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ExperimentswerecarriedouttoinvestigatetheeffCctofparticlesizeonmtrationresistancein

crossflowmicrofiltrationbyvaryingtheparticlesizefrom０．１９脚、ｔｏ17.1〃mwhichcorrespondedto
so-calledsubmicromandovermicronparticles・FiltrationresistancecanbecalculatedfromDarcy,slaw
usingtimecourseresultsoffiltrationfluxundervariousoperatingconditions･Fromtheseresults,three
empiricalcorrelationequationsfbrthefUtrationresistanceofthecakelayerareobtaineddependingupon
therangeofparticlesizes・Steadyandunsteadyfiltrationnuxｓｔａｔｅｓｃａｎｂｅｅstimatedusingthesethree
empiricalcorrelationequations．

Introduction

Crossnowmicrofiltrationisarelativelynew
processofgrowingimportancewhichallows

separationofsmallparticlcsathigherpermeate
nuxesthanconventionaldcad-endfiltration・Inthe

process，thefluidstreamflowstangentiallytothe
membranesurfacc；theshearingactionofthefluid
preventsthedevelopmentofthickfiltercakesatthe

mcmbranesurface・Primaryusesforthistcchnology
includeclarificationoffmitjuices，treatmcntof
industrialwastewater，andconcentrationofmaterials

suchasfermenterbroths，especiallyasolid-liquid
separationtechniqueinthedownstreamprocessingof
bio-productsfrommicrobialsources（Nakanishiand

Tanaka，1994;TanakaelIaL，1994)．Recently,this
technologyhasalsobeenappliedtotheseparationof
oilywater（Muellererα/､，1997)．Whileitis
generallyacceptedthattheshearstressassociated

withtangentialnowisresponsiblcforkeepingcake
growthtoaminimum,ｔｈｅshearactionisnotclcarly
defined（BlakeaqL，1992;Nassehi，1198;Chellam

andWiesner，1998;ＨｗａｎｇｅＭﾉ.，1996;IritaniaaJ.，

1991;StamatakisandTien,1993;WangeMJ.,1995)．
Inthepresentstudy，theeffectofparticlesizeon
filtrationresistanceincrossnowmicrofiltrationfor

four kindstheseparationofof

polymcthylmethacrylate（ＰＭＭＡ）particlesandtwo
kindsofpolystyrene（PS）particlcswasinvestigated・
Thefiltrationresistanccincrossflowmicrofiltration

wascalculatedfromDarcy，slawusingtimecourse
resultsof‐filtrationfluxandthrceempirical
correlationequationsforthefiltraUonresistanceof

thecakelayerobtainedaccordingtotherangeof
particlesizes・Furthermorc，steadyandunstcady
filtrationfluxstateswereprcdictedusingthree
empiricalcorrelationequationsforthetested
samples，

LExperimental

Aschematicdiagramofthccrossnow
microfiltrationsystemisshowninFi9.1．Itis

FiItrationp旧sswe=39.2-156.8ｋＰａ
Ｃのss-fIowveIocity=0.28-1.11ｍ/ｓ

３
】Ｋｒ

刀②

■Ⅱ

」r⑨目星Ⅲ、弓ｎｎＩｕｎＦ

Fig.１Schematicdiagramofcxperimental
apparatus



212 ToshiroMIYAHARA,YUjiYAMADAandYasuharuAKAGI

ボ
ー
⑪
凶
⑪
ロ
⑩
君
野
の
Ｅ
呵
昌
⑪
⑪
の

Mp-1451ＭＲ１０００ＭＰ､1400ＭX･500ＳＧＲ７０Ｃ
ﾛﾛ

F10w

(0.5cｍ n㎡Ｂｏｎ田nＦｂ－ＦｏｒＢＢＩｚＢｕ

9９

go

Feed

inIet

仁
◇

Feed

outIet こ
○
毎
。
⑪
廷
柄
寓
戸
巨
。
Ｅ
①
夛
負
ロ
ヨ
Ｅ
。
。

5０ⅡＶ late

く＝
Filt厄te

outIet

０
０
５

２
１FiItrataJ

回

０．１

0.5１ｄｐｌＬｍ］５１０Fig.２Crossflowmicrofiltrationmodulc

comprisedofafeedcirculationsystem，acrossnow

filtrationmoduleandacomputersystemtomeasure

thefiltrａｔｅＦｉｇｕｒｅ２ｓｈｏｗｓｔｈｅａｓｓｅｍｂｌｙｏｆｔｈe
moduleTY1emodulewasconstructedwiththree

assemblies（Ａ，ＢａｎｄＣ)．Thefeedsolutionwas

pumpedintothenowchannelthroughthcAandB
assemblies・Thedimensionsoftheflowchannel

were:ｄｅｐｔｈ５ｎⅢn,width5cmandlength35clnA

nuclepoｒｅｍｅｍｂｒａｎｅｗｉｔｈａｐｏｒｅｓｉｚｅｏｆＯ２〃ｍ

(Polycarbonate，NolnuraMicroScienceCo.，Ｌｔｄ）

wassetonthebronzcsupportofaporoｕｓｐｌａｔｃＴｈｅ
ｅffectivemembraneareaforthefiltｒａｔｅｗａｓ７５ｃｍ２、

Thecrossflowvelocity，〃，ｗａｓｖａｒｉｅｄｆｒｏｍＯ､２８ｔｏ

Ｌ１１ｍ/s、Thefiltrationpressure，△Ｐ，wasvaried

intherangeof39､Ｚ－１５６８ｋＰａ・Theconcentration

ofthesuspensionsrangedfromO15kg/ｍ３ｔｏＬ５０
ｋｇ/ｍ3．ＦｏｕｒｋｉｎｄｓｏｆＰＭＭＡｐａｒｔｉｃｌｃｓａｎｄｔｗｏ
kｉｎｄｓｏｆＰＳｐａｒticleswcreusedasshowninTablel

TTleparticlesizeinTablelwasevaluatedusinga

particlesizeinstruｍｅｎｔ（modelELS-80R，Otsuka

ElectronicsCo.)andanopticalmicroscope

Fig.３Particlesizcdistribution

providesasatisfactoryreprescntationofthemeasured
distributionThereforc，theparticlesizedistribution

雛;:職臘;:繍搬淵習･塞灘鯛

…-歳扉仰|響。
(1)

Twoparametersarerequiredtodeterminethemean

particlesize,ｔｈａｔｉｓ，‘！ｐｃａｎｄｓｃ・Thcycanbe
obtainedfromthedataas

`,G=(`,rdp2…`")''〃 (２）

and

TablelCharacteristicsofparticlesemployedin
thisstudy

…[Ｚ{mcwh]Ⅲ (3)

DensiIy
[kgm3］

voIumelrlcmBan

dIamBter

UJLm］

Remarks
ParticIe

Where`jpcisthegeomctricmeandiamctcrandscis
thegeometricstandarddeviationTY1erelationship

bctween‘ljianddhcofalog-normalprobability
distributionis(MugeleandEvance,1959）
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PoIyslyrene(PS）

ITlevolumetricmeandiameterofeachparticle
employed,d3o,canbecalculatedusingEqs．(2)，（３）
and(4)．ＴｈｅｒｅｓｕｌｔｓａｒｅａｌｓｏｓｈｏｗｎｉｎＴａｂｌｅＬ

Distilledwaterwasusedtosuspendtheseparticlcs．
Figure3showsparticlesizcdistributiononlog-

normalprobabilitydistributionplots、Asshownin

thisfigure，forallkindsofparticles，thelinearity
suggcststhatthelog-normalprobabilityfunction

2.ResultsandDiscussion

2･lTimecourseoffiltrationflux
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filtrationnuxunderallconditionsinthisstudy・A
steadystatewasrcachedwhenthefiltrationnux

rcmainedconstant・Ａｓｓｈｏｗｎｉｎｔｈｉｓｆｉｇｕｒｅ，the
steadystateforeachoperatingconditionwasreached

withinaround4hours・TherefOre，themeasuring
timcforfiltrationfluxwassetwithin4hours．

0．０００３

皆００００２
つ

0．０００３ 0．０００１

△PmIMA,ＰＳ,－－
□ ＡＰ=39.2-156.8kＰａ

ｕ=0.28-1.11ｍ/ｓ ０

０ 3600

'晏毛=::柵ｌＷ

ｌ蕊

7200 1０８００

0．０００２

(a）［
豊
弓 0．０００４

４hours
ＰＳ

ＡＰ＝117.6ｋＰａ

Ｃ=0.45kg/ｍ３
ｄｐ=１２．０１A、

鵬
砿
岫
疵

８
５
３
１

２
５
８
１

瓠
幻
釦
司

ｕ
ｕ
ｕ
ｕ

ロ
ｏ
△
◇

0.0001

鷺
０．０００３

￣

（Ｄ

ＥＣ､０００２
－

つ

｡

:Ｉ菫，､｡０

０３６００７２００１０８００１４４００１８０００
ｔ[s］

０．０００１

Fig.４Timecourseoffiltrationflux
０

０ 3600 ７２００１０８００14400

ｔ[s］Figure5(a)ａｎｄ５(b)showexamplesoftheeffect
ofcrossnowvelocity,Lu,onthefiltrationnux,Lfor

PMMAandPSparticlesuspensionsThescfigures
showthatthereisasmalleffectofcrossflowvelocity
inincreasingthefiltrationnux，Ｊ、However，the
effectofcrossflowvelocityfoｒｔｈｅＰＩＶｎⅦA
suspensionwaslargecomparedtothatforthePS
suspension、TY1isindicatesthatthecakelayerofthe
PSparticles(largeparticleinsize)ishardtoremove
byshearforccinducedbycrossflow

Thecffectsoffiltrationpressure，△Ｐ，on
filtrationnuxareshowninFig､６(a)(fOrPMMA)ａｎｄ
6(b）（fOrPS)，respectively・Asshowninthese
figures,increasingthefiltrationpressureenhancesthe
filtrationfluxandtheeffectwaslargeonthePIVnVIA
suspensionTY1iswasprobablyduetothesame

mechanismastheeffectofcrossflowvelocityAsa
matterofcourse，decreasingtheconcentrationofthe
suspensionenhancedthefiltrationnux
2.2Filtrationresistance

Generally,thefiltrationflux,Ｊ,isgivenbyDarcy，s
lawas(Murkes,1990）

(b）

Fig.５EffCctofcrossflowvelocityonfiltrationflux

filtrationresistanceofthecakelayer、
Figure7showsthefiltrationresisｔａｎｃｅｏｆａ

ｍｅｍｂｒａｎｅｉｎｔｈｅａｂｓｅｎｃｅｏｆparticles，ｔｈａｔｉｓ，inthe
caseoffeedingdistilledwateronlyFromthis
figure，thefiltrationresistanceofthcmembranelies
inorderoflO8m-1・

TY1efiltrationresistanceofthecakelayer,Ｒｃ，can
bccalculatedfromEq.(5)usingthetimecourseof
filtrationfluxandtheresultsforthemembrane

filtrationresistanccshowninFi9.7．Figure8(a)ａｎｄ
8(b）showexamplesofthetimecourseofthecake

layerfiltrationrcsistancclnthesefigures,Rcliesin
orderofaroundlOl2m~1．Ｔｈｉｓｉｍpliesthatthc
crossnowmicrofiltrationiscontrollingthcfiltration
rcsistanceofthecakelayer、

2.3Ｃorrelationofthecakelayerfiltration
resistance

Asmentionedabove，asthecrossnow

microfiltrationinthisstudywascontrollingthe
filtrationresistanceofthecakelayer・Ｔｈｕｓ，we
obtainedthefollowingcorrelationequationsforRc
whichareshowninFi9.9．

For必=019-086瓜、

△Ｐ
ノー－

，u(R,"＋R`）
(5)

where必istheviscosityofliquid，Ｒ,〃isthe
filtrationresistanceofthemembraneandRcisthe
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の声．こ］｜ｐｏｌの「

ItisinfelTedthatthescthreccquationsdependonthe
rangeofsuspendedparticlesizcSUsually,particles
lcssthanl似mshowcolloidalbehaviorand

particlesgreaterthanl必mhavesedimcntation

bchavior・Ｅｑ.(7)ｆｏｒ必=407〃mshowsthc
probabletransitionbetweenthecolloidaland
sedimentatioｎｂehaviors、

2.4Predictionoffiltrationfluxintheunsteady
state

FigurelOshowsthecomparisonofmeaSured
filtrationnuxesinthcunsteadystatewiththe
calculatedresultsusingEqs．(5)，(6)，（７）ａｎｄ(8)．
Thecalculatedcurvesfitwcllwiththemeasurements．

1Ｘ1０－５
ｌｘｌＯ－５ １xlO-4

JS-eXp[ＷＳ］

Fig.’1Parityplotforfiltrationfluxinthesteady
state

filtrationresistanceincrossflowmicrofiltration，
experimentswereconductedvaryingthcparticlesize

fromO19tol7.’〃ｍ・Asaresult，thefollowing
conclusionsweredraｗｎ

ｌ)ThesteadystateinfiltraUonfluxisreachedwithin
４hours

2）Increasingthecrossflowvelocityandthc
filtrationpressure，anddecreasingtheconcentration
ofthesuspensionenhancethefiltrationflux，

3）Thecrossnowmicrofiltrationinthisstudy
controlledthefiltraUonresistanceofthecakelayer、
4)Threeempiricalcorrclationequationsforthe
filtrationresistanceofthecakelayerareobtained
dependingontherangeofparticlesizcs、
5）BothsteadyandunsteadyfiltraUonfluxstatcscan
beestimatedusingtheseempiricalcorrelation
equations．
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Fig.１０Comparisonofthecalculatedfiltrationnux
intheunsteadystatewithmeasurements Nomenclature

C＝concentrationofsuspensi0,,ｋｇ/ｍ３
必＝particlcdiameter,ｍ
ｑｌｉ ＝generalmcanparticlediameter,、
｡〉ｃ ＝geometricmeanparticlediameter,ｍ
ｄ３Ｏ ＝volumetricmeanparticlediameter,ｍ
ノ＝filtrationflux,ｍ/ｓ

Ｊ,."ノ ーcalculatedvalueoffiltrationfluxat

steadystate,ｍ/ｓ

Ｊ,."， ＝experimentalvalueoffiltrationnuxat

steadystate,ｍ/ｓ

△Ｐ＝filtrationpressure,Ｐａ

2.5Predictionofmtrationfluxinthesteadystate
AsmentionedbefOre，thesteadystateforeach

operatingconditionwasreachedwithinarounｄ４

ｈｏｕｒｓＦｉｇｕｒｅｌｌｓｈｏｗｓｔｈｅｐａｒｉｔｙｐlotforthe
filtrationnuxinthesteadystateusingEq.(5)withRc
valuesaftcr4hours・ItshOwsgoodagreementwith
themeasurements．

Conclusion

Toclarifytheinfluenceofparticlesizeon
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