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

Ceramic samples of monocomponent (CaO, MgO, ZnO and WOs) and two-component (ZnWO4, MgWOeu,
CaWOs) 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 WOs) and two-component (ZnWO4, MgWO4, CaWO4) 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 ZnWO4, MgWOs, CaWO4 ceramics is realized under the same
conditions of radiation treatment, while the thresholds of synthesis realization of one-component samples of
CaO, MgO and ZnO and WO3; 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 (ZnWOs,
MgWO4, CaWO4) ceramic samples is realized at the same power density above 1,0 kW/cm?. The radiation
synthesis of the ZnW0O4, MgWO4, CaWO4 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.

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
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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 em?. 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 WO3, 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 pm 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
WOs particles. The size distribution range of large CaO particles is much wider than that of WO;. 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: WOs3 (1473 °C), MgO (2825 °C), ZnO (1975 °C), CaO (2572 °C), which can affect
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
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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 WO3 and ZnO. This dependence is less pronounced in the synthesis of
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 g/cm?) and ZnO (p=1.1 g/cm?). WO; and ZnO differ significantly from MgO and CaO in melt-
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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.
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o

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

The synthesis of WO;3 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
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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 WO3 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, g Output, %
623 ZnWOy4 (Zn0O 26 %), (WO3 74 %) 15 64,63 91,29
624 MgWO4 (MgO 14,8 %), (WO3 85,2 %) 15 47,31 97,17
625 CaWO4 (CaO 19,5 %), (WOs3 (80,5 %) 15 39,46 73,28
627 ZnWOy4 (Zn0O 26 %), (WO3 74 %) 15 62,56 93,36
738 MgWO4 (MgO 14,8 %), (WO3 85,2 %) 18 36,99 98,8
718%* ZnWOy4 (Zn0O 26 %),(WO3 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.

623 624 625
627 738 718

Figure 4. Photos of samples of synthesized ceramics with numbers 623, 624, 625, 627, 718, 738 (Table 1)

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 WOs3 (1473 °C). But MgO (2825 °C) also has a
melting point higher than ZnO and WOs. 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 pmare are much larger in CaO than in WO3, 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 ZnWO4, MgWOQO4, 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 CaWO4, MgWO,, ZnWO4
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 CaWOs, g Weight of MgWOy, g Weight of ZnWO4, g
1,5 8,74 11,07 9,57
2 12,97 14,55 13,47
3 16,88 18,26 20,14

Weight dependence of CaWOs, MgWO,4 and ZnWO, 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 CaWO4, MgWO4, ZnWO4 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° 20 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 (ZnWO4)”, symmetry — monoclinic lattice, space group —
P2/c (#13),a=4.6926 A, b=5.7213 A, c =4.9281 A, =90.632 °.
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- PDF 01-072-0257 “Calcium tungsten oxide (CaWOQ4)”, symmetry — body-centered tetragonal lattice,

space group — [41/a (#88),a =5.243 A, c=11.376 A.

- PDF 01-072-0677 “Tungsten oxide (WO3)”, symmetry — monoclinic lattice, space group — P21/n

(#14),a=7306 A, b=7.54 A, c=7.692 A, p=90.881 °.

Table 3

The results of the phase composition investigation

Sample

Phase Degree of crystallinity

Crystallite size

Refined unit cell parameters

ZIIWO4

ZnWOy, 99.9 (5) %

131 (x15) nm

P2/c,
a=4.689(4) A,
b=15.716(7) A,
c=4.9253) A,
£ =90.6(1)°,
V=132.0(1) A3

CaWOq4

CaWO4
(~86 %)

167 (£35) nm

41/a,
a=5243(2) A,
e=11371(4) A,
V=312.5@2) A3

99.9 (£5) %

WO,
(~14 %)

114 (£28) nm

P21/n,
a=7311Q2) A,
b=7.5322) A,
c=17.6942) A,
B=90.8(1)°,
V=423.6(1) A3

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 ZnWOQ4, CaWO, ceramics, with WOs 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 ZnWQO4, MgWO4, CaWO, 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 ZnWQO4, MgWO,, CaWOs.
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Figure 5. Excitation (top) and luminescence (bottom) spectra of ZnWO4, MgWO4, CaWOs, respectively
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In ZnWO4 ceramics luminescence is excited by UV radiation from 230 to 320 nm, in
MgWO04230-250 nm, in CaWO4230-260 nm [22]. The luminescence maxima occur in ZnWO4 at 500 nm, in
MgWOs, at 460 nm, in CaWO4 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 WOs3) and two-
component (ZnWO4, MgWO,4, CaWO4) 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 ZnWO4, MgWO,, CaWOy ceramics is realized under the same conditions
of radiation treatment, while the thresholds for the synthesis of single-component CaO, MgO, ZnO and WOs3
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.
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I" K. AnnsicoBa, W.II. Jlenucos, XK.K. bakuesa, E.B. Kanesa, E.B. JTomopos, A.K. Tycynbekosa

BoJubppamar Herisinaeri kepaMMKaAHbIH PAAHANUSIIBIK CHHTE3iHIH
THIMALTITHIH aFBIH KyaTbhIHA TIYeJIIJIIri

Momnokomnorentti (CaO, MgO, ZnOxoneWOs) xoHe ekikoMmoHEHTTI (ZnWO4, MgWO4, CaWOa)
KOMIIO3ULIMSIIAPIBIH KePaMHUKAIIBIK YIITIepi CTEXHOMETPHUSUIBIK KYPaMHBIH IIMXTAChIHA )KOFaphl SHEPTHSLIbI
3IEKTPOH JaparblHbIH TiKeleH acepi apkbuibl cuHTe3menai. Canmarel mramMameHn 50 r GomaThiH YITUICPAiH
paaualMsUIBIK CHHTE31 MPOLECTi bIHTANAHBIPY YIIIH Ke3 KeJIFeH KOCBIMIIA 3aTTapabl Konaanbail 10 ¢ yaksiT
ilIiHae JKy3ere acelpbUIafbl. AJFamn per Boib(pamMarT KepaMUKACBIHBIH PaAHAlMsUIBIK CHHTE3IHIH aFbIH
KyaTBIHBIH TBIFBI3JBIFBIHA TOYENIUNri Typamel >KyHenmi 3eprreyiep >kyprisinmi. CuHTe3 THIMAIIrIHIH
6ipkommonentTi (CaO, MgO, ZnO xone WO3) xoHe ekikoMnoHeHTTi (ZnWO4, MgWO4, CaWO4) kepamuka
YITUIEpiHIH ~ aFBIHBIHBIH  THIFBI3ABIFBIHA TOYEIAUINE YHEMI ecill Kelle JKaTKaH KUCBIKTap TYpiHZAe
GONaTBIH/BIFBl AHBIKTAN/BL. BapiblK CHHTE3JENreH YITiiep YIIH IIeKTi MOH 0ap, OHBIH YCTiHJAE CHHTE3
XKy3ere achIpbUIa/ibl. EKIKOMIIOHEHTTI XKy#HenepAiH CUHTE3iHiH THIMALTIrHEe IUXTa KOMIOHEHTTEePiHiH e3apa
acepiHiH acepi aubikTanabl. ZnWO4, MgWO4, CaWOs kepaMHKachbIHBIH CHHTe31 Oipieil jxarmaiinapa,
panuanusuIblK  eHzeyde >kysere acwippuianel, an CaO, MgO xoHe ZnO jxoHe WO3 KepaMHKaChIHBIH
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G.K. Alpyssova, Zh.K. Bakiyeva et al.

OIPKOMITOHEHTTI YITUIEpiH CHHTE3ley LIeKTepi alTapibIKTail epekiueneHeni. Paguanusuiblk OHACYIIH
OapyiblK KOJJAHBUIFAaH peXuMIepinae Oipaell Kacuerrepi O0ap KepaMHKaHBIH KaJbIITAaCybl >Ky3ere
aCBIPBUIATBIHIBIFBl KOPCETUIreH. Byl ocep 3aTTarbl 3JIEKTPOHIAD AarbIHBIHBIH OSHEPTHs IIBIFBIHBIHBIH
TeTeporeH Ii TapatybiHa GalIaHbICTHI.

Kinm ce30ep: xepamuka, MeTal BOJb(paMaThl, JTIOMHUHECUEHIWS, paJUallMsUIBIK CHHTE3, PEHTTCH
I paKUACHHEIH crektpiepi, EDX-tannay, Kyar TEIFBI3ABIFBI, KEPAMUKAHBIH ONTHKAIBIK KaCHETTEPI.

I'.K. AnmmieicoBa, XX.K. bakuesa, U.I1. Jlenucos, E.B. Kanesa, E.B. Jlomapos, A K. Tycynbekora

3aBucUMOCTDb 3P (PeKTUBHOCTH PATHANMOHHOTO CHHTE3a KEPAMHUKH
HA 0CHOBE BOJIb()PAMATOB OT MOIITHOCTH MOTOKA

CuHTE3UpOBaHbI 00pa3Ibl KEPaMUKH MOHOKOMIIOHEHTHBIX (CaO, MgO, ZnO 1 WO3) U AByXKOMIIOHEHTHBIX
(ZnWO4, MgWO4, CaWO4) cocTaBOB MOCPEACTBOM HPSIMOTO BO3AEHCTBHS MOTOKA BBICOKORHEPTETUUECKUX
9JIEKTPOHOB Ha HIMXTY CTEXHOMETPHUYECKOT0 COCTaBa. PapmanmoHHEIA cHHTE3 00pa3loB BecoM 0Koio 50 T
peanu3yercst 3a Bpemst 10 ¢ 0e3 MCHOIB30BaHMS JIIOOBIX JOMOJHHUTEIBHBIX BENIECTB VISl CTUMYJLIIUM IIPO-
necca. BriepBrle BBITOTHEHBI CHCTEMAaTHUSCKUE HCCIISIOBAaHUS 3aBUCUMOCTH PaJHallIOHHOT0 CHHTE3a Kepa-
MHKH BOJIb()pAMaTOB OT IUIOTHOCTH MOIIHOCTH IOTOKA. Y CTaHOBJIEHO, YTO 3aBHCHUMOCTH 3()(EeKTUBHOCTH
CHHTE3a OT IUIOTHOCTH MOIIHOCTH IOTOKa MOHOKOMHOHEHTHBIX (CaO, MgO, ZnO nu WO;3) u IByXKOMIIO-
HEeHTHBIX (ZnWOs, MgWOs, CaWOs4) 06pa31ioB KepaMHUKH UMEIOT BHI MOCTOSHHO HAPACTAIONINX KPHBBIX.
JUi1s BceX CHHTE3HMPOBAaHHBIX 00Pa3IoB MMEET MECTO HAaJIW4YHME MOPOTra, BIE KOTOPOTO CHHTE3 PEalu3yeTCsl.
OO0HapyskeH QKT B3aMMHOTO BIHMSHUS KOMIOHCHTOB HIMXTHI Ha 3((QEKTHBHOCTh CHHTE3a JBYXKOMIIO-
HEeHTHBIX cucTeM. Cunte3 ZnWOs, MgWO4, CaWOs kepaMuKy pealu3yercsl IpH OAMHAKOBBIX YCIOBHSIX,
paaualMoHHOM 00pabOTKH, TOTa KaK ITOPOTH peallM3aliii CHHTE3a OJHOKOMIIOHEHTHBIX 00pa3IoB Kepamu-
ku CaO, MgO u ZnO u WO3 cyuiectBeHHO pasnuuatorcs. [TokazaHo, YTO NMPH BCEX UCIOIb30BAHHBIX PEXKH-
Max pagralioHHOW 00paboTKM peanusyercsi GopMUpOBaHHE KEPAMHKH C OAWHAKOBBIMH cBoiicTBamu. OO0y-
CIIOBJIEH 3TOT 3(G()EKT HEOTHOPOAHBIM PACTIPE/ICICHUEM MTOTEPh SHEPTUH ITOTOKA SIEKTPOHOB B BEIIECTBE.

Kniouesvie cnoea: xepammka, Boimb(pamar MeTania, JIOMHHECHEHIUS, PaJHal[MOHHBIH CHHTE3, CHEKTpPEHI
peHtreHoBckoit audpakuuu, EDX-ananu3, mioTHOCTs MOIIHOCTH, ONTHYECKUE CBOMCTBA KEPAMUKHI
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