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Efficiency of liquid-phase synthesis of ceramic materials under the influence
of an electron beam with high penetrating power

The research conducted during of last few years showed the advantages of the method of producing of the
luminescence ceramic materials as well as the other purposes ceramics with using of electron beam with high
penetrating power. In this technology, an industrial accelerator generates the beam and then it enters the at-
mosphere throw the hole of small diameter. The accelerating voltage of the electrons is regulated in the range
of 1.4 — 2.5 MV, which, in combination with the high beam power, allows for a volumetric effect on the
powder material, producing its melting in about 1 s, with virtually no contact between the melt and the walls
of the crucible in which the initial batch is placed. The paper proposes a method for calculating the energy ef-
ficiency of a beam during the synthesis of two-component oxide ceramics. The measurements show that the
beam efficiency is on average about 50 %, and in many cases exceeds 80 %, regardless of the melting tem-
perature of the synthesized ceramics and the heat required to heat and melt it.

Keywords: high voltage electron beam, electron beam output into the atmosphere, electron beam melting, re-
lease of beam energy in substances, oxide ceramics synthesis, efficiency of the ceramics synthesis.

1. Introduction

The development of ceramic materials for a specific industry primarily involves synthesis from powder
raw materials. The currently used synthesis methods have disadvantages such as long process duration,
changes in the stoichiometric composition of the starting components during the synthesis process (ceramic
synthesis method), low purity of the synthesized product (co-precipitation method, SHS method), etc. A new
method for synthesizing ceramic materials makes it possible to eliminate these shortcomings by activating
heating of the initial powder reaction mixtures with a powerful beam of fast electrons. In this method, elec-
trons with energy of more than 1 MeV carry out volumetric heating of the reaction mixture in a short time,
ensuring, in addition to a high synthesis rate, high chemical purity, and preservation of the stoichiometric
composition and phase homogeneity of the synthesized ceramic materials. These characteristics are especial-
ly important in obtaining phosphors [1, 2] and high entropy ceramics, in particular heat-protective ones for
creating thermal barrier coating [3] and perovskite structure [4, 5] for solar energetics.

The parameters of electron beams achieved by modern accelerators are sufficient to heat practically any
substance in air to the melting point in a time not exceeding a second. This makes possible to carry out the
synthesis of ceramic materials in a fast electrons beam under conditions of achieving a liquid-phase state in
the reaction mixture. In this case, the efficiency of the synthesis of ceramic materials is the highest, because
in the liquid phase the mass transfer in the mixture of reagents is most intense. The combination of high pen-
etrating ability and high beam power allows for the production of ceramic materials with a productivity of
20 kg/h and higher. In a number of works carried out in recent years, V.M. Lisitsyn and co-authors showed
that the express synthesis of luminescent ceramics is successfully implemented under conditions of heating
the reaction mixture with a powerful beam of fast electrons [6-9]. V.M. Lisitsyn and co-authors beside lumi-
nescent ceramics obtained other purpose ceramic materials. Using this method, S.A. Ghyngazov and co-
authors synthesized high-entropy ceramic alloys. The last mentioned works conclude that issues of optimiz-
ing the conditions of radiation heating should be the subject of special studies.

The aim of this work is to relate the physical characteristics of ceramic powders with the required pa-
rameters of their electron beam irradiation modes to achieve the liquid phase of the original powders. The
numerical estimates were based on the fact that ceramic powder is a weakly heat-conducting medium, there-
fore the volumetric heat supply to the material, realized during electron beam processing, will be close to
adiabatic. The authors compared two experimental values: the heat required to heat and melt the material
according to thermodynamic data and the heat calculated using the irradiation parameters based on the
known distribution of the energy release of the electron beam in the material depending on the depth of its
penetration. Since this study represents an initial step in obtaining numerical characteristics of the process, it
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presents the results only for two-component systems. Another reason for choosing only two-component sys-
tems is the availability of data on the temperature dependences of enthalpies.

We characterize the energy efficiency of synthesis by a value called beam efficiency, which is under-
stood as the ratio of the energies mentioned above: the energy required to heat and melt the volume of the
initial powder material that has passed into a liquid state, and the energy actually introduced into this vol-
ume. This coefficient is denoted below by the letter . When calculating the beam efficiency n, the authors
assumed that when an electron beam impacts the powder, the role of radiation effects is negligible, and that
the synthesis of ceramics occurs in the liquid phase. If it turns out that radiation plays a significant role in the
synthesis, the no-radiation-effect approach is still useful for identifying its contribution.

2. Equipment and experimental procedure

The work was carried out at the Budker Institute of Nuclear Physics of the Siberian Branch of the Rus-
sian Academy of Sciences on the “UNU Stand ELV-6" facility. An Industrial accelerator generated a dc cur-
rent electron beam with an accelerating voltage set in the range of 1.4 — 2.5 MeV. The beam is released into
the atmosphere through a 2 mm diameter hole. The distance from the beam release hole to the surface of the
material being processed was 9 cm. During the experiments, the values of the electron energy (accelerating
voltage) E and the beam current | were established, and the beam power was determined by their product.
The beam has a Gaussian distribution of the power flux density in its cross-section. Its Gaussian diameter at
a distance of 9 cm from the outlet is approximately 12 mm for electron energy of 1.4 MeV, 10 mm for ener-
gy of 2 MeV and 9 mm for energy of 2.5 MeV. Electron beam processing was performed with or without
beam scanning. The scanning frequency was 50 Hz. The initial powder was placed in a rectangular massive
copper crucible. The internal space of the crucible, where the powder was placed, had dimensions of
50x100xH mm, where the depth H was selected based on the penetrating ability of the beam and the bulk
density of the material placed in the crucible and took values of 7, 10 or 14 mm. Initially, the beam was di-
rected to the target to set the required parameters. Then the crucible began to move under the beam, moving
along its length perpendicular to the beam scanning direction at a speed of 1 cm/s. In the beam scanning
mode, the entire surface of the powder placed in the crucible was processed, for which the scanning span was
set equal to the crucible width I=5 cm. In the non-scanning mode, a processed track with a width comparable
to the beam diameter was formed in the material layer.

During the experiments, a parameter called the mass thickness of the processed material c was moni-
tored. It was determined by the formula:

where m is the mass of the material in the crucible, S is the area of its bottom. Three types of mass m were
recorded: the mass of the material before irradiation, the mass of the contents of the crucible after irradiation,
and the mass of the ceramics synthesized because of irradiation. Accordingly, three mass thicknesses were
recorded: o1, 6, and oer. Obviously, the mass thickness of ceramics makes sense and was determined only
in scanning modes.

3. Calculation formulas
3.1. Definition of the term beam efficiency in this paper

As stated in the Introduction, by beam efficiency n we mean the ratio of the heat required to melt the
synthesized volume of ceramics to the heat introduced by the beam into this volume. The value of n can be
determined by the formula:

P
n=—", @)
Wmelt
where hper is the energy required to heat 1 g of material from room temperature to the melting point and then
melt it at this temperature, Wiy, is the value of energy actually introduced in 1 g of molten material.
The heat required to melt ceramic powders was determined based on thermodynamic databases [10, 11,
12] as the difference between the enthalpies of the molten material at the melting temperature and the mate-

rial in the initial state at room temperature according to the formula:

36 BecTHuk KaparaHguHCcKoro yHmBepcuTteTa



Efficiency of liquid-phase synthesis...

Hliq Tm - Hsol 300K
hmelt = M ! (3)

where Hiiq(T ) and Hy(300K) are molar enthalpies of material at liquid state at melting temperature and sol-
id state at room temperature, M is molar mass in g. The amount of energy expended per 1 g of ceramics W
is determined based on the parameters of the irradiation mode and the known distributions of energy release
by electrons according to the depth of their penetration into the material.

3.2. Calculation of expended beam energy Wy

As was indicated in Section 2, the beam has a non-uniform Gaussian distribution of the power flux den-
sity in its cross-section. Its Gaussian diameter is comparable to the depth of beam penetration into the pow-
der material. However, when scanning the beam with simultaneous movement of the crucible in the direction
perpendicular to the scanning, we obtain a large surface area, almost simultaneously processed by the beam.
The distribution of energy released inside the material will be close to that which would be observed from a
wide beam with a uniform distribution of the power flux density over the area of its cross-section. The size
of this cross-section in the scanning direction coincides with the scanning span, i.e. is equal to approximately
5 beam diameters. In the direction perpendicular to scanning, it is equal to at least 2...3 beam diameters,
since due to the poor thermal conductivity of the ceramic powder, the heat is retained in the volume where it
was introduced for a noticeable time. During this time, the crucible has time to move several beam diame-
ters. Based on the above, the beam can be considered wide, with a uniform distribution of the power flow
over its cross-section and dimensions that are many times greater than the depth of its penetration. The prob-
lem of energy loss distribution in the material for such beams can be considered one-dimensional.

For wide beams, the distribution of energy release by accelerated electrons by the depth of their pene-
tration into the material depending on the initial electron energy E and the composition of the material has
been studied many times. T. Tabata et al. presented these results in analytical form in a number of works, in
particular [13, 14]. Figure 1 presents the distributions constructed on the basis on the indicated works for
some characteristic modes for which measurements were performed in this work. The ordinate axis of the
distributions shows the mass thickness of the material z in g/cm? measured from the powder surface. The

abscissa axis shows the derivative of the electron energy E (in MeV) with respect to z. The E(;_E value
z

characterizes the intensity of energy losses by electrons in the material and is measured accordingly in

. In the graphs in Figure 1, to the left of the vertical axis, after the chemical formulas of the

processed substances, the initial energies of electrons in MeV are given in brackets in the second position.
The presented distributions can only be used to calculate the energy release inside materials during beam
scanning processing. They are not applicable to narrow beam processing without scanning.
If the ceramic synthesis occurs in a certain layer of powder from depth z; to z,, the mass thickness of
the melt is equal to ome= Z2-21. The energy loss per electron in MeV when passing from layer z, to layer z,
2 dE

will be — J'd—dz. The beam power released between layers with coordinates z; and z, is equal to
z

]

Z
¢ dE . . . .
P= jd—dz- I, where I is the beam current. The mass of ceramics melted in 1 s is equal t0 Gpeil-v, where
) z
omert IS the mass thickness of the melted ceramics, | is the width of the scanning, v is the speed of movement
of the crucible under the beam. Dividing the power spent on melting the ceramics by the mass of the ceram-
ics obtained in 1 s gives the beam energy consumption per unit mass of the ceramics:

Jl((j;dz-l (dE) N

2 dz )4

W — 1 — mi , 4
melt I'V I'V ( )

melt ©

dE
where (—j is the average value of the intensity of energy loss by each electron in the region
mid

between z; and z,.
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Figure 1. Distributions of electron energy losses as a function of mass thickness, normalized to one electron.
The distributions represent the characteristic modes given in Table 1

In Figure 1, as an example, the vertical lines indicate the values of z; and z, for samples synthesized
from Al,O; and WO; powders. For a sample of WO3, z;=0. The horizontal lines for these samples indicate
the average values of the intensity of energy losses. In the case where the mass thickness of the melt layer
omerr 2PProaches or exceeds the mass thickness of beam penetration, the energy expended on melting will be
equal to the entire energy introduced by the beam, since the absorption of the beam energy will occur entire-
ly in the melt. Then the entire beam power P, with the exception of the power carried away by reflected elec-
trons and bremsstrahlung, will be introduced into the melt and the efficiency can be written using a simpler
formula, representing Wye: as

1—y Pt
Wit = —7/ ) (5)

melt

and beam efficiency in this case will be equal:

_ hmeltmmelt
where P is the beam power; y is the beam reflection coefficient by power, the reflection coefficient y depends
on the composition of the substance and is close to 0.1; t is the time it takes for the crucible to pass under the
beam, in the experiments it is equal to 10 s; hy is the energy required to heat and melt 1 g of material; My
is the mass of the melt.

If the mass thickness of the melt is noticeably less than the beam penetration depth, formula (4) must be
used, since (6) will give underestimated beam efficiency values.

When conducting experiments without scanning, the beam cannot be considered wide. The calculation
of the expended energy according to (4), using the distribution for wide beams, is incorrect. However, for-
mula (6) remains valid, since it does not use the distribution of energy losses by depth. It is only necessary
that the condition of exceeding the mass thickness of the powder fill compared to the beam penetration depth
be met. In addition, it should be borne in mind that in threshold modes without scanning, at low powers cor-
responding to the beginning of the melt appearance, formula (6) will give underestimated values of the beam
efficiency.
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4, Results and Discussion

During the work, a synthesis was carried out and the beam efficiency was calculated for several dozen
samples from different materials with and without beam scanning under different irradiation parameters. In
order to reduce the volume of the article, the authors selected 11 characteristic modes with scanning (Ta-
ble 1) and 7 modes without scanning (Table 2) for analysis. The samples in the tables are arranged in order
of increasing energy hper required for their heating and melting. Figure 2 shows the appearance of some
samples from Table 1, Figure 3 — from Table 2.

4.1. Modes with scanning of the beam.

It should be noted that the data on the modes for Y,0s, Al,O3 (405), MgF,, BaF, presented in Table 1
are quite reliable, since they have been confirmed by 4-8 experiments under similar conditions for each of
the substances. The first column of Table 1 indicates the powder material and (in brackets) their marking
according to the laboratory classification. Remaining columns use the following designations:

T.. — melting point of the material;

hime — the energy required to heat and melt 1 g of material (see (3));

E — energy (accelerating voltage) of beam electrons;

P — beam power;

Powder scattering — loss of mass of crucible contents during irradiation in %;

o, — mass thickness of the crucible contents after irradiation (melt + remaining powder);

omeit — Mass thickness of the melt;

n — beam efficiency coefficient calculated according to (2).

Table 1
Processing modes with scanning of the beam
Composi-
tion_gnd Tom Pmetts E, P, Z(?;Vtt(tje?r o Girelr, Bgam effi-
marking of °C kd/g MeV kw % ' g/lcm g/lcm ciency, n
powder
BaF, (520) 1368 0.905 1.4 16 0.5 % 1.55 1.52 0.53
WO; (438) 1472 0.935 1.4 16 3.4 % 1.74 1.45 0.56
WO; (439 1472 0.935 2.5 24 35 % 1.31 0.93 0.24
MgF; (516) 1263 0.942 14 15 0.4% 0.85 0.84 0.27
Ga,05 (474) 1807 1.75 14 17 0.8 % 1.06 1.06 0.61
SiO; (sand) 1600 1.87 2 17 1.4 % 1.01 0.59 0.42
Y,03 (490) 2439 2.05 1.4 25 1.3% 1.11 1.03 0.47
Al,O; (816) 2054 35 1.4 10 0.1% 0.94 0.26 0.84
Al,O3 (413) 2054 3.5 1.4 26 0.8 % 0.98 0.88 0.61
é‘;ﬁ; 2054 35 2 24 0.1% 1.02 0.78 0.63
MgO (485) 2832 5.66 1.4 25 5.7 % 0.51 0.49 0.63

Appearance of synthesized ceramics in the modes with beam scanning. Figure 2 a and b show the “bor-
derline” mode, in which the synthesis of ceramics in the thickness of the material under the surface of the
powder is just beginning. As a result, in the AlI203 (816) mode, a thin plate was formed lying under a layer
of powder. During the cleaning process, it broke into separate fragments. Figure 2b shows them joined in
their original form. The remaining photos show samples with the melt reaching the surface of the powder.
After solidification, the melt is either flat drops that can merge to form plates (Fig. 2 ¢), or merged rollers
oriented along the beam scanning direction (Fig. 2 d), or thickened plates with smooth surfaces (Fig. 2 e, f,
h). Fig. 2 g, h shows a sample obtained from coarse-dispersed material in the form of quartz sand of tech-
nical purity with a particle size of up to 500 um. As can be seen from Table 1, the large particle size is not a
factor that significantly reduces the beam efficiency.

Beam efficiency in the modes with scanning of electron beam. In their calculations, the authors assumed
that the synthesis of ceramics occurs in a layer of a certain thickness. In most cases, the melt is formed from
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the surface of the powder bed z;=0 to a certain depth, z=ce. This situation is observed for all samples pre-
sented in Table 1, with the exception of the Al,O; (816) sample (Fig. 2 a, b). As indicated in section 3.2, in
the graphs of Figure 1, as an example, for samples of Al,O; (816) and WO; (438) the melt boundaries and

average values of electron energy losses in the melt thickness — — — are indicated. The
melt thickness of the WO; (438) sample significantly exceeds the beam penetration depth. This means that

heat transfer from the beam-heating zone to the underlying melt layers occurred due to convection in the
melt.

a) Al203 (816), appearance after irradiation, b) Al203 (816), omelt=0.26 g/cm2
62=0.94 g/cm2

g) SiO2 before treatment sand, 52=1.01 g/cm2 h) SiO2 after treatment sand, cmelt=0.59 g/cm2

Figure 2. Appearance of samples after scanning beam treatment:
a, ¢, d, e, f — appearance of samples after irradiation, b — fragments of synthesized plate of Al,O3 (816),
g — SiO2 sand before treatment and h — ceramic plate synthesized from it, raised above the crucible
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In a number of modes, low electron beam efficiency is observed, down to 0.2. Such modes usually oc-
cur under the following circumstances:

— The mass thickness of the initial powder is noticeably less than the beam penetration depth, due to
which the melt reach the bottom of the crucible, and a noticeable part of the heat leaks into the thick-walled
copper bottom of the crucible.

— The beam power exceeds that required to melt the powder placed in the crucible. For example, in the
MgF, (516) mode, the surface density of the introduced energy required to melt the powder should be
0.84g/cm?-0.942kJ/g=0.79kJ/cm?. Taking into account the beam efficiency, for example, 0.5, this value can
increase to 1.6 kd/cm?. In reality, the specific energy introduced was 15kW/5cm?/s = 3kJ/cm?, which resulted
in the melt touching the bottom of the crucible (Fig. 2e).

— There is observed a noticeable scattering of the original powder during the irradiation process, for
example, in the WO; mode (439). The reasons for the scattering have not been precisely determined. These
may include: the presence of volatile impurities in the powder, which can cause both the powder to fly apart
and small droplets of melt to splash; the nano-sized range of powder particles; electrification of powder par-
ticles when irradiated with electrons. Due to their low bulk density, nano-sized powders cannot be placed in
a crucible with sufficient mass thickness. In addition, the thickness of the nanopowder contains a large vol-
ume of air, which, when heated, expands and can cause the powder to scatter. The acceptable powder particle
size is 5-500 um. The influence of electrification has not been confirmed, since high efficiency modes are
observed on some high-purity dielectric powders (see modes with Al,O; and MgO in Table 1). In the case of
the WO;3; (439) sample, the reason for the large spread and low efficiency could have been the combination of
an excess (at least 2 times greater than necessary) beam power with an increased penetration depth. In the
photo of this sample after irradiation (not included in the article), one can see the scattering of powder and
small drops of melt beyond the crucible.

4.2. Processing modes without beam scanning.

In Table 2 which presents the characteristic modes without beam scanning (track modes), the following
designations are used:

himeit — the energy required to heat and melt 1 g of material (see (3));

P — beam power;

E — energy (accelerating voltage) of beam electrons;

Mmer — Mass of sintered (molten) material in a crucible;

Powder scattering — the loss of powder mass during irradiation in g;

o, — mass thickness of the crucible contents after beam processing;

N1 — efficiency coefficient (6), in the calculation of which the expended energy (5) is defined as the to-
tal energy introduced by the beam minus the energy reflected from the surface of the material.

Table 2
Processing modes without scanning of the beam
Composition Powder Beam effi-
and SEECELTQ of TC T{]jg’ k'?,’\, MEe’V m’;"’ sca;ter, g/‘(’jr;]z cu:]nlcy

BaF, 518) 1368 0.905 4 14 22.29 1.24 1.69 0.64
WO, (437) 1472 0.935 4 1.4 25.63 0.49 1.6 0.82
MgF, (515) 1263 0.942 4 14 19.09 0.13 0.92 0.46
Ga,0; (473) 1807 1.75 4 14 15.25 0.21 11 0.75
Y,0; (489) 2439 2.05 4 1.4 10.24 0.42 1.18 0.61
ZnO (468) 1977 2.15 4 14 12.39 0.62 0.50 0.75
Al,O3 (405) 2054 3.5 4 1.4 9.43 0.24 0.82 0.85
MgO (484) 2832 5.66 7 14 9.79 0.2 0.58 0.82
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a) Ga203 (473), 52=1.1 g/cm2, n=0.75 b) Y203 (489), 52=1.18 g/cm2, n=0.61

k _ |
e Rl eed

e) Al203 (405), 52=0.82 g/cm2, n=0.85 f) WO3 (437), 52=1.6 g/cm2, n=0.82

Figure 3. Appearance of samples after processing without beam scanning (in track mode)

All modes in Table 2, with the exception of ZnO (468), Al,O; (405) and MgO (484), are performed on
the same materials as the modes in Table 1, so that when comparing modes with and without scanning, the
material influence factor is excluded. Comparison of the efficiency of n and n; in Table 1 and Table 2 shows
that the energy input efficiency in modes without scanning is higher. This seems strange and requires a sepa-
rate discussion.

The beam is non-uniform in cross section. The maximum power flux density is realized near the beam
axis. As you move away from the axis, it decreases approximately according to Gauss's law. The movement
of the material under a stationary beam leads to the formation of a melting track in it. The power flux density
at some distance from the beam axis is already insufficient to melt the material. That is, part of the beam
power is spent on heating the edges of the track without melting them. When scanning the beam, the power
flux density is averaged across the scanning area and the edge zones of the beam contribute to the averaged
power flux density, as a result of which the entire beam power is utilized and, it would seem, the efficiency
during scanning should be higher.

In practice, we observe the opposite picture. The explanation seems to be as follows: In the non-
scanning mode, the maximum beam energy is released on the axis of the melting track on some depth under
the surface of treated material. In the region of maximum energy release, the beam overheats the melt above
the melting temperature. Due to convection and thermal conductivity inside the melt, the temperature spreads
from the central region of the melt to the periphery, heats it, and powder particles are drawn into the zone of
overheated melt and in turn melt. Thus, the size of the melt zone becomes larger than the zone heated by the
beam to the melting temperature. In modes with scanning, the situation is different. Thermal insulation is
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worse. Either plates or large drops are formed. They come into contact with the powder mainly only from
below. The relative amount of peripheral powder entering the overheated zone of the melt is less.

Conclusions

1. Accelerated synthesis of ceramics under the influence of an electron beam for two-component oxides
can be explained by the formation of a liquid phase according to an equilibrium thermodynamic mechanism
without taking into account radiation effects. The energy introduced by the electron beam is more than
enough to melt the powder material.

2. The method for producing ceramics using an electron beam with MeV-range electron energy is char-
acterized by high beam energy efficiency, which is expressed through the beam efficiency coefficient n pro-
posed in this work. Its average value, regardless of the energy required to melt the material and the melting
temperature, exceeds 50 %, and in some cases, the beam efficiency exceeds 80 %.

3. For most of the studied substances, the loss of powder mass during the synthesis process does not
exceed several percent.

4. Efficiency values less than one third are observed in the following cases:

¢ during processing, significant powder dispersion occurs;

o the selected beam power significantly exceeds that required to melt the material placed in the cruci-
ble;

o the mass thickness of the initial powder layer is less than the mass thickness of the beam penetration.
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M.I'. T'onkosckuii, M.I1. leaucos, C.A. I'starasos, U.I1. Bacunses, W.K. Yakun

Korapsbl eny KabijeTi 0ap 3J1eKTPOHABI CIYJIEHIH dCepPiHEH KePaAaMHUKAJIBIK
MaTepUAJIAPAbIH CYHBIK (a3ajbIK CHHTE3IHIH THIMALTIri

CoHrBI OipHeIIe JKbUIAA )KYPTI3UIreH 3epTTeyliep JIOMAHECIIEHTTI KepaMUKaJIBIK MaTepHaIaap/bl, COHAA-aK
JKOFaphl eHy KabijeTi 0ap »IeKTPOHIBI COyNeHI KOJJAaHAThIH 0acka MakcaTTarbl KepaMHUKaHbI ally dAiCiHIH
apTHIKUIBUIBIKTAPBIH KepceTTi. CoylieHi eHEepKICINTIK AMEKTPOHIB! YACTKIII Kacaiiipl xoHE aTMocdepara
LIAFBIH IUAMETPIIl TeCIK apKbUIbl IIBIFAPUIAABL. DIEKTPOHIAAPABIH YASTKIm KepHeyi 1,4 — 2,5 MB nuanaso-
HBIH/IA peTTeNeal, OyJI CoyeHiH JKOFaphl KyaThIMEH 0ipre YHTAaK MaTepHanFa KeJeMIiK ocep eTyre MyMKIHIIK
Oepeli, OHBI IMaMaMeH | ¢ YaKbIT ilIiHIe OANKBITA b, SFHA OAJIKBIMAaHBIH 0AacTalKbl IAXTa OpHAJIACKAH TH-
relb KaObIpFralapbIMeH jKaHaCYBIHCHI3. JKyMbIcTa €Ki KOMITOHSHTTi OKCHATI KepaMHUKaHbBI CHHTE3/Iey Ke3iHze
COyJICHIH DJHEPTeTHKAJIBIK THIMAIUNIIH ecenTey ofici ychHbUIFaH. CayJeHIH THIMIUIT CHHTE3IeNreH
KepaMUKaHBIH OalIKy TeMIIepaTypachklHa KaHe OHBI KbI3ABIPY MEH OaJKBITy YIIiH KaXKeT JKbUIyFa KapaMacTaH,
opraua ecernrneH 50% Kypaiiibl )koHe KenTereH xarnaiiapaa 80%-1an acanbl.

Kinm ce30ep: ®OFapbl BOJIBTTHI 3JICKTPOH/IBI COYJIE, JJICKTPOH/IBI COyJIeHI aTMocdepara IbIFapy, 3JIeKTPOHIBI
CoyJeH1 OaNKBITy, 3aTTapAarbl COYJIENiK SHEPTHAHBI 001y, OKCHATI KepaMHKa CHHTE31, KepaMHKa CHHTE31HIH
THIMIIIIC.

M.T". T'onkosckuii, M.I1. leaucos, C.A. I'starazos, W.I1. Bacunses, U.K. Yakun

KII xnakoga3Horo cuHTe3a KepaMu4eCKUX MAaTEPHUAJIOB MO BO3AeHCTBHEM
3JIEKTPOHHOI'0 MYYKa ¢ BbICOKOI MPOHUKAKIIEH CITOCOOHOCTHIO

IIpoBenénnble B MOCIEIHUE HECKOJBKO JIET MCCIEIOBAHUS IMOKA3aJld NMPEUMYLIECTBA METOJA MOTydYEeHHs
JIOMHHECLEHTHBIX KEePaMHYECKHX MaTepHallOB, a TAaKKe KePaMHUK APYTroro Ha3HAYEHHS C MPUMEHEHHEM
3NIEKTPOHHOTO ITyYKa C BBICOKOH NMpoHHMKaommeil cnocodHocThio. ITydok reHepupyeTcs: MpOMBIIIIEHHBIM yC-
KOPHTEIIEM 3JICKTPOHOB U BBIITyCKaeTCs B aTMocepy depe3 OTBepCTHE MaJoro JuaMeTpa. Y CKOpsolee Ha-
MpsDKCHUE 3JEKTPOHOB PErysmpyercs B auamazone 1,4-2.5 MB, 4ro B coueTaHu# ¢ BBICOKOH MOIIHOCTHIO
My4Ka IT03BOJISIET OKa3hIBaTh 00BEMHOE BO3/ACICTBHE HA OPOLIKOBBIH MaTepHal, IPOU3BO/Is €ro pacIuiaBie-
HHE 3a BpeMsl 0KoJI0 | ¢, IpakTHUeCKH 0e3 CONMPUKOCHOBEHHS pacIulaBa coO CTEHKAaMU THIJIS,, B KOTOPBIN MO-
MellaeTcsl UCXoJHas muxta. B crathe mpemnoxeH crocod pacuéra sHeprerndeckoro KITJ[ BozmeiicTBus
Iy4Ka IIPU CUHTE3€ IByXKOMIIOHEHTHBIX OKCUJIHBIX KepaMuK. [Toka3ano, uro KII/l myuka B cpeHeM cocTas-
nstet okoio 50 %, a BO MHOTHX ciy4asx mpesbimaer 80 %, BHE 3aBHCHMOCTH OT TE€MIIEPaTyphl IUIABJICHUS
CHHTE3MPYeMOi KepaMUKH U TeTl1a, He0OXO0IMMOTro JuIs €€ HarpeBa M PacIlIaBICHNS.

Kniouesvie cnosa: BEICOKOBOIBTHBIN 3I€KTPOHHBIH ITy9IOK, BBIBOJ AIEKTPOHHOTO Iydka B aTMoc(epy, dIeK-
TPOHHO-JTIy4eBas IUIaBKa, BbIIEJICHHE YHEPTUM IyUYKa B BEIIECTBAX, CHHTE3 OKcUIHON kepamuku, KITJ cun-
Te3a KepaMUKH.
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