb(paMaThl, JIOMUHECHEHIHS, pPAAAAlVsUIBIK CHHTE3, PEHTIeH
TudpakUsACHHEIH cnektpiepi, EDX-Tannay, KyaT TEIFBI3ABIFI, KEPAMHKAHBIH ONTHKAIBIK KaCHETTEPI.

I" K. AnnsicoBa, XK K. bakuesa, N.I1. lenucos, E.B. Kanesa, E.B. Jlomapos, A.K. TycynoekoBa

3aBHCHMOCTH 3(1)(l)eKTI/IBHOCTI/I PaaAnaliMOHHOI'0 CHHTE3a KEPAMHUKHA
Ha OCHOBC BO.TIL(l)paMaTOB OT MOIIIHOCTH ITOTOKA

Cunre3upoBaHbl 00pasibl kepamuku MoHokommoHeHTHbIX (Ca0, MgO, ZnO u WO3) u AByXKOMIIOHEHTHBIX
(ZnW0O,, MgWO,, CaWO,) cocTaBoB MOCPEICTBOM MPAMOTO BO3IAEHCTBHUS IOTOKA BBICOKOIHEPIETHYECKUX
3JIEKTPOHOB Ha IIMXTY CTEXHOMETPHUUECKOTO COCTaBa. PaqualiMoHHbIH CHHTE3 00pa3loB BecoM Okoyio 50 T
peanmzyercst 3a Bpemst 10 ¢ 6e3 HCMOoNb30BaHKs JIFOOBIX TOIOJHUTENBHBIX BEIIECTB IS CTUMYILSILUH TPO-
recca. BriepBbie BBIMOJIHEHBI CHCTEMATHUECKHE UCCIICIOBAHMS 3aBUCHUMOCTH PaJHallMOHHOIO CHHTE3a Kepa-
MHKH BOJIb()PaMATOB OT IIOTHOCTH MOIIHOCTH MOTOKA. YCTAQHOBJIEHO, YTO 3aBHCHMOCTH 3()(EKTHBHOCTH
CHHTE3a OT IUIOTHOCTH MOIIHOCTH MoTOKa MoHOKoMmmoHeHTHBIX (Ca0, MgO, ZnO u WO3) u a1ByXKOMIIO-
HeHTHBIX (ZNWO,;, MgWO,, CaWO,) 06pa3ioB kepaMHUKH UMEIOT BH MOCTOSIHHO HAPACTAIOIIMX KPHUBBIX.
Jli1s BceX CHHTE3HMPOBAaHHBIX 00Pa3IoB MMEET MECTO HAJIMYHE MOPOTra, BHIIE KOTOPOTO CHHTE3 PEaI3yeTCsl.
OOHapykeH 3PQEeKT B3aUMHOTO BIHMSHUS KOMIIOHEHTOB IMIMXTHI Ha 3((QEKTHBHOCTh CHHTE3a IBYXKOMIIO-
HeHTHBIX cucteM. Cunres ZnWO,, MgWO,, CaWQ, kepaMHKH peanu3yeTcst IPH OJUHAKOBBIX YCIIOBUSIX,
paauanroHHoN 06paboTKe, TOr/Ia Kak MOPOrH peau3alii CHHTE3a 0JHOKOMIIOHEHTHBIX 00pa3lioB KEepaMUKU
Ca0, MgO u ZnO u WO3, cymiecTBeHHO pa3inyaroTcs. [Ioka3aHo, 4To MpH BCeX UCTIOIB30BAHHBIX PEKMMAX
paauanroHHON 06paboTKH peanusyercs GOpMUpPOBaHHE KEPAMHUKH C OJMHAKOBBIMH cBoicTBaMu. OGYCI0OB-
JeH 3TOT 3G (HEKT HEOJHOPOJHBIM PACIPENCICHHEM II0TEPh SHEPIHHU OTOKA JICKTPOHOB B BEILIECTBE.

Knrouegvie cnosa. xepamuka, BoJb(ppaMaT MeTalla, JIOMHHECHCHLHS, PAAUAlMOHHBIN CHHTE3, CHEKTPHI
peHTtreHoBckoit audpakuun, EDX-ananm3, mIoTHOCTE MOIIHOCTH, ONTHYECKUE CBOMCTBA KEPAMUKH.
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