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Pedepar:

1. IIpOTSroM KiJIbKOX OCTaHHIX AECSTUIIITh TEXHOJIOTiS IITYYHOTO OCBITJIEHHS CTPIMKO PO3BUBAjacs B HANPSIMKY
301/IbLIIEHHS BUXiTHOI [IOTYXHOCTI Ta 3MEHIIEHHS PO3Mipy /kepeJi cBiT/1a. TakuM BUMOraM IOBHICTIO BifITIOBilalOTh
ciTnogionu (Cl). Hanpuknan, kombiHanis BunnpominioBaHHs cuHboro CJI yuny (3a3Buyait Ha ocHoBi InGaN) i
>koBTOrO JiIoMiHOGOpPY (Hanpukiaz, Y3AI5012:Ce3+) no3Bossie peanidyBatu Aemese Ta epeKTUBHE TBEPAOTIIbHE
IpKepeJio 6iJIoro CBiTJIa, sIKe JeMOHCTPYE TaKi I1epeBaru siK TpUBaJIMil TEPMIH CJ1y>KOH, eKOJIOTIUHICTh Ta 3IaTHICTD
[0 MiHiaTiopu3sauii. Hapasi nomyk feueByx, TEPMidHO i XiMiUHO CTIIKMX Ta €KOJIOTYHO 6e3MeYyHUX MaTepiais 3

sicKkpaBoio goTosoMiHecreH i€ (PJI) B neBHOMY CIIEKTPaJbHOMY Tianla3oHi, IKka BUHUKAE ITPU 30yIKeHHi CUHIM



a60 YO csitsiom CJI yuny, € OAHUM 3 BXJIMBUX 3aBJjaHb B Tajly3i MaTepiaso3HaBCTBA. 30KpeMa, aKTyaIbHOIO
33/1a4u€lo € po3pobKa YepBOHUX JIFOMIHODOPIB, SIKi MOXKYTb OyT BUKOPUCTaHI B Terux 6inux CJl, mpu3HauYeHux s
OCBITJIEHHS )KUTJIOBUX IIPUMilleHb, a TaKOXK B CJI, IpM3HAaY€HUX [1J11 BAKOPUCTAHHS B JIAMIIAX [ CTUMYJISLi
POCTY POCJIMH, CEHCOpax TeMIIepaTypu, Tomo. Cepell pisHUX KaHIUIATIB Y€PBOHOTO JIIOMIHO(OPY OKCUIY METAJIiB,
aKTMBOBaHi ioHamMn Mn4+, IprUBepTaIOTh 3HAYHY yBary JOCJiIHUKIB SIK AelleBi, CTabibHi Ta €K0JIOTiuHi MaTepianu
3aBJSKU IPOCTHMM METOAAM iX CMHTE3y Ta JOCTYIHOCTI BUXiZHUX MaTepiasiB. [oH Mn4+ B OKTaeJpuYHOMY
KPUCTaJiYHOMY I10JI1i Ma€ MIMPOKY CMYTY 30YIPKEHHS B CUHbO-3€JIEHI 06JIaCTi CIIEKTPY i BY3bKi JIiHii
BUIIPDOMIHIOBaHHS Y YEPBOHiIl 06J1aCTi CIIEKTPY, 1O BiATIOBilae CrIEKTPaIbHUM BUMOTaM [0 ifjeaIbHOrO YePBOHOTO
soMiHodopy 1J1s1 BUKOpUCTaHHs y 6inomy ClI. TutaHatu Martio i HIMHKY € 3pY4YHOI0 KPHUCTaIiYHOI MATPULEIO JIs
Mn4+, OCKiJIbBKY B IIUX CIIOJIyKaX 3aMillleHHs By3/10BOro ioHy Ti4+ ioHom Mn4+ He noTpebye KoMIleHcallii
€JIEKTPUYHOTO 3apsny. Lli maTepianu 1o6pe BiloMi CBO€IO CTabiIbHICTIO i MOXXYTh OYTH OZl€P>KaHi METOLOM
TBepAo¢a3HOI peaklii 3a Temmneparyp, gki He nepesuinytoTs 1400°C. Kpim TOro, CupoBUHa, siIKa BUKOPUCTOBYETHCS
17151 ix cuHTe3y, 30Kkpema rnopouku ZnO, MgO Tta TiO2, € 6e3ne4Horo 1J1s1 3T0POB’sl JTI0AUHY Ta IHMPOKOAOCTYIIHOIO.
[Ipote, 17151 NPaKTUYHOTO 3aCTOCYBAHHS Taki JIIOMiHO(OopU NOTPebyIOTh HiaBuieHHs iHTeHcuBHOCTI OJI. Cepef,
($akTopiB, sKi il 06MeEXYIOTb, MO>KHA BKa3aTy (POPMYBAHHS HEOKAaHMX KPUCTAJIUYHUX (a3 Ta yTBOPEHHS Mn2+ i
Mn3+ 3amicTs Mn4+. OcTaHHe BiiOyBa€ThHCS IIPU 3aMillleHHi MaHTraHOM BY3JIOBUX iOHiIB Mg2+ Ta Zn2+ a6o
3MEHIIEHH] 3apsi0BOro CTaHy MaHraHy Ha Micli Ti4+ npu HasIBHOCTI BJIaCHUX TOYKOBUX Ae(EKTiB, HAIPUKJIIAT,
BaKaHCil KUCHIO. MeToI0 IncepTaLiiHOi pOO0TH € BCTAHOBJIEHHS OCOOJIMBOCTEN (POPMYBaHHS Ae(PEKTIB MaHTaHy Ta
YTBOPEHHS KPUCTaJUHUX (a3, a TaKOX iX BIIMBY Ha yepBOHY PJI ioHy Mn4+ B TIOMiHECLIEHTHIll KepaMilli Ha OCHOBI
JIeroBaHMX MaHIAaHOM TMTAHATIB LIMHKY i MarHiio, ofep>kaHUX MeToJoM TBepaodasHoi peakuii. [Ipu nposeneHHi
IOCTiIKeHb B paMKax AucepTaliliHoi poboTH 6ys10 OTPUMAHO HACTYIIHI HAyKOBi pe3ysbTaTu: 1. BcTaHOBIIEHO, 110 B
Kkepamini Zn2TiO4:Mn, BurorosieHin 3 BukopucranHsam TiO2 y ¢asi aHarasy, nepeBakKHO YTBOPIOIOTLCS LIEHTPU
Mn2+, Tozi sIK y 3pa3Kkax, ofiep;KaHux 3 BUkopucranHsam TiO2 y ¢asi pyTuiy, yTBOPIOIOTCS IEPEBAKHO LIEHTPU
Mn4+, mo 3ymoBioe Buuly iHTeHcuBHicTb OJI ioHiB Mn4+. 2. BusinieHo, mo ¢opMyBaHHS KyO6idYHOi KpUCTasiuHOI
¢dazn Zn2TiO4 npu cnikanHi nopoukis ZnO i TiO2 BinbdyBaeTbcs Bxxe npu 800°C i He 3a/1€KATD Bifi KPUCTaIYHOI
¢dasu TiO2, npoTe oCcTaHHA BIUIMBAE HA PO3Mip Ta crikaHHs 3epeH Zn2TiO4 kepamiku. 3. 3apONOHOBAHO Aiarpamy
eHepreTUYHUX PiBHIB LJeHTPYy Mn2+ B leroBaHoMy MaHraHoM Zn2TiO4, B siKiii 36ypkeHi piBHI iony Mn2+
3HAXOMSTbCS Y 30Hi IPOBIAHOCTI, 110 IPU3BOJUTD 10 TIOSIBU B CIIEKTPAX ONTUYHOTO NOIJIMHAHHS cMyTy 11py 400-
550 HM, 3yMOBJI€HOi (POTOIOHI3alitHUM nepexogoM Mn2+/3+. 4. [IpoeMOHCTPOBAHO MOXKJIUBICTb OJlepKaHHS
opHodazHoro jgomiHodopy (ZnxMgl-x)2TiO4:Mn 3 Ky6iuHOI0 KPUCTAJIIYHOIO CTPYKTYpOIo. [TokazaHo, 110 JeryBaHHs
LIJMHKOM J]03BOJIsI€ 3HU3UTHU TEMIIEPATypy CIIiKaHHSI, a TAKOK 3MEHIIMTH KiJIbKiCTb i0HiB Mn2+ y Kepamilii. 5.
BcraHoBseHo, mo 36inbienHs Bmicty MgOy muxTi mominopopis MgTiO3:Mn4+ nepemkomkae yTBOPEHHIO Mn2+ i
cripuse popmyBaHHIO Mn4+ y dasi MgTiO3, mo 103BoJis€e nigBumuTy inTeHcnBHICT 4epBoHOi OJI ioHiB Mn4+.
[IpakTMyHE 3HaYEHHSI OTPMMAHUX PE3YJbTATIB [OJISTa€e B TOMY, 110 B pOOOTI 3aIIPOIIOHOBAHO [IBA CIIOCOOU
IiABUILEHHS iIHTEHCUBHOCTI 4epBOoHOi DJI ioHiB Mn4+ B TuTaHaTax MarHito: (1) CTBOpeHHs TBEPAUX PO3UMHIB
(ZnxMgl-x)2TiO4 (x<0,25) Ta (2) nopaBaHHs HaaUmKy MgO y muxTy. 30Kpema, oKas3aHo, 1o JoMiHO(Op
(Zn0,25Mg0,75)2Ti0O4:Mn4+, ogepxxanuii ipu 1100°C, nemoHCTpye iHTeHCHBHICTh YepBoHOi OJI B 1,2-2 pas3u BuILy,
HDK M@2TiO4:Mn4+, a nopaBanHs Hagauky MgOy muxty MgTiO3 nossosisie B 30-50 pasis nigBuIUTU
inTrencusHicTs yepBoHoi OJI ioHiB Mn4+ y ¢asi MgTiO3. lucepTauiiiHa po6oTa CKIafaeThCsl i3 BCTYIY, 5 po3fi

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, Y3Al5012: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)2Ti0O4: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)2TiO4:Mn4+ sintered at 1100°C exhibits a red PL of intensity 1,2-2 times higher than Mg
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TOJIOBYIOYOrO Ha 3acCiiaHHi

BignosigasnbHuii 3a lli,uI‘OTOBKy [Tonomapenko Banentuna BonogumupiBHa

00JIiKOBUX JOKYMEHTIB

PeecTparop VkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




