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ABSTRACT

Glassbeadsof43L⊥mWerecoatedlnaVlbro-fluldlZedbedbyatomlZJnga
theslllCapowdertogetherwlthpolyvlny)alcoholaqueoussoJutlon Thecoatlng
efficlenCyandwelghtfracllOnOFtheagglomeratedpartlClesweremeasuredur)der
vanousexpenmentalcondLtZOnS,andthelTdependencleSOnthefrequencyandne
dlreCt10nOfvlbrat]onwerelnVeSt]gated ThecoatltlgefrlC)enCyandthedegree
oftheagglomeratlOnamongCorePartLClescorrelatedwellw仙 anLndexR The
mdexRwasIntroducedtoevaluatequantltanVelythedryLngCOndltlonsm a
fluldLZedbed

Appl'CatlOnOfve't'calvlbrat】ononthenu.dlZedbedloweredthe戸oat)ng
efficlenCysomewhat,whlJeltPreventedagglomerat10n FromtheexperImental
resultsltWasCOnRrmedthatcoat)ngwlthh】ghqualltyandh唱he節clenCy,Where
Fewagglomerateswereproducedandsl】1Capowderwasutl)lZede用clently,was
posslble ln a Vlbro-什uldlZed bed wlth adequatevlbratlOn frequency and
onentat】onorthevlbratlOnVector



rNTRODUCTLON

SlnCeWurster[6]]ntroducedtheposslbl】1tyOfapplylnganuldlzedbedto

thegranLLlatlOnProcess,manylnVeStlgatOrShavereportedaboutthepanlCle

treatn]entl'nnuldlZedbed lnpractlCe,f)uld-Zedbedhasbeenwldelyusedlnthe

pharmaceutlCa),food,andfertlllzerindustnes TwotypesoFprocessesfor

partlClegrowth,namely,agglomerat)OnandcoatlngCanbeoperatedlnafluldlZed

bed,dependLngOntheoperatIOnaLcondltlOnandtreated matenals Maln

object)YesOf'thecoat]ngarestablllZat70nanddesolub)llZat10mOfthecore

matenalsowlngtoItsSeParatIOnfrom theexternalsurroundlngS,addlttonof

sustalned-release characterlStlCS, Improvement Of ∫)uld)ty and adhes10n,

PreventIOnOfpowdeTCrackingandImprovementOfsurfacecolorandtaste

LntheusualcoatlngProcess】nafluLdlZedbed,SohtlOnOfthecoatlng

matenallSatOmlZedonfluldlZlngcorePartlC]es,andthecoatlngmaterlaldeposltS

ontl-epart)clesurfacetoformthecoatlnglayerbyvaporlZat10nOftheso一vent

AnothercoatlngteChnlquelSdlreCtCOatlngbypowder Whenfinepowder

suspended]nab)nderso)utlOnlSatOmlZed,thepowdercoatsthesurfaceofthe

fluldJZlngPartlClesdlreCt】y tnthepharmaceutlCaHndustrleS,theformerwlth

orgamcsolutionOfcoat]ng mateTlalhasbeenwldely used untllrecently

However,aqueouspowdersuspens10nhasbecomepopu)arlnmanyCOatlng

processesbecauseofthed】sadvantagesofus川gorgamcsolvents,Suchasreslduat

organlCCOmPOnent,environmentalpollutl0nandtoxICttytOhumanhealth

Therefore,thefomlermethod hasbeen gradually replaced by the latter

Furthermore,thesmallerfluldlZlngPartlCJelSHabIetoagglomerateslgnlflcantJy

andthenltlSa)mostlmPOSSlbleforconventJOnatfluldlZedbedtocoattheparlICles



smallerthan一oopm ThenthedeveJopmentofthecoatingteChLque,bywhlCh

thefinecore part)C)essmallerthan 100 Ltm Can becoated w)thoutthe

agglomeratlOn,lSStronglyrequired

Theauthorshavecoatedglassbeadslargerthan100LlmbyslllCaOrnylon

powderlenabubbl)ngfTuldlZedbed,anda一readyreportedthere)atlonshlPbetween

operatIonaJcondLtlOnSandcoatlngemcJenCyll] However,ltWasVerydl用Cult

topreventtheaggLomeratlOnamongcorePaTtlCZesandtoobtainthehighquaJlty

productslntheconventlonaJbubbllngfluldlZedbed,when石nepartlClessmaller

than100トImWereusedastf1ecope Therefore,wemtTOducedvlbrat10nOntothe

f)uldlZedbed[4〕Oruseofac)rculatJngnu】dlZedbedl2,5]topreventpaTtlCle

agglomerat10nandtocoatevensmaHcorepartlcles

lnthlSlnVeSt】gatlOn,glassbeadsofaveragedlarneter43トLmandslllCafine

powderwerechosenasmodelparltCLesbecauseoftheirSPherlCalshapes The

glassbeadswerecoatedw】thsLlJCalnaV)bro-nuld)Zedbed TTleeffectsofthe

dLreCtlOnandfrequencyofv】bratlononcoatlngemC)enCyandaggJomeratlOn

amongcorepartlCleswerelnVeSt)gated

EXPERn4ENTAL

Aflowchartoftheexpen'mentalapparatusJSShownlnFlgureI Thelnr)er

dlameterSOftaperedfluldlZedbedwere100and210mJTlatthedlStr]butorandat

thefreeboard,respectlVely Thecolumnheightwasl500mrnabovethe

dlStrlbutoTP一ate Al一WasSuPPlledtothebedbyacompressorafterIts

temperatureandhumd]tyWerecontTOHedbyapreheaterandanalrdryer The



SuspenslonofcoatlngmaterlaJwasatomIZeddownwardwlthatwoIPhasenozzJe

locatedlnthefreeboard ItsheLghtwas370mmabovethedJstTlbutor ltwas

conf汁medthatalmostaHsuspenslOndropssprayedatthenozzlehelghtamvedat

thebedsurfacewlthoutdirectentrammentbythefluldlZlngaTr Glassbeadsor

43トIm averagedlameter(3301425mesh,denslty 2520kg/m3)andheslllCa

powderwlthnarrowsIZedlStr]butlOn(1pm,dens】ty2200kg/m3)Wereusedasa

corepartlCleandthecoatingmaterlal,respectlvely- PoLyvinylalcohol(average

molecularwelghtwas22000)wasusedastheblnder Acoupleofvlbromotors

werefittedonthesteelplateorthebox,attacheddirectlytothebedcolumn The

fluldlZedbedandthep)ateortheboxwerev)bratedasaslngle VlbratlOnln

vertlCal(0-00),oblJque(0-330)andhor)'zontal(0-90O)dlreCtlOnWereaPpLledto

thenuld】Zedbedcoater AmpHtudewaskeptconstantforeachvlbratlOn

dlTeCt10n Am Plltudeandfrequencyweremeasuredbyadlgltalvlbrat10nmeter

(ShowaSokk]Corp,DlglVlbroModel-1332)anddl'gltathandtachometer(Ono

SokkICo,Ltd,HT-44)),respectzvely. TnthlSPaper,theterm 'ampHtude'ls

doublethepeaktocenterllnedlsplacement

AfterthefluldlZedbedwaspreheatedbyfluldlZmggasuPtOaPre-Selected

temperature,stlJCaPOWderwassupplled良一om thenozz一etogetherwlththe

aqueousblrlderso】utlOn ThevISCOSltyOfsuspenstonwas097xlO~3kg/m s

SmaHamountsorg)assbeadswlths)I)caweresarnpledfromthetopofthebedat

LnterValsoflOmlnthroughthecoatlngexpel)ment ThebLnderdeposltedonthe

samp)edglassbeadswasdlSSOlvedinwaterandsJllCaPOWderwasseparatedfrom

thecorepartlCle Thedrywelghtofsllzcawasmeasured As 1ntrOducedlater

lnFlgure3,ItsChangewlthpassageoftlmeWasWellrelatedbyastra7ghtILne

passlngthroughtheorlglnOfthegraphforal一expenmentaJruJIS Bothcore



paTtlC)esandsprayedpowderdTdnotdepos)-tonthebedwalL

ThccoatlngCfficlenCy,E,wasdennedbythewelghtratl00rthepowder

usedfortheformat10nOfcoatlnglayertothepowdersupplledtothefTuldlZedbed

ThepartlCleslntheflu】dlzedbedweresleVedbya330meshscreenattheendor

every coatlngeXPerlment Thepa什ldespassed throughthescreen were

regardedasslngle-corepaTllClesandthelrwelghtfractlOrL,Y,wasmeasuredto

evalua(ethedegreeoFaggLomeratlon- ThecoatlngeLficiency,E,andthewelght

fractlonofstng】e-Corepartl'cle,Y,weredefinedasequatllon(1)andequat]on(2),

respectively

E -
(rateoFpowderdeposLt10nOnCorePartICles)

(ftedrateofpowdersupplledfromspraynozzle)

(welghtorpartlC)esrecognizedassl'nglepartlCles)
Y -

(we)'ghtofallparticleslnthebed)

TheexpenmentalcondltIOnSrestedaresummarlZedlnTablei

TABLEI Experl'mentalCondft)OnS

(1)

(2)

,weeeldgで£10eF.CFO,r:sP,ae:監ens i55k～g50x.0-8m3/S
Weightrat100fRneparticletoblndersolutlon 0117kかkg-b】ndersolutlon
Massrract10nOfbinderlnblndersolutton 0005kg八g-blndersolutlOn
volumetTICflowrateofnuldlZinggas 133-217x10-3rnj/s
Bedtemperalure 850C
Feedtemperatureofsuspenslon 30oC
Frequencyofvlbration 148-298Hz
Am pl1tudeofvibrat]on 729(VeTtlCal),253(Obllque)

100… (Horizontal)
ⅥbratlonalacceJeratlOn 431-447m/S2



rNDEXRFOREVALUATIONOFTHERMALOPERATrNGFACTORS

Fromcoatlngresu一tsobtal'nedlnaflujdtzedbedwithoutvlbrationunder

vanousdrylngCOndltlOrlS,Wehavealreadyconc一udedthatfluldlZlnggasIS

hum-dlfledad-abatlCaHy)∩thef]uidlZedbed,andthatthecoatlngeRIclenCylS

detemlnedbythemoIStureCOntentlnthecoattnglayerformedonthecore

surface ThemoistureCOntentlnthecoatlnglayertSd]rectlyaffectedbythe

therma一operatlngfactors,suchastemperatureandhunlldltyOFlnletgasandreed

rateofatomLZedsuspensJOn Therefore,theroleofthese Factorslnthe

dete-lnat10nOfthecoatlngefficlenCyCanbeexplalnedsynthetlCaHybythe

molsturecontentinthecoatlng一ayerl1]

Ontheotherhand,thehumldltyOrthefluldlZlnggasandthemoISture

contentofthecoatmglayersurfaceequll)brate,tftheatomizedwaterhas

compJetelyvaponzedbeforethegasleavestheEluidlZedbed ThtsISけueforthe

usualf)ulLd)-zedbedcoater,becausethefluld]zlnggashassuLricientdryl'ngabiIlty.

Consequently,thecoatingefficl'encyshoulddependonthehumtdltyOFtheoutlet

gasbecauseofItsCloserelat∫ontOthemoIStureCOT]tentlnthecoatlnglayer-

ThenanIndexRwasproposedtoevaluatetheInfluenceoftherlllaloperallng

factorsuponthecoat]ngefFclencyanddeflnedbyequatlOn(3)

R-Ho/Hs-(Wl+Wp)/(Wl+Wt) (3)

Thedry)ng condlt)On ]nthe b ed d lreCtly re flectson theln dexR,andIts hlgher



valuecorrespondstomllderdryl'nglnwetterbed.

We have alTeady connrmed thatthe fluldlZing gas ]S humldtRed

adlabatlCaLlylnthefluldLZedbed Therefore,reedgaslocatedatthepo】ntALn

FlgtJre21SheateduptothepolntBbypreheater,andlSSubsequentlycooledand

humldlfiedtothepolntCalongtheadlabatlCCOOllngllnebytheatomlZatlOnln

thebed TheIndexRlseasllycalculatedwTththedataofexpenmentatcond】tlOn

ltwasalreadyreportedthatthecoatlngefficiencywascorrelatedweHwlththe

IndexRforthefluldizedbedcoatingwithandwl'thoutvertlCalvibrat10nl1,3,4]

TheIndexRlsalsousedlnthlSPapertOCOrTelatethecoatlngefriclenCy

andagglomeratlOntnthefluidlZedbedw-thvertlCal,obI1queandhorizontal

vlbrat)on

RESUu'SANDDISCUSSrON

DeposlttOnOFPowderonCorePartlCles

Flgure3showsthatslllCapowderdeposttedonthecorepartIClesIncreases

bythepassageoftlme_ HorlZOntalvlbratlonwasaddedtothefluld]zedbedln

FIgure3 Thewelghtof-thepowderdepositedoncoreparlICJesIncreasedand

wasalmostin propornon to thecoatlng tlme foraH expenTTlentalrullS

Successfulgrowthofcoatlnglayeronthecorepart)-clelnVIbrO-nuldlZedbedlS

confirmed打omtheseresu一ts. Lnthef弓gure,theeFectof-thesuspenslOnfeedrate

supplledfrom thenozzleonthecoatlnglSalsolndlCated Thewelghtofthe

deposltedpowderIncreasedwlththesuspens)onfeedrate However,ltWasnot



1nPrOPOrtTOntOthesuspensl0nfeedrateandthenthecoatlngefnclenCy,E,

)ncreasedwlthFs

EffectoFVertlCalVibratlOnFrequencyonCoatlngEfficlenCyandAgglomerat10n

Flgure4showstherelationshlPbetweenthecoatlngemCiencyandthe

IndexR ThecoatlngefficlenCyWasCOrTelatedwellwlththelndexR Large

va)ueofRcorrespondstohlghhum-dltyandlowtemperatureoFtheInletgasand

hlghfeedTaleOftheatomlZedwater As RIncreased,thecoatlnge81ClenCy

becamelargerandtheatomlzedsl]lCaWasusedmoreeffectlvelyFortheformat10n

ofthecoatLnglayerregardlessof-thevtbrat10nfrequency Fromthecornpar)son

orEalthesamevalueOFR,7tlSfわundthathlgherfrequencymakestheemclenCy

lowerandthattheaddltlOnOfv)bratlOnlSnotrecommendedfortheexceHent

resultme餌clenCy TheheavJerattntl0nOflthecoatlnglayerowlngtOfrequent

comslOnSamongParticlesandbetweenparticleandbedwanmlghtcausethe

coatlngefFiclenCytOdecrease,asthevlbrationfrequencyIncreases Coattng

undertheoperatlngCOndlt10nSWheretheIndexRISlargelSrecommendedforthe

achleVementOfhlghcoatlngefrlClenCy

The relatllonshl'p between the welghtfractl0n OrSl'ngle-core coatlng

products,bywhjchthedegreeOraggtOmeratlOnlSquantified,andtheIndexRIS

shownlnFtgure5 AsRl'ncreasedandsubsequentlythehum)dltylnthebed

rose,YkeptconstantatfirstandsuddenlydecreasedatacertalnValueofR. The

progressofagglomeratlonproducesmanymultl-CorecoatlngProductsand

partlcles]nfluldlZedbedusuallyde-fluldlZeWhenYbecomes)essthan02or03



However,theagglornerat)IonamongcorepartlCleswaspreventedandYkept一arge

vahle)nthewlderreg】onofR,asthevlbrat】onwlthhlgherfrequencywasappIIed.

As mentlOned above,the applicatlon ofvertlCalvlbratlOn lS not

recommendedtoobta]nexcellentcoatlnge桁c)ency,whi)eJtlSSuf罰clentlyuseful

fortheprevenhonoilagglomerat)onamongcoreparttcles_ Then,forthe

compar-SonbetweenthefavorableeWectoFvlbratl0nOnagglomeraltonandltS

unfavorableeffectonefFLClenCy,therelat-OnshlPOfRF.=8.andR, 80ISShownln

FIgure6 Here,RE=80andRY80arethevaluesofRwherethecoattngefficlenCy,

E,andthewelghtfractlonofs】ngle-corepartlCle,Y,equalto08,asIllustratedln

Flgures4and5. ThesevalueswereadoptedascrltLCalvaluesofR,wherethe

excellentcoat]nge桁clenCyWasaChLeVedandcorepart)'clesdonotagglomerate

szgnlf7cantly Therefore,-nthereglonoFvlbratl0nfrequencywhereRE･七〇lS)ess

thanRYZ80,thecoatlngProductswlthoutagglomerat10nOughttobeobtalned

emcllentty. Jn FlguJ'e 6 1tlSfound thatthe exceHentcoatlng Wlthout

agglomeratIOnlSlmPOSSlble,whenthefluldlZedbedlSnotVlbrated. However,lt

becomespossiblebytheaddltlOnOfvertlCalvlbTatlOnlargerthan5Hz The

sameconcluslOntSalsodrawnbythecompansonoFFtgures4and5. Whenthe

vlbrat]onwithhIgh 斤equencylsapplled,thehJgh coatlngefficlenCylSObta】ned

andslmuttaneOuSlytheagglomerat)-onlSkepttobelow(0.52<R<058when

i-248Hz,058<R<0.65whenF298Hz) Ttwasconfirmedthatexcel一ent

coatlngProductswereobtainede恥ctlVelywhenthefluidizedbedcoaterwas

vlbratedverllCallyandtheoperat10nalcondltlOnthatpreparedtheadequatevalue

OFRwaschosen

Theeffectsofamplitudeofvert]calvlbratlOnOnthecoat)ngemcJencyand

agglomerat)onhavealreadyreportedl'ntheprevtouspaperl4]



EffectofObLlqueVlbratlOnFrequencyonCoatlngEfrtclenCyandAggLomeratIon

TheeffectoftheobllqueVibrationfrequencyonthecoatlngefrlClenCyarld

agglomeratlOnareShownlnFlgureS7and8,respectively AppllCatlOnOrthe

obllqueVlbratl0nWlthlowerfrequencydidnotaffectboththecoatlngemClenCy

andtheagglorneratton However,thecoatlngefriclenCydecreasedandthe

agglomerat】Onwasprevented somewhatbytheappllCatlOnOfthehlghest

frequencyvlbrat10n. ThecompansonbetweenREP80andRY soforobHque

vlbratlonlSShownmFlgure9 RE三8｡】SS)tghtlargerthanRyE80exceptatf-)5

Hz ThenLtWasCOnfirmedthattheexcellentcoatlngWtthhlghefnclenCyand

wlthoutagglomeratTOnWasalmostlmPOSSlblebytheapplfCatTOnOfobllque

vibratlOn

EffectoFHorl'zontalVlbrationFrequencyonEfriclenCyandAgglomeration

Flgures10andllshow theeffectoFhonzontalvlbratlononcoatlng

effic)encyandagglomeratlOnamongCorePartlCles WTlenthevibratlOnLn

honzontaldirectlOnWasaPPIJedtothecoater,thecoatlngefTic)encyIncreasedat

Lowerfrequency,however,decreasedathigherfrequency PaTtlClemovementby

nutd】zatIOnrmghtbeweakenedbytheaddltionofvibrat)onoflowerfrequency,

becausethedlreCt10nOFvlbrattonandthepartlclemovementbyfluldlZlnggas

wereatrightanglestoeachother Whlle,paTlictemovementmlghtt]otbe



pnncIPa日ygovemedbythenuldlZinggasbutbythestronghorl'zontalvlbrat]lon

whenthehlgherflrequenCyVlbratlOnWasaPPlled FromFlgure1I,ltlSCJearthat

agglomeratlOn ProgressesWellby horlZOntaLvlbratlOnOrlowerfrequency,

however,ISreVerSelyImprovedtogobacktotheFoTTT)erPOSltlOnbythehlghest

ETequency WhenthecorepartlCJeswerecoatedeffectively,agglomeratloncould

notbeprevented,evenlrthecoaterwasvtbratedlnthehonzontaldlTeCtlOn_

TherelahonshlpbetweenRE欄 andRY 80lSalsoindicatedinFigure12

RE≡舎01SlargerthanRY,80everywherelnth｣sfigure Bytheaddltionofhonzonta】

vlbratLOn,hIgh qualItyProductswerenotobtalnedunderanyoperatLOnalcondltlOn

adopted)nthJSlnVeStlgatlOn

Fromtheresultsobtained,】tlSconcludedthatthecoatlngefficlencyandthe

agglomeratlOnamongCOrePartlCJesslgmnCantlydependontheorientatJOnOfthe

vlbratlOnVectoraSWellasltS什equency

CONCLUS10NS

Glassbeadsof43llmWereCOatedbysillCaPOWderlnafluldlzedbedto

whJChthevencal,obl1queOrhonzontalvibratlonwasapp)led. Thecoatlng

e阿clenCyandweightfractl0nOf-theagglomeratedpartlClesweremeasuredand

theirdependencleSOnthedlrectIOn and the frequency orvlbratl'on were

)nvestlgated. ThecoattngemclenCyandtheagglomerationwerecorrelatedwell

wlththeIndexR,onwhIChthedTylngCOndlt]OnlnthefluldlZedbeddTreCtly

renected

ltwasconfirmedthattheexceHentcoallngWlthhlghqua)ltyandhlgh



e汀iclenCy,Wherefewagg)ornerateswereproducedandSIL)'capowderwasutlllzed

eWTClently,reallZedlnthefluldl7_edbedcoaterbytheappllCatl'OnofvertlCal

vibTatlOnandthechoICeOf-adequateoperatlonalcondtttonwhlChpreparedthe

adequatevalueofRI App)TCarlOnOftheobllqueVlbratlOnWlthlowerfrequency

dldnotaffectboththecoatlngeLTiclenCyandtheagglomeratlOn,however,the

coatlngefFiclenCydecreasedandtheagg)omerat10nWasPreventedbythehlghest

frequency Bytheapp)1CatlOnOfthehortzontalvlbrat-on,thecoatlngeLTIclenCy

Increasedatlowerfrequency,however,reverselydecreasedathTgher&equency

Furthermore,theagglomeratl0nProgressedweHwlthlowerfrequency,butlt

shJftedbacktotheformerposlttOnbythehlghest斤equency lnthenuJdlZedbed

coaterwlthobllqueOrhonzontalvlbratlon,)'twasdlfrLCulttoobtalneffectlVe

coatingandhlghqualltyPrOductsslmultaneouslybecauseoftheInverserelatlOn

betweencoatlngefficlencyandquallty

NOTATION

a amplltudeofvibratIOn,mm

E coatlngefriclenCy,-

f frequencyofvibrat)on,H2:

Hl humidityof-1ntetgas,kg-H20/kg-dryalr

Ho humldltyOfoutletgas,kg-H20/kg-drya】r

Hs humldltyOfsatuTatedgas,kg-H20rkg-dryair

Q gasflowrate,m3/s

R IndexdefinedbyEq(3),-

RE_8｡ RatE-08,-



Ry80 RatY-08,-

T LemperatuTe,OC

t tlme,mln

Vc welghtofpowderdeposltedoncorepancles,kがkg-corepart】cle

Wl FeedrateoFwateraccompan】edbyl'nletgasf一ow,kg/mln

Wp feedrateofwaterbyspray,kg/mln

Wt addlt10naLmaxlmumVaporCOntentOFInletgas,kg/min

Y welghtfracnonorslng)e-CoreParticle,-

0 dlreCt10nOFvlbratlOn(anglefromthevertlCal),o
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FJCURECAPTlONS

FIGUREI Schematicdtagramofexpenmentalapparatus
I･Cornpressor,2Filter,31Rotameter,4 Dryer,5Valve,6Pressuregauge,7･
fleater,8.Vibromotor,9_DIStnbutor,10_VibratJOnlSOlator,11_TwoIPhasenozzle,
)2Tank,13Lnverter,14Box

FIGURE2 AdlabatlChumldlficatl0nOFnuidlZLnggas

FIGURE3 Growthofcoatlnglayeroncoreparticles

FrGURE4 EWectofvertICalvlbratlOnOnCOatlngeffictency

FIGURE5 EffectofvertlcatvlbratTOnOrLaggJomeratlOn

FIGURE6 RelatlOnShipbetweenRET80andRY80ForvertlCalvlbratlOn

FIGUltE7 EfrectorobllqueVlbratlononcoatlngefficlency

FrGURE8 EffectofobliquevibratlOnOnagglomeratlon
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