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Study of electrophysical properties of beryllium ceramicswith®the addition of micro-
and nanoparticles of titanium diexide

In the present paper the research results of influence, of nanoparticles TiO2 additions in the range 0,1 —
2,0 wt. % on electrophysical properties of oxide-beryllium,ceramics (BeO + TiOz) made of micropowders are
presented. The electrophysical characteristics of synthesized ceramics modified with 30 wt. % TiO2 micro-
and nanoparticles in the electric current frequéngy range off200 Hz — 100 MHz were studied by the total
complex resistance method (impedance). It is known that ghe introduction of TiO2 addition to the BeO-
ceramics after heat treatment in a reducing atmospherejisg@ccompanied by a significant increase in electrical
conductivity and the ability to absorb electr@magnetic radiation in a wide range of frequencies. According to
the results of the studies it was found that theladdition of nanoparticles TiO2 into the (BeO + TiO2)-ceramics
significantly reduces its static electricdl*fesistance in comparison with the serial sample, and the specific con-
ductivity of such ceramics significantlyyincreases at high frequencies ~ 107 Hz. The addition of TiO2 nanopar-
ticles significantly increases the dielectric losses of the sample sintered in the temperature range 1530 —
1550 °C. The values of reahand imaginary parts of dielectric permittivity of such ceramics and the tangent of
the angle of dielectric loss‘arg,two times higher compared to the serial sample — BT-30 (B — beryllium, T
— titanium). The obtainedyresults,are unique in their kind, due to the experiment with a rare and strategically
important material —& beryllium oxide and the possibility of synthesizing new nanostructures based on it.

Keywordsadiele€tric permittivity, conductivity, electric current frequency, impedance, nanoparticles, berylli-
um oxide, titanium dioxide.

Introduction

Currentlypindustrial progress requires electronics to continuously increase the level of power, efficien-
cy, rehiability and durability [1]. For modern devices, in particular powerful RF (radio frequency) and SHF
(super highdrequency) transmitters, power transistors, power converters, reliability under conditions of high
currents and high temperatures is certainly a key factor [2]. Also, ceramic materials, often used to replace
metals and alloys, have not only heat resistance and high strength, but also special electrophysical properties
[3, 4], which contributes to their wide use in electronic engineering [5]. Such ceramics include beryllium
oxide, the effective component of dielectric permittivity of which is 6.9 — 7.5, the tangent of angle of die-
lectric losses tgd = 3 - 10 at frequency f = 1 MHz [6]. BeO-ceramic is a material of super refractory class,
which in addition to dielectric properties is characterized by high vacuum density, mechanical strength,
thermal conductivity, thermal stability and heat resistance. The unique combination of physical and chemical
properties of beryllium oxide (BeO) [7] determines a wide range of BeO-ceramics use in various fields of
modern technology and special instrumentation [8]. High radiation resistance [9], thermal conductivity [10],
dielectric strength and transparency to X-ray, ultraviolet radiation, visible IR (infrared) and SHF radiation
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[11] make BeO-ceramics the most promising material for use in various devices of electronic engineering of
responsible purpose [12]. Along with high thermal conductivity — 280 — 320 W/(m-K), pure BeO-ceramics
have high electrical resistance (~1 - 10 Ohm cm at 300 K) [13]. This makes it possible to use BeO-ceramics
in high-power resistors, transistors and microcircuits as highly efficient dielectric substrates for creating elec-
tronic devices and resonator tubes for gas OQG (optical quantum generator) and much more. Thermal con-
ductivity of the BeO-ceramic is comparable with that of metals and is second only to diamond. The thermal
conductivity of BeO ceramics can reach values from 300 to 320 W/(m-K), which is comparable with that of
chemically pure copper, which has a thermal conductivity of ~ 400 W/(m-K) [14]. The specific electrical
resistance of beryllium oxide ceramic samples at room temperature is in the range from 10 to 10%
Ohm-cm. BeO-ceramic is a transparent material for vacuum ultraviolet (VUV), X-ray and super-high fre-
guency (SHF) radiation [15]. In turn, the presence of developed interfaces and intergranular interagtions can

BeO. One of such additives capable of essentially changing the conducting and other properti
ceramics is TiO; [16]. It is known that the addition of TiO- to the BeO-ceramics after He

ducing atmosphere is accompanied by a significant increase in electrical conductivity andithe ability
sorb electromagnetic radiation in a wide range of frequencies [17]. The different rati -ceramics of
the TiO, component and the degree of its reduction allow to regulate the magnitu ctromagnetic wave
absorption by such ceramics. At present, the most effective material with the abiflity to electromagnet-

ic waves is the composition of BeO + 30 wt % TiO.. It is experimentall ed that the absorption
properties of (BeO + TiOy)-ceramics are caused by many factors and, first , by Its electrical conductivi-
ty [18].

The results of studies on the electrophysical properties of (BeQ+ 2)-ceramics modified by TiO2 na-
noparticles indicate the existence of electric polarization processes,an ific relaxation of spatial charges
that can accumulate at the boundaries of individual microcr S. The experimentally observed increase in
the conductivity of the synthesized ceramics with an i i ectric current frequency is explained
by the appearance of the current relaxation compone ied by an increase in the dielectric losses
[19, 20].There are very few scientific publications on the the effect of TiO, nanoparticles on the im-
pedance characteristics of the mechanical mixtur
be due to the uniqueness of beryllium production, quires specialized equipment and special safety
conditions when working with powders of Be@. At present, the current production of beryllium oxide ceram-
ics is established in the USA, China and Kazakhstan, so the analysis and updating of knowledge on the re-
sults of research on the properties of na tured ceramics using this strategically important material

seems to be very important.
Thus, the main purpose @
i sint
ic

study is to establish the effect of titanium dioxide nanoparticles
d ceramics of 70 wt. % BeO(um) + TiOz(um) + TiO2(nano) with
om 0.1 to 2.0 wt. %.

on the impedance characteris
the introduction of TiO- na

Materials and methods

As a standar two-component ceramics the serial sample of composition BeO + 30 wt. %
TiO, (mark BT- investigated. To produce nanocomposite ceramics, an annealed beryllium oxide
powder with e crystallite size of 5 pm and a micron powder of titanium dioxide TU 6-10-727-78

Figure 1. Electronic images of microparticles of beryllium oxide powders, titanium dioxide and nanoparticles of titani-
um dioxide
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Then, the samples were molded by the slip casting method, burned out the bond and sintered the blank
at temperatures of 1520 — 1550 °C with an interval of 10 °C. Thus, batches of ceramics based on beryllium
oxide and titanium dioxide micropowders modified by TiO, nanoparticles were obtained with the following
composition:

P.0 — BeO + 30 % Ti0L™ (BT-30 serial ceramic);

P.1 —BeO +29,9 % Ti0L "+ 0,1 % Ti0}2"°;

P.2 —BeO + 29,5 % Ti0L "+ 0,5 % Ti0}2"°;

P.3 — BeO +29,0 % Ti0,™+ 1,0 % Ti0%3n°;

P.4 — BeO + 28,5 % Ti0L™+ 1,5 % Ti0}2";

P.5 — BeO + 28,0 % Ti05™+ 2,0 % Ti0%3n°,

Particular attention should be paid to the sintering process of the workpiece, which was carried'out in a
beryllium oxide crucible in a furnace with a graphite heater. The inner part of the crucible Avasalined with
0.5 mm thick molybdenum sheet, in which technological holes were provided for saturation‘ofythe billet with
reducing CO gas. The crucible was covered with a beryllium cover with technological holes afteérthe Jaying
of workpieces. The beryllium oxide crucible was installed into the graphite rigging afnd covered with ballast
of sintered oxide-beryllium cast, fraction not more than 10 x 10 mm. After installings@raphite tooling with
products in the furnace, sintering of the workpiece was carried out.

Measurements of impedance values were carried out on the AgilentE5064B, spectrum analyzer designed
to measure the total complex resistance (impedance) of composite samples in the frequency range of 100 Hz
— 100 MHz. In this instrument model, error minimization and accuraté, repeatable measurement results are
provided by the shielded connector. The inputs of the digital multimeter are also shielded and are
optoelectronically isolated from the common case and computer iaterfageCircuits. This protection provides a
high degree of input isolation, withstanding voltages up to 3004, which is very important for reducing errors
due to ground loops and common mode voltages caused bydang wikesand floating sources.

At least ten samples from each batch were measuredtin order to obtain reliable data and statistical
values. If the sample had defects in the form of cracks, cavitiesand pores, the sample was excluded from the
experiment. Some samples had relatively high elegtrical reSistance, despite the absence of external defects,
most likely there were internal defects, the measurement results of such samples were also excluded.
Analysis and deciphering of the obtained datagwas performed using a personal computer and special software
developed on the basis of Excel in the laboratory of antennas and microwave technology, created on the
basis of the Department of Radio Engineermgwfithe Institute of Engineering Physics and Radioelectronics of
Siberian Federal University (KrasnoyarskRussia).

Results and discussion

The results of impedaneg®spectrescopy of a serial sample (P.0) sintered at 1530 °C without the addition
of nanoparticles show thatSuckmaterial is a conductive composite, Figure 2.

e —— 90
4- > e "l/ & b\o\\\
-g .\‘ !,’ °°°° Oooo'-:\ 60
9 31 ¢ °a.";°°°° °°;§M o
— }« S-
ﬁ ,56.0 .‘& ‘\‘\_‘-— -30
T 2 of % 3
5 ¢ '\
0 2 e, 0
10 102 103 104 105 106 107 108
f, Hz

Figure 2. Frequency dependences of impedance modulus IZI (1) (@) and ¢ phase angle (2) (o) for serial ceramic samples
of composition BeO + 30 wt. %, T = 1530 °C
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The values of impedance modulus and phase angle for the sample modified by TiO, nanoparticles
sintered at 1550 °C are shown in Figure 2. The sample with 0.5 wt % nanoparticles (Fig. 3, a) shows the
lowest resistance at low frequencies — 0.38 kOhm; at the maximum frequency of 108 Hz — 7.7 Ohm. The
phase angle has a single peak of 50° at 5.3-10° Hz and gradually decreases with increasing frequency of
electric current to -3° at the maximum frequency. When the concentration of TiO, nanoparticles is increased
up to 1.5 wt % (Figro 3, b), the values of electrical resistance of the sample are observed at low frequencies
— 0.45 kOhm and at the maximum frequency of electric current — 8.3 Ohm. The phase angle has exactly
the same one peak, which shows itself at the frequency of 4.3-10° Hz and is -56°, gradually decreasing with
increasing frequency to -4° at the maximum frequency of electric current.
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Figure 3. Typical frequency dependences of impedance modulus IZI(1){e) andy@ phase angle (2) (o), T = 1550 °C: a)
(P.2) BeO + 29,5 %Ti0, "+ 0,5 %Ti031°; b) (P.4) BeQ. + 28,5 % Ti04™+ 1,5 % Ti052n°.

The effective component of specific conductivity“ef setial ceramics (P.0) at low frequencies (up to 10*
Hz) remains at the level of 2.4-10* Ohm™m?, with further inckease in frequency conductivity jumps to the
value 0.15 Ohm™m- (Fig. 4).
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Figure 4gErequency dependence of actual ¢' (1) and imaginary ' (2) components of specific conductivity of serial ce-
ramics (P.0) of BeO + 30 %Ti0, ", T = 1530 °C

Here, the  imaginary component of the specific conductivity increases linearly over the entire
investigated‘frequency range, which corresponds to the real component at frequencies above 3 - 107 Hz.

By increasing the sintering temperature to 1550 °C (Fig. 5), the conductivity curves depending on the
content of TiO, nanoparticles are parallel to each other in the frequency range from 10 to 10° Hz. The
minimum conductivity value at this site is 6'(1.0 %) = 5.5-103, the maximum ¢'(0.1 %) = 4.8-102 Ohm™*m-,
With increase of frequency of electric field the specific conductivity on all samples sharply increases, at the

maximum frequency of 108 Hz conductivity curves practically coincide, here maximum value '(0,5 %) =
1,36 Ohm™*m™.
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Figure 5. Frequency dependence of actual ' component of specific conductivity as a function ¢f TiOgnanoparticles
content, T = 1550 °C (P.1 — P.5)

The sintering temperature, which provides stable high conductivity in thefrangegof@electric field
frequencies from 10 to 10® Hz, is 1530 — 1550 °C. The conductivity mechanisf can be_ explained by the
fact that during sintering of ceramics the TiO, nanoparticles are pushed to the“surface®of micron granules
(i.e., to the intercrystalline interlayers). Thus, the frequency dependence of the, specific conductivity
depending on the nanoparticle content observed in Figure 5 can be explained by the fact that the conductivity
follows a random grid of interlayers between the crystals, as shown in Figurei8agSome layers of neighboring
crystals may not interact, hence the finite resistance and jumpifig meghanism of conductivity from one layer
to another (between the layers) appear. As the concentration of titahium diexide nanoparticles increases up to
2.0 %, they begin to adhere to each other or to titanium oxidefmicroparticles inside the crystal and do not go
into the intergranular layers, so that the material becomes a@ielectrig,

Figure 6 shows the curves of change in the valuesief theyreal and imaginary components of dielectric
permittivity, the tangent of the angle of dielectriglosses depending on the frequency of electric current in a
sample of serial ceramics (P.0).

108, v\ -6

T S, | -5
_ 104 T “. o, L 4 -
S ) N e 3 50

4071 e I

10 - o

o - - : “oaua, s l » .A‘"' | 0

10 102 103 10¢ 105 106 107 108

f, Hz

Figure®. Variatiomeurves of values of the actual and imaginary components of dielectric permittivity, dissipation factor
for the factory sample composition: BeO + 30 % Tiogm, T =1530°C (P.0)

For this sample at low frequencies both components of dielectric permittivity have anomalously high
values. With increasing frequency of electric field, we observe uniform fall of values €' and €". For €' after
107 Hz there is a sharper drop to ~ 80 at 108 Hz. The imaginary component " decreases more rapidly with
increasing frequency, at 8-10° Hz there is some rise and again a drop of value £" ~ 40 at maximum frequency.

Tangent of dielectric loss angle also has anomalously high values at low frequencies and sharply
decreases with frequency increase. At frequency 10* Hz tgd = 1,0, the minimum value of tgd = 0,1 is
observed at frequency 9-10° Hz, which increases with frequency and has a peak tgd = 1,0 at frequency
5,5-107 Hz. At the 108 Hz maximum frequency tgd = 0.63.

The maximum dielectric losses are observed in the sample of nanocomposite ceramics sintered
at 1550 °C (Fig. 7).
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Figure 7. Frequency dependence of the dissipation factor on the content of TiO nahoparticles,
T =1550 °C (P.1 —P.5)

Thus, increasing the sintering temperature of ceramics containing nanoparticles ingthe range (0.1-1.5)
wt % leads to an increase in conductivity, dielectric permittivity, and, most importantly, the tangent of the
dielectric loss angle increases.

The increase in dielectric losses observed in Figure 7 can be explained’by the faet that the nanoparticles
in the investigated ceramics are located on the crystal surface, where thecharges can also shift to the
opposite crystal boundaries, which leads to the appearance of intracluster<eufrent. Such displacement of
charges can be accompanied by appearance of additional ceramic polacizability in its volume and growth of
dielectric permittivity mainly in the region of low frequencies. Butyas the“€lectric field frequency increases,
the charges do not have time to shift to the cluster boundafy, they lag behind the external field in phase,
which is the cause of dielectric losses.

The mechanism of electrical conductivity of such ‘ceramies can be explained in terms of a composite
material in which the dielectric does not participate in current transfer after the p. percolation threshold [21].
Percolation theory, from Latin percolatio is a mathematical'theory that is used in physics to study processes
occurring in heterogeneous media with random propertt€s, but fixed in space and unchanged in time. Thus, it
means that, under any conditions, the electrigal conductivity of the filler is much higher than that of the
matrix and no interfacial layers with<atheriproperties are formed in such a composite. When the
concentration p of the filler increasesg(imyour case it is TiO2), the effective conductivity increases according
to:

a(p) = 0:(p —po)t, 1)

where t is the critical conduétivity index; o1 is the specific conductivity of the dispersed conductive phase.
This formula is applicable to describe the electrical conductivity of the system after the percolation threshold
p > pc. The following'€omple€mentary laws of degrees can be introduced into formula (1):

o(pc) = o;h%,atp = p; 2
o(p) = ox(pc —p) 4 =o0sh(p. —p)"%atp <pc, (3)

where's and q are critical indexes, h = 02/01.

The increase in ¢ with increasing p by (3) is associated with a gradual increase in the size of metal
clusters and the area of dielectric interlayers between neighboring clusters. Immediately in the region of pc
the power laws (1) and (3) are disturbed and by (2) pass into each other. If the disperse phase is randomly
distributed over the volume, then up to the percolation threshold (p < pc) the dielectric matrix interlayers,
whose local resistance is much greater than that of the disperse phase particles, participate in charge transfer
through the sample. Thus, in the region of the percolation threshold at direct current, dielectric interlayers
have the most significant effect on the electrical characteristics of the entire composite.
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On alternating current, in addition to the resistance of the matrix interlayers, it is necessary to take into
account the capacitances of the “capacitors” formed by the particles (cluster sites) of the electrically
conducting phase and the dielectric matrix interlayers.

A schematic representation of such a composite, up to the percolation threshold is shown in Figure 8, a.

3

R(/

Figure 8. Schematic representation of the composite material structure [21] (in the inset on the left i elec im-
age of the microstructure of a ceramic sample of composition P.3): a) up to the flow threshold; b)€guivalent substitu-
tion scheme
Figure 8,a shows the resistive-capacitive coupling between the clusters,and particles of the

electrically conducting phase by parallel RC circuits.

In composites at p < p. the infinite cluster is not formed and the eq nticircuit of Figure 8 b must
contain two resistors connected in series. The first resistor corresponds to istance Rc of clusters and
particles of the electrically conductive phase. The second resi takes into account the resistance of
dielectric matrix interlayers Rd, and the resistor Rd is shuntedx

corresponds to the capacitance of matrix interlayers.

To analyze the resistive-capacitive propertie
electrophysical processes occurring in them, we used
impedance of which agrees with the experime ples of ceramics using a special program

ted, which are shown in Figure 9 a, b.

a CPE |

RS

|

C2

— sample of composition P.1; b — sample of composition P.0
Figure 9. Equivalent schemes for samples

As e seen, both circuits contain the usual radio engineering elements R-resistance and C-
capacitance. In these circuits there is a linearly dependent parameter, an artificial constant phase element
(CPE), which to some extent reflects the electrical properties of a variety of structurally heterogeneous
materials. The impedance (Zcpe) of this element is written in the following form:

1 1 T\ .. T
Zope = A(ia))” ~ Ay {cos (nEJ—lsm(nEﬂ (4)

where A is the numerical multiplier, w is the circular frequency, i is the imaginary unit, and # is the
exponent determining the nature of the impedance frequency dependence (-1 <1 < 1). The CPE element has
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both a real and imaginary component. For integer values of n =1, 0, -1 the CPE element degenerates to the
usual C, R, L elements. Fractional values of the index of degree m < 1 formally characterize the cluster
structure of the material.

The simplest electrical circuit for TiO2 nano-added ceramics Figure 9a contains only three elements:
resistance Ry = 2.9 Ohm, R, = 827 Ohm and element CPE; with numerical multiplier Ao = 5.32 - 10®° and
exponent close to unity 1 = 0.92. The smaller number of resistances in the circuit for the nanophase sample,
explains the increase in specific conductivity and dielectric losses with increasing frequency of electric
current. It can be noted that the resistance R, almost coincides in magnitude with the low-frequency imped-
ance of this ceramic |Z| = 830 Ohm and naturally simulates the static resistance of ceramics. Resistance R =
2.9 Ohm in the region of radio frequencies remains virtually unnoticed, but with increasing frequency, when
the impedance of the sample decreases, this resistance makes a tangible contribution to the formation of the
impedance spectrum. In particular, it is this resistance in the region of high and possibly ultra hightfrequen-
cies leads to the observed in the impedance spectrum reduction of the phase of the AC,eurrent, flowing
through the sample. The results of numerical approximation of the experimentally meaStted impedance
spectrum of these ceramics with the equivalent circuit are shown in Figure 10a with solidylinesyAs ean be
seen the coincidence of the calculation with the experiment is quite satisfactory.
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a — sample of composition P.I{b—=Fsample of composition P.0.
Figure 10. Frequency dependences of the impedafice modulus Z (1) and phase angle ¢ (2) (white markers). The results
of numerical approximation using,the equivalent scheme are shown by solid lines.

For a sample of ceramics with miicrapowder TiO,, the frequency dependence of impedance is shown in
Figure 10b, and the equivalenfycircuit is shewn in Figure 9 b. As can be seen this scheme is more complex
and in addition to the elementtCPE>%eentains two parallel circuits one of which consists of a resistance
R4 = 4300 Ohm simulating thesstatiGyresistance of ceramics. The second circuit is formed by series elements
C>=2,9-10®F and R5 = 4 Qmwhich form impedance characteristics in the middle frequencies. The CPE;
element has a numerical multiplier A, = 2.9 - 10 and power factor n = 0.72. This power factor means that
the CPE: element can be treated as a frequency-dependent capacitance and simultaneously as a frequency-
dependent resistance. ‘Resistor Rs, as for the previous sample, serves to simulate high-frequency electrical
losses. To simulatetimpedance in the decimeter and centimeter wavelength range it may be necessary to
introducetadditional elements. Thus, the different ratio in the ceramic of TiO, nanoparticles and the degree of
its reductionmallow™to significantly reduce the static impedance, thereby improving the conductivity and
regulating the magnitude of electromagnetic radiation absorption by such ceramics.

Conclusion

Analyzing the experimental results obtained in the work, we can make the following conclusions:

— It is established that the introduction of nanoparticles TiO; in an amount (0.5 — 1.5) wt. % in the
composition of (BeO + TiOz)-ceramics significantly reduces its static electrical resistance in comparison
with the serial sample. So at high frequencies, ~ 10" Hz, resistance decreases three times (from 0.024 to
0.008 kOhm), with the introduction of nano-particles (0.5 — 1.5) mass % and sintering temperature of ce-
ramics 1530 — 1550 °C. The sample made of micropowders at the same frequency has an electrical re-
sistance of 0.036 kOhm.

— It is established that the specific conductivity of ceramics modified by TiO, nanoparticles (0.5 — 1.5)
mass % at high frequencies ~ 107 Hz increases from 0.3 to 1.4 Ohm™m™ in samples obtained in the tempera-
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ture range of sintering ceramics 1530 — 1550 °C. The conductivity of the sample made of micropowders at
the same frequency is 0.68 Ohm™m™. The increase in sintering temperature is associated with the formation
of new phases.

— The addition of nanoparticles TiO (0,5 — 1,5) wt. %, in composition of (BeO + TiOy)-ceramics es-
sentially increases dielectric losses of the sample sintered in the interval of temperatures 1530 —
1550 °C. Values of real and imaginary components of dielectric permittivity of such ceramics &' = 58 — 120,
g" =52 — 314. For the sample made of micropowders at the same frequency &' = 60, € = 40. The tangent
angle of dielectric losses in nanocomposite ceramics is twice as high.

— It is shown that the ceramic samples have electrical conductivity, which increases in proportion to the
angular frequency with a fractional index of degree. This allowed us to identify the conductivity of the sam-
ple with microparticles as a jump-type conductivity. In the sample with TiO2 nanoparticles the comnductivity
dispersion is not detected, and the observed in the experiment non-monotone growth of conductivity with
increasing frequency is explained by the appearance of the current relaxation component aéeampanied, by an
increase in dielectric losses.
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A.B. ITaBnoB, A.M. XKunkammunaosa, C.C. I'ept, H.M. Marazos, XK.C. Typap, A.b:iHaonémiuna

TuTan TMOKCHAI MUKPO KIHE HAHO0OJIIEKTEePi KOCHLUIFAH 0epniIuii
KEePAMHMKACBHIHBIH 3JIEKTPO(PU3NKAIBIK KaCHEeTTePiH 3epTTey

Makanasa MUKpOYHTaKTap/IaH jkacainraH oKcua-Oepuiumunii kepamukacsibiH (BeO + TiQ2) anekrpodusnka-
abIK Kacuertepine 0,1-2,0 macc% apansirbingarsl TiO2 HaHOMIIEMIl OOIIIIEKTRPHIERKOCTAIAPEIHBIH 9CepiH
3epTTey HoTIKenepi kentipiareH. TonblK KemeHai kexepri (ummenanc) oxpiciMeHd30avacc% MemmepiHze
TiO2 MHKpO koHEe HaHOOSJLIEKTEpiMEH MOAWU(UKAIMIAHFAH CHHTEe3/1eNreH Kepamukatsie 100 T'u — 100
MTI 11 3I€KTP TOTHIHBIH JKHIIIK AHANA30HBIHA AIICKTPOGHU3UKAIBIK CHIIaTTaMaapbisepTrenti. TOThIKChI31a-
Hy atMocdepacbiHaa TepMISUIBIK oHeyneH KeitiH TiO2 kocraceii’BeQ=kepaMuKara eHI'13y JIEKTp OTKI3TimI-
TITiHIH alTapibIKTail KoFapbUIaybIMEH KSHE JKUUTIKTIH KeH JHana3QHbIH/AA SIEeKTPOMArHUTTIK CoyJIeNeHy i
cinipy kaburetiMeH Gipre xypetiHi 6enrini. 3eprrey HoTmkenepipgborslma TiO2 HanoGemmekTepiniy (BeO
+ TiO2)-kepaMuKachlHa CHIi3y OHBIH CTaTHKAJBIK 3JICKTP KEIepriCi CeprsUIbIK YITIMEH CalbICTBIPFaHAA
€10yip TOMEHICTETIHI aHBIKTAIBI, all MyH/all KepaMIKAHBIH HAKThl OTRI3rimTiri ~ 107 Il sKoFaphl sKUiTiKTe
alitapibikrait apransl. TiO2 HaHOGemmekTepin enrizy 1530-—1550 °C remneparypa apanblFbIHAA ariioMepa-
IUSUTaHFAH YITiHIH AWAIEKTPIIK IIBIFBIHBIH eAdyip apTThipafipl. MyHIall KepaMUKaHBIH AUAIEKTPIIK OTKi3-
TIIITITiHIH HAKTHI KOHE JKOpaMat KOMIIOHCHTTEPIHIH, MOHI )KJHE TUAJICKTPIIIK KOFAITY OVPHIIIBIHBIH TAHTCH-
ci BT-30 (b-6epmwmnii, T-TuTaH) CepHsUIBIK YITiMEH CaJBICThIPFaH/a €Ki ece KOFaphl. 3epTTey HOTHXeNepi
CHPEK Ke3/1eCETIH )KaHE CTPATEeTHsIIbIK MaHBIBIbI MaTepHaIMeH — OepUIUTHH OKCHJIIMEH JKOHE OHBIH Heri3iH-
JIe JKaHa HaHOKYPBUIBIMIAP/Ibl CHHTE3/ICY MYMKIH/IIrIMEH 3KCIIEpUMEHTTEYyre GailIaHbICTBI GOJIBIN TaObLIA/BL.

Kinm ce30ep: MUANEKTPIIK OTKI3TILITIK, ©BKISKIIITIK, JIEKTP TOTBIHBIH JKMINITi, Keaepri, HaHoOemeKTep,
OepIIUTHl OKCHIi, THTAH JHOKCH .

A.B. ITanos, A.M. XKunkammunosd, C.C. I'ept, H.M. Marazos, XK.C. Typap, A.b. Habuonauna

HccnenoBanne 351eKTPOPHM3NICCKUX CBONCTB OepH/IJINEBOIl KEPAMHUKH € 100aBKOM
MUKPO- 1 HAHOYACTHI JUOKCHIA TUTAHA

B craTbe TpeiCTaBICHBI Pe3yabTaThl UCCIIEOBAHMS BIHSAHMSA 100aBOK HaHOpa3MepHbIX yactull TiO2 B MH-
teppanie 0,1-2,0 Macc. % Ha 31MeKTPO(U3UUCCKHE CBOWMCTBA OKCHAHO-OCPH/UIMEBON KEPAMHUKH COCTaBa
(BecO+TiO2), M3TOTOBICHHOW M3 MHUKPOIIOPOLIKOB. METOI0M MOJHOTO KOMIUIEKCHOTO COIPOTHBICHHUS (MM-
NEeAAHCa) UECIIeI0BaHbI 3IeKTPO(U3MIECKIE XapaKTePHCTHKN CHHTE3NPOBAHHOW KEPaMHKH, MOAU(PHUIIPO-
BaHHOW MHKpO- 1 HaHo4yacTHaMu Ti02 B kommdecTtse 30 Macc. % B JUAaIa3oHE YaCTOT IEKTPHIECKOTO TOKA
100 Lir-100 MI'u. H3BectHoO, uTo BBeneHue B BeO-kepamuky mo6asku TiO2 mocne TepMooOpaboTKu B BOC-
CTaflOBUTENFHON aTMOC(epe CONPOBOXKIACTCS 3HAYNTENHHBIM yBEJIMUCHHEM 3JIEKTPOIIPOBOJHOCTH M CIIO-
COOHOCTBIO MOTJIOMIATh IEKTPOMArHUTHOE U3JTydeHHE B IIUPOKOM JHana3oHe 4acToT. [lo pesynbratam uc-
ClIeZIOBaHUil ycTaHOBIEHO, 4To BBeaeHne B coctaB (BeO+TiO2)-kepamuku HaHoyactun TiO2 3HAYUTENBHO
CHI)KAET €€ CTaTHYECKOe IEKTPOCONPOTHBICHHE 110 CPABHEHHIO C CEPUITHBIM 00pa3IoM, a y/elbHas IIPOBO-
JIUMOCTbL TaKOW KEPAMUKH 3HAYMTENBHO BO3PAcTaeT Ha BBICOKMX uyactoTax ~ 107 T'u. JloGaBka HAHOYACTHIL
TiO2 cylecTBeHHO YBEIMYHMBACT JUAJIEKTPUYECKUE ITOTEPH 0Opaslia, CIIEYCHHOTO B MHTEpPBAJE TEMIIEpaTyp
1530-1550 °C. 3HaveHHs NEHCTBUTEIFHOW W MHUMOW KOMITOHEHTHI ITUAJICKTPHUYECKON MPOHUIIAEMOCTH Ta-
KOW KepaMUKH W TaHTEHC yTJia JUAIEKTPUIECKUX ITOTeph BHIIIE B J[BA pa3a B CPAaBHEHUH C CEPHHHBIM 00pas-
oM bT-30 (b — Gepmnmii, T — turan). [lomydeHHBIE pe3yIbTaThl HCCICAOBAHUN SBISIOTCS YHUKATEHBIMHI
B CBOEM POJIe, YTO 00YCIIOBJIEHO 3KCIEPUMEHTOM C PEAKUM U CTPATErHYeCKH BaYKHBIM MAaTepPHATIOM — OKCH-
JIOM OeprILIHs ¥ BO3MOXKHOCTBIO CHHTE3a HOBBIX HAHOCTPYKTYP Ha €r0 OCHOBE.

Kniouegvle cnosa: nuanekTpuyueckasi MpOHULAEMOCTh, TPOBOJAUMOCTD, YACTOTA AIEKTPUIECKOTO TOKA, UMIIE-
JTAHC, HAHOYACTHIIBI, OKCH]T OCPUILIHS, THOKCHI TUTAHA.
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