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JJIOMHUHO®POPHI KPACHOI'O U 3EJIEHOI'O CBEYEHUSA HA OCHOBE

OKCHUIHOM CTEKJIOKEPAMMKHU, AKTUBUPOBAHHON NOHAMM
Eu® U Tb*
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Epemuna Huna CtenaHoBHa, KaH[. XMM. HayK, CT. Hay4. cOTp. Hay4Ho-HccIe10BaTeILCKO# J1Tab0paTopruu
XUMUH PEIKO3EMENbHBIX 3J1eMeHTOB, HanoHanbHbINA ncciaenoBaTeabCKkuii TOMCKUN TOCy1apCTBEHHBII
yauBepcutet, 634050, Poceus, r. Tomck, p. Jlenuna, 36, E-mail: n_ereminabl@mail.ru

Pa3paboTka HOBBIX JIIOMHHECLEHTHBIX MaTEepUalioB, MEPCICKTUBHBIX [UIsl HCIOJB30BaHHS B HCTOYHHMKAX CBETA,
ycTpoicTBax 0TOOpakeHUs: HHPOPMALMK M APYTUX MPUOOpax SBISETCS OJHOM M3 aKTyalbHBIX 33/1a4 COBPEMEHHOTO
MarepHanoBeieHus. B mociiensee BpeMst 00JIbIIOe BHUMAHHE YIEISACTCS JFOMHUHECICHTHBIM CTEKIOKPHCTAITHYSCKIM
MarepuanaM, KOTOPBIC COYETaroT (YHKIHOHAIBHBIE CBOICTBa KPHUCTAJUIMTOB, 3aKIIOYCHHBIX B CTEKIOOOpa3HON
MaTpule, C TEXHOJOTMYECKHMMH IpEeHMYIecTBaMHd CHHTe3a cTekojl. Hawmbornee pacnpocTpaHEHHBIM CHOCOOOM
MOJYYEHHsT KOMIIO3UTOB SIBIISIETCS OTXKHI CTEKJIOOOpa3HbIX O00pa3loB C BBEJEHHEM B paciulaB  3apaHee
CHHTE3MPOBAHHONH MEIKOIUCIEPCHON KpucTaumdeckoil (aspl, obmanmaromedl TpeOyeMmbIMH (HYHKIIMOHAIHHBIMHU
XapaKTCPpUCTUKAMH W TMO3BOJIAIONINM CHUHTEC3UPOBATH 06pa3um, OTIIMYaroIIuecsa TOHKOM 3€PHUCTOCTHIO, OTCYTCTBUEM
op u JAe(exToB.

[Ipencrapnser nHTEpEC U3yUIEHUE TPYIIIBI CIOKHBIX OKCHIHBIX COSTMHEHHH C peAKO3eMeIbHBIMU dieMeHTamu (P339) —
TPOHHBIX MOJHUOIATOB, KPUCTAUIM3YIOMUXCA B CTPYKType THIIAa HACHKOH, mIeequT. Hammdme Tpex KaTHOHOB B
CTPYKTYpHOM THIIE JaeT BO3MOXHOCTb HE TOJIBKO 3aJaBaTh, HO U TOHKO H3MEHATh (U3NKO-XMMHUUYECKHE
xapakTepucTuKu. [1ocTOSHHO BO3pacTaromMii MHTEPEC K MCIIOJIb30BAHMIO CIIOXKHBIX MOJIMOIATOB B AJICKTPOHHOH H
JIa3epHOM TEXHHKE OOYCIOBIEH COYETaHHEM Yy HHUX TEPMHYECKOHW W XHMHYECKOH YCTOWYMBOCTH, HH3KOTO
K03(h(pUIKEHTa TEPMUUECKOTO PACIINPEHHS], BHICOKOH HOHHOHN NMPOBOAUMOCTBIO.

HaubGonee mnopxomsmmmu marpuiamu aiust P3D gBistioTcst cTekia, coiepskalife OKCHIbl TSDKENIBIX METajluloB, B
yactHocTH Bi,03, LU,O3. Takue crtekna o01agaroT BHICOKMMH 3HAYEHUSIMH IUIOTHOCTH, IOKa3aTens IPeIOMIICHUS,
[IMPOKON 00J1aCThI0 Tpo3pauyHocTh B BuauMoM u MK-guanazonax. Crekna Ha ocHoBe B,03,Si0,, OKCHIOB MIETOYHO-
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3eMEJNIBHBIX M PEAKO3EMEJIbHBIX AJIEMEHTOB XapaKTePH3YIOTCS IIUPOKMMH OOJNACTAMHU CTEKIO00pa30BaHMS M HUMEIOT
HHU3KHUE TeMIlepaTyphl CHHTe3a. BMecTe ¢ TeM, OHM 00J1aJaf0T BEICOKOI MEXaHMYECKOH U XUMHYECKOH CTaOHIBHOCTBIO,
XapaKkTepHO# 1yt okcuos [1, 2].

Llenpro paboOTHI SBUIIOCH IOJTYYEHHE CTEKIIOKEPAMHUKH Ha OCHOBE OOPOCHJIMKATHOI'O CTEKJIa W TPOMHOro Moaubdnara
NaMgz;Sc(MoOy)s, terupoBaHHOTO Eu®*, Tb*, u uccneoBanne nx MOMHHECIIEHTHBIX CBOWCTB.

OCHOBHBIE METOABI HCCIEAOBaHWA: peHTreHoda3oBslii  aHamm3z (PDA), muddepeHmmantsHO-CKaHUPYIOMAs
kanopumetpus (JICK), cmekrpambHO-TIOMHHECHEHTHBIN aHanmu3. B Xone BBRIMONHEHWS MaHHOW PaOOTHI IOTyYCHBI
TOMHUHO(OPHI, 00Naatonre Y3PPEKTHBHON KPACHOH U 3€JIEHON JIIOMUHECTICHITHEH.

KaroueBble ciioBa: OKCHIHAS CTEKIOKEPAMUKa, JIIOMUHO(OPEI, HOHBI eBPOIHS, TePOHS.

RED AND GREEN PHOSPHORS BASED ON OXIDE GLASS-CERAMICS
DOPED WITH Eu® AND Tb*

Seseg Yu. Tsyretarova, postgraduate student, Baikal Institute of Nature Management
Siberian branch of the Russian Academy of sciences, 6, Sakhyanovoy Street, Ulan-Ude, 670047, Russia,
E-mail.ru: tsyretarova@inbox.ru
Nina M. Kozhevnikova, D.Sc., Professor, Leading Researcher of Laboratory of oxide systems, Baikal
Institute of Nature Management Siberian branch of the Russian Academy of sciences, 6, Sakhyanovoy
Street, Ulan-Ude, 670047, Russia, E-mail.ru: nicas@binm.bscnet.ru
Nina S. Eremina, Ph.D., Senior Research of Fellow Research Laboratory of chemistry of rare earth
elements, National Research Tomsk State University, 36, Lenina Avenue, Tomsk, 634050,
Russia, E-mail: n_eremina51@mail.ru

Development of new fluorescent materials are promising for use in light sources, display devices and other devices is
one of the urgent tasks of modern materials. Recently, much attention is paid to the luminescent glass ceramic materials
that combine the functional properties of the crystallites enclosed in a glassy matrix with the technological advantages
of the synthesis of glasses. The most common method of producing composites is a joke vitreous samples with the
introduction of the melt pre-synthesized fine crystalline phase having the desired functional characteristics and allows to
synthesize samples differing fine grit, lack of pores and defects.

Is interesting to study a group of complex oxide compounds with rare earth elements (REE) — triple molybdates,
crystallizing in the structure type nasikon, scheelite. The presence of three cations in a structural type not only allows to
set, but subtly alter the physico-chemical characteristics. Growing interest in the use of sophisticated electronic and
molybdates in laser technology have caused a combination of thermal and chemical stability, low coefficient of thermal
expansion, high ionic conductivity.

The most suitable matrix for REE are glasses containing heavy metal oxides, such as Bi,O3, Lu,O3. These glasses have
high values of density, refractive index, a broad area of transparency in the visible and infrared ranges. Based glass
B,0s, SiO,, oxides of alkaline earth and rare earth elements characterized by wide fields of glass and have a low
synthesis temperature. However, they have high mechanical and chemical stability, characteristic of oxide [1, 2].

The main aim of the work was to obtain glass-ceramics based on borosilicate glass and triple molybdate
NaMg,;Sc(MoO,)s doped with Eu**, Tb*" and the study of their luminescence properties.

Basic research methods: X-ray diffraction (XRD), differential scanning calorimetry (DSC), the spectral-luminescent
analysis. In the course of this work were obtained phosphors that have efficient red and green luminescence.

Key words: oxide glass ceramics, phosphors, europium ions, terbium.

B pabote ucmons3oBaHo cTekio coctaBa (Macc.%) 8SiO,, 20B,03, 5Lu,03, 31Bi,03, 36Zn0.
JUis TmodydeHus CTekjia NpUMEHsIN cooTBeTcTBytomue okcuasl u HiBOs;. Cuntes crexon
MPOBOJIMIIA B 3aKPBITBIX KEpaMHUUYECKMX THUTJSX B uHTepBase Ttemmeparyp 400-850 °C ¢
romoreHu3zanueil uepes kaxzaple 10-20 u. Bo wu30exaHue moTepp NpH pasiokKeHUH OOpHOU
KHCIIOTBI, IIUXTY MpeaBapuTenbHo oTxuranud npu 250 °C B teuenue 5 4. Jlng oOecnedeHus
TOMOTEHHOCTH paciuiaB  BbiiepkuBad npu 850 °C B Tewenme 3 u. OOpasibl CTEKOIN
nononHutenbHo oTxkurany npu 300 °C (40 4.) 1is CHATHS HaIPSKEHUH.

Kpucrannuueckoil (azoif, BBeAeHHOW B MaTpHUIly CTEKJa, SBISETCS TPOWHOM Moiubaat
NaMgs;Sc(M0Qy)s, mpuHamiexanmii K HOBOMY CTPYKTYPHOMY THIY M KPHCTAJUTU3YIOLIHICS B
TPUKIMHHON cunronmu (np.rp. P1, Z=6). HcxomHbIMM KOMIOHEHTaMH [Jisi CHHTE3a
NaMgsSc(M0QOy)s cayxminu npeaBapUTEIbHO TONYyYSHHBIE TBEpAO(pa3HbIM CIIOCOOOM CpeIHUE
monuoaater Na,M0O4, MgMoO,, Sc(M00,)s u3 Na,COz, MgO, Sc,03 u MoO3; B unTepBaie
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temmnepatyp 400-650 °C ¢ MHOTOKpaTHBIMH TPOMEXYTOYHBIMH TIEPETHPAHUSIMU B Cpefie
stuioBoro coupra. Oxcunsl EU,O3 u ThsO7 BBOAMIM B TpOiHON MOAMOAAT ¢ KOHIEHTpaIMen
1-6 moin. %. Ucnonb3yeMbie B paboTe peakTUBbI UMENU KBATU(PUKALUIO «X.U», «4.1.d.», OKCHIbI
P33 — «oc.4.» ¢ cogepx’anuemM oCHOBHOTO KoMItoHeHTa 99,99%.

Jns  monydeHus — CTEKJIOKEpaMUKH  CMEIIMBald  aKTMBUPOBaHHYIO HoHamu P30
KPUCTATMYECKYI0 (a3sy €O CTEKJIOM B COOTHONIEHWH OJUH K OJHOMY, 3aTeéM IPOBOIMIU
TEPMUYECKUIA OTXKUT B TpeX TemmneparypHbix nHTrepBaiax 400-500, 600—700, 800—900 °C.

ITo nanabiM P®DA momyueHusiii oOpaser;y NaMQsSc(MoO,)s siBiseTcst oaHO(a3HBIM |
u30CTpyKTypeH TtpoiiHomy Mmoiaubaary NaMgsIn(MoOy)s, cTpykTypa KOTOpOro mpeiCTaBiseT
coboit TpexmepHbIid kapkac u3 MoOs—TerpasapoB u Mg(In)Os—oxTasapos. B kapkace oOpa3yrorcs
3aMKHYTBIE JOCTATOYHO KPYIIHBIE MOJIOCTH, B KOTOPBIX pa3MmeriaioTcs atoMbl Na. Atomel Mg u In
CTAaTHCTUYECKU PACIPEICIICHBI 10 4 OKTa3IpUYeCKUM MO3UIUsIM. OTIUIUTEIHLHON YepTOl JaHHON
CTPYKTYphlI SIBJISIETCSI HalWyue (ParMeHTOB U3 CABOEHHBIX OKTadApOB U YETHIPEX OKTadIPOB,
00pa3ylomux IUIOCKYI0 TPYNNy — IUIOCKUN dYeTbipexyroibHuK [3]. IlapameTpbl areMeHTapHOR
seliku ObUTM OMpEIENeHbl ¢ MOMOMLIBI0 nporpammbl «Pentren»: a = 6,949(2) 1{ b =17,588(5) A;
¢ =6,859(1) A. IlmaBurca NaMgsSc(MoO,)s uukonrpysutHo npu 960 °C, He mnpeTeprepas
MOJIMMOP(HBIX MTPEBPALICHHH.

Jlis  CUHTE3MpPOBAaHHBIX  00pa3loB  ObUIM  K3MEPEHBl  CHEKTPHl  BO3OYXKICHHS
doromomunectennmn (DJI) u criekTpsl POTOTFOMUHECIICHITUH.

Cnektpel  Bo30yxknaenus @OJI crexkimokepaMuKH, JIETUPOBAHHON Eu®, cocrost u3
KOPOTKOBOJIHOBOM I0OJIOCHI, MPUPOJY KOTOpPOil aBTOpbl paboThl [4] OOBACHSAIOT HEPEXOJIOM C
MEPEeHOCOM 3apsiia OT HMOHA KHUCIOpoAa K HMOHY eBpomus, u mojoc B obmactu 350-500 HwM,
CBSI3aHHBIX C BHyTpUKOH(purypanuonusimMu f—f nepexonamu nona Eu. Ilpu Bo30yxaeHnn oopasuos
U3IIy4EHUEM C JUTMHON BOJIHBI 394 HM B crieKTpax (OTOITIOMUHECIICHIIUN CTEKOJ HAOMI01aeTCs MSTh
Y3KHX I10JIOC, KOTOPBIC SBIISIOTCS THITMYHBIMU JUTsI COOCTBEHHOW JTFOMUHECIICHIIMH MOHOB €BPOIIHS,
U COOTBETCTBYIOT M3IIydaTeIbHBIM MEPEX0aaM *Do—'F; (J=0,1, 2, 3, 4). Haubonee HHTEHCUBHAS
®JI, oOyciioBIEeHHAs IEPEXOIOM 5D0—>7F2, HaOJrOaeTCsl B KPaCHOM 00JIacTH Ha JJIMHE BOJIHEI 614
HM.

B cnextpax Bo3Oyxaenust ®JI o6pa3oB CTEKIOKEpaMUKH, JIETUPOBAHHON OKCHUIOM TepOus,
UMeeTCsl UIMpPOKas KOPOTKOBOJTHOBAsl MOJIOCA, KOTOpask MOKET OBbITh OOYyCIOBIIEHA MEPEHOCOM
SHEpruu BO30YXJeHUs K HoHy TepOus [5]. IIpu Bo3OyxaeHun oOpa3loB U3IYyYEHHEM C JJTUHOU
BostHBI 358 HM B cniekTpe DJI HabmogaroTest XapakTepHble sl HOHA Tb** momocst ¢ MaKCUMyMaMu
Ha 490, 548, 620, 650, 685, HM, 00yCJIOBIIEHHBIE MEPEXOIAMH C HUKHETO BO30YKIEHHOTO YPOBHS
°D, Ha YPOBHU 7Fj.(j =6,5, 4, 3, 2). Haubonee nHTEHCUBHAS MOJI0Ca UMEET MAKCUMYM Ha 548 HM U
o0ecrnieurBaeT OCHOBHOM BKJIa/l B IPKYIO 3€JIEHYIO JTIOMUHECIIEHIINIO 3TOT0 HOHA.

Takum o0pazoM, MeToAoM TBepAOo(a3HBIX peaKklUUid CHHTE3UPOBAH TPOMHON MOIHOIAT
NaMgsSc(MoO,)s, nermposanmsii nonamu EU®* u Tbh®*. Ha ero ocmoBe ¢ moGasieHmeMm
OOpPOCHJIMKATHOTO  CTEeKJa TMONlydeHa JIOMUHECHEHTHas  CTEKJIOKepaMuKa, oOiajgaromias
WHTEHCUBHOU (POTOTFOMHUHECIICHIINEH B KPACHOM U 3€JICHON 00JIacTH CIIEKTpa.

Ilo0oepoicka 0annozo npoexma oCywecmenena 6 pamkax 01a20meopumenvHol 0esimelbHOCU, Ha cpedcmad,
npedocmasnennvie @ondom Muxauna [Ipoxoposa
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PREPARATION OF VANADIUM-DOPED TITANIUM DIOXIDE NEUTRAL
SOL AND ITS PHOTOCATALYTIC APPLICATIONS UNDER LIGHT
IRRADIATION
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32001, Taiwan, E-mail: ywchen@cc.ncu.edu.tw
Jyh-Ying Chang and Benjawan Moongraksathum, students of Chemical Engineering Department,
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A sol-gel method was used to prepare V-doped TiO, sol. The sols with various contents of V were used to prepared thin
films on glass substrate by dip-coating method. The as-prepared samples were characterized by X-ray diffraction,
scanning electron microscope, transmission electron microscope, high resolution transmission electron microscope
(HRTEM), and UV-vis spectroscopy. The photocatalytic activities of the V-TiO, thin films were investigated by the
degradation of methylene blue under UV light irradiation. The as-prepared V-TiO, sol was neutral and showed high
stability of nanoparticles suspended in the sol without any surfactant. The shape of particle was rhombus, and possessed
high aspect ratio. In addition, the obtained V-TiO, particles were in anatase and nanoscale, so they do not need
annealing process to form crystals after coating on the substrate. V doping can produce more photogenerated electrons
and holes, which improved the photocatalytic activity. However, overdoes V in TiO, would lead to form the
recombination centers as well. The optimum NH,VO,/TiO, weight ratio in starting materials was 3%.

Key words: sol-gel growth, thin films, nano-structure, coatings, semiconductor.

Introduction

Heterogeneous photocatalysts has been applied extensively on various kinds of application.
TiO,, with energy gap of 3.2 eV (anatase phase) is the most widely studied photocatalytic materials
because of its strong oxidizing abilities, stability, nontoxicity, and low cost. However, TiO, displays
its photoactivity only under ultraviolet (UV) light irradiation with its wide band-gap of TiO, (3.2
eV) which means that it can be stimulated only by the wavelength below 388 nm. As a result, only
about 3-5% of solar energy on the earth’s surface can be utilized and is therefore limit the practical
applications.’ Liu et al.? dried the as-prepared sols to obtained V-doped TiO, powders, which had
problems related to separation and aggregation. Since TiO, powder has problems of separation and
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