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Absbact

ElectricallychaUedIiItermediahavebeencommonlyusedlbrdustrespirators
becausetheyhaVehighoolleCtionefFciencyataIowLplessuIGdrOpcomparedto
mechanicallihe『sReOentlylKimu旧etaI.(2004)havedeveIOpedanewtypeofRWFwhich
旧tainsahighChalgedensityandpersiStsoIganicdmpIetchaⅡengeTheRWFmediahave
beensuocessfUllyappliedtodust旧spi垣1.s・RWFconsistsOfmerinowooIfibers,poh/ester
fibers,andimpregnatingpt-buMphenol-IbrmaldehyCIe(PTBP)resinpartiCles,so肋atthe
detaiIedlocaICha『gedisMbutionofRWFandtheiren色CtonthecolIectioneWiciencyareｎｏｔ
yetWellunderStood．職

TheChargedensilyiseStimatedbyapplyingpRsdictionequationsofsinglehber
collectiOneIWCienciesofelecbetfilterswithadipolarchargedishPibUtion,Theprediction
equationofcollectionefFciencylbrunChargedparticlesisaPpIicabletoRWFswimoutthe

considelationbrtheeH色ctofdiHi｣sionHoweventheprediclionofcollectionefnciencWbr
chaIgedpalticlesisnotaPplicablebecasueUqleinduoedfbにeprevailsoverlheCoUlombic

fbICeeVenbrchaIgedpartic1eswithsmaⅡsiZeTheselesuⅡsareshownthaMheadditivity
ofcaPtUremeChanismsdoesnothO1din価eooIleCtioneI1iciencyofcha｢gedfi肥rwithhigh
chargedensityB

、TheChaigedistributionofRWFwasStudiedbyobseⅣingthedepoSitipnsitesin
RWFbyUSingnegﾖtivelyｿPoSiti′eIyChargedPa『ticleSWithaknoWnS吃eandaknoWn

numberofeleCtricalChaIgeSAsaICsult,itisfbundthatmeinducedfbIcep尼vailsoverthe
CoUlombiCbrOefbrsinglyChargedO3-l｣mpa｢ticIessothatthepaIticIeswithunitPositive
chaIgedepoSitCnthesu巾oeofpoSith/elychargedWoOlfibe｢s、

心TheRWFshavenoCCn鴎medWithresinmassliactionlbrtheIbnT1aiCnoftheinitial

eleCtrioFeldonthem,HCMeveEthemesinmass垢ctionjsimportantinlhestabilityofthe
initialChaUgeagainstsuchaparticleloadingbecausethe『eSinpaItic1esdiSchargetothe
fiIterfibersbyliquidaerosoＩＳＰreadingonthemaspalticleIoaded･nfiIterfibeE

1ninitiaIcoⅡectionefficiencyduetoinducedIb『Ｃｅ,U1edenseIypaCkedchargedfiie尼have
theeIeCtmcaIinleraCtioninteF:Iibe［ConsequentIytheinduoedForceissostrongthatit
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dominates肋ecollectionofparticIesevenlbrsinglychaIgedpa｢ticlesAstheseresultsiit
canbelbundmatwhytheadditMtyofcapturemechanismsdoesnotholdinthecollection

efficiencyofchargedfilterwithhighchargedensityb

1.InitialcollectionperfbrmanceofRWFandestimationofchargedensityb

TheinitialcolIectionpenbnhancesofRWFsaremeasuIedlbrvariousparticlesizes

(003~０３川)withd朧Ientcha｢gingstatesatvariousfiltrationvelocities(005~０５ｍ/S）

TheinitialpenetrationsthroughＲＷＦｓａ｢eextIemelylowe「thanthoseofconventional

eIect｢etfihersatthesameplessuredmp､Ｔｈerelb『e,meRWFstudiedinthepresentwork

canachievehighcollectionefficiencyatalowLpressU｢ｅｄ｢opSatisIyingtherequirementof

filtermediafbr｢espirators・ThepredictioneqUationofcoI1ectionefnciencylbruncharged

particIesisapplicabletoRWFSwithouttheconsiderationlbrthee化ctofdiffUsionThe

estimatedinitialchargedensHiesofthreetypes，RWFsareshowecIthattheirinitiaIcharges

areacljustablebyimpIegnatingvariousreagents・TheestimatedchargedensityonRWF

fibersismuchhigherthanthoseofconventionalelect｢etfihermediaHoweveKthe

pIedictionofcoⅡectionemciencylbrchargedpa｢ticlesisnotapplicablebecasuetheinduced

lb1℃ｅｐ｢evaiIsovertheCouIombiclbrceevenib｢ChargedpalticleswithsmallsizeThese

｢esultsa｢eshownthattheadditivityofCapturemechanismsdoesnothoIdinthecollection

efWciencyofchargedhlterwithhighchaIgedensityb

2.ChaUedistributionofnbersinＲＷＲ

Thechargedistributionofnew-typePTBP-resinwoolfilterwasinvestigatedby

obseⅣingthedepositionsitcsinRWFbyusingnegaUveIy/Positivelychargedpa｢ｔｉｃＩｅｓｗｉｔｈ

ａｋｎｏｗｎｓｉｚｅａｎｄａｋｎｏｗｎｎumberofelechricalchargesFurthemore,theparticlessize

eH己ctontheintelactionbetweenCouloｍｂｉｃｂ1℃eandinducedfbrceincolIectionis

discussedth｢oughtｈｅ｢esuItsofselecth/enessindepositionsheinRWF・ＡｓａＩｅｓｕＨ,the

polyesterfibersandresinparticlesadheringonthepolyesterfibersarecha｢gednegatively

whilethewoolfibersretainpositivechargeFo｢｢esinparticlesadheringonthewoolfibers，
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ｓｏｍｅ『esinpaIticlesarenegativelychargedandthatsomeofthema旧polarizedbythe

chargeofwoolfibers・FurthermoreitislbundthattheinducedbrcepIevailsove「the

CoulombicfbI℃efbrsinglychargedO3091LmparticIessothattheparticlesWithunitpositive

chargedepositonthesu巾oeofpositivelychargedwoolfibe｢s、

３.StabiIityofCIuargeinRWRMthDOPchallenge

Tbinvestigatethestabilityofchargedensitywithparticleloading,thepenetrationsof

particleweremeasuredonRWFsIoadedwithDOPparticles,fUrtheKthechargedensities

oftheRWFsweIeestimated・ASaresult,itislbundthatthemassfractionoftheresin

particlesonRWFwerenoteH己ctivetomeirinitialcoI1ectionefWciencies,howeveKthemass

fractionpIayanimportantroleinthestabilityofchargeonRWFagainstDOPchallengeltis

quneconcludedthattheIesinmassfiactioniｎＲＷＦｉｓｍｏｓｔｏｆｉｍｐｏ｢tantkeyfbrdesignof

RW便

4.AdditibitybetweenMechanicaIandEIectricaIcoIIectionmechanisms

Basedonthemeasu｢edcollectionefWciencieSofvanouSchargedfiIte｢ｓ(RWFs，

IOadedRWFs，andBMFs)，therelatiOnshipbetweenvariouscapturemechanisms

contributedtocollectionefWciencywasdiscussedTheeHcctsofcha｢gedensityonfiberand

packingdensityintheeIectricaIimeractioninteﾄfiberarediscussedTheadditivitybeMeen

collectionmechanismsdoesnotholdinchargedfilterwithhighchargedensitybecausethe
L

collectionisnotdependsonmostoftestedpa｢ticlesize､Althoughtheircollectiondepends

onpalticlesize,thededeaseofCoulombiclb｢ceeflccttothecollectionisasaIogical

consequencebecauseinducedfC｢ceeflbctisveⅣhighandclosetothatduetoCoulombiｃ

１℃1℃e,whenthefiherhaveeitherhighcha｢georpackeddensely
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学位論文審査結果の要旨

平成１８年２月３曰に口頭発表と質疑応答を行い、その後に開催した学位論文審査会において以下のよう

に決定した。

本論文は、作業環境用マスクなどに用いられる帯電フィルタの一種であるレジンウールフィルタ（RWF）

の捕集機構について検討したものである。ＲＷＦは羊毛繊維とポリエステル繊維を混合してフェノール系樹

脂粒子を添着したフィルタで、捕集効率が高く、圧力損失の低いフィルタとして知られているが、その捕集

機構、帯電状態は不明な点が多かった。本論文では、まず、粒径、帯電量の異なる粒子をフィルタに通して

初期粒子捕集性能を評価し､繊維帯電量を測定することにより､従来の分極電荷を有するエレクトレットフィ

ルタより繊維の電荷密度が極めて高いため、粒径４０nｍ程度の微粒子まで誘起力によって捕集されること

を示した。そして、帯電極'性、粒子径の異なる粒子をフィルタに通して繊維に沈着させ、それら粒子の付着

状態を観察することにより、羊毛繊維は正、ポリエステル繊維は負に帯電し、レジン粒子は主として分極電

荷を有していることを明らかにした。

以上のとおり、本論文は、ＲＷＦの粒子捕集機構、帯電状態を明らかにしたもので、今後、さらに高性能

な静電気フィルタを開発する上で重要な知見を与えており、博士（工学）の学位を授与するに値すると判断

する。

-457-


