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  Abstract:TheSrAl2O4:Eu2+,Dy3+(SED)nanometerphosphorsweresynthesizedatlowertemperature
bydetonationandcombustionmethod,respectively.Theeffectsofsynthesisconditions,annealingtemperature
onthegrowthbehavior,theparticlemorphologiesandopticalpropertiesoftheas-preparedSEDparticleswere
contrasted.ItwasshowedthatthemeansizeoftheSEDparticlespreparedbydetonationmethodincreased

graduallywithincreasingheattreatment,andthatthemeansizeoftheSEDparticlespreparedbycombustion
methoddecreasedfirstlyandthenincreasedquicklyandhadaminimalvalueat600℃.Themeansizeofthe
SEDparticlespreparedbydetonationmethodincreasedmorequicklythanthatoftheSEDparticlespreparedby
combustionmethodatsameannealingtemperature.Finally,themechanismforthelongafterglow wasdis-
cussedandsomesuggestionsonhowtoimprovethesynthesismethodswerealsopresented.
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1 Introduction
  Asakindofphotonenergy-storingmaterials,persistentphosphorscanabsorbthevisiblelights
andstoretheenergy.Aftertheexcitationsourceisturnedoff,thestoredphotonenergycanbegradu-
allyreleasedasvisiblelight,whichleadstolongpersistentluminescenceinthedarkness[1-2].Thelong
phosphorescentphosphorsnotonlycanbeusedastraditionalphosphormaterials,butcanbeusedas
optoelectronicmaterialsandphotovoltaicelectronicequipments,suchasamplifier,opticalfibers,opti-
calstorageanddisplayingequipments.Evenitmaybeapromisingmaterialappliedinthefieldsofin-
formationprocess,newenergy,lifesciences,etc.Inrecentyears,strontiumaluminatephosphorsdoped
withrareearthions,suchasSrAl2O4:Eu2+,Dy3+(SED)[1];Sr4Al14O25:Eu2+,Dy3+ [3];SrAl4O7[4],

SrAl12O19[5],haveattractedmuchattention.Incontrasttotraditionallongphosphorescentphosphors
suchasZnS:Cuphosphor,strontiumaluminatephosphorshavemanyexcellentproperties,suchas
highquantumefficiency[6],longpersistenceandbetterstability[7-8].

Muchattentionhasbeenfocusedonpreparingthelongphosphorescentphosphor.Avarietyof
methods,suchassolid-statereactionsynthesismethod[9],sol-gelmethod[10],hydrothermalmethod[11],

combustionmethod[12],co-precipitationmethod[13],floatingzonetechnique[14],havebeensummarized
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inRef.[15].Allthosemethodswereconductedinliquidphasessothateachcomponentcanbeaccu-
ratelycontrolledanduniformlymixed.Thosemethodshavesomedrawbacksmoreorless,however.
Forexample,solid-statesynthesismethodrequiresrigoroussynthesisconditionssuchashightempera-
tures,weak-reducingatmosphere,andexpensiveequipmentandhighconsumptionofenergyarealso
needed.Meanwhilethematrixcomposition,structureandluminescentpropertiesofthephosphorscan
beaffectedbythesynthesisconditions.Inordertoobtainultrafinephosphorparticles,theas-prepared
phosphorpowdersmustbegrinded.Theprocesseasilyintroducesadditionaldefectsandgreatlyre-
ducestheluminescenceefficiency.Whiletheprocessroutinesofthesol-gelandtheco-precipitation
methodtopreparetheprecursorpowdersarecomplicatedandthedurationislong[16].Detonation
methodisanefficienttechniqueforpreparationofnanometerpowdersbecauseofthegoodmixingof
thestartingmaterials.ThepreparationoftheSEDnanometerphosphorsbydetonationmethodhas
beenpresentedinRef.[17].Whilecombustionmethodisalsoapromisingmethodtosomeextentto
preparethenanosizedaluminatephosphors[16].Inordertofurtherexploreasynthesismethodfitfor
thepreparationofSEDnanometerphosphorpowdersinquantity,itisnecessarytofindthesimilarities
anddifferencesofthetwomethods.

Inthisstudy,thepreparationoftheSEDnanometerphosphorsbydetonationandcombustion
methodatlowertemperatureswaspresented.Theeffectsofsynthesisconditions,particlemorpholo-
gies,thermaltreatmentandopticalpropertiesofSEDpreparedviadetonationorcombustionmethod
wereformulated,respectively.Themechanismforthelongafterglowwasdiscussedandsomesugges-
tionsonhowtoimprovethesynthesismethodswerealsopresented.

2 Experimental
2.1 PhosphorParticlesPreparation

Fig.1 Schematicflowchartdiagramforsynthesisof
SEDnanometerphosphors

  Al(NO3)3·9H2O,Eu(NO3)3·6H2O,CO(NH2)2,

SrNO3andDy(NO3)3·6H2Owereemployedasthe
raw materials,andsomequantitiesofboricacid
(H3BO3)werealsoaddedasaflux[18].Theywere
weighedatacertainmolarratio.Thenthehighly
transparentprimrosesolwasobtainedafterthe
mixtureswereliquatedinabeakerat120 ℃for
overadozenofhours.Thenthesolwasdividedin-
totwoparts.OnepartwascoveredwithRDXout-
sideintheproportionof1∶1,andthendetonated
byadetonatorinanexplosionvesselanddetona-
tionsootwasobtained.Thepreparationprocess
wasdescribeddetailedlyinRef.[17]justasshown
inFig.1.Theotherpartofthesolwascombusted
for5minatdifferenttemperatures(450~800℃)

andthecombustionproductswerecollected.The
morphologiesandparticlesizeofdetonationsoot
andthatheatedatdifferenttemperatureswereobservedbytransmissionelectronmicroscopy(TEM,

JEM-100CXⅡ,TecnaiG220S-Twin).TheX-raypowderdiffractionpatternsweremeasuredbymeans
ofaXRD-6000diffractometerrunat40kVand30A,withascanspeedof4°/minandastepof0.02°
usingCuKα,X-raysof0.14506nmwavelength.Theopticalpropertiesofdetonationsoot,detonation
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sootheatedatdifferenttemperaturesfor1handcombustionproductsatdifferenttemperatureswere
studiedinadarkroom.Allmeasurementswerecarriedoutatroomtemperature.
2.2 PhosphorParticlesCharacterization
  Fig.2indicatestheXRDpatternsofthedetonationsootheatedat600℃for1handtheSED
powderssynthesizedbycombustionmethodfor5minatdifferenttemperatures.Ascanbeseenfrom
Fig.2(a),thepatternofdetonationsootheatedat600℃for1hshowsmainlytheSrAl2O4phaseas
thatdescribedintheJCPDSdata(No.34-0379),whichmeansthattheas-preparedSEDpowders
belongtothemonoclinicsystem (a=8.442,b=8.822,c=5.160,β=93.415).Meanwhilethe
as-preparedSEDpowderspreparedbycombustionmethodat450℃for5minhasSrAl2O4phase,and
combustionproductsat500~800℃for5minshowmainlytheSrAl2O4phaseinFig.2(b),respectively.The
littleamountofrareearthionshasalmostnoeffectonSrAl2O4phasecomposition.Normally,SrAl2O4has
twophases,ahigh-temperaturehexagonalphase(β-phase)andalow-temperaturemonoclinicphase(α-
phase).Thetransitiontemperatureisaround650℃.Nootherproductorstartingmaterialwasobserved,

whichimpliesallofthephasecompositionsofas-preparedparticlesarealllow-temperatureα-phase.

  (a)Detonationsootheatedat700℃for1h     (b)Combustionproductsat450~800℃for5min

Fig.2 XRDpatternsoftheas-preparedSED

Themorphologiesoftheas-preparedSEDphosphorpowdersarepresentedinFig.3.Theaverage
sizeofcrystallinecanalsobecalculatedaccordingtotheScherrersequationusingfull-widthatthe
half-maximumdata.TheresultswereshowninFig.4.ThemeanparticlesizeobtainedfromtheTEM
micrographswassimilartothecrystallinesizecalculatedfromtheXRDpatterns.Itimpliedthatthe
obtainedphosphornanoparticleshadgoodcrystallinity,whichwasapparentlydifferentfromthatof
theSrAl2O4particlesobtainedfromsolid-statereactionmethod.Alloftheas-preparedphosphornano-
particleshaveaslightlylargerintegralsizeofaggregates.Theaggregatesizesarewithinthesizerange
forsecondaryaggregation,however.
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(a)Detonationsootheatedfor1hat700℃       (b)Combustionproductsfor5minat700℃

Fig.3 TEMimagesoftheSEDnanoparticles

3 ResultsandDiscussion

Fig.4 Averagecrystallizesizeinnmasafunctionof
sampleannealingtemperature

((a)Detonationsootandthatheatedatdifferent
temperaturesfor1h;

(b)Combustionproductsatdifferent
temperaturesfor5min)

  Fig.4showstheaveragesizechangesofthe
as-preparedSEDparticlesat450~800℃.Ascan
beseen,theaveragesizeofthedetonationsoot
afterannealingat500~600 ℃for1hincreased
rapidlythanthatofthedetonationsootafterbeing
annealedat600~800℃for1h.Meanwhilethetrend
oftheaveragesizeofdetonationsootincreasedwithin-
creasingannealingtemperature(Fig.4(a)).Whilethe
averagesizeofthecombustionproductsat500~
600℃for5mindecreasedfirstly(Fig4.(b)).Then
withtheincreasingofcombustiontemperature,the
averagesizeofthecombustionproductsisalsoin-
creasingslowly.Inthemeantime,theaveragesize
ofdetonationsootafterthermaltreatmentissmal-
lerthanthatofthecombustionproductsat500℃,

theaveragesizeofdetonationsootafterthermaltreat-
mentislargerthanthatofthecombustionproductsat
thesametemperature(600~800℃).Themainrea-
sonsmaybeassociatedwiththattheactingperiodofshockwaveisveryshort;thecrystallitesofphosphors
preparedbydetonationmethoddonohaveenoughtimetogrowtolargeandperfectcrystallines.Therefore
theyhaveverysmallarticlesizesandhighdensityofdefectsanddislocation[19].Whiletheywerean-
nealedfor1hat500℃,thehighdensityofdefectsanddislocationcouldbeloweredgreatlytosome
extent,andthehigherspecificsurfaceareaofthenanosizedphosphorpowdersalsoattributetothein-
creasingofthemeansize.Asfortheas-preparedSEDparticlesbycombustion,therearemanygases
formed,suchasN2,NH3CO2,NOx,CO,H2Owhichcanmaketheproductlooseandporiferous.Mean-
whilethegasescangiveareductiveatmosphere.Thereforethemeansizecanbeloweredalottosomeextent.

Detonationsootheatedat600℃andtheSEDphosphorssynthesizedbycombustionmethodat
450~800℃for5minwereputintoadarkroomtostudytheopticalproperties.Theycanemitpea
greenlightafterbeingexcitedunderUVlights.Allofthemhavetheshorterafterglowlifetimeand
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lowerbrightness,however.Thedetonationsootheatedat600℃for1hhashigherbrightnessthanany
oneelse.TheSEDphosphorssynthesizedbycombustionmethodat600 ℃for5minhavehigher
brightnessthanthatsynthesizedbycombustionatothertemperature,5min.Thismaybeassociated
withthelowercontentofEu2+inSEDphosphorssynthesizedbycombustionmethod.Thedetonation
sootheatedat600℃for1hcanemithigherlight.ItmayhavebeenassociatedwithEu2+→Eu3+,

whendetonationsootisexposedtoatmosphere.MeanwhiletheSEDparticlesmayresultintheexces-
sivedecreasingofdefectsbecauseofthequantumsizeeffectofthenanometerphosphors,forexample
thephosphorparticlesaresosmallthatEu2+andDy3+ionscantransferredrapidlyintotheSrAl2O4
crystallatticeduringheat-treatmentprocess,alotofdefectsdispersedonthesurfaceofthephosphors
becauseofthehighsurfaceareaofthenanometerpowders,anditisconvenienttoformmorelumines-
centcentersonthesurface.Ontheotherside,thesmallerparticlesmadethephosphorcrystallizeeasi-
lyandcompletely,whichdecreasedintheamountofdefectsintheinnerphosphor,andthuslowered
therelativeintensityofafterglow[17].

AsforthedetailedreasonsandhowtoimprovetheafterglowlifetimeandbrightnessofSEDnanometer
powders,itneedstobefurtherstudy.MeanwhilewhyistheSEDstillalow-temperaturemonoclinicphase
(α-phase)whenthetemperatureincreasesto700℃,even800℃?Itisinconsistentwiththefactthatnano-
materialsnormallyhavethelowermelting-point.Forexample,themeltingpointofgoldis1337K,butthatof
theultrafinegoldparticlesof2.0nmisloweredto600K.Inthemeantime,inordertofurtherexploreasyn-
thesismethodfitforthepreparationofSEDnanometerphosphorpowdersinquantity,itstillneedstostudyon
howtoimprovetheafterglowlifetimeandbrightnessofSEDnanometerpowdersfordetonationmethod.For
instance,loweringthecontentofthecarbonmaysettletheproblembymeansofusingthespecial-madeexplo-
sives,orbyadjustingthedetonationparameters.Meanwhile,itisnecessarytoimprovethedispersionofthe
SEDpowdersandsolvetheagglomerationproblem.Furtherworkistobeconductedtogetadefiniteunder-
standing.Therelevantresearchisunderprogressing.

4 Conclusions
  ThenanosizedSEDpowdersbelongingtomonoclinicsystem(a=8.442,b=8.822,c=5.160,β=93.415)
canbesynthesizedbothbydetonationmethod,followedbyheatingthedetonationsootat600℃for1h,andby
combustionat500~800℃furnacetemperaturefor5min.Comparedwiththesolid-statereactionmethodand
sol-gelmethod,synthesistemperatureofthetwomethodscanbeloweredbyaboutseveralhundreddegrees.After
beingexcitedunderUVlights,alloftheas-preparedSEDparticlescanemitpeagreenlight.Butthebrightnessof
theSEDissilllowerthanthatsynthesizedbythesolid-statereactionmethod.Theafterglowlifetimeisshorter
thanthatsynthesizedbythesolid-statereactionmethod.Meanwhile,themeansizeofSEDnanometerphosphor
powderspreparedbydetonationmethodincreasedmorequicklythanthatofSEDnanoparticlespreparedbycom-
bustionmethodatthesameannealingtemperature,andthemeancrystallitesizeofcombustionproducthada
minimalvalueat600℃.
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爆轰和燃烧法合成SrAl2O4:
Eu2+,Dy3+纳米发光粉

曲艳东,李晓杰,赵 铮,欧阳欣
(大连理工大学工程力学系工业装备与结构分析国家重点实验室,辽宁大连 116023)

  摘要:在低温条件下分别用爆轰法和燃烧法制备出了SrAl2O4:Eu2+,Dy3+纳米发光粉。
从合成条件、热处理温度等方面详细对比了爆轰法和燃烧法对所制备的SrAl2O4:Eu2+,Dy3+

纳米发光粉的晶体生长行为、粒子形貌和光学性质等的影响。研究表明,随着热处理温度的升

高,爆轰法制备的纳米发光粉的平均粒径逐渐增大,而燃烧法制备的纳米发光粉的平均粒径先

减小后增大,在600℃时平均粒径存在一个极小值。在同样热处理温度下,爆轰法制备的纳米

发光粉的平均粒径增长明显高于燃烧法合成的纳米发光粉的平均粒径。最后讨论了长余辉的

发光机理,并给出了如何改进合成方法的建议。
  关键词:爆轰法;燃烧法;纳米发光粉;光学性质
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