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DUNINKO-XUMUNYECKUNE CBONCTBA ®OTO/IFOMNHODOPOB HA OCHOBE NHAATA
NAHTAHA Laln03 IETUIPOBAHHOIO MOHAMMW Dy3+ Ho3+ Sh3+

AHHOTauus. TeepaodasHbIM MeTOAOM NoyyeHbl 06pasLbl hoTontoMmmHodopos La0B_n0BINO3 Lap B_n005In09%9Sh00203
(Ln - Dy3"* Ho34), La090Dy0BH0006In03, La00Dy005H006IN099Sh00203, nccnefoBaHbl UX KpUcTananyeckas CTPyKTypa,
WVK-crnekTpbl NOrNoLLeHUs, TENIOBOE pacluvpeHune, NpoBeAeH KOMMIEKCHbI TEPMUYECKNA aHanmus. YCTaHOB/EHO, YTO BCe
noJly4YeHHble 06pasLibl MHAATOB UMENW KPUCTAINIMYECKYIO CTPYKTYPY OPTOPOMOMYECKN UCKAaXKEHHOrO nepoBckuTa. B 06-
pasuax MHAATOB, CofepXaliuMx WoHbl Sh3h npucyTcTBOBasa MpuMecHas (hasa TBEpAbIX PacTBOPOB Ha ocHoBe LaSbO03.
O6Hapy»XeHo, 4TO NapameTpbl KPUCT/INYECKON PeLLEeTKN UCCNeA0BaHHbIX MHAATOB U3MEHSAKOTCS HE3HAUYMTENbHO 13-3a Ma-
NOTO COAepXaHus NernpyroLwmnx NoHoB. MIK-CrneKTpbl NOr/oLeHNs BCeX MoJlyYeHHbIX 00pa3sLoB MHAATOB OT/IMYAKOTCA He-
3HauuTenbHo ot MIK-cnektpos Laln03. Ha TemnepaTypHbIX 3aBUCUMOCTAX OTHOCUTENIbHOTO YANUHEHWUSA OTCYTCTBYIOT aHo-
Manuu, obycnoBneHHble (asoBbiMK Nepexogamn. KoadhuumeHT cpefHero MHeiHOro TeM0BOr0 pacLUMPeHns cocTaBaseT
(7,26-7,89) « 10 6 K-1. Ha kpuBbIx gndthepeHLManbHON CKaHUPYIOLLEA KanopuMeTpun He 06HapYXXEHO HMKAKWX TEMI0BbLIX
apekToB. O6LLan noTeps Macchl B MHTepBane Temnepatyp 300-1265 K He npesbiwaeT 0,276 mae. %. [NonyyeHHble pesy b-
TaTbl NOKa3bIBAOT, YTO B UHTepBasie TemnepaTyp 400-1100 K nccnefoBaHHbIe MHAATbI ABNAKOTCA TEPMOCTAOU/IbHBIMU, YTO
CBUAETENbCTBYET O MEPCMNEKTUBHOCTM UX NMPAKTUYECKOro NMPMMEHEHMNA B LUMPOKOM UHTepBane pabounx TeMnepatyp.

KnioyeBble coBa: WHAAT naHTaHa, TBEPAbliA pacTBOp, peHTreHodasoBblli aHanu3, VK-cnekTpockonus, TensioBoe
pacLuvpeHue, TepMUYECKUIA aHanms
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PHYSICAL AND CHEMICAL PROPERTIES
OF LalnOj-BASED PHOSPHORS DOPED WITH Dy3+, Ho3+ Sb3+ IONS

Abstract. LaQ"jiftQ"jInOj,LaQ"jO"gjIno"gSh"*QjOj {Ln-Dy3 , Ho3#,La090Dy00SH0(G6E nO3 Laga0DyqBHoGBING%ShGG O3
photoluminescent phosphor samples were obtained by solid-phase synthesis. Their crystal structure, FT-IR spectra and ther-
mal expansion were investigated. Complex thermal analysis was carried out for the named indates. All samples were found to
have orthorhombically distorted perovskite structure. LaSh03-based impurity phase was found in indates containing Sh3+
ions. The lattice parameters for all indates vary slightly due to the small content of doping ions. IR-spectra for all samples in-
vestigated differ slightly from that for Laln03. There were no anomalies caused by phase transitions at temperature depen-
dences of elongation. The coefficient of average linear thermal expansion is (7.26-7.89)T0_6 K-1. The curves obtained by dif-
ferential scanning calorimetry demonstrate no thermal effects. Total weight loss in the temperature range of 300-1265 K does
not exceed 0.276 wt. %. These results indicate that all the indates investigated are thermally stable and they are promising for
practical application in a wide range of operating temperatures.
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BBegeHune. B HacTosLee BPeMS TIOMUHECLEHTHbIE MaTeprasibl UMEIOT LUMPOKOE NPUMEHEHUE, HAanpu-
Mep, B CBETOAMOAAX GEOro CBeTa, AUCMIIESX, PEHTIEHOBCKUX YCUIUTENSX U APYTUX ONTO3/EKTPOHHbIX
ycTpoiicTBax. 3a nocnefHvie 2-3 feCATUETUS Bblan MONYUYEHbI U UCCNEL0BAHbI AECATKMN ThICAY IIOMUHO-
(hopoB, TEM He MeHee, TO/IbKO HECKOMbKO AECATKOB M3 HUX MPUrOAHbI A/ TEXHUYECKOTO MPUMEHEHNUS.
370 06YC/IOBIEHO TEM, YTO MPMW BbIGOPE OMUHOGMOPOB CNEAYET YUUTHIBATL HE TO/IbKO Takue (akTopsl,
KaK 3(PEKTUBHOCTb U LIBET WU3/yUYEHUS, BPEMS 3aTyXaHUs, HO U XUMUYECKYIO N (DU3NYECKYHD CTabusib-
HOCTb, BOCMPOM3BOAMMOCTb CBOICTB MO/TyYaeMbIX MaTEPUANIOB, HA/IMUUNE CbIPbsi, 3KOMOTMYHOCTb U HU3KYHO
cebecTouMocTb [1]. B HacTosLee BPpeMs 3HAUMTENILHO MOBBLICUICA UHTEPEC K UCCNEA0BAHMID ONTUYECKNX
CBOWCTB IOMUHODOPOB Ha ocHoBe Laln03 ¢ KpucTanimueckoli CTPYKTYpoii NepoBCKMUTA, SIEFMPOBAHHbIX
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MOHaMM peflKO3eMesibHbIX 3N1eMeHTOB Pr3*, Sm3+ Eu3t, Tb3~, Ho" 1 noHamu Br", nsnyvarwouinx ceeT B BU-
AUMOW 06/1aCTU, U NOKa3aHa UX NepCcneKkTUBHOCTb 419 U3roTOBNEHWsA CBETOAMOLOB 6enoro ceeta u guc-
nnees C aBTO3NEKTPOHHON aMuccmeit [2-9]. Hamu ycTaHOBMEHO, YTO NPy BBELEHUN B MaTpuULy Ha OCHOBE
nHpata naHTaHa Laln03onTuyeckn aKTUBHbLIX MOHOB pefiKo3eMe/lbHbIX 3n1eMeHToB Dy3’ n Ho3+ nsnyua-
OLLMX XENTbIA 1 3eN1eHbIA CBET COOTBETCTBEHHO, & TaK)Ke MOHOB-CEHCMOWUIN3AaTOPOB Sh3+ MOXHO nony-
YNUTb BbICOKOI((EKTUBHBIA HOTONMOMUHOGOP. 14 TOro 4To6bl He NPOM30LLN0 KOHLEHTPALUOHHOIO TyLUe-
HUA NIOMUHECLLEHLUN, TaKue hOTONFOMUHOOPBI JO/MKHbI COAep>KaTb HEBO0/IbLLIOE KOTIMYECTBO JIETUPYIOLLUX
ONMTUYECKMN aKTUBHBIX MOHOB [10]. OgHako MIK-cneKTpbl MOrnowWweHns, TenioBoe paclumpeHune n TepMmuye-
ckas cTabunbHOCTbL POTONOMUHODOPOB HA OCHOBE MHAaTa laHTaHa Laln03uccnegosaHbl HEAOCTATOUHO.

Llenb HacToswen paboTbl - MCCnefoBaHWE KPUCTAN/IMUYECKOW CTPYKTypbl, MK-cnekTpos norno-
LLEeHMA, TEMMOBOrO pPacllNPeHns, TEPMUYECKON cTabnnbHOCTU POTONOMUHOGOPOB Ha ocHoBe Laln03,
NnernpoBaHHOro noHamu Dy3+ Ho3+ Sh3+

MeToanka skcnepmmeHTa. Mugatbl La09B.n005In0O3, La09B_n005In09gSb00203 (Ln - Dy3+ Ho34),
La090Dy005H0005In03, La090Dy00BHo005IN098Sh00203 nonyyanu TBepAodasHbIM METO40M U3 OKCU-
foB naHTaHa (ba20 3, nHgus (1n20 3), gucnposus (Dy20 3), ronbmua (Ho20 3) n cypbMmbl (Sb20 3). Bee
peakTUBblI UMeNN KBaNMMUKALUI0 «X. 4.». OKCUAbl NaHTaHa, 4UCMPO3NsA 1 rofibMus 6binn npegsapu-
Te/IbHO NpOKaJieHbl B TeYeHMe yaca Ha Bo3fyxe npu Temneparype 1273 K. opoLw Ky OKCUAO0B, B3ATbLIX
B 3aflaHHbIX MOMAPHbIX COOTHOLIEHWAX, CMeWMBaNM U MOMOAN B NNaHeTapHOW menbHuue «Pulveri-
zette 6» ¢ gobaBneHnem ataHona (MaTepuan TUTIed N MeMOLWMX WapoB - Zr02). MoAyYeHHYIO LWUXTY
npeccoBann B TabfeTkn gmameTpom 25 MM M BbICOTOW 5-7 MM K 3aTeM 06XUranm Ha BO3AyXe Mpu
TemnepaTtype 1523 K B TeueHue 6 4 Ha NOAN0XKaX U3 OKcKAa antoMuHusA. MNpu aTom TabneTkn pasHoro
cocTaBa MexXfy co60li He KOHTaKTMpOBanu, a ANf WCKIKYEHUS UX B3aUMOAEWCTBMA C MaTepuanom
NOAN0XKN 00pasubl OTAENANN OT NOAN0XKA TOHKUM 6Y(epHbIM CNOEM LIUXTbl TOFO Xe COCTaBa, 4To
n camu TabneTku. MNocne npeaBapuTenbHOro 06Xura TabneTkn gpobunu, nepemansiBanu, Npeccosanu
B 6pycku gnmHoii 30 MM 1 cedeHnem 55 MM2, KoTopble 06XKuranu npu Temnepatype 1523 K Ha Bo3gyxe
B TeyeHMe 6 Y Ha MOA/I0XKKAX U3 OKCUAA atOMUHUS.

PeHTreHoBCKMWe gudpakrorpammbl nonyyanu Ha gudpakrometrpe D8 ADVANCED ¢upmbl Bruker
c ucnonb3oBaHnem CuKa-n3nyyeHns npu KOMHaTHO TemnepaType B guana3oHe yrios 20 = 20-80°
(war no yrny 20 - 0,03 rpagyca, BblepXKa B KXo Touke 3 €). Ana naeHTUhMKaLMmM NoayYeHHbIX
TBepAblX PacTBOPOB UCMNO/b30BANN CBEAEHUA KapTOTEKU MEXAYHAPOLHOro LeHTpa AnpakLMOHHbIX
fJaHHbIX (ICDD JCPDC). MapameTpbl KpUCTan/M4eckoil CTPYKTYypbl (@, b, C 1 06beM 3nemeHTapHO
Aveiikn V) nonyyeHHbIX TBEPAbIX PACTBOPOB Ha OCHOBe MHAaTa faHTaHa Laln03 6binn onpegeneHsbl
nNpM NOMOLLWM PEHTreHOCTPYKTYpHOro tabnumyHoro npoueccopa (RTP) ¢ Mcnonb3oBaHMEM 3HauYeHUi
MEXMIOCKOCTHbIX PacCTOAHUA 1 nHgekcoB Munnepa gna 12-15 pednekcos. MorpewHocTs B onpeje-
JIeHVW NapameTpoB 3/IEMEHTAPHbIX AYeeK He npesbiwana 0,001 A.

MHhpaKkpacHble CNEKTPbl CUHTE3UPOBAHHbIX UHAATOB B MHTepBase BOMHOBbLIX uncen 250-900 cm-1
3anucelBanu B TabnetupoBaHHbIX ¢ KBr cmecax Ha MK-dypbe cnektpomeTpe NEXUS ¢upmsl THERMO
NICOLET. Macca HaBeCckn uccnefyemoro TBepAoro pactsopa Ha OCHOBE MHAaTa flaHTaHa cocTaBndana
=1 mr - okono 0,1% oT macchl KBr. MorpewHocTb onpegeneHmns 4acToT KoaebaHuii He npesbiwana +2 cv-1.

TennoBoe paclMpeHne Kepammyeckmx obpasLos TBepAblX PacTBOPOB Ha OCHOBE MHAATa NaHTaHa
nccnegosann B uHTepsane temnepatyp 400-1100 K npu nomoLwin KBapLeBoro AusaTtomMerpa Cc BEPTU-
Ka/ibHbIM PacnosioXXeHWeM KBapLEeBOoro TonkaTensd ¢ UHAMKATOPOM MUKPOHHBIM UTM (pblyaxHo-3y6-
YyaTtas MHOroobopoTHas ronoska c LeHoi geneHmsa 0,001 MM B AMHAMUYECKOM PEXUME CO CKOPOCTbIO
HarpesaHusa-oxnaxgeHua 3-5 KMuH-1). Harpes n oxnaxpieHue OCYLLECTBAANN Ha BO3LYyXe B Neuu
anekTpoconpoTusneHusa. O6pasubl NpeacTaBnanu coboi NPAMOYrofbHble Napannenenmnesbl ¢ OCHO-
BaHMeM 5x5 MM2 1 BbicoToil 30 MM. MOrpewHoOCTb ONpeaeneHnsa OTHOCUTENIbHOTO YANUHEHNS 06pas-
uoB He npesbliwana 0,1%. 3HauyeHNs CpeaHEro MMHENHOro KoahduumneHTa TeNOBOro pacwnpeHns (a)
06pa3uLoB paccunMTbiBaAM MPWM NOMOLWM MeTofa HauMeHbLMX KBafpaToB. [1OrpewHoCcTs B onpejene-
HUW a cocTaBnsana 1-5% ang pasnmMuHbiX 06pa3LoB U TEMNEPATYPHbLIX MHTEPBANOB.

KpuBble guddepeHunanbHoin ckaHupyrowen kanopumetpun (OCK), TepmorpaBMMeTpuUyeckoro
M onddepeHymanbHOro TepMorpasmMmeTpuyeckoro aHanusos (T, ATI) cHuManu Ha gepusatorpade
TGA/DSC1/1600 ¢mpmbl METTLER TOLEDO Instruments (LU Beiiuapnsa) B cTaTUHECKOW BO3AYLIHON
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atMocdepe B nHTepsane temnepatyp 300-1265 K ¢ ucnonb3oBaHuem B KayecTBe 3TanoHa Al20 3 npu
NUHEeNHOM peXxmme Harpesa 06pasuoB co ckopocTbio 10 rpaf/mMuH, Macca NOPOLIKOO6pa3HOl HaBECKHK
coctasndana 100-150 wr.

PesynbTaTbl UccnefoBaHUn N NX 06CY>KAeHWE. AHanN3 PEHTIEHOBCKMUX AU PaKTOrpaMm nony-
YyeHHbIX 06pasuos La09%BDy005In03, La095H0005In03, La090Dy005H00051n03 (puc. 1, a, kpusble 1-3)
nokKasas, YTO OHUW ABNAKOTCA OLHOMA3HBIMU U UMEIOT KPUCTaI/INYECKYIO CTPYKTYPY OPTOPOMOBUYECKM
NCKaXEHHOTo nepoBckuTa. lMposegeHHble B paboTe [11] mccnefoBaHWA ABOMHbBIX CUCTEM WHAATOB
Prin03Laln03 NdIn03Laln03 SmIn03Laln03 nokasanu, 4To B HMX 06pasyeTcsi HEMPEepbIBHbIN
pag TBepabix pactBopos, Pr]xLaxin03, Nd]rLaxin03, SmixLaxin03 (0 <x < 1), peHTreHoBCKMe Aund-
pakTorpamMmbl KOTOPbIX UAEHTUYHbI. OTO NOKa3blBaeT, YTO OPTOPOMOMNYECKN UCKAXKEHHbIE CTPYKTYPbI
nepoeckmta nHAatoB Prin03, NdIn03, SmIn03 n Laln03 npuHagnexaTt OAHOW NPOCTPaHCTBEHHOM
rpynne cummeTpuu. B cBs3n ¢ 3TUM B HacToswell paboTe onpegeneHue nHaekcos hkl peHTreHoBCKMX
petheKCcoB MCCNef0BaHHbIX TBEPAbIX pacTBOpPOB Ha ocHoBe Laln03 nposeseHo no hkl cooTBeTcTBY!1O-
WMX peHTreHoBckunx petnekcoB nHgata NdIn03 gns npocTpaHCTBEHHO rpynnbl cummeTpumn PbnT [12].
PaccumTaHHble napaMeTpsbl @, b, C 31eMeHTapHOW AYeiiKn nccnefoBaHHbIX MHAATOB NpMBeAeHbl B TabnJl.
VX aHann3 nokasbiBaeT, YTO napameTpbl &, b, C pasnnuHbIX nccnefoBaHHbIX MHAATOB OT/IMYAKOTCA He-
3HaunTeNnbHO. na BCeX nccneoBaHHbIX 06pasLoB MHAATOB COOTHOLLEHWE BEIMYMH NapaMeTpos a, b, ¢
3NeMeHTapHON SUeiiky onpefensoTCca HepaBeHCTBOM a <c/yl2 <b, KOTOpOe, COrNacHoO NUTepaTypHbIM
faHHbIM [13], BbINnOoNHAETCA U Ana opToepputa ragonnHna GdFe03. Ha peHTreHOBCKUX AU pakTo-
rpammax o6pasuos La095Dy005In09gSh00203, La(geH00j05In 09gSh00203, La0 90D y0j05H0005In09gSh()2203
(puc. 1, a, kpuBble 4-6) KpoMe pedhIeKCOB OCHOBHOI (ha3bl CO CTPYKTYPOI MepOBCKMTA MPUCYTCTBOBAN
He6ONbLLON MHTEHCUBHOCTM pednekc (d= 3,092 A, 20 = 28,85° ans o6pasua La09Dy006In099Sh00203)
nprMMecHo (hasbl. BepoAaTHO, 3TOT pedieKc OTHOCUTCS K (pase TBepAbix pacTeopos LalyDy>Sh1 zInz03,
La”.Ho"Sbj*rnOj, Laj*Dy”*Ho0"SbjIn"Oj Ha ocHoBe coeguHeHns LaSh03 [14], o6pasoBaBINMCH
B X0fe CUHTe3a o06pa3uoB Banosoro coctasa La09%Dy005In09gSh00203, La09%BHo006In09gSb00203,
J-0,90"Y 0,05 ° 0,05 0,98"0,02/ 3'

AHanu3 ocobeHHOCTeN NpoTeKaHMs TBepA0hasHbIX peakLnii mpyn cMHTe3e 06pa3L,0B BaJIoBOr0 cocTaBa
" a095"Y0,05"1098" 0,02 3” Lat8Ho0BIn(0;98Sh0;0203, La090Dy00BH00j)5In()9gSh00203 nokasan, 4To Be-
POATHOCTb 06pa30BaHMA NPOMEXYTOUHbIX coegnHeHnii LaSb03 DySb03, HoSb03u TBepAbIX pacTBOPOB Ha
nx ocHose LalvDyvSb] Jnz0 3 La]\WHo=SblzInz20 3 ba*"3yAlo b/ iw O3 6yfeT 3HaUMTE/IbHO MeHbLLe, YeM
coefuHeHns Laln03 v TBepAbiX pacTBOPOB Ha ero ocHose. CrnefoBaTe/bHO, TaK KakK B 06pasLax BanoBoro
coctaBa La0Dy005In09Sh00203, La09%5H00051n09gSh (@203, LaCaDy0;,05H00;,051n09%9Sh00203 npucyT-
CTBYET /IMLIb HEOO/bLIOE KOMMYECTBO MPUMECHON (hasbl TBEPAbIX pacTBOPOB Ha ocHoBe LaSb03, To nnwb

r, a 6

Puic. 1 PeHTreHoBckue andpaktorpammbl (a), MK-cnektpbl nornoexms (6) nHaatos LaQBDyY35INC)3 (/),
95"°00,06™a3 O ' LaQ 90Dy 0iBHo0j05IN03 (5), LaQigsD y0iosin0 9gSbo 0203 (4), La”cijHo0jInQNgShbQMNOj (6),
1-a090RY0,061100,061M0,98"H0,0208 (6)
Fig. 1 XRD diffractograms (a) and IR-spectra (6) of indates La09Dy005In03 (7), La0%BH00®BIN03 (2),
ba09d3y0 dbl100 (3>"a095My09/1n0983L00203 (4), %BHo(TEIN0¥YSHOO3 (5), La090@Y0.05°0.051M.98™0.02C8 (6)
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He3HauUTeNnbHas LONA B3ATOr0 KosimyecTa MoHoB Dy34, HoJ~ Sb3 6ygeT HaxoguTbCa B MPUMECHON (hase.
Takum 06pa3om, HanMune NPUMECHON (hasbl B 06pasuax, CoAepXawnx MoHbl Sh3+ nnwb He3HauUMTENbHO
yMeHbLUaeT 3aflaHHoe cofepxaHune noHoB Dy34, Ho34, Sh3+ B TBepAbix pacTBopax Ha ocHose Laln03. 3toT
BbIBOZ MOATBEPXAAETCA AaHHbIMW Tabn. 1, aHanM3 KOTOPbIX MOKa3blBaeT, YTO NapaMeTpsl @, b n 0bvem V
3NleMeHTapHOW AYeKN KpUCTanIn4yeckon pelweTkn noyyeHHblx 06pasLoB GpoToNIOMUHOPOPOB Ha OC-
HoBe Laln03, nernposaHHOro noHamu Dy34, Ho34, Sb34, He3HauUUTENbHO MeHbLUe, YeM COOTBETCTBYHO-
LMe napameTpbl KPUCTaNNMYECKOM pelleTKN HenerMpoBaHHOro nHaata naHtaHa Laln03. Takoe He3Ha-
YNTENbHOE YMEHbLIEHWE 3HAYEHWI NapaMeTPOB 3/1EMEHTAPHON SYENMKW KPUCTaN/NYeCcKON peLleTku
TBEp/AbIX PacTBOPOB Ha ocHoBe Laln03 06yCcnoBieHO TeM, YTO NOHHbIV paguyc Sh34 Ha 0,02 A MeHbLie

WOHHOTO paguyca In34(r 3+ =0,92A [15]), a MOHHble paguycbl Dy34 n Ho34 Ha 0,16 n 0,18 A cooT-
BETCTBEHHO MeHblle WOHHOro paguyca La34 (Abast =1,04 A [15]). OT0 noATBep>AaeT, 4To B Npo-

Llecce cuHTe3a obpasyoB 3agaHHoro coctasa La0%BDy0051n098Sh00203, La095H0005In09gSh0-03,

La090Dy005H00051n099Sb00203, noHbl Dy34, Ho34, Sh34 BOLL/IM B OCHOBHOM B KPUCTA/IMYECKYIO PELUETKY
matpuubl Laln03, Ha ocHOBe KOTOPOW M 06pa3oBaHbl 3TV TBEPAbIE PACTBOPbI, U Wb HE3HAYMTENbHAS [0-
Na 0T B3ATOr0 MX KONMMYecTBa BOLIa B NPUMECHYIO (pa3y Ha ocHoBe LaSh03.

Tabamua 1 MapameTpbl a,b, ¢ 1 06beM V 31eMeHTapHOM AYeiiKy, CTeneHb OPTOPOMBNYECKOTO UCKaDKEHUS e
ansa oTtontoMrMHOgopoB Ha ocHoBe Laln03, nermpoBaHHoro noHamy Dy3+, Ho3+, Sb3t+

Table 1 Lattice parameters a, b, ¢, cell volume V and orthorhombic distortion degree e
for LalnOj-based phosphors doped with Dy3+ Ho3+ Sb3+ons

MapameTpbl KPUCTANINYECKOI PELLETKN

Cocras djl,k
a A LA ¢, A KAs E' 102

A 20.95"Y0.05N RS 5,724 5,942 8,233 280,0 381 5,822
A30.95°0.05 1M 5,727 5,940 8,239 280,3 3,72 5,826
LaosoDyo 06Hog 051103 5,727 5,940 8,230 279,9 3,72 5,819
A 20.95°Y0.05N D.99"H0.02R8 5,728 5,940 8,228 280,0 3,70 5,818
A 20.95°0.05D.98V0.02<3 5731 5,935 8,237 280,1 3,56 5,824
A30.90°Y0.05°0.05 10,980,023 5,726 5,934 8,234 279,8 3,63 5,822
Laln0s 5,738 5,953 8,227 281,0 3,75 5,817

3HayeHNsa cTeneHN opTOPOMOBMYECKOTO NCKaXXEHUS CTPYKTYpbl neposckuta e (e = (b- a)/ a) ans
nony4veHHbIX 06pa3L0B Ha OCHOBe MHAATa flaHTaHa, NIerMpoBaHHOro noHamn Dy34, Ho34, Sh34, Takxe
N3MEHSTCA HE3HAYNTENLHO M UX BEIMUYMHbI paBHbl (3,56-3,81)-10~2 (Tabn. 1). MoON0XUTENbHbIV 3HAK
CTENEHN OPTOPOMOMNYECKOTO UCKAXKEHNA OCTAETCA MOCTOAHHLIM.

NK-cnekTpbl MOrMOWeHNS nccnesyembiX UHAATOB (puc. 1, 6) oTamyaroTca Mexay coboli He3Ha-
YnTeNbHO. Ha HUX NPUCYTCTBYHOT MOMOCHI NOrOWEHNS, 06YCNOBNEHHbIE BAIEHTHBIMU KONebaHMAMM
ceaseil In(Sb)-0 (544-551 cm-1, 491-493 cm”) u La(Dy, Ho)-0 (385-397 cm"1 347-357 cm™]).
CnepyeT oTMeTUTb, 4TO Ha NK-cnekTpax NornoweHns HeogHogasHbiX 06pasL,0B BasoBOro cocrasa
~ a0,95°Y0,05"110,98710,0273* ~ a0,95°0,05~110,98°"0,02~3" ~ a0,907Y 0,05200,05"10,98”"0,02”"3 NpuUCyTCTBYIO T
noJiocbl MOT/IOWEeHNs TONbKO TBEPAbIX PacTBOPOB Ha ocHOBe Laln03, a nosocbl NorfoweHnsd npu-
MeCHOW (ha3bl OTCYTCTBYIOT. HacTOTbl N0IOC NOrNOLWEHNS BCEX NONYUYEHHbIX O4HO(Aa3HbIX 1 HEO4HO-
(ha3HbIX 06pa3LoB POTONOMUHOPOPOB HA OCHOBE MHAATA NaHTaHa XOPOLIO COrnacytTCa C JaHHbIMU,
NoNy4YeHHbIMU Ana HenernposaHHoro Laln03 [11]. BeegeHue noHos Sb3 B nHpatel Lag BDy0051n03,
La0%H0005In03, La00DyYy005H0005INO3 npakTUyeckn He 0KasbiBaeT BAUAHMUA HA 3HAYEHUA MUHUMYMOB
MOM0C NOTNOWEHNS BaNeHTHbIX KonebaHnii ceaseit In (Sh)-0 npn 492-493 ¢cm . Mpy 3TOM 4acTOTbl BaseH-
THbIX Kone6aHuii ceaseid In (Sb)-0 npn 544-547 cm-1 yBennumeatoTcs fo 549-551 cM- -, a 4aCTOTbI BafieHT-
HbIX KonebaHwii cesizeli La (Dy, Ho)-0 npu 393-397 cm-1 He3HauMTeNbHO yMeHbLIaTCsA Ao 385-387 cMm-1,
a4acTOoTbl BaNleHTHbIX KofebaHnin npu 347-351 cMm-1 HemMHOro yBenmumsatTcs T¢ 355-357 cm-1.

MonyyeHHble AMNATOMETPUYECKUM METOLOM TeMMnepaTypHble 3aBUCUMOCTU OTHOCUTENbHOIO YA-
nuHeHunsa A///0 kepamunyecknx obpasloB Ha ocHoBe Laln03 nervpoBaH-T: Hamyu Dy3, Ho34, Sb#
(puc. 2), nokasbiBaKOT, YTO B MHTepBane Temnepatyp 400-1100 K oT- : . HT; . -XMUleHue npu no-
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Puc. 2. TemnepatypHble 3aBUCMMOCTW OTHOCUTENbHOIO YA/ IMHeHus ALLDuHaaTos La09BDy005In03 (7),
" a0es5”°0,05MI®3 (2) (a)> La090Dy00BHoCENO3 (7), ba095H00i()5N0988b00203 (2), LatiotDy0 06Ho006in6i988b0I0203 (3) (6)
Fig. 2. Relative elongation A///0vs temperature for indates La09Dy005InO3 (7), La09%BH00051N03 (2) (a);
" a0,90"Y0,05"00,06M &3 (0> ~ a0,95°00,05"0,98"0,02"3 (2), La0li9gDy0i05H00;051n0i9%gSb00203 (2) (6)

BbILLEHUN TEMNEPaTypPbl YBENMYNBAETCS NPAKTUUYECKN NIMHEAHO. DTO YKa3blBaeT Ha OTCYTCTBME B UC-
CNnefoBaHHbIX OfHOMAa3HbIX U HEOAHO(a3HbIX MHAATaX KAKUX-MNB0 (Pa3oBbIX MepexofoB B yKazaHHOM
WUHTepBase Temnepatyp. Mo nony4yeHHbIM TemMnepaTypHbIM 3aBUCMMOCTAM OTHOCUTENIbHOTO YAMHEHNA
Kepamuueckux o6pasLoB C MCMOMIb30BaHWEM MeETOJa HaMMeHbLIUX KBAaApaTOB paccyMTaHbl cpefHue
3Ha4YeHMs KO3IPHULUNEHTOB NMMHENHOTO TEMIOBOIO pacllnpeHmns aTux obpasyos (Tabn. 2). YcTaHOBNEHO,
YTO M3-32 HE3HAUYUTENIbHOr0 cofepXaHus noHos Dv3+ Ho3+ Sb3+ B uccnefoBaHHbIX nHAaTax X Koap-
(hMUMEHTbI IMHEAHOrO TEMIOBOFO PaclUUpPeHNs OTMYAKTCS MeXAY CO000i He3HaYMTeNbHO U UMEKT

3HaveHus (7,26-7,89) « 1(F6 K-1.

Tabmmua 2. KoaththmumeHT MHENHOro TeMI0BOr0 pacLunpeHmns (a), obLve noTepu Maccbl B MHTepBasie TeMnepaTyp
300-1265 K (A/sa06L) 1 noTepu Macebl (Awj, AT 2, AT3) npu TemnepaTtypax Tv T2, '3 c00TBETCTBEHHO
ansa (oToNIOMUHOGOPOB Ha OCHOBe MHAATa NnaHTaHa LalnOs, nermpoBaHHOro noHamu Dy3+, Ho3+ Sh3+

Table 2. Linear thermal expansion coefficient (a), total mass loss in the temperature range of 300-1265 K (Amtotal)

and mass losses {\mv am2, \m 3) at the temperatures Tv Tv T3, respectively, for Laln03-based phosphors doped
with Dv3+, Ho3+, Sb3Hons

CocTas aml6,1CL 4 | oy mac9 DM, Mac% r,K 0T2 mac.% T2k AT3 mac.% T3K
Lang™Pynran03 7,37
~a0,957°0,05"n®3 7,77 0,260 0.105 364 0.106 601
' ' (300-490 K) (490-671 K)
"20,9070,057%0,057M03 7,70 0,276 0,043 384 0,121 602 0,042 883
' ' (368-433 K) (483-685 K) (848-935 K)
~ao.9sH 00 (4 n09SSbn 0203 7,26
720,90"Y0,054°0,05°T10,9870,0273 5 gg 0225 0.055 386 0.114 598
' ' (370-433 K) (483-686 K)

Ha kpusbix ACK (puc. 3) ana uccnegosaHHbix nHgatos La0%BHo0005In03, La090Dy005H 00051003,
La090Dy005H0006IN098Sh00203 oTCyTCTBYHOT TenaoBble ah(PeKThl, UYTO NOATBEPXKAAET BbIBO4 06 OT-
CYTCTBUM NPOTEKaHWA B yKa3aHHbIX 06pasyax B UCCNEeLOBAHHOM WHTepBane TemMnepaTyp Kakux-nnbo
(ha30BbIX Nepexof0B NepBOro Poaa, CAeNlaHHbI HA OCHOBAHUM IMHENHOI0 XapakTepa TemnepaTypHbIX
3aBMCMMOCTEN OTHOCUTENbHOTo yanuHenus A///0 o6pasyos (puc. 2). Ha kpusbix TI, ATF B obnactu
Temnepatyp 300-490 K (I'A, 483-686 K (I'2), 848-935 K ('3 Habnofaetca He3HauymTenbHas noTeps
MaccCbl C OTKNOHEHWEM OT NIMHEWHON 3aBUCUMOCTM, YKa3biBaOLWMNM Ha YBENNYEHUE CKOPOCTM NOTepu
Maccbl, MaKCUMYM BENWYUHbI KOTOPOWA (MUHUMYM Ha KpuBoil ATI) gocTuraercs npu onpepesneH-
HbiX Temnepatypax '? 2, 3. O6wasa noteps mMaccbl B UHTepBane Temnepatyp 300-1265 K ans
BCeX UccnefoBaHHbIX 06pa3LoB cocTaBnseT He 6onee 0,276 mac.%.
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a B B
P, MBT r, Mr P, MBT T,Mr P. MBT T, Mr

Puc. 3. Kpusble ACK (1), TT (2), ATT (5) nHpatos La09%BFlo005In03 (a); LaC9Dy00BH0006INO3 (6);
220,907y 0,054°0,05710,9870,02®3 (B)
Fig. 3. DSC (7), TGA (2) and DTA (3) curves of indates La095H00056In0O3 (a); La00Dy0065H0005In03 (6);
a0,20®y005™ ° 0,05™M098™ 0023 (®

B Tabn. 2 npusegeHbl Temnepatypbl 7], T2, Tbu notepm maccoel (Am”N Am2, AT3), onpegeneH-
Hble N0 KpvBbIM ATE u T COOTBETCTBEHHO AN MUCCNeLOBaHHbIX 06pa3L,0B POTONOMUHODOPOB
Ha OCHOBE MHfAaTa NnaHTaHa, NerMpoBaHHOro noHamm Dy3+ Ho3+ Sb3+ lMony4yeHHble faHHble XO0-
powo cornacyrwTcs C AaHHbIMW TEpMOrpaBMMeETPUYECKOro aHasm3a HellerMpoBaHHOro uHAarta
naHtaHa Laln03, npusegeHHbiMu B paboTte [11].

3ak/ioyeHve. TeepaodasHbiM MeTOAOM W3 COOTBETCTBYHLWMUX OKCUAOB MOAYy4YeHbl 06pasubl
(hOoTONOMUHODOPOB Ha OCHOBe MHAATa naHTaHa Laln03 nernposaHHoro noHamu Dy3+ Ho3+ Sb3+
M3ydeHbl UX KpucTannumyeckas CTpyktypa, WMK-crnekTpbl NOrfoweHus, TennoBoe pacliupeHue,
npoBefeH KOMMJEKCHbIV TepMUYECKUIi aHanums.

YCTaHOB/IEHO, YTO MONYYEHHbIE 06pasLbl MHAATOB UMENN KPUCTaN/IMYECKYIO CTPYKTYPY OPTOPOM-
H6uyeckn uckaxeHHoro neposckuta Tuna GdFe03. O6pasubl UHAATOB, JIETMPOBAHHbLIX OLHWM U3 MOHOB
Dy3*, Ho3+ napamu noHoB Dy3+H 03+, 6611 0gHOGa3HbIMK, a 06pa3Lbl MHAATOB, NErMpPoOBaHHbIX MOHA-
Mun Dy3+Sb3+ Ho3+Sb 3+ Dy3+~H 03+Sh 3t cogepxanu npumecHyto ¢asy LaSb03. NokasaHo, 4yTo napa-
MeTpbl 3IEMEHTAPHOW fUENKN KPUCTaNIMUeCKOW pelleTKy nccnefoBaHHbIX 06pasyoB NHAATOB OTaMYa-
IOTCA He3HauYMTe/lbHO OT COOTBETCTBYIOLWMX MapameTpOB HeflerMpoBaHHOro uMHAata naHTaHa Laln03.
YCTaHOBMIEHO, YTO Ha WK-crnekTpax NpMCYTCTBYHOT NOJMIOCHI NOT/OLLEHNSA, 06YCNOB/IEHHbIE BANEHTHbI-
Mu kKonebaHmamu ceasein In (Sb)-0 n La (Dy, Ho)-0, a MMHUMYMbI MOMOC MOFNOWEHNS 415 Pa3HbIX
COCTaBOB OT/IMYAKOTCA MeXAy Cco60i He3HaumTenbHO. okasaHo, 4TO Ha MK-cnekTpax MOrnoweHus
HeofHOMa3HbIX 06pa3uoB Banosoro cocrasa La095Dy005In099Sh00203, La09%5H00051n09%Sh00203,
La090Dy00Ho00BIN09%Sh00203 NpUCcyTCTBYIOT NOSIOCHI NOr/IOLWEHNS TO/bKO TBEPAbIX pacTBOPOB Ha OC-
HoBe Laln03, a nosiockl NOrIOWEHNS NPUMECHO (Pa3bl OTCYTCTBYHOT. Y CTaHOB/IEHHAs TepMuyeckas cTa-
6UNBHOCTb POTONOMUHOGOPOB HA OCHOBE UHAATA NaHTaHa, J/IermpoBaHHOro noHamu Dy3Y Ho3+ Sb3+ n oT-
CYTCTBME B HUX B MHTepBase Temnepatyp 400-1100 K (ha30BbIX NepexofoB NepBoro poja CBUAETENbCTBYOT
0 NepCrneKTUBHOCTM UX MPAKTUYECKOro NMPUMEHEHUA B LUMPOKOM UHTepBane paboumx Temneparyp.
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