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Pedepar:

1. IIpOTAroM KiJIbKOX OCTaHHIX AEeCATUIIITh TEXHOJIOTIS ITYYHOTO OCBITJIEHHS CTPIMKO PO3BMBAjlacs B HAIIPSIMKY
30iIbIIEHHS BUXiIHOI IOTY>KHOCTI Ta 3MEHIIEHHS PO3Mipy JKepel CBiT/a. TakuM BUMOram IOBHICTIO BiAIIOBiAlOTh
ceitnonionu (Cll). Hanpuknan, kombiHanis BunipominioBanHs cuaboro CJI yuny (3a3Buyait Ha ocHoBi InGaN) i
>KOBTOrO JitoMiHOQOPY (Hanpukiaz, Y3AI5012:Ce3+) no3Bosisie peasnidyBaTy AelieBe Ta ePeKTUBHE TBEPAOTIIbHE
IKepeJio 6i/10To CBiTJIa, SIKE IEMOHCTPYE TaKi IepeBary K TPUBAJIUI TEPMiH CIyKOU, €KOJIOTIYHICTb Ta 3JaTHICTb
Do MiHiaTiopu3anii. Hapasi nomyk neneBrx, TEpMivHO i XiMiYHO CTIIKMX Ta €KOJIOTiYHO O6e3MeyHrX MaTtepiais 3
scKpaBolo goromomiHecueHuieio (OJI) B IeBHOMY CIIEKTPAJILHOMY Jlialla3oHi, Ka BUHUKAE ITPU 30YIPKEHHI CUHIM
a6o YO csitsiom C]l 4uny, € ONHAM 3 BOKJIMBUX 3aBJaHb B Tajly3i MaTepialo3HaBCTBA. 30KPEMA, aKTyaIbHOIO
3a71a4€10 € PO3p0OKa YePBOHUX JIIOMIHOMOPIB, SIKi MOXKYTb OYTH BUKOPUCTaHi B Ternx 6inux CJI, npyu3HavyeHux as

OCBITJICHHSI )KUTJIOBUX IIPUMIllleHb, a TakoX B C/l, Ipu3HaYeHUX [JIs BUKOPUCTAHHS B JIAMIIaX JJIs1 CTUMYJISILIT



POCTY POCJIMH, CEHCOpax TeMIIepaTypu, Tomo. Cepell pisHUX KaHIUIATIB Y€PBOHOTO JIIOMIHO(OPY OKCUIY METAJIIB,
aKTUBOBaHi ioHamu Mn4+, mpuBepTaIOTh 3HAYHY yBary JOCJIiHUKIB SIK JieuleBi, cTabinbHi Ta eKosoriyHi MaTepianu
3aBJSKU IIPOCTVMM METOAM iX CMHTE3y Ta JOCTYIHOCTI BUXiHUX MaTepiasiB. [oH Mn4+ B OKTaeIpuYHOMY
KPUCTaJiYHOMY I10JIi Ma€ MIMPOKY CMYTY 30Y/PDKEHHS B CUHbO-3€JIEHI 00JIaCTi CIIEKTPY i By3bKi JIiHii
BUIIPDOMIHIOBaHHS y YEPBOHIIl 06J1aCTi CIIEKTPY, 11O BiATIOBilae CrIEKTPaJIbHUM BUMOTaM [0 ifjeaJIbHOrO YePBOHOTO
JtoMiHodopy 17151 BUKOpUCTaHHs y 6inomy CJI. TutaHatyu mMartio i HIMHKY € 3pY4YHOI0 KPUCTaiYHO MaTPULEIO [1JIs
Mn4+, OCKiJIbKM B IIMX CIIOJIYKax 3aMillleHHs By3J10BOro ioHy Ti4+ ionHom Mn4+ He noTpebye KoMIeHcallii
eJIEKTPUYHOTO 3apsny. Lli maTepianu nobpe BifoMi CBO€IO CTabisIbHICTIO i MOXKYTh 6yTH Oflep>KaHi METOOM
TBeproda3Hoi peakiiii 3a Temrieparyp, ski He nnepeBuiyioTs 1400°C. Kpim TOro, CHpoOBHHA, KA BUKOPUCTOBYETHCS
1715 ix cuHTe3y, 30Kkpema rnopouku ZnO, MgO Tta TiO2, € 6e3ne4HoIo 17151 3T0POB’sl JTI0AUHU Ta IHMPOKOAOCTYIIHOIO.
[Ipore, 17151 NPaKTUYHOTO 3aCTOCYBaHHSI TaKi JiloMiHOQOpU NoTpe6yioTh nifBuieHHs iHTeHcuBHocTi OJI. Cepen
(aKTopiB, sKi il 06MEXYIOTh, MOJKHA BKa3aTy (POPMyBAHHS HEOKAaHMX KPUCTAJIUYHUX (a3 Ta yTBOPEHHSI Mn2+ i
Mn3+ 3amicTb Mn4+. OcTaHHe BifiOyBa€ThCS IIPU 3aMillleHHi MaHTraHOM BY3JIOBUX iOHiIB Mg2+ Ta Zn2+ a6o
3MEHIIEHH] 3apsi0BOro CTaHy MaHrany Ha Micli Ti4+ Ipu HasIBHOCTI BJIaCHUX TOYKOBUX A€(EKTIB, HAIIPUKJIIA],
BaKaHCil KUCHIO. MeToI0 IucepTaLiiHoi po60TH € BCTAHOBJIEHHS OCOOJIMBOCTEN (POPMYBaHHS Ae(EKTIB MaHTaHy Ta
YTBOPEHHSI KPUCTAIIYHUX (a3, a TaKoX ix BIIUBY Ha 4epBoHY ®JI ioHy Mn4+ B JIIoMiHECLIEHTHIY KepaMilli Ha OCHOBI
JIeroBaHUX MaHIaHOM TMTAHATIiB LIMHKY i MarHiio, ofiep>kaHuX MeToJoM TBepaodasHoi peakuii. [Ipu nposeneHHi
IOCTiIXeHb B paMKax AMCepTaLiliHOl pob0OTH 6yJ10 OTPUMAHO HACTYIIHI HAyKOBi pe3ysbTaTu: 1. BcTaHOBIIEHO, IO B
Kepamini Zn2TiO4:Mn, BurorosieHin 3 BukopucranHsam TiO2 y ¢asi aHaTasy, nepeBa)kHO YTBOPIOIOTLCS LIEHTPU
Mn2+, Tozi sIK y 3pasKax, ofiepkaHux 3 BukopuctaHHsam TiO2 y ¢asi pyTuily, yTBOPIOIOTHCS IIEPEBAXHO LEHTPU
Mn4+, mo 3ymosioe Buuly iHTeHcuBHicTb OJI ioHiB Mn4+. 2. BusiBneHo, mo GopMyBaHHS KyO6iYHOi KpUCTaJiYHOI
¢dasu Zn2TiO4 npu cnikanHi nopoukis ZnO i TiO2 Big6yBaeTbcs Bxxe npu 800°C i He 3a/1€KUTh Bifl KpUCTATIYHOI
¢dasu TiO2, mpoTe ocTaHHS BIUIMBA€E HA PO3Mip Ta cIikaHHs 3epeH Zn2TiO4 kepamiku. 3. 3aporoHOBAHO Jjarpamy
€HepreTMYHMX PiBHIB LeHTPYy Mn2+ B leroBaHoMy MaHraHoM Zn2TiO4, B siKiii 36yIpkeHi piBHi iony Mn2+
3HAXOMSTHCS Y 30Hi IPOBIAHOCTI, 110 IPU3BOJUTD 10 TIOSIBU B CIIEKTPAX ONTUYHOTO MOIJIMHAHHS cMyTU 11py 400-
550 HM, 3yMOBJIEHO] (POTOIOHI3aLiHUM NepexogoM Mn2+/3+. 4. [IpogeMOHCTPOBAaHO MOXKJIMBICTb OJlepKaHHS
opHodazHoro gomiHodopy (ZnxMgl-x)2TiO4:Mn 3 Ky6iuHOI0 KPUCTAIYHOIO CTPYKTYpoto. [TokazaHo, 1110 JeryBaHHs
LIJMHKOM J]03BOJIsI€ 3HU3UTHY TEMIIEPATYPy CIIiKaHHSI, @ TAKOX 3MEHIIMTH KiJIbKiCTb i0HIB Mn2+ y Kepamilii. 5.
BcranosieHo, o 36inbmeHHs BMicTy MgOy muxTi mominogpopis MgTiO3:Mn4+ nepemkojykae yTBOpeHHI0 Mn2+ i
cripuse popmyBaHHI0 Mn4+ y dasi MgTiO3, mo no3Bosise nigsumuTy inTeHcnBHICT 4epBoHOi OJI ioHiB Mn4+.
[IpakTyHE 3HaYEHHS] OTPMMAHMUX PE3YJbTATIB [0JISTa€e B TOMY, 10 B pO6OTi 3aIIPOITOHOBAHO [IBa CIIOCOOU
NiABUILEHHS iIHTEHCUBHOCTI 4epBOoHOi ®DJI ioHiB Mn4+ B TUTaHaTax MarHilo: (1) CTBOpeHHs TBEPAUX PO3YMHIB
(ZnxMgl-x)2TiO4 (x<0,25) Ta (2) nogaBaHHs HaaMmKy MgO y muxTy. 30Kpema, 0Kas3aHo, 1o JIoMiHO(Op
(Zn0,25Mg0,75)2Ti0O4:Mn4+, ogepxxanuit ipu 1100°C, nemoHCTpye iHTeHCHBHICTh YepBoHOi OJI B 1,2-2 pas3u BuILy,
HDK M@2TiO4:Mn4+, a nopaBanHs Hagnuky MgOy muxty MgTiO3 nossosisie B 30-50 pasiB nigBUIUTU
inTeHcuBHicTb 4epBoHOi OJI ioHiB Mn4+ y ¢azi MgTiO3. [JucepraniiiHa po60oTa CKJIaAa€eThCs i3 BCTYITY, 5 PO3/i

2. During the last decades, the technology of artificial lighting rapidly developed towards the increasing output
power and reducing the dimensions of light sources. Light emitting diodes (LEDs) fully meet these requirements.
For example, the combination of emission of blue LED chip (usually based on InGaN) and yellow phosphor (for
example, Y3AI5012:Ce3+) makes it possible to implement a cheap and efficient solid-state source of white light,
which exhibits such advantages as long service life, environmental friendliness and the ability to be miniaturized.
Currently, one of the important tasks in the field of materials science is the search for cheap, thermally and
chemically stable and environmentally safe materials with bright photoluminescence (PL) in a certain spectral
range under excitation by blue or UV light of LED chip. In particular, development of red phosphors that can be
used in warm white LEDs intended for lighting living quarters, as well as for use in lamps for plant growth
stimulation, temperature sensors, etc., is an urgent task. Among the various candidates for red phosphor, metal
oxides activated by Mn4+ ions have attracted considerable attention of researchers as cheap, stable, and
environmentally friendly materials due to simple synthesis methods and the availability of starting materials. The



Mn4+ ion in the octahedral crystal field exhibits a broad excitation band in the blue-green spectral region and
narrow emission lines in the red, that meets the spectral requirements for an ideal red phosphor for use in a white
LED with a blue chip. Magnesium and zinc titanates are a convenient crystalline matrix for Mn4+, since in these
compounds the replacement of site Ti4+ ion by the Mn4+ does not require charge compensation. These materials
are well known for their stability and can be produced by the solid-phase reaction method at temperatures no
higher than 1400°C. In addition, the raw materials used for their synthesis, including ZnO, MgO and TiO2 powders,
are safe for human health and widely available. However, for commercial use, such such phosphors require an
increase in PL intensity. Among the limiting factors is the formation of secondary crystalline phases, as well as
Mn2+ and Mn3+ instead of Mn4+. The latter occurs when the Mg2+ and Zn2+ site ions are replaced by manganese
or when the charge state of manganese at the Ti4+ site is reduced in the presence of native point defects, for
example, oxygen vacancies. The aim of the work is to establish the features of the formation of both the defects of
manganese and crystalline phases, as well as their effect on red PL of Mn4+ions in luminescent ceramics based on
manganese-doped zinc and magnesium titanates produced by the solid-phase reaction method. The following
scientific results were obtained when conducting research within the framework of the dissertation: 1. It is found
that in the Zn2TiO4:Mn ceramics made using TiO2 in the form of anatase, the Mn2+ centers are mainly formed,
while in the samples obtained using TiO2 in the form of rutile, the Mn4+ centers are formed predominantly that
caused higher intensity of the Mn4+ ion PL. 2. It is found that formation of cubic Zn2TiO4 crystal phase during the
sintering of ZnO and TiO2 powders occurs already at 800°C and does not depend on the crystalline form of TiO2,
but the latter affects the size and sintering of the Zn2TiO4 grains. 3. The diagram of the energy levels of the Mn2+
center in manganese doped Zn2TiO4, in which the excited states of the Mn2+ are in the conduction band of the
host, is proposed. It is suggested that in the optical absorption spectra of Zn2TiO4:Mn a band at 400-550 nm due
to the Mn2+/3+ photoionization transition is present. 4. Thepossibilityofobtaining a single-phase(ZnxMgl-
x)2TiO4:Mnphosphorwith a cubiccrystalstructurehasbeendemonstrated.
ItisshownthatZndopingreducesthesinteringtemperatureandamountof Mn2+ionsintheceramics. 5. It is revealed that
the increase of the MgO content in the charge of MgTiO3:Mn4+ phosphors prevents the formation of Mn2+ and
promotes the formation of Mn4+ in the MgTiO3 phase, which makes it possible to increase the intensity of the red
PL of Mn4+ ions. The practical significance of the obtained results is that in the dissertation two approaches for
increasing the intensity of Mn4+ red PL in magnesium titanates are proposed: (1) creating the (ZnxMgl-x)2TiO4
solid solutions and (2) adding excess MgO to the charge. In particular, it is shown that the phosphor
(Zn0,25Mg0,75)2Ti04:Mn4+ sintered at 1100°C exhibits a red PL of intensity 1,2-2 times higher than Mg
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