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Research of methods for introducing TiO, nanoparticles into
a micron matrix of BeO and TiO, powders and their effect
on the rheological properties of a casting slip

This article presents the research results of methods for introducing nanodispersed TiO, powders. into a mi-
cron matrix of beryllium and titanium oxides. It is shown that the presence of nanoparticles-over 5.0 wt.%
negatively affects the rheological properties of the casting slip and vice versa, the addition‘of nanoparticles in
the range of 0.1-2.0 wt.% contributes to reducing the viscosity and increasing the casting ability of the slip-
ping mass. Macrostructural analysis of the sintered billet indicates the complete absence of structural ele-
ments in the form of conglomerates of nanoparticles, or nano- and micro-TiO, particles. The developed
method of introducing nanoparticles makes it possible to obtain products with their uniform distribution over
the entire volume of the workpiece by slip casting under pressure. Further, the authors of the scientific work
planned to research the effect of nanoparticles on the thermophysical and impedance characteristics of the ob-
tained ceramics. Research into the effect of nanopowders on the electrophysical properties of beryllium ce-
ramics is not known in the scientific world. The most important. properties that the BeO+TiO, ceramics
should possess is the ability to absorb ultrahigh frequency radiation, while it should heat up a little, i.e., con-
duct heat well. It is necessary to introduce the TiO, phase into the composition of the BeO ceramics as much
as possible to obtain a high coefficient.

Keywords: TiO, nanoparticles, charge, casting slip, rheological properties, beryllium oxide, ceramics, macro-
structure.

Introduction

Currently metals and alloys are increasingly being replaced by ceramic materials that have not only heat
resistance and high strength, but also‘special electrical properties, for example, the ability to absorb electro-
magnetic radiation, which contributes to their widespread use in electronic engineering [1-2].

It is known that when TiO, microparticles are added to the composition of ceramics based on BeO, its
dielectric constant and electrical conductivity with appropriate heat treatment in a reducing atmosphere can
change significantly [3—4]. The'main advantages of absorption (BeO + TiO,) ceramics include the absence of
magnetic properties.and decomposing compounds, and the thermodynamic stability of properties in a wide
temperature range [5]. It has been established that the addition of TiO, impurities to BeO of at least 30 wt %
leads to a significant increase in the dielectric constant, and an increase in the degree of TiO, reduction is
accompanied by an increase in the dielectric loss tangent [6].

Currently the most effective material is the composition BeO+30wt.% TiO,. Improvement of the per-
formance characteristics of such ceramics can be achieved by introducing TiO, nanoparticles into its compo-
sition, which will contribute to the expansion of the operating frequency range, increasing the stability of
parameters during operation and the impact of external factors, expansion of the nomenclature in the field of
special applications [7].

Radiation is absorbed by the entire volume of the particle with a decrease in the size of TiO, particles,
down to nanoscale values [§].

A smaller crystal size leads to a larger specific surface area and, consequently, to an increase in the
number of active centers, bulk and surface defects available for reactions. Reducing reactions proceed more
efficiently and changing the electrical and chemical properties. As a result of the quantum size effect, the
energy structure changes significantly, leading to optical absorption, photoluminescence, optical nonlinearity
and other properties [9].

Thus, the questions of the influence of TiO, nanoparticles on the mechanisms of billet formation and
the rheological properties of the casting slip of (BeO+TiO,)-ceramic have not been studied. There is no clear
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justification for the effect of TiO, nanoparticles on the phase composition and mechanisms of structure for-
mation, structure of such ceramics during sintering [10].

Synthesis and research of nanophase high-temperature ceramics with increased density, thermal con-
ductivity, special structural and electrophysical properties is useful for electronic engineering and instrument
making in means of radar, navigation and long-distance communications. Interest in composite ceramics
based on beryllium oxide with introduced impurities is caused by the needs of new areas of radio electronic
engineering and special instrumentation, the development of modern long-distance communication systems,
radar and navigation, and broadband systems for special purposes. Beryllium oxide in the process of sinter-
ing composite ceramics gives TiO, increased density, mechanical strength and thermal conductivity. Differ-
ent ratios of TiO, components in ceramics and the degree of its reduction make it possible to control the
amount of ultrahigh frequency absorption by such ceramics. In connection with the above, the development
of a technology for obtaining a new material based on beryllium oxide modified with TiO, nanopowders is
an important task. The aim of this work is to study the methods of introducing nanodispersed TiO, powders
into the micron matrix of beryllium and titanium oxides.

Material and methods of research

The measurement of the specific surface area was determined on a device for dispersive analysis of the
PSC series, the principle of operation of which is based on the method of gas permeability of Kozeny and Kar-
man [11].

The determination of the bulk density of the researched powders was carried out according to the ap-
proved factory methodology based on the determination of the bulk density of a unit volume of free bulk pow-
der. The bulk density of the powder with this measurement method is determined by the formula:

P;—Pq

Y= (1

where, y — bulk density of powder, g/cm’; P, — powder ¢ylinder weight, g; P, — empty cylinder weight, g;
v — calibrated cylinder volume (25 cm’) [12].

The microstructure, granulometric structure, and phase analysis of powders and sintered samples were
studied by using a scanning electron microscope with aJSM-6390LV, 2007 energy dispersive microanalysis,
with a resolution in high vacuum up to 3 nm and the possibility of obtaining images in secondary and reflect-
ed electrons.

X-ray phase analysis of the powders and:the obtained samples was carried out by using an X'PertPRO
X-ray diffractometer of thr PANanalytical firm, 2005.

The main parameter of the slip mass «casting ability» was determined on a special factory-made instal-
lation PLC-1, which is designed‘to determine the casting ability of hot thermoplastic slips prepared from ce-
ramic mixes under conditions close to the operation of injection molding machines [13].

Determination of viscosity # in the temperature range 55-80 °C was carried out by using a rotational vis-
cometer RV-8.

The measurement sequence was in accordance with the recommendations of the factory instructions,
where the viscosity value was calculated by the formula:

n= K P+m—F

2)
w
where ) — experiment of material viscosity, poise; P — the total weight of the load installed on two cups, g;
m — weight of cups with hooks, g; F — friction loss in bearings, g; w — inner cylinder rotation speed, sec’,
which is calculated by the formula:

5
w == 3)
where T — time of five revolutions of the inner cylinder; K — device constant, which depends on the dimen-
sions of the working cylinders and the height of the material loading, cm™ s, is calculated by the formula:

e 4)

~ s [rE /(- )+ ()]
where R — the radius of the pulley on which the thread is wound, cm; 7, - radius of the inner cylinder and hem-
isphere, cm; 1, — radius of the outer cylinder, cm; h — immersion height of the inner cylinder into the materi-
al, cm; g — acceleration of gravity 981 cm/s” [14].
The value of apparent density was determined according to [15].
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Results and discussions

It is necessary to carry out complex physicochemical and mechanical studies of the feedstock and sin-
tered products obtained on its basis to predict and correctly interpret the mechanisms of structure formation
in ceramics based on BeO with the addition of micro- and nanocrystalline TiO, powders, the formation of a
structure with specified parametric characteristics and properties.

The highly sintered beryllium oxide powder used in this work was obtained by grinding sintered ceram-
ic scrap in vibrating mills. The characteristics of the powder meet the requirements of TU 95-143-79, for

grade «B2» (Table 1).

Table 1
The main characteristics of the used powder of beryllium oxide grade «B2»
Characteristic, Ne of batch p.67
Bulk weight p, x10° kg/m’ 0.77
Specific surface area S, cm’/g 11 000
Moisture % weight 0.08
Average crystal size, pm 5
boron 1.7-10=
silicon 7.3-10-
manganese 8.2:10—"
iron 5.1-10=°
magnesium 5.2-10-°
chrom 1.0-10-*
nickel 1.1-10-°
Elemental content ; >
of impurities,% wt alusgguum 3'2'1074
’ copper 8.0-10—
zine 7.5-10-
calcium 4.2:10-
silver 1.1:10=°
cadmium 1.2:10=
lithium 6.7-10-*
sodium 8.7:10-
The amount of impurities,% wt 0.14

The main characteristics of the used micron TiO, powder of the rutile modification in terms of quality
and chemical composition, according to the passport data, are given in Table 2.

Table 2
Main characteristics of the used micron TiO, powder, RK grade, rutile modification
The name of indicators TI requirements, % Analysis results
Mass fractionrof titanium dioxide,%, not less 99 99.5
Mass fraction of rutile form,%, not less 97 100
- : - 5
Mass fraction of iron compounds in terms of Fe,03,%, 0.08 0.05
no more
Mass fraction of phosphorus compounds in terms of
N 0.03 0.03
P,05,%, no more
Mass fraction of sulfur compounds in terms of Si0s,%, 0.03 0.01
no more ) )
Mass fraction for silicon compounds in terms of
T 0.15 0.15
Si0,,%, no more
Mass fraction of «metallic iron»,%, no more 0.02 0.01
Specific surface, cm’/ g, within 33004600 4060
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Micron titanium dioxide powder was additionally sieved with a vibrating sieve through a metal mesh
Ne 0045. Powders with a specific surface area of at least 4500 cm?/g were selected. The average particle size

was 5-10 um. Surface morphology and particle size distribution of micron TiO, powder after sieving is
shown in Figure 1 (a, b).

a) — magnification of 5k, b) — magnification of 20k

Figure 1. Micrographs of micron titanium dioxide powders

The X-ray diffraction pattern of a micron TiO, powder is shown in Figure 2, small peaks indicate the
presence of permissible admixtures (Fe,O;, P,Os, Si0,).

20=27.4
_—
BT
e
20=36.0 N-sas
20=41.2
¥ 1 L
o P J."\-‘ )J J . _-f.w_rLl AJ._.._...J'LA % Aos YT ~ .
» ® @ ® A ® % A 1B

20, degree (Cu, Ka)

Figure 2. X-ray diffraction pattern from a titanium dioxide sample for 20 values in the range from 0° to 120°.
Deciphering the values of the angles (20=27,4; 260=36,0; 26=39,1 etc.) and peak intensities in the «Quantax 70»
program indicates the complete compliance of the sample with the rutile modification of TiO,

Thus, the micro-powder used in the research contains 99.53 wt%, which corresponds to TI 301-10—
020-90. The element-wise content of impurities is also within the permissible values. The results of X-ray
structural analysis indicate its full compliance with the rutile modification, which confirms the conditionality
and the possibility of manufacturing serial ceramic products using factory technology.

Titanium dioxide nanopowder obtained by the method of electric explosion of a conductor (Fig. 3 a, b.)
was used to manufacture experimental samples in order to study the methods of introduction and the effect of
nanoparticles on the rheological properties of the foundry slip, their uniformity of distribution in the volume

of the micron matrix. A nanopowder is a mixture of irregularly shaped particles ranging in size from 5 to 10
nm.
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a) magnification 400k, b) magnification 100k

Figure 3. Micrograph of TiO, nanoparticles obtained by the method of electrical explosion of a conductor

Along with nanoparticles >10 nm, there are formations up to 15 nm in size, which, apparently, are ag-
glomerates of smaller particles. As a rule, the shape of all particles is close to spherical. The research of the
particle size distribution showed that the nanopowder has a logarithmically normal distribution with an aver-
age particle size of 10 nm. Deviation from the average size is no more than 20 %.

The research results by the XRF method are shown in Figure 4.
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Figure 4. X-ray diffraction pattern from a TiO, nanopowder sample for 20 values in the range from 0° to 120°.
Deciphering the values of the angles (20 = 25,3; 26 = 31,0; 20 = 37,8,0 and etc.) and peak intensities
in the «Quantax 70» program indicates the complete compliance of the sample with the anatase modification of TiO,

The insertion of nanoparticles into the composition of the charge is one of the most difficult tasks from
the technological point of view [16]. Nanoparticles must be evenly distributed over the entire volume of the
charge, to exclude their possible coagulation and agglomeration. The problem was solved in several ways:
mixed dry and in a liquid medium in a roller mill; in a liquid medium in a specially designed impeller-type
reactor with continuous bubbling with compressed air.

The dry mixing method failed to achieve a uniform distribution of particles in the volume of micron
powders, due to the fact that the components of the charge are distributed mainly along the perimeter of the
working chamber, under the action of centrifugal force, while mixing occurs only in the direction of rotation
of the drum. The slip mass from the charge obtained by this technology was not prepared.

The method of introducing nanoparticles in which mixing of the charge components was carried out in
a specially designed impeller-type reactor was the most effective. The installation is a cylindrical vertically
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located stainless steel tank on a rigid base, inside which a shaft with blades is installed, during the rotation of
which the charge is mixed, and compressed air is continuously supplied in the lower part (Fig. 5).

1 — electric motor; 2 — compressed air supply channel; 3 — shaft with'blades; 4 — charge;
5 — supply of compressed air for bubbling the charge; 6 — drain hole.

Figure 5. Schematic diagram of the P-60 reactor operation

Air bubbles, rising up according to the Archimedes law through the entire volume of the charge, allow
the movement of flows in the liquid not only in the horizontal, but also in the vertical direction.

Samples were obtained with additives 5; 10; 15; 20; 25; 30 wt.%.%Ti0}%"° rest of BeO and 0.1; 0.5;
1.0; 1.5; 2.0 wt.%Ti02*™°+Ti05™+70 wt% BeO to study the effect of the method of introducing nanoparti-
cles into the micron matrix of beryllium and titanium oxides, on the uniformity of their distribution and the
effect on the rheological properties of the casting slip.

The mixtures of the following compesition (1-x)BeO+xTiO, were obtained by using the developed
technology for introducing nanoparticlesyTable 3.

Table 3
Values of the main parameters of the charge with the addition of TiO%“"° nanoparticles
i : _ o x=0.1 x=0.15 x=0.2 x=0.25 _ o
(1-)BeO+XTiO, K=0055%) | oo Usve | oot | (ashy | X03G0%)
Ssp., sz/g 16200 17000 17700 18000 18100 18400
Nat. weight,, glom’ 0.76 0.74 0.70 0.67 0.63 0.60

As can beseen from the data in Table 3, the specific surface area predictably increases with an increase
in the concentration of TiO, nanoparticles. It should be noted that the specific surface area of the beryllium
oxide powderBeO used in this study was 11000 cm®/g.

The indicator of the flowability of the charge is the bulk density, that is, its density in the unconsolidat-
ed state, which takes into account not only the volume of the material particles themselves, but also the space
between them, also decreases with an increase in the concentration of nanoadditives. For both physical char-
acteristics, there are tendencies of change inherent in the presence of nanoparticles.

Further, slip masses were prepared for each percentage composition on the basis of an organic binder —
wax, paraffin, oleic acid at the rate of LOI (loss on ignition) — 9.5 %. The rheological properties of the ob-
tained slip batches are presented in Table 4.
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Table 4
Rheological properties of thermoplastic slips based on beryllium oxide
with the addition of nanoparticles 5-30 wt.% TiO5*"’

. x=0.05 x=0.1 x=0.15 x=0.2 x=0.25 x=0.3

(1-)BeO+xTiO, (5 %) (10 %) (15 %) (20 %) (25 %) (30 %)
LOI, % 9,5 9,3 9,4 9,2 9,3 9,3
Viscosity, Pa-s 45 59 72 88 93 107
Casting capacity, mm 76 62 41 33 27 16

In the process of casting blanks using TiO, nanopowders it was noted that the rheological properties of
the slip mass strongly changed with an increase in their concentration: the slip became viscous and difficult
to mix (Table 4). This is due to the fact that nanoparticles, having a highly active surface, require the intro-
duction of a much larger amount of organic binder, compared with micron-sized TiO,¢powders, which nega-
tively affects the properties of slips (viscosity and castability) and the quality of sintered products in the form
of the presence of shells, impurities and excessive porosity.

As it is known, the casting ability of a slip characterizes its suitability for casting articles of a given con-
figuration. It is a conditional complex characteristic that depends on the viscosity and.the rate of solidifica-
tion. The lower the viscosity and speed of solidification of the slip, the higher its casting ability. In turn, the
viscosity determines the ability of the foundry mass to continuously fill the mold during the casting process.
It is possible to increase the casting ability indicator by adding a binder to the slip mass, however, the more
binder in the slip, the worse the quality of the sintered product, since after the operation of burning the bind-
er, the evaporated organic matter leaves behind defects in the form of various cavities and pores. Thus, for
the purity of the experiment, it was decided not to increase the castability of the slip by adding a binder.
Forming a billet by slip casting is possible by increasing the pressure applied to the slip in the case of a low
casting capacity.

Work on forming the blanks was carried out on a micro-casting unit for casting thermoplastic slips of
factory design (Fig. 6).

po
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1 — slip mass in the evacuation reactor; 2 — shaft with blades; 3 — evacuation channel;
4 — electric motor; 5 — steering wheel for pressing the casting mold; 6 — formed blank; 7 — casting mold;
8 — heating circuit; 9 — compressed air supply channel; 10 — slip mass in a casting reactor.
Figure 6. Photo and schematic diagram of the micro-casting installation

The pressure on the slip was proportionally increased with an increase in the concentration of nanopar-
ticles to maintain the required pouring rate, according to the graph shown in Figure 7.
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Figure 7. Graph of the dependence of the pressure change on the slip from the concentration
of nanoparticles in the range of 5-30 wt.% Ti03?"°, batches 1-6, respectively

Next, samples were obtained, the composition of which is shown in Table 5/ In order to improve the
rheological properties of the casting slip the amount of added nanoadditives was limited from 0.1 to 2.0 wt.%
Ti052m°,

Table 5
Values of the main parameters of the charge with the addition of nanoparticles 0.1-2.0 wt%
Ne The composition of the charge Sy em’/g Nat. weight., g/cm’
batches P ’
P1 BeO +29.9 wt.%Ti04™ + 0.1 wt.%Ti053"° 12700 1.07
P2 BeO +29.5 wt.%Ti05"+ 0.5 wt.%Ti052"° 13800 1.03
P3 BeO +29.0 wt.%Ti05" + 1.0 wt.%Ti052"° 14600 0.97
P4 BeO +28.5 wt.%Ti05"+ 1.5 wt.%Ti05n° 15700 0.93
P5 BeO + 28.0 wt.%Ti05" + 2.0 wt.%Ti052"° 16200 0.90

The specific surface area also increases. with the introduction of nanoparticles up to 2.0 wt% into the
volume of the charge. The specific surface area of the beryllium oxide powder BeO used in this study was
also 11000 cm?/g, and the specific surface area of the titanium dioxide powder was 10000 cm?/g. The indica-
tor of the flowability of the charge, the bulk density, also does not significantly decrease with an increase in
the concentration of nanoadditives, remaining in the permissible range of values.

Further, slip masses were prepared for each percentage composition on the basis of an organic binder —
wax, paraffin, oleic acid‘at the rate of LOI (loss on ignition) — 9.5 %. The composition of the wax paraffin
components and the slips preparation technology are identical.

The rheological properties of the obtained slips batches are presented in Table 6.

Table 6
Rheological properties of thermoplastic slips with the addition of nanoparticles 0.1-2.0 wt.%

Characteristics P1 P2 P3 P4 P5
LOIL, % 9.6 9.4 9.2 9.2 9.2
Viscosity, Pa's 49 48 44 43 40
Casting capacity, mm 63 65 71 78 83

As can be seen from Table 6, the rheological properties of slips with the introduction of nanoparticles in
the range of 0.1-2.0 wt.% remain at an acceptable level. The casting ability of the slip increases with an in-
crease in the concentration of nanoparticles, it becomes less viscous. Thus, a relatively small number of in-
troduced nanoparticles allows maintaining a minimum volume of organic binder while maintaining the cast-
ing properties of the slip mass at an acceptable level.

Due to the increase in casting capacity, the pressure on the slip was decreased in proportion to the in-
crease in the concentration of nanoparticles, according to the graph shown in Figure 8.
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Figure 8. Graph of the dependence of the pressure change on the slip from the
concentration of nanoparticles in the range from 0.1 to 2.0 wt.%, batches 1-5, respectively

The observed effect is explained by the filling of voids between solid and larger powder particles with
particles of smaller fractions, as a result of which the density of the charge increases, and the reorientation of
large grains contributes to a decrease in friction against the walls of the tooling.

On the obtained samples there are many fragments of the TiO, phase and pores after sintering, predom-
inantly round form with the size up to 3 mm, indicating the processes of conglomeration of nanoparticles.
The number of fragments increases in proportion to the introduced amount.of Ti03?"° in the case of the in-
troduction of nanoparticles 5.0-30.0 wt.% (Fig. 9).

The figure signature number corresponds to the batch number according to: P1— 5wt.%Ti052";
P2 — 10wt.%TiOB; P3 — 15wt.%Ti0Da"%: P4 _20wt.%TiOBN0; P5 25wt %TiOB3M0and P6 — 30wt.%TiOBM°.

Figure 9. Macrostructure of samples containing TiO, nanoparticles. Magnification x 16

Thus, it is not possible to obtain a completely homogeneous sample without pores and impurities con-
taining nanoparticles from 5to 30 wt% TiO..
Figure 10 shows the macrostructure of samples containing nanoparticles of 0.5-2.0 wt%.

The figure signature number corresponds to the batch number according to:
P2 — 0.5wt.%Ti052"°; P4 — 1.5wt%Ti05?"°and P5 — 2.0wt%Ti052"°

Figure 10. The macrostructure of samples with containing nanoparticles of TiO,. Magnification x 16

As can be seen, the macrostructure of the samples with a nanoparticle content of up to 2.0 wt% is rather
uniform with this method of introducing nanoparticles, there are practically no grouped fragments of the
TiO, phase. Thus, it is not possible to obtain a homogeneous, dense sample with the introduction of nanopar-
ticles in excess of 5 wt%.
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Conclusions

1. In this work an effective method is proposed for introducing nanodispersed TiO, powders into a mi-
cron matrix of beryllium and titanium oxides, in which air bubbles, rising upward according to the Archime-
des law through the entire volume of the charge, allow the movement of flows in the liquid not only horizon-
tally, but also in the vertical direction.

2. It has been experimentally shown that the addition of nanoparticles from 5 to 30 wt% Ti032"° nega-
tively affects the casting properties of slips (viscosity and casting ability) and, consequently to the quality of
sintered products in the form of cavities, impurities and excessive porosity.

3. As aresult of research, the effect of the concentration of nanoparticles on the main technological pa-
rameters, such as specific surface area, bulk density, viscosity, casting ability, pressure on the slip during
billet molding, the optimal concentration of nanopowder of TiO,, — 0.1 — 2.0 wt. % was established,
providing normal indicators of technological parameters.
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TiO, nano0esmexTepin BeO :xone TiO, yHTaKTaAPBIHBIH MUKPOHIBIK
MATPHUIIACHIHA €HTi3Y JAICTEPiH KIHE 0JIAPABIH KYI0 HLJINKEPiHiH
PEeOJIOTUSJIBIK KacHeTTepiHe dcepiH 3epTTey

Makanana naHoaucreperi tutan okcuai TiO, yHTakTapbiH OepHUTHH MEH THTaH OKCHATEPIHIH MHKPOH
MaTpHIACBIHA €HTI3y OJICTEpiHiH 3epTTey HOTHKeNepi KepceTinreH. 5 %-maH jKOrapbl HaHOOEIIEKTePIiH
00Jybl KYIO LIIMKEPiHIH PEOoJIOTHSIIBIK KacHeTTepiHe Tepic acep ereai »oHe kepicinme, 0,1-2,0 mac. %
apaJbIFBIH/Ia HAHOOOIIIEKTEeP/IiH KOCBUTYBI TYTKBIPIIBIKTEI TOMEH/IETYTe JKOHE KBUDKBIMAJIBl MacCaHBIH KYIO
KaOlneTiH apTThIpyFa BIKOAN eTedi. ArperaTtainfaH —AaifblHIAMaHbl MAaKpOKYPBUIBIMABIK — Tajlaay
HAHOOOJIIEKTEP/IiH KOHTIIOMepaTTaphl HeMece HaHO- KoHe MUKPO- TiO, GemmekTepi TYpiHIe KYPBUIBIMIBIK
2JIEMEHTTEP/IiH TOJBIK OonMaysIH Kepcereni. HanoGemmekTepai eHri3yAiH JaMbIFaH 9/ici OHIMAI IUTHKep.Il
KYIO apKbUIbl JaibIHAaMaHbIH OYKia KeseMiHe Oipkesiki TapaTyra MYMKIiHIIK Oepeni. FbulbIME MKYMBICTHIH
aBTOpJIapbl OoJlalaKTa ajblHFAH HAaHOOJIIeKTepi 0ap KepaMHKaHbBIH JKbUTYy (U3UKAJIBIK JKOHE MMIEAAHC
CHIaTTaMaliapblHa HaHOOEJIIEKTeP IiH 9CepiH 3epTTeyai x)ocnapiaaabl. FUIbIMU oleMIe HaHOYHTAaKTapIbIH
Oepriunii KepaMUKAChIHBIH 3JIeKTPO(U3UKAIBIK KAaCHETTEpiHe oCepiH 3epTTey Typausl Oenricis. Bepumnmit
OKcHJI koHe THTaH okcuaTepi Kocrnackl BeO+TiO, kepaMUKachIHBIH €H MaHBI3/(bI KaCHETTepiHIH Oipi — aca
JKOFApFBl XKUUTIKTE COyJelIeHyAl CiHipy KalineTi, oX a3 KbI3ybl KepeK, SFHH JKBUIYZBI JKaKCHI OTKi3ei.
XKoraper kosdpdurmentti amy ymin BeO kepamuka xypambiHa TiO, ¢a3acklH MYMKIHIITIHIIE KOI €HTi3y
KepeK.

Kinm ce30ep: TiO, HaHOOeuIIEKTEp], MIKXTA, KYIO HIIAKEPi, PEOJOTUsUIBIK KacUeTTepi, Oepuinii OKCHi,
KepaMHKa, MaKPOKYPbIIbIM.

A.B. IlaBnos, E.E. Aitbimxanos, XX.b. Carnonnuna, A.b. Kaceimos, /1.P. baiixan, M.C. XKamaposa

HUccaenoBanue MeToa0B BBeAeHust HaHouyacTun TiO,
B MUKPOHHYI0 MaTpuly nopomkos BeO n TiO, n ux BiussHus
HA PeoJIOrMYeCKUe CBOMCTBA JIUTEHHOI0 LIJINKepa

B craTtbe mpencraBieHsl pe3ybTaThl UCCIEA0BaHUIT METONOB BBEACHUS HAHOAUCIEPCHBIX mopoinkoB TiO,
B MUKPOHHYIO MaTpHUIly OKCHIOB OepH/uist M THTaHA. [loka3aHO, YTO HaJIM4Me HAHOYACTHI[ CBBIIIE
5,0 mac. % oTpuIaTeNbHO BIMSET Ha PEONIOTMIECKHE CBOICTBA JIMTEHHOTO MIINKepa, U, Ha000poT, KobaBIe-
HHUe HaHodacTHI B quamasone 0,1-2,0 Mac. % cmocoOCTByeT CHI)KEHUIO BSI3KOCTH U HOBBIIICHUIO JINTEHHON
CIIOCOOHOCTH NIIMKEpHOIT Macchl. MaKpOCTPYKTYpHEIN aHAlN3 CHEYEHHOHW 3arOTOBKM CBHJIETENECTBYET O
MOJTHOM OTCYTCTBHH CTPYKTYPHBIX 3JIEMEHTOB B BH/IE KOHTJIOMEPAaTOB HAHOYACTHI] MJIM YACTHUIl HAHO- ¥ MHK-
po-TiO,. Pa3zpaboTanHslii croco0 BBEACHHS HAHOYACTHUI] O3BOJIAET MOJYYaTh M3ACNIUSI C UX PABHOMEPHBIM
pacrpe/eIeHHEM 10 BCEMY 00BEMY.3ar0TOBKH METO/IOM IIUTMKEPHOTO JIUThS 1OJ JaBieHneM. B nanpHeiimem
aBTOPBI HAyYHOH PabOTHI MNaHUPOBATM HCCIEAOBAThH BIMAHHE HAHOYACTHI] HAa TeIIO(U3NUECKHUE U HMIIe-
JTAHCHBIE XapPAaKTEPUCTHKM MOMyueHHON KepaMuku. OO0 MCClef0BaHHAX BIUSHUS HAHOMOPOILIKOB Ha 3JIEK-
Tpodu3nueckue cBOWCTBA OEPIMILTNEBOH KEpaMHUKU B HAYYHOM MHpe He n3BecTHO. CaMbIMU BayKHBIMHU CBOM-
CTBaMH, KOTOPBIMHU A0JDKHA 001anaTh kepamuka BeO+TiO,, ato ciocodHocTh mornoniats CBU-u3myuenue,
TIPU 3TOM OHA JOJDKHA Mo HarpeBaThCs, T.€. XOPOIIO IIPOBOAUTE TeIwio. J{iIs MOTydeHUs! BBICOKOTO KOI(-
(urreHTa HEOOXOIMMO KaK MOKHO OOJIBIIEe BBOJUTH B cocTaB kepamuku BeO ¢a3zy TiO,.

Kniouesvie cnoga: nanouactuusl TiO,, muXTa, HUTUKEp, PEOJOTUYECKUE CBOMCTBA, OKCUA Oepmiuins, Kepa-
MHMKa, MaKpOCTPYKTYpa.
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