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創成研究Ⅱテーマ名 シングルナノ粒子用PSMの開発

【1．創成研究Ⅱ終了後の研究課題の進捗】

創成研究Ⅱでは産業技術総合研究所において測定機器のトレーサビリテイについて学び、シング

ルナノ粒子用PSMの開発の基準器となる計測装置の校正を行った。創成研究Ⅲでは校正した装置

を用いて、粒径10nm以下のシングルナノ粒子を計測するためにPSMの操作条件の検討を行って

いる。修士論文では、研修で行った校正結果を基に、PSMの開発および、そのトレーサビリティ

について記述する予定である。

【2．創成研究に関連した研究活動・研究発表】

18thlnternationalConferenceonNucleation&AtmosphericAerosols

"Nucleationandgrowthofnanoparticlesandionsinmixing-typeCPC''

（要旨を別途添付）

【3．総括】

私たちの身の回りには計測機器がたくさんあり、当たり前のようにそれらの測定値を信頼してい

るのではないかと思います。しかし、その信頼性を保証するということの難しさや、その重要性を

この創成研究で学ぶことができました。そして、その信頼性の証であるトレーサブルな計測機器を

開発することで、今後のナノテクノロジーの発展に少しでも貢献できればいいと考えています。
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Nucleationandgrowth㎡nanoparticlesandions
inmixing-typeCPC

Erikalto*,TakafUmSeto*,YoshioOmni*,HiromuSakurai**
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Abstract・Mixing-typecondensationnucleuscounter(MTLCNC)wasdevelopedandusedtosmdy
thenucleationandgrowthofnanopardclesandionsbyvaryingtheparticlesimandchemcal
species・Supersaturationratiowaspreciselycontrolledbytheimprovedevaporatorandmxingpart
ofaparticlesizemagnifier(PSM;originallydevelopedbyOkuyamaetal.,1984[1])．Size-
classifiedsilverandNaClnanoparticleslessthanlOnmindiameterwereusedasnucleifbr
heterogeneouscondensationofethyleneglycolvapor・ActivationofaimosphericionsgeneraCdby
24'Amalpha-raysourcewasalsosmdied・ThegrowthrateofactivaCdnucleiwasdetenninedby
thepulseheightanalysisusinganopticalparticlecounfr(OPC)andCPCasadetector.We
achievedtheactivadonof8%of2nm-NaClpardcleswithsubsequentgrowthuptotwo
micrometerdroplets.

KeyWり〃た:Nanoparticle,Condensationnucleuscounter,Pardclesizemagmfier,Ioninduced
nucleation

Untroduction

Condensationparticlecounter(CPC)hasbeenwidelyusedtomeasulBthenumber
concentrationofaemsol[2].InCPC,particlessmallerthantheopticaldetectionlint
(<100nm)growtodetectablesizedrOpletsbythecondensationofsupersamratedvapor.
However,duetotheKelvineffbct,itisdifficulttoactivateultrafineparticles,especially
smallerthanlOnmindiameter・Itisakeytocontrolthesupersamrationratiointhe
CPCwhilennimzingthedifUsionallossesandpl℃ventinghomogeneousnucleation
[3].Particlesizemagnifier(PSM)isoneofthecandidatestodetectultrafineaerosol
particles.PSMisanxing-卯eCPC,whichiscapableofgeneratingumfbnn
supersaturationbymrbulentmixingbetweencooledaerosolandhotvapor[11.Recendy
Kimetal.usedT-shapedtubeasanxingpartofPSM[4]andsuccessfilllyactivated
l.6-nmsilvernanoparticles.However,sincetheyusedaconventionalsaturator(liquid
soakedfeltorsilicagel)togeneraCvaporladengas,itwasdifficulttocontrolthe
supersaturationindependendyfiomtheexperimentalparameters(aemsolandvapor
Howmtes,andtemperatures).hthisstudy,wedevelopedanimprovedversionofPSM
equippedwithanewlydesignedevaporatorsystemandnxingparttoobserve
nucleationandgrowthofnanoparticlesandions.

-113-



BasicdesignofhnprovedversionofparticleSizemagnifier

PSMconsistsofth1℃eparts,j.e.,anevaporator,anxingpartandacondenser.
FigurelshowstheschematicdiagramofPSMusedinhssmdy.ThewoIkingnuid
(ethyleneglycol)wasfedtotheevaporatorbyasyrmgepumpfOrcontrollingtheflow
rate.Thetipofthesyringeneedlewastouchedonastainlesssteelporousfilfr.The
woIkmghidfedtothefilterwasimmediatelyvaporizedbyheatingthefilter.T伽sthe
vaporconcentrationofethyleneglycolwascontrolledbytheflowrateofsyringepump,
notbytheevaporationtemperature.Thevaporisthenmixedwithcooledaerosol
mlbulendyinthenxmgpart.hordertomaintainthetemperamresoflhevaporandthe
nxture,cera皿cheaterswelBinstalledaroundthetranstrtUbesinthemixingpart.The
chfunberofnnxingpartwasquenchedbyapairofPertiercoolerstokeepthennxed
aerosoltemperatureataboutlOdegreeC・Thetemperamresofnxingpartwere
monitoredatfivelocationsbythennocouplesandcontronedmdividuallytoensurewell-
definedsupersamration.

Supersamrationratio,S,isdeiinedbyS=P/P(wheleP!isthevaporpressureof
mxmreandPeistheequilibriumvaporpressureatagiventemperamre).Here,Piwas
tunedbyliquidflowratetogenerateagivenvalueofSwithoutchangmgthe
temperatulBs.Hgure2showsanexampleoftherelationbetweensupersaturationlatioS
andnxingIatioRh=Qc/(Q｡+Qa),whereQ｡andQI,aretheflowratesofvaporand
aerosol,respectively.ThesolidlmeinFig.2showsthesupersamrationratiowhen
samratedvaporwasmxedwithaerosol(inthecaseofliquidsamrator).Asshownby
dotCdandbrokenlinesinFig.2,thesupersaturationratiocanbeeasnyconnfonedusmg
unsamratedvaporfromthesyringepumpsystem.
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Figurel.TheschematicofthePSM. Figure2.

Experinlents

Hgure3showstheexperimentalset叩fbreValuatingthecountingefficiencyofMT-
CPC(=PSM+OPC).Thetestparticlesofsodiumcmondeweregeneratedbyan
evaporation-condensationmethod.Thegeneratedparticlesarechargedtobein
equilibriumstateastheypassthroughthe24'Ambipolarcharger.nesizeofthetest
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particleswascontmlledbyclassificationwithadiffel℃ntialmobilityanalyzer(DMA).
Thesemonodispersedparticleswelesplitintotwonows.Partofthenowwas
introducedtoanaerosolelectrometer(AE:TSI3076)orCPC(TSI3776,50%

detectablesizeof2.5nm)tomeasul℃thel℃ferenceparticlenumberconcentrationoftest
aerosol・Theothernowwasintmducedtothenewly-developedPSMofvarious
supersamrations.Anopticalparticlecounter(OPC;RionKC-01C,defctionrangeof

largerthanO.311m)wasusedasadetectorofthenumberconcentrationofgrown
droplets.Theaerosolnowratewassetat2､5L/nn,wmchwashigherthanthe
connnercialCPCfbrreducingdiffilsionallosses.Thevapornowlateandtemperatule
werefixedatO､5IﾉnnandlOOdegreeC,respectively・Theaerosoltempelatul℃was
mnedtobeatlOdegl℃eCbyPeltiercooler・Thesupersamrationratiowascontrolledby

changingethyleneglycolliquidnowraCfrom300卜LL/h(f4.34),350IJI_/h(f5.07)

and400ﾄLL/h(f5.79).

hordertoevaluateion-inducednucleation,theatmosphericionsgeneratedby24'Am
alpharaysourcewerealsointroducedintoPSM.hhssemp,themonodisperseaerosol
generatorwasIeplacedbyanaerosolneutralizerchamberfbrgeneratingbipolarions・In
ordertoensulE曲atnoparticlesal℃generatedbyhomogeneousnucleation,anaerosol
electricalpIecipitator(EP)wasplacedupstreamofPSMtomeasul℃thebackground
levelwhenEPwasswitched-onandtheactivateddmpletswhenEPwasswitched-off
alternatelyevery60seconds.Inthisexperiment,aCPC(TSI3776;50%detectablesize
of4nm)wasusedasthedetectorofactivateddroplets.
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Figure3･Experimentalsempfbrmeasuringcountingefnciency.

Resultsanddiscussion

Figure4showsthel℃sultofthecountingefficiency,n=NpsMﾉopc/Ncpc(NpsM/opcand
NcpcaretheconcentrationmeasuledbyOPCandtherefelBnceCPC,1℃spectively).AtS
=5.07,50%detectablesizewas6.2nm.About8%ofthe2-nmpalticleswele
activafdandgl℃wtodropletslargerthanO､3-mcronatS=5.79.Itshouldbenofdthat
homogeneousnucleationwassometimesobservedduringtheexperimentalnms.hour
experimentalconditions(4<S<6),thecountingefficiencycurvedidnotchangewith
thesupersamration.Thismaybecausedbythesupersamrationnon-unifbrmityduring
thenxingbetweenvaporandaemsol.Sincetheactivationofnucleibythepl℃sent
PSMwasconductednearthehomogeneousnucleaUonlint,afiactionofintmduced
aerosolpassedthmughal℃gionofahighersupersamrationinthemxingchamber.The
presentPSMchangesthesupersaturationomybyliquidnowratesothatthe
temperatuleandvelocityprofileinthenxingchamberlemainthesame,leadingtothe
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activatedfraction(-percentageofaerosolpassinghoughahighersupersamration
region)mvariant

FigureSshowstheelectricalmobilitydisl工ibutionoftheatmosphericionsgenerated
byalpharayirradiationby24'Am.Thepeakofpositiveionliesataroundelectrical
mobilityof8.38×10-5㎡V-'s-&whichcorrespondsto1.55nmofelectricalmobmty
diameter.Thoseofnegativeionare1.94×104㎡V-1s-'andl.02nm.neconcentrations
ofpositiveandnegativeionsmeasuredbyanioncounter(includinglossesduring
transferline)were1.07×106and6.95×104ions/cc,1espectively.Figure6showsthetime
dependentchangeintheconcentrationofdropletsgrowmgfromionsatS=6.84.Atthis
supersamration,theactivaieddropletswerecleallydistinguishedfrolnthebackground
(0<r<50sandl20<r<180s)howevertheactivationefficiencywasratherlowat

around0.002%.Thisresultissi皿lartothoseobtamedbyAdachietal.(1992)[6].They
usedaPSMwithDBPaswoIkingfluidanddetectedverysmallfiactionofactivated
ions.NowweconsidertherelationbetweenthecriticalsupersaturationratioandKelvin
diameterfbrsmglychargedpardcleswmchwasobtainedfromKelvin-Thomson's
equationas,

1
whereMisihemolecularweight,pisthedensity,Risthegasconstant,risthe

absolutetemperature,yisthesurfacetension,Chistheparticlediameter,8isthe
dielectricconstantandsoisthespacepermitivity.hthecasethatworkingfluidis
ethyleneglycol,thecriticalsupersaturationcalculatedbytheaboveequationislOat
Kelvindiameterofl5nm,bufr>10000isrequircdaithesameKelVindiameterin
thecaseofDBPvapor,whichmightbeabovethehomogeneousnucleationlimit.
Therefbreitwasconcludedihatthenewly-developedPSMsystemwitheUlyleneglycol
hasapotemialtoactivatenanoparticles(<2mn)andions
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