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CalherioluTtine8cenee properiie» oF oxMe anri Abloririe eeratie» «ynihesireri
in Ihe AeM oF high-enerpy eieciron» Aux

Traniiionaiiy, lhe 3ynihesi3 orireiraciory cerawics i3 a cotpiex ani lite-consuwing process. 8owe liTe afo,
ane”, Tuch iasier Teihoit “a3 proposeit — lhe Teiholi ori3ynihesis oriintinesceni ceraTic3 in ihe [ieiii oria
po”erini inx orihi§h-ener8y eiecirons. In ihe 3ynihesi3 oriTniiicoTponeni oxiite phosphors, ii i3 Noi an easy
ia3k io ieiertine ihe epenitencies oriihe properiies oriihe reswiiing Taieriai on ihe coTposiiion oriihe ra”
Tixiure anii ihe Toiies oriihe 3ynihesis process. In ihi3 regarii, ii 3eeT3 iogicai io 3inidy ihe properiies ori ce-
ratics Tave by raiiiaiion 3ynihesiz irot 3iTpie oxiiie3, “hich are cotponenis oritore cofpiex phosphors.
An inyesiigaiion oriihe 3pecirai anii kineiic paiieT3 oricaihoiioinTinescence oriceratic 3aTpigs oriTeiai 0x-
iie3 (0ad®3 AiD 3 Y2 3 anii inoriiie3 (MaF2 BaF2) obiaineii by raitiaiion 3ynihe3ig Tetheii a3 carrieli
omi. The paper preseni3 an anaiy3i3 oriihe caihoioinTtinescence 3pecira oriihe 3iuiiiéii 3afpie3 Hih ihe aiio-
caiion ori eieteniary banis, concivsions abowi ihe iynatic3 ori inTinescence iecay areraie. The obiainei
reswiiz are cotparei Tih ihe knoten iaia on 3ingie crysiai 3aTpies. li i3 3hoAmik@i, mniike oxiie ceraTics,
ihe 3pecirai characierisiic3 ori MaF2ani BaF2ceratic 3atpie3 3ho” gooi dkeetemi Teiih ihe iaia on 3ingie
cryzsiai3 oriihese coTpounis.

Keytoorg3: oxiie cerarics, inoriie cerarics, caihoiointinescence, Railaliof 3ynihesis, 3pecira, iiTe resoiu-
iion, 0aD 3AIND3 YD 3

Iniroéunciion

YAO cerartic3 Toiih aciiyaiors i3 a proTi3ing Taierdai, inciniing har we a3 phosphor3 har bbB3. The
3ynihesi3 of reiiraciory cerartic3 i3 a coTpiex afi iiwe-con8nwing process. 8oTe iiTe apgo, in ihe Toorks o”
Y .M. biziizyn [1, 2], anoiher, Tuch riasier Te%h,0'% T0a3 propo3sei — ihe Teihoi 0" 3ynihesiz o” luwine8cenl;
ceraTics inihe Fieii 0™ a poToerini hi§h-emers8y, eieciron riiux. The 3aTpie3s riorihi3 Toork Tcere 3ynihesirei by
iireci exposure of ihe rato Taieriai3s ioj@neieciron beat Toiih an ener8y o™ 1.4 MeY ani a potoer ien3iiy o"
20k~ /cT2 inihe Toie o”3cannin8seigcingn beat. Each 3eciion o”Mihe 3uriace o”ihe 3ynihe3sirei subsiances
Toa3 expo3ei io a raiiaiion beat Mag@boni 1 8 The ioiai expo3ure iite o”ihe 3uppiiei eieciron beart io ihe
crucibie 1oas 10 8. The bbY-Byacceieraior ai ihe Insiiinie o™ Kuciear Physic3 o”ihe 8iberian Branch o” ihe
Kwu3ssian AcaieTy o” 8ciencesyoag nsei ior 3ynihesis [1].

The 3ynihesiz o%oxileycenaTtics using a inniawenially neto iechnoio8y reguires a cotprehensiye 3iniy
of ihe properiies o~ihi3€RaTic. In ihe 3ynihesiz o*"TuhicoTponeni oxiie phosphors, ii i3 noi an ea3y iask io
ieiertine ihe iepenienciesd o”ihe properiies o™ihe resuiiing Taieriai on ihe coTposiiion o”ihe raro Tixiure
ani ihe Toie3 of ihe 3ynihesis process. In ihi3 regari, ii 3eeT3 iofgicai io 3iniy ihe properiie3 o™ cerarics
Taie by raiiaiion 3ynihesis irot 3iTpie oxiie3, Tohich are cotponeni3z o®tore cotpiex pho3phors. The
purpose o” ihi3 Toork i3 io 3iniy ihe 3pecirai ani kineiic paiierns o” caihoiointinescence (Cb) o” cerartic
3aTpie3 oM Teiai oxiie3 ani riinoriies obiainei by raiiaiion 3ynihesi3 Teihoi ani coTtpare ihe resuiis ob-
iainei Toiih knoton iaia on 8ingie crysiai 3aTpies.

ExperiTeniai

CerarTic 3aTpie3 o*Teiai oxiie3 (0a20 3, Ai203 Y20 3), inciniing iho3e Toiih an aitixinre o” 0.5 10i.%
Ce20 3 ani Teiai WMuoriies (M§F2Baf2) synihesirei by ihe raiiaiion Teihoi Toere usei rior research [1]. li
3howuii be noiei ihai ihe 3aTpie3 o” oxiie ceraTic3 oblainei by raiiaiion 3ynihesi3, nniike Tonocrysiaiiine
3aTpies, are Techanicaiiy £raSiie §iassy £orwaiion8. ~hereas ihe 8iren§ih of Muoriie ceraTic 3aTpies i3
3i8nicanliy higher ani coTparabie io Tonocry3siaiiine 3aTpies.

Cb o”ihe 3aTpie3 T0a3 exciiei by an eieciron beart Toiih a inraiion i12= 10 n3, an ayera8e eieciron en-
er8y in a puise o™ 250 keY ani an energy iensiiy o” 0.05 I/c12. Mea3ureTenis o”ihe 3pecirai ani kineiic
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bECKOY "K6030/1 o3ciiiozcope Toiih a liwe resoiniion of 7 ns.
Kesnh3s ané dixewxion

1. 8pec(ra ané kinerica 0/Ca203 Cb

The 3pecirnw of Oa2063 Cb, recoriieid a! lhe liwe of lhe waxiwwnw of lhe Inwinescence ash, i3 repre-
3enieil by a Toble banii in Ihe region of 2.5 — 4 eY 7oiih a waxiwwnw of abou! 3.4 eY. Figure 1 3hoto3 lhe
3peciruw laken a! lhe wowen! of lhe waxiwwnw Inwinescence puise anii 200 n3 aiter. The lype of lhe Cb rie-
cay curye al! 3.44 e¥Y i3 shoton in Figure 2. M can be 3een Iha! Ihe iiecay of Oa203 Cb occurs accoriting 1o a
non-eieweniary iato. The curye has a Fa3! exponeniiai cowponen! Toiih a characierisiic iiecay liwe of 40 w, a3
Toeii a3 a 3ioTo hyperboiic one:

Phoion ener8y, e\/ Tite, u3

Figure 1. Cb kpeciruw of Ca203 kawpie: 1— laken ai Figure 2. becay curye of£ Ca203Cb ai 3.44 eY.
awpiiiniie yaive of a puike, 2 — in 200¢M8!

The 3pecirnw of lhe Fa3! cowponend obiainein £row lhe loiai 3pecirnw (Fig. 3) can be riecowpo3seri inio
IToo Oaunssian baniiz peaking a! 3.05 an# 3.45 eY Toiih a Toiitih of 0.47 eY. Banri3 siwiiar in posiiion Toere
obseryein by lhe anihors of [8] il 3imgi€ crysiaiz of P-Oa203 uniier coniinnons eieciron irraniaiion anii Toere
as3ociaiei Toiih Ihe inwinescence ofF poin! rie&cis.

2 2,5 3 35 4

Phoion ener8y, e\/

Figure 3. 8peclruw of a 1a8l cowponeni of Ca203Cb iiecay.
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2. 8pec(ra ané kineric3 0/A120 3Cb

N3 &r ihe 1203 cerawic 3awpies, iheir 3pecirai anit kineiic paraweier3 are RiiTicuii io reconciie Toiih
ihe aia on 8in8le crysiai3. buring ihe 3iniiy, Toe weasureit ihe Cb 3pecira of A120 3 anit A120 3: Ce 0.5 %
3awpies inihe ran8e of 1.3 — 5.3 eY. A3 can be 3een £row ihe iiaia in FiSure 4, ihe wo3i inien3e §loto i3 ob-
3eryeli in ihe WY re8ion anii represenis a Toble banii. bleweniary banii3 Toiih peaks ai aboni 5 eY anri 4.3 ey
can be riisiinguisheri in ii, anit in 8awple3 Toiih an aiwixinre of Ce20 3, an aniiiional banii appears ai 3.4 eY.
The banii ai 4.3 eY T0a3 preyionsly obseryeit iuring irraiiaiion oF a-A120 31oiih heayy ion3 [4], bui ii3 naiure
has noi been clearly iieierwineii. M has been 8u§§esieii ihai itilFu8ion-conirolleit unnel recowbinaiion of §elf-
irappeit hole i3 possible.

Figure 4. Cb kpecira of A12 3 (1) anin A1 3: Ce 0,5/%(2) 8aTples§.

3. 8pec(ra ané kineHc3 0/Y 20 3Cb

The 8peciral anri kineiic characierisiica of Y 20 3anin Y2083 Taiih Ihe aniiiiion of 0.5 10! % Ce20 3Cb Toere
Teasureii. In §eneral, iheir 3pecira, re§isiereii by ihe atpliiuiie Yalue§ of ihe Nash, are siTilar (see Fi§nre§ 5
ani 6) anri represeni a Toiie banri in ihe re§ion of 25 — 45 €Y, hotoeyer, ihe 8loto of Y 20 31oiih cerinT ite-
cay3 Tuch Fasier. By ihe iiTe 500 n3 aiier ihe Tax ifu 14 ofF ihe Cb pulse, ihe iniensiiy yalne§ are 30 §tall
ihai ihey coubl noi be re8isiereii (Figto 6, curye 2). The 3pecira of ihe 8loto anii lasi riecay cotponenis of ihe
Y 20 38aTtple Cb can be iiescribeii Toell by bariag Teiih parateiers Etax=2.92 eY, FA*HM = 0.86 eY anin ETax
=35eY,FA*HM = 0.89 eV, respeciiyelyflnihe Cb 3pecirut ofihe Y20 3: Ce §atple ihere i3 only a banri ai
3.5 eY TeiihFAHM = 0.89 eYy.

1 8honlit al3o be noieii ihai ihegimien3iiy of ihe eTission of Ihe §aTple coniaining ceriut Toaz Tore ihan
10 iiTe3 lortoer ihan ihai of ihe 8aTpd€ Toiihoni cerint. Thai i3, ihe liopin8 of Y 20 31oiih ceriuTt leiiio a 8en-
eral ecrease in ihe yiebl of @bl.ani a riecrease in ihe coniribuiion of relaiiyely lon§ processes as3ociaiei
Toiih ihe conyersion of exciialign enersy.

Figure 5. Cb kpeciraoinY20 3. 1 — iaken by atplUwurie Figure 6. Cb kpecirao£ Y20 3: Ce 0,5 %. 1— laken
yalue§ oina pul8e, 2 — in 500 n§, 3 — kpecirut of a 1a8l by atplUwniie yalve§ oiia pul8e, 2 — in 500 n§,
cotponeni, 4 — Aning by a 8T oii Caukkian cUryex. 3 — iining by a Cawvkkian curye.
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4. 3pecira anrikinec3 o/M gF2un BaF2Cb

Fignre 7 3hotos lhe resmiiz of MaF2anii BaF2 cerawic 3awpie3 Cb 3pecira weasnreweni. In lhe Maf2
3pecirnw, regisiereri in lhe 2-4 eY region by peak yaines of Cb pnise, a banii a! 3 eY Toiih a Toiiiih of 0.33 e¥Y
preyaiis, in lhe BaF23pecirnw in lhe 2-5 e¥Y region, a banit a! 4.2 eY Toiih a Toiliih oF 0.86 eY 3ianii3 ouni. The
3hape ani posiiion of lhe 3pecira are in §oori agreewen! Toiih Ihe aia of [5], Ihe anihors of Tchich a33ociaie
Ihese banii3 Toiih Ihe raiiaiiye recowbinalion of 3eif-Irappeii exciions.

Thus, nniike oxine cerawics, lhe 3pecirai characierisiica oFf M8F2anri BaF2cerawic 3awpie3 3hoto 8oori
agreewen! Toiih lhe iaia on 3ingie crysiai3 of lhese cowpounnis. Thiz 8n§8e3I8 lha! in cowpounniiz Toiih an ion-
ic bonri, regaritie3s of Iheir sirucinre (cerawic3 or 8in§le crysiai), lhe §horl-ran8e oriier i3 iargeiy preseryei
anri siwiiar ceniers of inwinescence are Foruwei.

Figure 7. Cb kpecira of Maf2 (a) anii BaF2 (6)katpiek. 1 — experiteniai Vaia, 2 — Fiking.

ConcibgioT

The siuriy of Ihe 3specirai anii kineiic patieris of lhe Cb of ceraTic 3aTpies of Teiai oxiiies anii Muo-
ririe3 obiaineit by raitiaiion 3ynihesis shotgeriNthal aii siniiieli coTpouniis haye a Taxitut of lhe Cb 3pec-
IruT in lhe ran8e of 3-5 eY. bBecay oF©a203/Cb occurs accoritin§ 1o a non-eieteniary iato. There i3 a Fas!
exponeniiai coTponen! an<i a 3ioTo hyperboiic one in lhe puise. Moreoyer, Ihe 3pecirnt of lhe fa3l coTpo-
nen! can be ecoTposei inio IToo bapi3(3.05 anii 3.45 eY) ciose in posiiion 1o Iho3e ob3eryeii by lhe anihors
of [3] in §in8ie crysiai3 of P-@a203 nfer coniinnons eieciron irrariiainon ani associaiei Toiih lhe inTines-
cence of poin! fieiecis.

In Ihe 3pecira of Ai208CbiveieTeniary baniis Toiih TaxiTa a! 5 eY anit 4.3 eY can be riisiinguisheri, ani
in 3aTpies liopein TOlih £€20 3'an aririiiionai peak al! 3.4 eY, Tchich Toa3 ob3eryeit eariier Tchen irraiiaiei Toiih
a- Ai20 3Toiih heayy IaR3. /3 ori§in has no! been iieFiniliyeiy neiertinei.

The 3pecira of Y203 Cb Toiihou! anit Toiih a iopan! of Ce20 3are 3iTiiar, bu! lhe intinescence ofF Y 20 3:
Ce riecay3 Tuch Fasier anin Ihe iniensiiy of Ihi3z eTi33ion i3 si§niican{iy reiinceii. Thal i3, Ihe iniroiinciion of
cerinT inio Y 20 3ieari3 1o an oyeraii iiecrease in lhe yieiii of Cb anri a iiecrease in Ihe conlribulion of reia-
liyeiy ion§ processes a33ociaieii Toiih IThe conyersion of exciiaiion ener8y.

The 3pecira oF M§F2anii BaF2ceraTtic 3aTpie3 3hoto §ooit a8reeTen! Toiih Ihe iiaia on 8§in8ie crysiais
of lhese coTpouniiz, nniike oxiie ceratic3. Thi3 innicaie3 lha! in cotpowunri3 Toiih an ionic boni, regaMiess
of Iheir 3irucinre (ceratic3 or §in8ie crysiai), lhe 8horl-ran§e oMer i3 iar§eiy preseryeit anin 3iTiiar ceniers of
intinescence are forreri.

Ncknom>leénTenl8

The Toork Toa3 3upporieri by lhe Kussian 8cience fowunriaiion of lhe Kussian Felieraiion (Oran! Ko. 23-
73-00108).
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A.A. KapHayxoBa, B.HO. AkoBnes

YKoFapbl sHEPTUANbI 3N1EKTPOHAAP afblHbl canacblHAa CUHTE3AEAreH OKCUATI
YoHe (hTop/bl KepaMUKaHbIH KaToA0MOMUHeCLEHUMIKACUETTepI

[JacTyp 60iblHWA OTKa Te3iMAi KepamMUKaHblH CUHTE3I Kypaeni XaHe Ken yakblIislkaKeT eTeTiH npovecc.
Bipa3s yakbIT OypblH XaHa, aNfeKaiiaa Xblagam afic — dXOFapbl 3HEPrus/bl 9EKTRGHAAPALIH KyaTThbl aFblHbI
CanacblHaFbl NIOMUHECLEHTTI KepamMuKaHbl CUHTe3fey SAiCi YCbIHbiMALI. WKen KOMMOHEHTTi OKCUATI
thocchopnapAbl CUHTE3eY KesiHfe aslbiHFaH MaTepuasifibiH KacueTTepiHiHALNKI3aT KOCnacbIHbIH KypambiHa
XKoHE CUHTE3 MPOLECIHIH peXxXuMAepiHe TayenainiriH aHbikTay OHali Wapya emec. OcbifaH 6GaiinaHbICTbI
Kypgeni docopnapgbiH, Kypamgac 6eniktepi 60nbin TabblnaTbfakapanaibiv OKCUATEPAEH paguauusanblk
CUHTE3 apKblbl XacanfFaH KepaMuKaHblH KacMeTTepiH 3epITey, KWCbIHAbI 60/bin KepiHedi. YXyMbicTa
pagvaumsanbIK CUHTE3 aficiMeH a/lblHFaH MeTain okeuaTepiHIHY(Oa2o3 Ai2B3, Y2 3 xaHe (TopuatepaiH
(MgF2 BaF2 kepamuKkanblk yYArinepiHiH, KaTOLOMHOMUHECLEHLMACHIHBIH, CNEKTPIK YXoHE KMHETUKaNbIK
3aHAblbIKTapbiHA 3epTTey KYPrisingi. JIIOMUHEELEHUMARMMAYIbCi 250 k3B 60naTbiH 3M1eKTPOHAAPAbIH,
opTalla 3Heprusicbl 6ap 9MeKTPOHAApP LUOFbIPBIMEH JKo3Fanfbl. CnekTpnep MeH NIIOMMHECLeHLWA
KMHETMKACbIH TipKeYy VYLWIH 7 HC YyaKblT aKblpaTbMObliblFbl 6ap MMMYNbCTIK CNEKTPOMETPUS agici
KOMAaHbINAbl. ABTOpnap 3epTTenreH YArinepAiH KaToAoMtOMUMHECLEHUMS  CMEKTpiepiHe Kapanaibim
Xonaktapabl 6enin KepceTe OTbIPbIN, >KeKEwWKOMaKTapAarbl JIIOMUHECLEHLWAHBIH, d/CIpey AvHaMMKachl
Typanbl KOpbITbIHABI Xacaifbl. ANBIHFaH) HaTVDKeNepai MOHOKpUcTandbl yarinep 6oibiHWa 6enrini
[lepeKTepMeH  canbICTbipy Kypridifiniy, OKCmaTi  KepamvkagaH —aiiblpmallbiibiFbl, MaF2 xaHe BaF2
KepaMuKanblK YATiNEpiHiH CNeKIpAiky cuiaTTaManapbl 0Cbl KOCbIbICTapAblH MOHOKpUCTaNAapbl Typasbl
ManiMeTTEPMEH XaKCbl yiinecefiHAITIH KepceTesi.

KinT cesgep: okcuaTiGKepamyKa, (Topibl Kepamuka, KaTOAOMHOMWHECLEHUMS, pagualmsnbl CUHTES,
CMEKTP/IEP, YaKbIT aXbipatbiMAbIbIiFbl, 0220 3 AiD 3 Y 3,

A.A. KapHayxoBa, B.1O. fikoB/ieB

CsoncTBa KaToL40MIOMUHECLLEHLUN OKCUAHON U (PTOPULHON KepaMuKku,
CUHTE3MPOBaHHOW B NOJIe MOTOKA BbICOKOIHEPTETUUYECKUX 3/IEKTPOHOB

TpaauLUMOHHO CUHTE3 TYron/naBKol KepaMmKu SBNSETCS CNOXHBIM U AONTMM NPOLLECCOM. HekoTopoe Bpems
Hasag 6blN NpeasioXKeH HOBbI, HAMHOFO Gosiee BbICTPbI METOL — METOA CUHTE3a NIOMUHECLIEHTHOM Kepa-
MUKW B NOJE MOLLLHOMO MOTOKA BbICOKO3IHEPTeTUYECKMX 3N1EKTPOHOB. CMHTE3 OKCUAHOI KepamMmMKW MO NpUH-
LUMNUaNbHO HOBOW TEXHONOMMM TPeGyeT BCECTOPOHHETO M3Y4YeHWs CBOWCTB 3TOW KepaMuku. Mpu CUHTe3e
MHOTOKOMMOHEHTHbIX OKCUAHbLIX TIOMWHOMOPOB HEMPOCTON 3adaueii ABNSETCA OMNpeAeneHne 3aBUCUMOCTEN
CBOICTB NOMYYaeMOro MaTepuasna 0T COCTaBa MCXOAHOIO Chipbsi, PEXXMMOB NpoLiecca cuHTe3a. O6pasupl As
[aHHOV paboTbl Gbl/IM CUHTE3MPOBAHbI MyTEM NPAMOrO BO3AEMCTBUSA Ha Cbipbe 3MEKTPOHHOIO Nyyka. B pa-
60Te McCNefoBa/INCL 3aKOHOMEPHOCTU KaTOAOMOMMHECLEHLMM 06pasLoB KepamMMKW OKCWAOB METaoB
(0ad 3 AIN3 YD 3 n dropugos metannos (MgF2, BaF?2), cMHTe3poBaHHOW pagnauyoHHbIM METOLOM.
JTloMUHeCLeHUMSA BO3BYXK4asack My4YKOM 3/1EKTPOHOB CO CPEfHE 3Heprueit sneKTpoHoB B UMMysnbce 250
K3B. [ns perncTpauym CneKTpoB 1 KNUHETUK MFOMUHECLLEHLMM UCMO/b30BAICA METOZ UMMY/IbCHOW CNeKTPO-
METPUM C BPEMEHHbLIM paspeLleHeM 7 He. ABTOpamMM NpeAcTaB/ieH aHanu3 CNeKTPoB KaToAoMtOMUHECLIEH-
LMW M3yYeHHbIX 06pPasLOB C BbIAENEHEM 3NIEMEHTAPHbIX MOMOC, CAEMaHbl 3aK/MOYEHNs 0 AMHAMUKE 3aTyXa-
HUS NFOMUHECLIEHLMM B OT/Ae/bHbIX NONocax. MpoBeAeHO CpaBHEHME MOMYyYeHHbIX Pe3ybTaToB C U3BECTHbI-
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MU JaHHBIMU MO0 MOHOKPUCTA/IIMYECKMM 06pasiiaM. okasaHo, uTo, B OT/IMUME OT OKCUZHON KepamuKW,
CMEKTPa/IbHbIE XapaKTEPUCTVKM 06pa3LioB KepaMuK MAF2 BaF2 nokasbiBatoT XOpPOLUEE COOTBETCTBUE C AaH-
HbIMW MO MOHOKPUCTa//1aM 3TUX COEUHEHUIA.

KntoueBble cnoBa: OKCMAHAA Kepamuka, (hTOpuMAHas KepamuKka, KaTOAOMFOMWHECLEHLUS, pagvaluoHHbI
CUHTE3, CNeKTPbl, BpeMeHHOoe pa3pelterne, Oa203 A10 3 Y2 3
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