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Electron Beam-assisted Synthesists, Structure and
Luminescent Properties Porous Ceramics of MgAl,O, and MgAIGaO,
Doped with Europium

Porous ceramics of MgAl,O, (MAS) and MgAIGaO, (MAGS) doped with europium were synthesized by ra-
diation method. Radiation synthesis was performed with high efficiency within less than 1 s using radiation
energy and mixture materials with no additives or any other materials used to promote synthesis. The synthe-
sis method using a high-energy electron beam makes it possible to obtain refractory materials with high
productivity, flexibly control the technological conditions of the process, and, accordingly, synthesize materi-
als with desired properties. The structural properties of synthesized porous ceramics were investigated by X-
ray diffraction (XRD-7000S diffractometer, Shimadzu), SEM. Results have shown that, the synthesized MAS
have cubic structure and are in crystalline spinel MgAl,0,, while the synthesized double spinel MAGS con-
tains two main phase components, MgAl,O, and MgGa,0,. To study the luminescence properties of MAS
and MAGS synthesized spinel doped with europium, photoluminescence measurements were performed. The
photoluminescence spectrum of excitation of Eu®* ions in spinel was monitored at Aem = 615 nm (*Dg—"Fy).
The PLE shows the f—f transition in the configuration of Eu®* ions (at 393 nm ("Fy—°Lg), 463 nm
("Fo—°Dy)). The excitation band at 330 nm and 260 nm is characteristic of the charge transition between Eu®*
and O% ions. The photoluminescence spectrum of the samples under excitation at 260 nm was studied. In the
PL spectrum of spinel samples, the emission of Eu®" ions are clearly visible. In the structure of the band with
a maximum of 615, a peak is visible at 590 nm, characterized by the Dy, — F transition. In the PL spectrum
of samples, a weak spectral band appears with a maximum at 535 nm, characteristic of the emission of Eu*
ions with the 5D;-F; transition. It is shown that the efficiency of radiation synthesis depends on the
granulometric composition of the initial oxide powders.

Keywords: ceramic spinels, double spinel, Eu-doped, radiation synthesis, luminescence, MgAI204,
MgAIGaO4.

Introduction

Materials with spinel structure are technologically significant materials in science and technology.
Aluminum-magnesium spinel MgAl,O, has high hardness, chemical stability, low electrical conductivity,
resistance to temperature effects, spinel crystals are transparent in the visible and infrared wavelength rang-
es [1]. Due to the combination of optical, mechanical and thermal properties, aluminum-magnesium spinel is
used in aviation and space technology, optical elements of optical and optoelectronic devices operating in
extreme conditions, gas sensors, and active laser media are produced from it. Design of materials in the form
of double spinels opens up great prospects. In [2, 3], theoretical methods showed that the double spinel struc-
ture is thermodynamically favorable for the mixed system MgAl,O, + MgGa,O,4, mixing of cations on dif-
ferent sublattices will occur at a relatively low temperature. Synthesis of such materials opens up new possi-
bilities for designing materials with spinel structure and individual functionality.

The authors of [4] showed that double aluminum-gallium-magnesium spinel MgAIGaO, spinel has
semiconductor properties and is a promising material for manufacturing short-wave LED and laser devices,
photovoltaic solar cells. However, the technologies for synthesizing such materials are not developed. Syn-
thesis of materials based on normal MgAl,O, and inverse MgGa,O, spinel is carried out by thermal [5] and
sol-gel [6] methods. The methods are complex and labor-intensive. In [5, 6], it was shown that partial con-
version occurs in inverse spinel MgGa,O,: Mg®* and Ga>* can occupy tetrahedral and octahedral positions,
which facilitate the penetration of the dopant and changes the luminescent properties. In [5], it was shown
that MgGa,0, doped with Eu®* ions has excellent luminescent properties in the “red” and “orange” regions
of the spectrum, MgGa,O,: Mn** phosphors were successfully used as green emitters in night vision and data
storage devices, and in [7], inverse spinel was proposed to be used as a self-activating phosphor. Europium-
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activated MgAl,O, spinel is a promising heat-resistant phosphor [8]. The luminescent properties of double
spinel MgAIGaO, have not yet been studied.

This paper considers the possibility of using a radiation method using a high-energy electron beam to
synthesize ceramics based on MgAl,O, and double spinel MgAIGaO,. The synthesis method has been well
tested on refractory oxide materials [9, 10]. The method is characterized by high synthesis speed and high
efficiency.

Experimental

The radiation method of synthesis is based on the ability of high-energy particles to excite and destroy
molecules of a substance, leading to the formation of new materials. For example, an electron penetrates a
substance, causing ionization in it: the particle forms about 10 thousand particles of lower energy, these par-
ticles begin to break old chemical bonds and form new ones. Therefore, the use of the energy of an electron
beam generated by an accelerator for the synthesis of ceramics from refractory inorganic materials is very
promising and this method is used to synthesize spinel samples in our study. The synthesis of ceramics was
carried out by direct action of an electron beam on the initial mixture of a given composition on the ELV6
electron accelerator at the facility UNU Stand ELV-6 at the Budker Institute of Nuclear Physics SB
RAS [11]. High-energy electron beams with an electron energy of 1.4 MeV were used for synthesis. The re-
sulting beam was extracted through a differential pumping system, had a Gaussian profile on the target sur-
face with a spot area of 1 cm?. The synthesis occurred when the threshold power density of the energy flow
was exceeded, which was 30 kW/cm?. For the synthesis process, a mixture of high-purity oxides MgO, Al,O;
and Ga,03 in a stoichiometric ratio was prepared. Eu,0; oxide was added to the mixture in an amount of
0.5 wt.%. The oxide mixture was stirred in a mixer for 2 hours, after which it was placed in a massive copper
crucible measuring 100 x 50 x 10 mm. The crucible depth for the synthesis of a specific ceramic was select-
ed based on the condition of complete absorption of the electron beam of a given energy by the mixture. The
crucible was located under the accelerator outlet on a strong metal table. Synthesis proceeds in two different
modes: “scanning” and “no scanning”. In the “no scanning” mode, the crucible displaces relative to the beam
at a speed of 1 cm/s along the entire length of 100 mm. In the “scanning” mode, the beam scans in the trans-
verse direction of the scanning beam. The beam cross section is 1 cm? in the plane of the crucible surface.
The electron beam was scanned at a frequency of 50 Hz in the transverse direction of the crucible, while the
crucible moved relative to the scanning beam at a speed of 1 cm/s.

The structure of the obtained samples was studied using an XRD-7000 X-ray diffractometer (Shimadzu,
Japan). The morphology of the samples was studied using a Hitachi TM3030 scanning electron microscope
CEM with a Bruker XFlash MIN SVE energy dispersive analysis system at an accelerating voltage of 15 kV.
The dispersion of all starting materials was measured by laser diffraction on a Shimadzu SALD-7101 laser
particle size analyzer.

Cathodoluminescence (CL) was measured using a pulsed electron beam from the GIN-600 accelerator
as an excitation source. The electron pulse duration at half-width t;,, was 15 ns, the average energy of accel-
erated electrons E was 250 keV, and the electron beam power density was j = 8 — 300 mJd/cm’.
Cathodoluminescence oscillograms were recorded at a certain wavelength in the range of 250-1100 nm by
an optical spectrometer consisting of an MDR-3 monochromator, an FEU-106 photomultiplier, and a four-
channel 350 MHz LeCroy WR 6030A oscilloscope. The oscillograms were then converted into luminescence
kinetic curves in order to determine the kinetic parameters of luminescence decay. The integral CL spectra
were measured using an AvaSpec-2048 fiber-optic spectrometer (340-1100 nm) in a “time window” 1 ms.
All measured data were corrected taking into account the spectral sensitivity of the optical path.

The photoluminescence (PL) and excitation spectra were measured using an Agilent Cary Eclipse fluo-
rescence spectrophotometer. The spectrophotometer uses a high-performance R928 dual photomultiplier
with a scanning speed of 24,000 nm/min, a pulsed xenon flash lamp with a frequency of 80 Hz is used, the
spectral range of the spectrometer is from 190 to 1100 nm.

Results and Discussion

In this work, several samples of spinels, normal and double, were synthesized and studied using initial
components with different dispersion and under different process conditions. Table 1 shows the composi-
tions and designations of the samples and initial components.
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The study of the structure of the synthesized radiation ceramics showed that the position of the diffrac-
tion peaks of the MgAI204 samples and their intensity completely correspond to the X-ray diffraction pat-
tern of the reference sample of spinel MgAl,O, from the PDF2 database (card 00-021-1152). The synthe-
sized samples have a cubic structure belonging to the F3dm group with a lattice constant corresponding to
the sample in the PDF2 database. In addition to the diffraction peaks corresponding to the reference sample
of spinel, there is also a diffraction peak at 20 = 43.04, attributed to the flat reflection (200) of the MgO
phase. Clear diffraction peaks indicate good crystallinity of the synthesized MgAl,O,. Weak peaks of the
MgO phase and the absence of peaks associated with Al,Os indicate a sufficiently high purity of the obtained
MgAl,O,. The average crystallite size of the synthesized samples is in the range of 500-600 nm.

Table 1
Ceramics synthesized by radiation method
. Type powder .. Power Sample 0
Type spinel Sample MgO ALO, G0, Composition KWicm® | weight, g. Output %
MgAIGaO, MAGS1 M2 K7 K8 MgO 35.9 %, 7 - -
Al,0322.8 %, 43.4 97.1
MgAIGaO, MAGS2 M2 K7 K8 Ga,0341.3 %, 30
Eu,05;0.5 %
MgAl,O, MAS1 M2 F800/10 - . 7 - -
MgAl,O, MAS2 | M2 | F800/10 - mgg 27%213 0//" 30 27.9 56.6
23 V.0 70, _ -
MgAl,O, MAS3 K11 K7 - Eu,050.5 % 7
MgAl,O, MAS4 K11 K7 - 30 26.1 98.1

SEM images of MgAI20—4: Eu3+ ceramic samples with different initial oxide powder compositions
(MAS2 and MAS4) are shown in Figure 1. The surfaces of the samples have complex shapes characteristic
of a solidified melt. The difference in the surface morphology of the synthesized samples can be explained
by changes in the structural and phase composition from sample to sample.

10pm RMNT
WD 8.0

Figure 1. SEM images of the surface of MgAI20-4: Eu3+ ceramic samples with different initial
oxide powder compositions (MAS2 and MAS4)

Figure 2 shows the element distribution maps obtained with a scanning electron microscope. The mi-
crophotographs show that the surface layer contains Mg, Al, O. The introduced Eu impurities are distributed
non-uniformly over the surface. During the synthesis, the Eu oxide dissociates and the Eu** and O* ions en-
ter the spinel matrix independently of each other.
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Figure 2. Result of mapping the distribution of elemental composition in the MgAl,O,: Eu® spinel sample (MAS2)

The elemental composition of the studied MgAI204: Eu3+ samples obtained by energy-dispersive

analysis are shown in Figure 3. The energy-dispersive X-ray analysis spectra show elemental peaks, confirm-
ing the presence of Mg, Al, O, Eu and several impurity elements.
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Figure 3. The elemental composition of the studied MgAl,O,: Eu** samples obtained by energy-dispersive analysis

Table 2
Mass composition of samples MgAlL,O,: Eu**
Element Mass (%) Atom (%)

Oxygen (O) 37,27 50,39

Magnesium (Mg) 14,67 13,06

Aluminum (Al) 32,99 26,45
Silicon (Si) 0,03 0,02
Calcium (Ca) 0,02 0,01
Europium (Eu) 0,84 0,12
Platinum (Pt) 5,11 0,57
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Quantitative elemental analysis of the samples allowed us to establish the composition of the ceramics,
the data of which are shown in Table 2. The results show that the composition of the elements is uniformly
distributed. The percentage of elements obtained in the samples is similar to the theoretical calculation.

The work investigated the efficiency of synthesis from the history of the initial oxide powder composi-
tions with different particle sizes, as well as partial replacement of Al3+ with Ga3+. The symbols for the
synthesized spinel samples are presented in Table 3. The efficiency of the synthesis process was determined
as the ratio of the mass of the sample obtained after synthesis to the mass of the initial powder mixture of
oxides according to the formula: Efficiency (Output) (%) = MM, 100 %, where M is the mass of the syn-
thesized sample, M, is the mass of the mixture.

Table 3
The average particle size and particle sizes for the distribution maximum
Grain sizes of start- | Average particle Particle sizes at distribu-
Powder ) . . .
ing substances, pm diameter (um) tion maximum (pm)

MgO (M2) 0.05 —60 4.697 22.795
MgO (K11) 0.01—30 2.327 3.564
A1203 (K7) 0.01—30 2.623 9.992
Al203 (F800/10) 0.5—20 8.103 9.992
Ga203 (K8) 0.1 —50 5.037 6.232
Eu203 (K2) 0.01—20 0.523 2.008

In [9, 12], it was shown that the efficiency of YAG ceramic synthesis depends on the particle sizes of
the powders. This hypothesis was tested on ceramics based on two types of spinels. The dispersion of the
initial powders used for synthesis to obtain the ceramic samples was studied. The average particle size and
the particle sizes at the maximum of the distribution are shown in Table 3.

Figure 4 shows photographs of the synthesized samples of MAGS2, MAS2, MAS4 in crucibles. The
photographs demonstrate the appearance of the samples synthesized in the “scanning” mode under the action
of electron beams with E = 1.4 MeV and a flux power density of 30 kW/cm2. The synthesized samples are
porous ceramics, have the appearance of complex-shaped polycrystalline plates, the size is determined by the
dimensions of the crucible. In order for the crucible material not to pass into the batch during synthesis, the
thickness of the powder mixture layer was always greater than the electron path depth. Therefore, a layer of
batch residues always remained between the bottom of the crucible and the lower surface of the sample. The
MAS2 sample is characterized by the formation of ceramics in the volume of the mixture layer, the presence
of powder residue on the ceramic surface (Fig. 4).

Figure 4. Photographs of synthesized spinel ceramics
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A large difference in the efficiency of sample synthesis is observed depending on the granulometric
composition. The synthesis results (Output) are given in Table 1. Aluminum oxide powder (K7) and magne-
sium oxide powder (K11) have the same average particle size and close particle size dispersion, which en-
sures high efficiency of radiation synthesis, sample MAS4 (98 %). Sample MAGS2 is synthesized from
magnesium oxide powder (M2), aluminum oxide powder (K7) and gallium oxide powder (K8) with close
average particle sizes and also has a high synthesis efficiency of up to 97 %. Aluminum oxide powder
(F800/10) and magnesium oxide powder (M2) have significantly different average particle sizes (Table 3),
the particle size differs by about two times, in addition, the M2 powder contains large particles (23 um). This
ratio of the particle sizes of the original powders leads to the fact that therefore the MAS2 spinel synthesized
from this mixture of oxides has a rather low yield of 56 %. The reason for the dependence of the efficiency
of synthesis of ceramics of complex compositions on the particle size is the difference in the dispersion of
the powders of the initial compositions. When the sizes of the batch components of different chemical com-
positions differ significantly, local non-stoichiometry may occur, since large particles are surrounded by
many small ones [12], respectively, the irradiation conditions for particles of different sizes are not identical.
In addition, when filling and preparing the batch into the crucible, uneven distribution of large and small par-
ticles by volume may be observed. The dispersion composition of the activator, europium oxide, does not
have a large effect on the efficiency of radiation synthesis, since it is introduced into the batch in a small
amount. However, the radiation synthesis modes can affect the processes that determine the incorporation of
the europium ion into the spinel lattice.

Cathodoluminescence

The cathodoluminescence characteristics of the ceramic samples were investigated. The results are pre-
sented in Figure 5. The analysis was performed for the luminescence spectra of the samples synthesized in
two modes: “scanning” and “no scanning”. It was found that the luminescent properties of the sample pairs
obtained in the “scanning” and “no scanning” modes are mainly qualitatively similar. The CL analysis
showed that the luminescence spectra of MgAIGa0O4 and MgAI204 spinels are similar (Fig. 5a, ¢) (samples
MAGS1, MGAS2 and MAS3, MAS4). The spectra contain glow bands with maxima at 520, 615 and
710 nm, the ratio of band intensities can vary for the samples obtained under different conditions. In particu-
lar, samples MGAS2 and MAS4 demonstrated high synthesis efficiency (Table 1). The qualitative composi-
tion of the CL spectra in samples MAS1 and MAS?2 is different (Fig. 5b); the spectrum is dominated by
emission with a maximum at 690 nm and a set of peaks in the 690-800 nm region, which is associated with
the luminescence of the chromium ion [13].

In samples MAGS1, MGAS2 and MAS3, MAS4, the dominant luminescence spectrum is a narrow
band at 615 nm, caused by the luminescence of europium ions. In samples MAS1 and MAS2, a weak band is
observed at 615 nm and an intense band in the 690—-800 nm region with a maximum in the 690 nm region.

It is known that the presence of the dopant Eu3+ in the spinel lattice causes intense luminescence due to
the °Dy1—'F; transitions (615 nm band) in europium ions [5, 6, 8]. Samples MAS1 and MAS?2 differ from
other types of synthesized ceramics. For their synthesis, F800/10 aluminum oxide was used. Al203
(F800/10) powders have a larger average particle size compared to magnesium oxide and a distinct differ-
ence in particle size distribution with MgO (M2). In this case, Al203 (K7) and MgO (K11) powders with a
close average particle size and similar size distribution were used to synthesize samples MAS3 and MAS4.
Apparently, a significant difference in the average particle size of the powders can affect both the formation
of the spinel crystal lattice during radiation synthesis and the activation of spinel by Eu®* ions. Intense lumi-
nescence in the 615 nm band associated with impurity Eu3+ ions (transition *Dy—’F,) is recorded in the
MAGS1, MAGS2, MAS3 and MAS4 samples. This band is observed in samples MAS1 and MAS2, but its
intensity is weak compared to the luminescence in the 690 nm band. Thus, it can be concluded that the meth-
od of spinel synthesis using a high-energy electron beam does not affect the appearance of the spectral
bands, but changes the intensity ratio of the luminescence bands of impurity and intrinsic centers. The ratio
of luminescence intensities between the spectral bands with maxima at 615 nm and 710 nm differs signifi-
cantly for samples synthesized at different power densities: 4:1 for MAGS1 at 7 kW/cm2, 2:1 for MAGS?2 at
30 kW/cm2. For samples MAS3 and MAS4, the effect of the method of action on the luminescence intensity
is insignificant, i.e. the intensity ratio lg;s / 1719 is ~ 2:1 (Fig. 5). A band at 520 nm can also be recorded in the
CL spectra; in [14], the authors associate this luminescence with oxygen vacancies in the spinel structure.

A band at 380 nm is recorded in the CL spectra of MgAIGaO, samples, while it is absent in MgAl,O,
samples. In [15] luminescence in the CL spectra of MgGa,O, crystals is recorded in the range of 300-
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450 nm with a maximum at ~362—-393 nm, depending on the annealing conditions of the crystals. The au-
thors associate the change in the peak position in this spectral region with the redistribution of cations in the
inverted spinel structure and the corresponding differences in the localization energies of self-trapped
excitons. MgGa,0,4 phases can appear in the composition of MgAlGaO, ceramics during synthesis, which
causes the appearance of a band with maximum 380 nm in the CL spectrum. In the CL spectrum of the
MAS3 and MAS4 samples, a band is observed in the region of 440-460 nm. The luminescence in the region
of 460 nm is due to the luminescence of clusters formed as a result of the interaction of F* centers with near-
by negatively charged defects in the cationic sublattice of spinel [16]. In [16], the band in the spectrum of the
MgAl,O, phosphor with a maximum at 440 nm was attributed to luminescence centers in the form of Mg?*
vacancies.
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The kinetics of luminescence decay under pulsed electronic excitation in the region of 615, 690, and
710 nm has been studied. Luminescence can be described by the sum of two exponential components. Fig-
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ure 7 presents the obtained results. In the region of 615, 690, and 710 nm, the characteristic decay times in
the range up to 5 ps for each individual sample synthesized with different power densities are similar. It was
found that the shape of the CL kinetic curves in the 615 and 710 nm band significantly differs for MAGS1,
MAGS2, and MAS3 and MAS4 samples.

Table 4 summarizes the kinetic decay times for all the samples studied. In the spectral ranges of 615
and 710 nm, the MgAIGaQ, spinel sample shows the largest decay time compared to other samples. The de-
cay time of the MgAIGaO, spinel sample reaches its maximum in the spectral range with a maximum of
615 nm; the decay time of the fast component t; and the slow component 1, in MAGS1 and MAGS2 samples
in the 615 nm band is 7; = 0.1 ps and 1, =0.9 ps.
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Figure 7. Kinetic characteristics of CL decay MAGS1, MAGS2, MAS1, MAS2, MAS3
and MAS4 in the region of 615, 690, 710 nm

Table 4
Luminescence decay time of MgAIGaO4 and MgAI204 ceramic samples in the characteristic bands

Sample 615 nm 690 nm 710 nm
71 (ns) 12 (ns) 7l (ns) 12 (ns) 71 (ns) 72 (ns)

MAGS1 120 902 - - 41 453
MAGS?2 118 896 - - 38 436
MAS1 30 624 25 343 - -
MAS?2 23 421 24 352 - -
MAS3 39 315 - - 26 241
MAS4 24 320 - - 25 275

Photoluminescence

Photoluminescence and excitation spectra (PL) of the synthesized spinel samples were studied. The
photoluminescence excitation spectrum of Eu®* ions in spinel was monitored at an emission wavelength of
615 nm (transition °Dy—'F,). In the photoluminescence excitation spectrum, bands with a maximum at
wavelengths of 393 nm ("Fo—°Ls), 463 nm ('Fo—°D,) are recorded, corresponding to the f—f configuration
transitions in the Eu®* ion. Excitation bands at 330 nm and 260 nm are characteristic of the charge transition
between Eu** and O ions [17]. The PL spectrum of the samples at excitation at 260 nm was studied. Lumi-
nescence bands of Eu®* ions appear in the emission spectrum of the spinel samples. In the structure of the
band with a maximum at 615, a peak at 590 nm is observed, characterized by the transition *Dy—F;. In the
PL spectra of all samples, a weak spectral band with a maximum at 535 nm appears, characteristic of the
emission of europium ions with the transition °D,;—'F; [8, 14].

For spinels with gallium MAGS1 and MAGS2, the intensity of europium luminescence in the bands at
615, 690 nm is significantly higher in the samples obtained in the “scanning” mode. It is possible that euro-
pium ions are more effectively incorporated into the spinel lattice with gallium during synthesis in this mode.

Conclusions
The work shows that it is possible to synthesize luminescent porous ceramics based on spinels
MgAl,O,, MgAIGaO, by means of the action of powerful flows of high-energy electrons with an energy of
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1.4 MeV and a power of 7-30 kW / cm? directly on a batch of powders of metal oxides MgO, Al,0s, Ga,0;
in a stoichiometric ratio with activators europium oxide. The efficiency of radiation synthesis of spinel sam-
ples depends on the history of the initial oxide powder compositions. A mixture of oxide powders with close
average particle sizes and similar particle distributions in the synthesis of ceramics by the radiation method
gives a useful yield of up to 97 %. The particle size of about 5-10 um, close average particle size and similar
particle size distribution for various components of the batch is optimal for ensuring high efficiency of radia-
tion synthesis

The structural and luminescent properties of spinel ceramic samples have been studied. The study re-
vealed that Eu®* ions are incorporated into the crystal lattice of both types of spinels. In the luminescence
spectra of the synthesized spinel samples, luminescence of Eu®* ions can be observed (°D,, °D; — ’F; transi-
tions). The characteristic luminescent properties of the Eu** ion arise in the strongest spectral band at 615 nm
(°Dy — 'F, transition), which is more distinct in MgAlGaO, and MgAl,O, samples synthesized from a mix-
ture of oxide powders with a similar average particle size and granulometric composition. Superposition of
the luminescence bands of chromium and europium ions (*Do—'F, transition) is due to effective lumines-
cence of chromium in the spectra of MAS1 and MAS2 samples excited by electrons. The emission peaks of
the PL and CL spectra in MGAS1, MGAS2, MAS3 and MAS4 samples are similar; however, the PL spec-
trum of MAS1 and MAS2 samples does not exhibit a maximum peak at 690 nm compared to the CL spec-
trum.
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E.®. Ilonucagosa, H./I. Yan

Eyponuiimen jierupjienren MgAl,O, :xone MgAIGaO,
KeYyeKTi KepaMUKAHbIH KYPbLJIBIMbI MEH JIIOMUHECHEHTTIK KacHeTTepPiH
JIEKTPOH/BI COYyJIeHi KOJIaHA OTHIPBIN CUHTE3/1ey

Eyponuiimen serupnerredr MgAIl,O4 (MAS) xone MgAlGaO, (MAGS) KeyekTi KepaMHUKachl paJualiisiIbiK
oiclieH CcHHTe3leNi. PanumanusiblK CHHTE3 CHHTE3Il BIHTANAHABIPY YIIIH KOcmajapasl HeMmece Oacka
MaTepHanIapIsl Naiifanan6ai, OKCHA YHTaKTapBIHBIH KOCIIAChIHAH AJICKTPOHJBI iCKe KOCY MEH HIMXTaHBIH
CoyJIeJIeHy SHEPTrHsCHIH IaianaHa OTHIPbIN, 1 CeKyHITaH a3 yakbIT iIIiHJe JKOFapbl THIMAUTIKIICH JKy3ere
acelpbutazgsl. JKOFapbel SHEPrHsIbl AJIEKTPOHIBI COYJEHI KOJNJAaHAa OTBIPBIN, CHHTE3IEY oJiCi >KOFaphl
eHIMIUIITT 6ap OTKa Te3iMAI MaTepHayiapAbl ajlyFa, MPOLECTIH TEXHOJNOTHSIIBIK JKaFaaiiapblH Oackapyra
JKOHE colikeciHIIe OepinreH KacueTTepi 6ap MaTepuanaapIsl CHHTE3eyre MyMKiHIiK Oepeni. CuHTE3neNTeH
KEeyeKTi KEepaMHUKaHbIH KYPBUIBIMABIK KacweTTepl peHTreHmik audpakous oxmicimen (XRD-7000s
mudpakxTomerpi, Shimadzu), ckaHepieyIi MeKTPOHIBI MUKPOCKOIINS dicTepiMeH 3epTrenreH. Hotmkenep
cunresgenred MAS tekimre KypbuibiMansl sxone MQAILLO, mmuHeniHiH KPUCTANIBIK KYPbUIBIMBIHA COWKEC
KeNeTiHiH kepceTTi, am MAGS cuHTe3[eNTeH KOC IMUHENbIl eKi Heri3ri (a3aiblk KOMIIOHEHTTEH TYPAIbl:
MgAl,O, sxone MgGa,O, Eypomnmit KoChUFaH CHHTe3IeiAreH mnuHensaAiH MAS sxoHe MAGS
JIOMHHECLEHIHs KACHETTePiH 3epTTey YLIiH (OTOTIOMIHECHEHIHHb! oy1mey xyprizinai. Inuuensaeri Eu®*
MOHIAPBIHBIH KO3YBIHBIE, (POTOTIOMUHECIICHIINS CIIEKTP] Aem = 615 HM (*Dy—'F,) Kesinme Gakpuranasr. PLE
Eu®* HOHapBIHEH KOHGHTYpammsceHIars f—f aysicysH kopeeteni 393 uM ((Fo—°Lg), 463 uM ((Fg—°Dy)).
330 uM xoHe 260 HM-1eri Ko3y auanasonst Eu®* skone O HOHZaphl apachIHIAFSI 3aPSATHIH aybICYBIHA TOH.
260 HM KO3FaH YITUIEpAiH (OTOMOMUHECICHINS cekTpi 3eprrenai. llnmuaens ynrinepinin PL ciektpinge
Eu®* MOHIAPBIHBIH YMHUCCHACH aiiKbIH KopiHeni. EH ke0i 615 muana3oHBIHBIH KYPBUIBIMBIHAA MIBIHBI 590 HM-
ne kepinem, °Dy — 'F; aysicybIMeH cumarTanagel. Yarizepain ®JI crektpinge *D;— Fy aybicysiven Eu®t
MOHJIapBIHBIH IIBIFAPBUTYbIHA TOH MaKCUMyM 535 HM OOJaThIH oJICi3 CIEKTpJIIK JUara3oH maiaa Gonambl.
Panuanusunblk CHHTE3IIH THIMIUIrE 0acTamnkbl OKCHA YHTAKTapbIHBIH TPaHYJIOMETPUSUIBIK KypaMbIHA
0ailIaHBICTBI eKSH/Ir KOPCETIITeH.

Kinm ce30ep: xepaMUKaNbIK IIIHHENb, KOC IINUHENb, Eu nerupney, paguaysuiblk CHHTE3, JTIOMUHECLICHIIMS,
MgAI,O,4, MgAIGaO,.

E.®. Ilomucanosa, H./. Yan

CHHTEe3 ¢ MCIOJIb30BAHNEM 3JIEKTPOHHOIO MyYKa,
CTPYKTYPA H JIIOMUHECHIEHTHbIE CBOHCTBA MOPUCTON KEPAMHKH
MgAl,O4 n MgAlGaO,, lerupoBaHHOI eBpONHEM

[Mopucras kepamuka MgAl,O, (MAS) u MgAlGaO, (MAGS), nerupoBaHHasi €BpONHEM, CHHTE3UPOBaHa pa-
JUAIMOHHBIM METOOM. PainaiioHHbIN CHHTE3 OCYLIECTBIICH C BHICOKO# 2 (eKTHBHOCTBIO B TEUCHHE MEHEe
1 cek ¢ MpUMEHEHUEM SHEPTUHU M3ITYYCHHUS JICKTPOHHOTO MMyCKa U IIMXTHI U3 CMECH MOPOIIKOB OKCHIOB 0e3
WCIIOJIb30BaHUS JOOABOK WU APYTUX MAaTEPUAIIOB JUIS CTUMYJISILUK CHHTE3a. MEeTo/ cHHTe3a ¢ MPUMCHCHU-
€M BBICOKODHEPI€TUUECKOT0 MIEKTPOHHOr0 Iy4Ka IO3BOJISIET MOIy4aTh TYroImlaBKUe MaTeprabl ¢ BHICOKOM
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E.F. Polisadova, N.D. Tran

MPOU3BOJUTEIBHOCTBIO, YIPABIIATh TEXHOJIOTHYECKMMH YCIOBHUSAMH TPOIECCa M, COOTBETCTBEHHO, CHHTE3H-
poBaTh MaTepHajbl C 3aJaHHBIMU CBOHCTBaMHU. CTPYKTYpHbIE CBOMCTBA CHHTE3UPOBAHHOW MOPHCTOU Kepa-
MHKH HCCIICJOBAHBI METOZOM PEHTIeHOBCKO# nudpakiuu (mudpakromerp XRD-7000S, Shimadzu), mero-
JlaMU CKaHUPYIOLIEeH JIeKTPOHHOU MUKpockonuu. Pe3ynbTaTsel mokasauu, 4To CUHTE3UpoBaHHbIE MAS ume-
10T KyOUYEeCKYIO CTPYKTYPY B COOTBETCTBYIOT B KPHCTAJUIMIECKOH CTpykType mmuuenn MgAl,O,, B TO Bpe-
M KaK CHHTE3MpOBaHHas nBoiHas muHeTb MAGS comepXuT aBa OCHOBHBIX (Da30BBIX KOMITOHEHTA!
MgAI,O4 1 MgGa,0,. JTist u3yueHus JTIOMUHECIIEHTHBIX CBOMCTB CHHTE3UpOBaHHBIX MAS 1 MAGS mmuHe-
JIH, JIETHPOBAHHOW eBpomnueM, ObLIH MpoBeaeHbl u3Meperus ¢oromomunecueHnuu (PJI). Crnextp ¢oTomro-
MUHECIIEHIMH BO36YKaeHns HoHOB Eu® B IImuHe M KOHTPOMHpPOBANCS MpH Aen = 615 uM (Dy—'F,). @JI
nokasbiBaeT nepexo] f—f B koHuUrypamu noHoB Eu® (mpu 393 HM ("Fo—1Leg), 463 um ("Fo—°Dy)). Iomno-
ChI BO3GYkaeH s Ty 330 HM 1 260 HM XapaKTepHbI JUIs 3apsIOBOTO Tlepexona Mexay nonamu Eu®' n 07,
W3ydeH cnektp (OTONMOMHHECIICHIINN 00pa3IoB Npu Bo30yxaeHuu npu 260 uM. B crextpe ®JI o6pasmos
IITIHHETH OTY4ETINBO BUAHO m3ydenne nooB Eu®. B cTpykrype momocs! ¢ Makcumymom 615 BumeH THK
npu 590 HM, XapakTepu3yroluiics IepexoioM Dy — 'F.. B criektpe @JI oOpa3moB nosBisiercs ciadast
CIIeKTpaNbHAs I0T0Ca ¢ MAKCHMYMOM IIPH 535 HM, XapakTepHast Iisi m3dydenus uonos Eu®* ¢ mepexomom
D,—"F;. Iokazano, 910 3()eKTHBHOCTS PATHALIHOHHOTO CHHTE3a 3aBHCHT OT IPAHyIOMETPHUECKOTO COCTa-
Ba HCXOAHBIX TIOPOIIKOB OKCHJIOB.

Kniouesbie croea: MINMHENb KEPAMUYECKas, IBOMHASA IINMHENb, JETMpoBaHue EU, panuanvOHHBIA CHHTES,
momunecuenmsi, MgAl,O,4, MgAIGaO,,
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