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Continuous developments in materials include a wide range of new metal alloys
such as titanium alloys, aluminum-lithium alloys, magnesium alloys, as well as
composite materials such as carbon fibers, 3D fabrics, thin layers, etc., as well as
biodegradable materials. In addition to this work, one of the most pressing
engineering challenges is the search for alternative production methods aimed at
reducing energy consumption and production costs [1, 2]. This progress can be
observed in many areas of the economy, such as transport and automotive,
mechanical engineering, biotechnology and medicine, as well as in the energy or
electronics sector. Moreover, development in the above sectors helps improve the
quality of life of people and protect the environment, which is especially important in
our time.

A promising direction in the development of materials in the nuclear industry is
the production of composite materials based on ferritic-martensitic radiation-resistant
steels. Such materials are oxide-dispersion-strengthened alloys, 1.e. alloys with a steel
matrix strengthened by nano-sized oxide particles dispersed inside it. Y-Ti-O
nanoparticle-strengthened ferritic steels have recently attracted attention as leading
candidates for fission and fusion reactor components due to their high tensile, creep
and radiation resistance, which is much higher than other iron alloys [3, 4].

Nanoparticles mostly have an almost stoichiometric composition, for example
Y,Ti;07 with a pyrochlore structure. In general, pyrochlore oxides of the type
A2B207, where A is typically a rare earth ion and B is a transition metal, have a
specific lattice structure, active charge, spin, and orbital degrees of freedom. As a
result, they demonstrate a complex interaction between geometric disorders,
electronic correlations and spin-orbit coupling. Various pyrochlores are considered
good matrix materials for the separation of actinides and other nuclear wastes.
Pyrochlores are also refractory materials with important properties, including ionic
conductivity, optical nonlinearity, high radiation resistance and others. Potential
applications of pyrochlores include thermal and environmental protection coatings,
high dielectric constants, solid electrolytes, anodes and cathodes in solid oxide fuel
cells, transparent ceramics, etc. In addition, pyrochlores have potential applications as
ceramic pigments due to their high melting points, high refractive index, and ability
to absorb transition metals.

In the presented study, the main goal was to develop a technology for producing
highly dispersed pyrochlore Y,Ti,07 at the lowest possible temperatures, possibly in
a shorter time, without additional substances or solutions.
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The results of DTA/TG analysis are presented in Fig. 1. This shows that weight
loss, represented by the TG curve, gradually decreased with increasing temperature.
This was attributed to evaporation and removal of ethanol residues from the heated
powders.
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Fig. 1. DTA (1) and TG (2) curves of Y,03-TiO, powder mixtures

The initially rapid weight loss slowed down markedly after the temperature
reached 500 °C. The endothermic peak in the DTA curve after 50 min was
presumably due to water loss. In general, the mass loss was insignificant, since even
at 1300 °C it was less than 2%, but for laboratory experiments it was there.

Samples of cold-formed yttrium titanate were placed in a corundum crucible and
sintered in a firing furnace at a temperature of 1150 °C for 7 hours. X-ray diffraction
analysis of these samples revealed the presence of both the original oxides and the
pyrochlore phase of Y;Ti,0O7. The maximum amount of pyrochlore phase was about
20 wt.%.

The samples were repeatedly mechanically crushed, mechanically homogenized,
compacted, and additionally calcined at a temperature of 1150 °C for 10 hours to
increase the amount of pyrochlore. Thus, the total calcination time was 17 hours.

After the second stage of calcination, according to X-ray diffraction analysis, the
samples became almost single-phase. The main phase was yttrium titanate Y,Ti,0y,
its mass content in the sample was more than 96.8 wt.%, the lattice parameter was
10.091 A. Some of the samples were again mechanically crushed and mixed, then
compacted again and calcined for another 8 hours, the total heat treatment time
reached 25 hours. Additional calcination of these samples increased the Y,Ti,O7
content to 98 wt.%. Thus, the desired structure of pyrochlore Y,Ti,O; with a
dominant component was obtained in the sample after 25 hours of calcination at
1150 °C.

Thus, modification of the traditional technology of direct solid-phase synthesis
with microwave radiation has significantly reduced the synthesis time and reduced
energy costs.
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Peliku 3a/1i3HUYHUX KOJIIA KpIM O€3M0ocepeIHbOr0 KOUEHHS] HUMU KOJIICHHMX I1ap
PYXOMOTO CKJaay € CKJIaJIOBUMHU ENEKTPHUYHUX KT — CUTHAJIBHUX CTPYMIB CHCTEM
curHaiizamii, ueHtpanizamii 1 0mokyBanHs (CIIb), a Takox TAroBOro CTpymy Ha
eNeKTPU(PIKOBAHUX IUISHKAX 3ai1i3HULb. 11 HalliiHOT pOOOTH IIUX K11 pEUKH MalOTh
OyTH €JeKTPUYHO 130JIbOBaH1 OJIHA BiJl OJHOT Ta BiJ 3eMJIl. 3BUYANHO 11€ IOCATAETHCS
130JTI0OI0YMMH  JETAISIMU MIPOMDKHUX PEUKOBUX CKpimieHb. [IpoTe crapiHHg, 3HOC,
3aCMIYEHHS TYMOBUX 1 IIOJIMEPHUX 130JIIOIOYMX JCTajeii y BOJIOTY IIOTOay
CIPUYUHSE TIAJIHHS €JICKTPUYHOIO OMOpPY 130JIAMii 1, K HACIIAOK — 3001 y poOOTI
cucteM CLIb depe3 mpoTikaHHs CTpyMy MK peiKkaMu Kpi3b HINAIH, BTPATy YaCTUHU
TATOBOTO CTPyMYy B MOTro CTIKaHHS Yepe3 IIMajaud Ta 0ajacT y 3EeMIIIo,
€JIEKTPOKOPO31I0 METaJEBUX 1 3aJ11300€TOHHUX KOHCTPYKIN IIMM CTPYMOM BHUTOKY.
Tomy migpelkoBi OCHOBM — WINaNIH, OpyCH, IUIMTH 0€30alacTHOrO0 MOCTOBOTO
MOJIOTHA Ta iX OETOH MarOTh OyTH HE TUIBKHM CTIMKHUM JI0 MEXaHIYHHMX BILUIMBIB, a U
HaJlaBaTU CBiM BHECOK Yy 3a0€3IE€UeHHs €JIEeKTPUYHOI 13071111 peioK MK co000 Ta
BiJ 3eMJyi. Pazom 3 TuM enekTpuuHuil omip mimain ta ix 6etony 10 2016 p. B Ykpaini
HE HOPMYBAJIUCSI.

B Vkp[lY3T BUKOHAHO IOCHIJPKEHHS, METOI0 SKMX OyJ0 OOIpYHTYBaHHS
NOTPIOHUX MOKA3HUKIB €JIEKTPUYHOrO OMOpPY 3aji300€TOHHMX IImaj 1 iX Oerony. B
pe3yJibTati aHamizy jpkepen [1-3], TeopeTHYHUX Ta eKCIEPUMEHTATbHUX JTOCTIKEHb
[4] mokazaHO, EJIEKTPUYHHMM Omip OETOHYy BH3HAYAETHCS HOTO CTPYKTYpOI SK
JTUCTIEPCHOIO CUCTEMOIO (KamiJIsipHO-TIOPUCTUM TiIOM) 3 (ha30i0 13 3alOBHIOBAYIB Ta
MPOMYKTIB TiAparamii IEMEHTy 1 JUCIEePCIHHUM CEpPEJOBHUIIEM — IOPOBHUM
EJeKTPOJITOM, a Ha HBOTO JOJATKOBO BIUIMBAIOTH BOJIOTICTh, TEMIIEpaTypa,
HAsBHICTh JT0OABOK-EJNEKTPONITIB TOmo. Y [6, 7] JOCHIIKEHO BIUIUB YMOB
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