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Ceramic materials based on lithium metatitanate (Li,TiOs) modified with lithium niobate (LiNbO;) in the concentration
range of 0.05-0.25 M were studied. The synthesis was carried out by mechanical activation in a planetary mill at grinding
speeds of 150...600 rpm with a step of 50 rpm, followed by thermal stabilization at 700 °C for 5 hours. The objective of
the work was to determine the relationship between the dopant concentration, the energy of mechanical processing and
the structural and mechanical properties of the obtained ceramics.

The phase composition and structural parameters were studied by X-ray diffraction, and the morphological features
of the ceramics were studied using scanning electron microscopy. The formation of a two-phase system, including the
monoclinic Li,TiO; phase and the rhombohedral LiNbO; phase, can be seen. The increase in the dopant content occurs
simultaneously with changes in the parameters of the crystal lattice and a decrease in the size of the coherent scattering
regions. SEM analysis showed pronounced changes in the morphology of ceramics upon the addition of LiNbOs, depend-
ing on the dopant concentration. Increasing the mechanical activation rate to 600 rpm and increasing the alloying additive
concentration to 0.25 M lead to the creation of a fine-grained composite microstructure, where an improvement in the
strength characteristics is observed compared to the unalloyed material.

The obtained data show that the combination of changing the LiNbO; content and mechanical activation parameters is one
of the most effective tools for controlling the phases and strength of lithium-containing ceramic materials, which opens up
enormous opportunities for optimization in high-temperature energy applications.
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INTRODUCTION

The need for stable materials for tritium production
is leading to increased attention to lithium-containing
ceramics for inclusion in thermonuclear reactor blanket
assemblies [1-2]. Among the promising breeder com-
pounds, lithium metatitanate (Li,TiOs) occupies a special
place, possessing high thermal stability, chemical inert-
ness and good compatibility with the structural materi-
als of reactor systems [3-4]. At the same time, Li,TiO; is
characterized by relatively low mechanical strength, grain
growth during heat treatment, and brittleness, which lim-
its its operation and requires targeted modification of the
structure [5-6].

Lithium niobate (LiNbOs), widely used in piezoe-
lectric, acousto-optic and nonlinear optical devices due
to its pronounced ferroelectric properties, is considered
as a promising modifying additive [7-8]. The material is
characterized by high chemical resistance and structural
stability, but is also brittle and sensitive to microstructural
defects [9-10].

The difference in the parameters of the crystal lattic-
es of Li,TiO; and LiNbOs contributes to the formation of
internal stresses and interphase boundaries, which, when

doping and mechanical activation are applied, provide
dispersion strengthening and inhibition of grain growth
[10-12]. Changing the speed of planetary grinding allows
one to control the degree of particle grinding, the accu-
mulation of defects and the distribution of the dispersed
phase in the matrix, thereby most likely increasing the
strengthening of interphase grain boundaries and crack
resistance [13-15].

In this work, ceramics based on Li,TiOs;, modified
with LiNbO; additives in the concentration range up to
0.25 M, obtained by mechanochemical synthesis, were
investigated. The aim of the study was to establish the
patterns of the influence of lithium niobate concentration
and mechanical activation modes on the phase compo-
sition, structural parameters and mechanical properties
of ceramics. The research aims to develop reinforced
lithium-containing ceramics with enhanced mechanical
stability, thereby improving the reliability of breeder ma-
terials for fusion power systems. The scientific novelty
of the study is to determine the relationship between the
concentration of LiNbOs, synthesis conditions, structural
evolution and mechanical characteristics of the obtained
Li,TiOs—LiNbO; ceramics.
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METHODS

Ceramics based on lithium metatitanate (Li, TiO; pow-
der) with the addition of a dopant in the form of lithium
niobate (LiNbO; powder) were selected as the initial sam-
ples. The dopant concentration ranged from 0.05 to 0.25
M in the composition. All starting components were pur-
chased from Sigma Aldrich, with a stated chemical purity
of approximately 99.95%. Mechanochemical solid-phase
synthesis for the preparation of two-phase lithium-con-
taining ceramics was used to mix the starting components
and obtain a homogeneous and isotropic distribution of
lithium-containing ceramics. Mixing was carried out in a
PULVERISETTE 6 planetary mill (Fritsch, Berlin, Ger-
many), at grinding speeds from 150 to 600 rpm in 50 rpm
increments to obtain a finely dispersed fraction to initiate
dispersion strengthening processes.

The resulting powders were then pressed into tab-
lets of 10 mm diameter and 1 mm thickness, which were
then used for structural characterization and mechanical
strength for resistance to external influences under single
compression. Tablet pressing was carried out using the
standard method at a pressure of 250 MPa in a cylindrical
press mold, with a pressing time of 30 minutes.

The pressed tablets were annealed at 700 °C for 5
hours in a Nabertherm LE 4/11/R6 furnace (Nabertherm,
Lilienthal, Germany), followed by gradual cooling under
furnace conditions until they reached room temperature.
It was found that the addition of a dopant lithium niobate
in ceramics based on lithium metatitanate results in an in-
crease in the content of finely dispersed fraction in the
composition, from which it follows that the grinding pro-
cesses under mechanical impact action depend not only
on the grinding speed but also on concentration of im-
purities, the presence of which leads to an intensification
fragmentation processes of the main phase, as a result of

which the grinding processes can be carried out at lower
grinding speeds.

Microstructural characteristics were determined us-
ing scanning electron microscopy with a Phenom ProX
microscope (Thermo Fisher Scientific, Eindhoven,
Netherlands). The phase composition and structural pa-
rameters of the studied samples were estimated depend-
ing on variations in the percentage content of the com-
ponents in the composition of the materials studied by
X-ray diffraction method. The diffraction patterns were
recorded using a D§ ADVANCE ECO X-ray diffractom-
eter (Bruker, Karlsruhe, Germany) in the angular range
of 20 = 20-80° in the Bragg-Brentano geometry, with a
diffraction pattern recording time of 1 s at one point and
a step of 0.03°. The interpretation of diffraction patterns
was carried out using the DiffracEVA v.4.2 software; the
determination of the phase composition, as well as the
refinement of the parameters for all identified phases,
was performed using card values from the PDF-2 da-
tabase.

The determination of resistance to external influences,
in particular resistance to single compression, was carried
out using the testing machine LFM-L 10kH (Walter + Bai
AG, Loningen, Switzerland). The experiments were car-
ried out by compressing the samples in a special holder
and recording the maximum load, under which crack-
ing of the ceramic samples occured, indicating a loss of
strength and resistance to external loads. Loading was ap-
plied at a constant rate of 0.05 mm/s. The critical failure
load was determined by a reduction in pressure of at least
75% from the maximum value achieved. All obtained
load values were averaged from at least four samples test-
ed for each composition. All samples had identical geom-
etry and similar linear dimensions, ensuring the accuracy
of the test results.

a) Li,TiOs; b) 0.95 Li,TiOs— 0.05 LiNbOs; ¢) 0.90 Li;TiOs— 0.10 LiNbO; d) 0.85 Li,TiOs— 0.15 LiNbOs;
¢) 0.80 Li,TiO;— 0.20 LiNbOs; ) 0.75 Li,TiOs — 0.25 LiNbOs; g) LiNbO;

Figure 1. SEM images of the surface of Li>TiOs based ceramics with different LiNbO; contents
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RESULTS AND DISCUSSION

Figure 1 shows images of the surface of the studied
ceramics with the addition of LiNbOs.

Figure 1a) shows that Li,TiO; ceramics are character-
ized by a finely dispersed structure with agglomerated par-
ticles of irregular shape. When a dopant is added to the
ceramics (Figures 1b-f), a more heterogeneous structure is
formed, with larger agglomerates with a finely dispersed
structure distributed throughout the sample being observed
with an increasing LiNbO; content. The obtained results
demonstrate that the introduction of LiNbOs into the ce-
ramic structure leads to a rearrangement of the morphology
of Li,TiO; ceramics depending on the dopant concentra-
tion. The formation of a morphologically inhomogeneous
structure can contribute to the redistribution of local stress-
es and a change in the trajectory of crack propagation,
which, along with other structural factors, can contribute
to an increase in the mechanical stability of the ceramics.

The evolution of phases in the manufactured ceramic
composites was studied using X-ray diffraction methods.
The corresponding diffraction patterns are shown in Fig-
ure 2. The diffraction pattern data reflect a change in the
ratio of 2 phases — Li,TiO; with a monoclinic type of crys-
tal structure (PDF-00-033-0831) and lithium niobate with
arhombohedral crystal structure (PDF-01-070-08452), an
increase in intensity and weight fraction proportional to
the weight fraction of the dopant used to modify lithium
metatitanate. The data are presented for samples ground
at a grinding speed of 600 rpm to assess the effect of var-
iations in the variation of components in the composition
of the material under study on its structural properties.
The general appearance of the presented results of X-ray
phase analysis indicates a high degree of structural order-
ing of the sample, regardless of the content of the alloying
impurity in the ceramic composition. At the same time,
such changes in the morphology of the primary Li,TiO;
phase, accompanying the increase in the concentration of
the rhombohedral lithium niobate within the sample, lead
to a reduction in the size of coherent scattering domains;
this indicates the influence of the dopant on the degree of
fragmentation of the primary phase while its degree of
structural ordering is preserved.

Table 1 presents the structural parameters of the stud-
ied lithium-based ceramics depending on changes in con-
centration in the sample composition.

An analysis of the structural parameters of the studied
ceramics, obtained using the Rietveld method, showed
that changing the ratio of components in the ceramics
leads to different effects on the structural distortion of
the crystal lattices of both phases established in the ce-
ramics. Thus, the addition of LiNbOs to the Li,TiO3; com-
position at concentrations of 0.05-0.15 M initially leads
to a pronounced strain-induced distortion of the tensile
type (as evidenced by an assessment of the changes in
the parameters and volume of the crystal lattice of the
Li,TiO; phase), followed by ordering and partial remov-
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Figure 2. X-ray diffraction results of lithium-based
ceramic materials with the addition of lithium niobate
to the composition.

al of strain-induced distortions caused by mixing the two
phases. At the same time, the parameters of the LiNbO;
phase increase with an increase in concentration from
0.05 to 0.15 M while at higher concentrations stabiliza-
tion of the LiNbO; phase is observed, characterized by
a decrease in the parameters and volume of the crystal
lattice, indicating a partial removal of strain-induced dis-
tortions and structural stresses. A decrease in the concen-
tration of structural deformation-induced distortions is
indicated by a change in the degree of structural ordering,
the value of which is presented in Table 1. This value was
assessed based on changes in the shape of diffraction re-
flections associated with the formation of structural dis-
tortions caused by mechanical stress and recrystallization
processes occurring during sintering. According to the
presented data, the increase in the LiNbO; concentration
in the ceramics leads to an increase in the degree of struc-
tural ordering, which directly indicates the decrease in the
concentration of deformation-induced distortions in the
ceramics due to enhanced recrystallization processes.
Table 1 also presents the results of the crystallite size
assessment (coherent scattering regions), which were de-
termined based on the intensity and shape changes of the
diffraction lines for each phase using the Scherrer formu-
la. According to the presented data, each phase has sig-
nificant differences in crystallite size, as evidenced by the
obtained assessment results. For the Li,TiO; phase, the
broadened shape of the diffraction reflections, which is
preserved for all studied concentrations of the component
ratios, the average crystallite size is approximately 25...35
nm with a pronounced decrease in size with the increase
in the LiNbOs; concentration in the ceramics, for which
the crystallite size increases from 67+4 nm to 92+5 nm in
the case of single-component ceramics. Such changes are
associated with recrystallization processes that occur dur-
ing sintering of ceramics, as a result of which structural
ordering in the presence of different phases leads to more
intense crystallization of the LiNbOs; phase into larger
agglomerates, while smaller grains of Li,TiOs surround
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Table 1 — Structural parameters of the studied lithium-based ceramics depending
on the change in concentration of LiNbOjs in the sample composition

Crystal lattice parameters
Phase Concentration of LINbO; component, M
0.0 0.05 0.10 0.15 0.20 0.25 1.0
a=5.0601A4, a=5.0799A, a=5.0621A, a=5.0501A, a=5.0581A, a=5.0581A,
b=8.7697 A, b=8.7697 A, b=8.81114, b=8.7731A, b=8.7835A, b=8.7801A4,
Li,TiOg c=9.6921A, c=9.73414, ¢=9.7073A, €=9.7456 A, c=9.7977A, c=9.7303A, -
B=100.534°, B=99.630°, B=99.905°, 8=100.573°, B=100.062°, B=99.945°,
V=422.84A3 V=427.54 A3 V=426.51A3 V=424.45A3 V=428.15A3 V=425.63A3
a=5.1564A, a=5.1564A, a=5.1604 A, a=5.1523A, a=5.1271A, a=5.1473A,
LiNbOs - c=13.8384A, c=13.8709A, c=13.89824, c=13.88194, c=13.8384A, c=13.83814,
V=318.64A3 V=319.99A3 V=320.52A3 V=319.14A3 V=315.04A3 V=317.52A3
Size of crystallites (coherent scattering regions), nm
Phase Concentration of LINbO; component, M
0.0 0.05 0.10 0.15 0.20 0.25 1.0
Li,TiOs 35+2 32:3 32:2 30+3 29+2 2543
LiNbOs 674 7045 74+4 8045 874 9245
Degree of structural ordering, %
Concentration of LINbO; component, M
Phase
0.0 0.05 0.10 0.15 0.20 0.25 1.0
84.3+2.3 86.7+2.5 88.3:2.4 89.8+2.1 91.1+2.3 91.9+25 92.3+3.2

larger particles of LiNbOs (see data shown in Figure 1),
thereby forming structures with a large number of grain
boundaries formed by different phases that have clearly
expressed differences in size.

The critical load, which corresponds to the failure of the
specimen under single compression, is shown in Figure 3.

The addition of lithium niobate to lithium metati-
tanate and an increase in the speed of grinding lead to
a pronounced strengthening of the material due to sev-
eral interrelated mechanisms. As the concentration of
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samples increases, which may be associated with dis-
persion strengthening: lithium niobate particles and re-
gions may be distributed throughout the Li,TiOs matrix.
The difference in the parameters of the crystal lattices of
LiNbO; and Li,TiOs; may contribute to local elastic distor-
tions and create additional obstacles to the movement of
dislocations, increasing the resistance to deformation. The
interfaces between phases may act as barriers to the initia-
tion and propagation of cracks, thereby contributing to an

100 ~
m  without dopant|
e 0.05M %
90| A4 0.10M %
v 015M
z ¢ 020M
o 80| « 025M % §
g iy
- .
3 - RSB A
S Y
5 LIS i
8 Y
2 60 : ¢
S 3 E A ; % .
40 T T T T T
100 200 300 400 500 600
Grinding speed, rpm
b)

a) Dependence on changes in dopant concentration; b) milling speed dependence

Figure 3. Results of the assessment of the strength properties of the studied ceramics depending on the variation of grinding
conditions and dopant concentration
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increase in fracture energy. At the same time, microstruc-
tural analysis confirms morphological changes following
the introduction of the dopant. Depending on the dopant
concentration, the compositions exhibit a finely dispersed
fraction combined with coarse structures, which may fur-
ther contribute to increased fracture resistance.

Increasing the milling speed enhances the strengthen-
ing effect by reducing the grain size of the main phase.
The finer the grain, the greater the proportion of grain
boundaries that impede plastic deformation, which is con-
sistent with the possible contribution of the Hall-Petch
mechanism. As the rotation speed (milling energy) in-
creases, strong mechanical processes occur in the pow-
der: intense particle refinement, defect accumulation, and
surface activation. Higher speeds lead to the formation of
smaller grains of the main Li,TiO; phase and fine grind-
ing of LiNbO; particles. The formation of a fine-grained
structure can enhance the role of grain boundaries as ob-
stacles capable of disrupting and dissipating localized me-
chanical effects.

The synergistic effect is particularly pronounced when
combining high LiNbO; concentration with a high grind-
ing speed. This mode creates a microstructure that produc-
es maximum critical loads under mechanical stress. The
increased mechanical resistance of the ceramics is likely
due to the simultaneous influence of several factors: struc-
tural refinement, the formation of a two-phase system, and
changes in the morphology of the samples. Consequently,
the increase in strength with increasing alloying impurity
concentration is enhanced by the high-energy refinement
effect, facilitating the formation of a dense, stable, and
mechanically strong composite structure.

The obtained results are confirmed by a number of
studies of lithium-containing ceramics, where changes in
the phase composition and microstructure of the material
affect the mechanical properties of the ceramics. Thus, for
two-phase ceramics of the Li,TiOs—Li,ZrOs type it was
confirmed that the formation of a homogeneous structure
with agglomerations of different sizes leads to an increase
in resistance to crack propagation and mechanical load
[16]. A group of scientists showed a relationship between
the formation of a finely dispersed structure and mechani-
cal stability for Lin(Ti,Zr)Os—Li4SiO4 ceramics, for which
a grain size of less than 2 pym was combined with a high
critical failure load of more than 70 N [17]. Similarly,
in a study of two-phase Li,TiOs—Li,ZrOs; ceramics high
mechanical parameters were also obtained under certain
synthesis conditions: during heat treatment at 1100 °C the
critical failure load reached 67.6 N [5].

CONCLUSION

The study provided a comprehensive assessment of
the effects of lithium metatitanate modification with lith-
ium niobate and mechanical activation parameters on the
structural and performance properties of the ceramics.
The data obtained confirmed the effectiveness of com-

bining phase alloying and high-energy milling as a tool
for targeted microstructural control of lithium-containing
materials. Thus, the volume of the unit cell of Li,TiO5 var-
ies within the range of 422.8-428.2 A3 depending on the
concentration of LiNbO;.

It has been shown that changing the LiNbO; concen-
tration and milling rate is an effective technological fac-
tor that allows obtaining a stable controlled structure that
provides increased mechanical stability without disturb-
ing the phase ordering of the matrix, which indicates the
contribution of structural factors to the strengthening of
ceramics.

The proposed modification principles may be of inter-
est for the future development of promising lithium-con-
taining ceramics as breeder materials for fusion power
plants. Further research should focus on the long-term
thermal stability of the resulting compositions, their radi-
ation resistance, and the kinetics of tritium release, which
will expand our understanding of the mechanisms of
structural evolution and confirm their potential for practi-
cal application.

This research was supported by the Science Commit-
tee of the Ministry of Science and Higher Education of the
Republic of Kazakhstan under Grant No. BR28712757.
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LiNbO; KOCITACBIMEH JIETUPJIEHTEH Li,TiO; HETT3IHAEI'T KEPAMUNKAHBIH
KY¥PBIJIBIM/IBIK O3T'EPICTEPI MEH BEPIKTEHY MEXAHU3M/JEPIH 3EPTTEY.
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Jlutwit HuobateiMer (LiNbOs) 0.05-0.25 M koHIeHTpauusIap AUana3oHbIHAa MOAU(DUKAMSsIIAaHFaH JIUTAH MeTaThuTa-
Hatbl (Li,Ti0;) Herizinmeri kepaMukaiblk Marepuaiaap 3eprreini. Cunres 150-600 aifH/MUH apasbIFbIHIAFbl YHTAKTAY
KBUTAAMIBIFbIHAA, S0 alilH/MUH KaJaMMeH IJIaHeTapIIbIK AUipMEH/Ie MEXaHUKaJIbIK aKTUBTEHAIPY SJiCIMEH KYPri3imim,
keiiin 700 °C TemmepaTypana 5 carar OOWBI TEPMUSUIBIK TYPaKTaHABIPY JKy3ere achlpbUIabl. JKYMBICTBIH MaKcaThbl
MoAM(DUKAIUSIIAYIIBl KOCHAHBIH KOHLEHTPALUICH], MEXaHHKAJbIK OHJEY SHEPTUsiChl )KOHE aJIbIHFaH KepaMUKaHbIH
KYPBUIBIM/IBIK-MEXaHUKAIBIK KACHETTEP1 apachlHAAFbl TOYEIIUTIKTI aHBIKTAY OOJIIBI.

da3zasbIK KypaMbl MEH KYPBUTBIMIIBIK ITapaMeTpliepl peHTIeHAIK AU PaKIus diCiMEH, aJl KepaMHUKaHbIH MOP(HOIOTHSIIBIK
epeKIIeNIIKTepl CKaHepJeylli 3JIEeKTPOHIBIK MHUKPOCKOMHs ojiciMeH 3eprrenai. Monokmuuaik Li>TiOs dazacer men
pomboanpiik LiNbO; daszaceinan TypaTbiH eki (a3alibl )KYyHEHIH KaJIbIITacybl MOIAU(PHUKAHMSIAYIIEl KOCIIa MOJIIIEPiHIH
e3repyiHe OalJIaHBICTBI KPUCTAIABIK TOp MapaMeTpIIepiHiH e3repyiMeH jKOHE KOTepPEHTTI LIallblpay aiMakTapbl
eJIIIeM/ICPiHIH a3al0bIMEH KaTap XKYpPeTiHi aHbIKTaabl. CKaHepieyIi MMeKTPOHABIK MUKpockomust (COM) HaTkenepi
LiNbO; kocburran kesne Kepamuka MOP(OJIOTHACHIHBIH KOCTA KOHICHTPAIMSAChIHA OalJIaHBICTBI aliKbIH ©3TepeTiHiH
KepceTTi. MexaHuKalbIK aKTHBTCHIIPY KbUIIaMIbFbIH 600 aifH/MUH-Te NEeliH koHe MOAM(HUKAIUIIAYIIBI KOCA KOH-
neHTpauusiceid 0.25 M-re neidin apTThIpy ycak TYHIpIUIKTI KOMIIO3UTTIK MHKPOKYPBUIBIMHBIH KAJIBIITACYbIHA BIKIIAN
eTin, MogudUKausIIaHOaFraH MaTepHaIMEH CalbICThIPFaHIa OCPIKTIK CUITaTTaMaJIAPBIHBIH JKOFApbUIAybIHA JKEIE/I.

Aunpiaran HoTIKedep LiNbO; meninepi MeH MeXaHHMKAJbIK aKTHBTEHIIPY MapaMeTpliepiH e3repTy JIMTHHKYpamIIbl
KEepaMHUKAJIbIK MaTepHaiaapaAblH (a3aablK-KypbUTBIMIBIK Kyl MEH MEXaHHKAJbIK KAaCHETTEPiH OacKapyIablH THIMII
TociaepiHiH Oipi OOJIBIN TAOBUIATHIHBIH KOPCETTI. BYJT TOCI sKOFaphl TeMIIepaTypasibl SHEPTETHKAIBIK KOJIIaHy caJiajia-
PBI YIIIH JUTHHKYpamM/Ibl KepaMHUKaIap/IblH KACHETTEPIH O/laH 9pi OHTAMIaHABIpYFa MYMKIHJIK Oepeti.

Tyitin ce30ep: numuilKypamovl Kepamuxrd, JTUmuti Memamumanamsl, Jumull HUobamsl, peHmeeHOIK (aszanvlk mauoay,
KpUCMALObIK KYPbLIbIM.
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Brun m3ydeHsl kepaMUUeckne MaTepranbl Ha ocHoBe MeratuTaHara qutus (Li;TiOs), MogudunrpoBaHHble HHOOATOM
mutusg (LiINbO;) B nuamasone xonnertpanuii 0,05-0,25 M. CuHTE3 IpOBOAMICS METOJJOM MEXaHHMYCSCKOH aKTUBAIIUU B
IUTAaHETApHOW MENBHUIIEe TPH CKOpOCTAX m3MenbueHus 150—-600 o6/muH ¢ marom 50 06/MUH, ¢ MOCIEAYIOMIEH TePMH-
yeckoil crabmmmzarueit mpu 700 °C B TeueHne 5 gacos. Llemapio paboTh OBIIO OTpeeneHne 3aBUCUMOCTH MEKIY KOH-
LEHTpAINeH JIETUPYIOMIEH MPIMecH, YHepTrueil MeXaHNIeCKolH 00paboTKH M CTPYKTYpHO-MEXaHHICCKUMH CBOHCTBAMU
MOJIyYEHHON KEPAMUKH.

@a30Bblil COCTaB U CTPYKTYPHBIE MapamMeTpbl M3yYaJIMCh METOJIOM PEHTTCHOBCKOHM andpakiuu, a Mopdoiaorniecknue
0COOEHHOCTH KEPaMHUKH — METO/IOM CKaHMPYIOLIEH 3JIeKTPOHHOM MuKpockonuu. Kak BuiHO, oOpa3zoBanue aABYx(ha3zHOMH
CHCTEMBI, BKJIIOUaroIe MoHOKIMHHYIO0 (asy Li,TiOs n pombosnpuueckyto dasy LiNbOs, conpoBorkiaercs: yBelInueHN-
€M Bapualiy coJiepxKaHUs JIETUPYIOIel MpUMeCcH, OTHOBPEMEHHO C U3MEHEHUEM TapaMeTPOB KPUCTAJUTMYECKOH perier-
KH M YMEHBILIEHHEM pa3Mepa 001acTell KOrepeHTHOTO paccesiHusl. AHaJIN3 METO/IOM CKaHHPYIOIEeH SJIEKTPOHHON MUKPO-
ckornu (COM) mokasain BeIpaKeHHbIE H3MEHEHHsT MOP(OJIOTHH KepaMuKH 1pu gobasienun LiNbO; B 3aBucMMOCTH OT
KOHIICHTPAIMHU JJONaHTa. YBEJIIMUEHHE CKOPOCTH MEXaHN4eCKO# akTuBauuu 10 600 06/MUH 1 yBeJIMUEeHHE KOHIICHTPALN
nerupyrorieit 1o6aBku 10 0,25 M npUBOIUT K CO3NAHUEO MEIKO3EPHUCTOIN KOMITO3UTHOW MUKPOCTPYKTYPBI, TJIe HAOIIO-
JlaeTcs yJIydlleHne MPOYHOCTHBIX XapaKTePUCTHK 110 CPABHEHUIO C HEJIETMPOBAHHBIM MaTEPHAIIOM.

[Tonmy4yeHHbIe TaHHBIE MTOKA3BIBAIOT, UTO COUETaHHWE M3MeHEeHHs conepkanus LiNbOs; u mapaMeTpoB MeXaHHYECKOH aK-
THUBALIUHY SIBJISIETCS OMHUM K3 HanOosee 3(h(EKTUBHBIX MHCTPYMEHTOB KOHTPOJIS (a3 U MPOYHOCTH JIUTHICOAEPIKAIINX
KepaMHUYECKHX MaTepPHajIoOB, YTO OTKPBIBAET OTPOMHBIE BOSMOKHOCTH JJIsI ONTHMHU3ALNH B BEICOKOTEMITEPATyPHBIX SHEP-
TETHYECKHUX MPUITOKECHUSX.

Knrwouegvie cnoea: rnumuticooepocawyan kepamuxa, Memamumanam Jumus,; Huooam 1umust; peHmeeHo@azoewill AHalu3,
KPUCALTUYECKAs CIMPYKMypa.
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