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ＡＢＳＴＲＡＣＴ

Thisstudyprovidesanewcost-effectiverecoveryprocessfbrtherelnovalof
carcinogenicCr(VI)ffomaqueoussystelnbysolPtiononusedblacktealeaves(UBTLs)．
A1thoughbothadsorptionandreductionareinvolvedintllisremovalprocess,Operational
conditiOnshavebeenoptimiZedtoprecedetheremovalbyadsorptionEquilibrium
adsorption,adsolptionkineticsandmechanism,desorption,etc・werestudiedindetailto
evaluatetllefeasibilityoftheprocess・EquilibriumstudiesshowtllattlleUBTLshave

extremelyhighadsorptioncapacity(４５５，９９~'at250C)ｔｏＣｒ(VI)atlowsolutionpH、
KineticallyltheadsorptionfbllowedlWostepsmechanism:veryrapidinitialadsorptionfbr
fewhourstooneday;fbllowedbyalongperiodofmuchsloweruptaketoapproachthe
equilibriumfbrlO-15days・Theinitialrapidstepisreaction-controlledandtheslowstep
intraparticle-diffilsion-controlled・Amodelmechanismofthisadsorptionisestablished
ffomtlleelucidationoftransportphenomena，orientationandspeciationofadsorbed
speciesandtheelectrochelnicalapproachatinterface；wheretheUBTLsbecome
protonatedinacidiclnediaasaveryftlstprocessfbllowedbyadsorptionofHCrO4~ions
onprotonatedpositivesurfaceduetoanelectrostaticfbrceofattractionTheadsorbed
HCrO4￣ionsgraduallymigratedtothecavitiesontheUBTLssurfaceasactivesites

accolnpanywiththetransfbrmationofCr(Ⅵ)ｔｏＣｒ(111)bytheacceptanceofelectrons
fromthesurfacefimctionalgroupSandfbrlnsurfacecomplex・TheSurfacecomplexof
Cr(111)becomesprotonated,adsorbsHCrO4~ions,againtransfbnnsthemtoCr(111)andin
suchwayfbnnsanlultimoleculararrangelnentattllesurfacecavities､Attllefinalstageall
chromiumexistedoiltheadSorbedUBTLsareCr(OH)3orCr203・Desorptionstudyshows
thatallCllromiumcanberecollectedfionladsorbedUBTLsbyadditionofalkali・A
comparativestudyshowsthattheremovaleffiｃｉｅｎｃｙｏｆＵＢＴＬｓｉｓｂｅｔｔｅｒｔｈａｎｔｈａｔｏf
connercialactivatedcarbon．
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IＮＴＲＯＤＵＣＴＩＯＮ

Chrolniumisauniqueelement,fimctiomngasbotllanessentiallnicronutrientanda

carclnogenicsUbstancedependingontllevalencestate・Hexavalentone，Ｃｒ(VI)，is
carcinogenicandmutagenic，andreadilysolubleinwaterlallowingittomoveeasilyin
aquaticenvironlnents、Manyindustrialprocessessuchasironandsteelmanufacturing，
chronliunlplating，chrometanning，reffactorylchelnicalindustries，etc・ａｒｅlmownto
generatelargeamountofCr(VI)-1adenwastewaterwhiChmustbetreatedbefbrerelease・

AnumberofteclmiqueshavebeendevelopedfbrtlleremovalofCr(VI)fiolnwaterand
wastewaters・Currently）existingtreatmentmethodssuchasionexchangeandreverse
osmosismaynotbeapplicabletOsmallindustriesespeciallyinunder-developedcountries
becauseoftheirhighcapitalinvestmentandrunnlngcosts,Variousconventionallnethods

areavailablefbrtlleremovalofCr(VI)withaseriesoflinlitations・Actually;Ｃｒ(VI)isa
well-lKnownoxidizingagent,easilyreducedtoCr(111)ｂｙorganicsorreducingagentsThis
reductionreactionisnotsuitablefbrlowconcentrationofCr(VI).Forlowconcentration，
adsorptionisoneofthenloStimportantprocess,andactivatedcarbonistlleStandard
adsorbentfbrwastewatertreatlnentprocesses，butalsOexpensiVe・Severalstudieshave
beenreportedabouttheremovalofCr(VI）bylow-costsorbentsbuttheirsorption
capacitiesarenotsufficienttopracticaluses、

Myrecentsmdyshowedthatusedblacktealeaves(UBTLs)asalowcostwaste
materialhavingllighadsorptioncapacitytoremoveＣｒ(VI）fieomaqueoussolutiOn
(Hossain,2003).Therefbre,UBTLsbecolnesanattractivebiosorbentfbrdevelopinga
newrecoveryprocessfbrrelnovalofCr(VI)asthealternativeofactivatedCarbon・The

basicobjectiveofthepresentstudyistoevaluatethefeasibilityofUBTLsfbritspractical
applicationanddeveloparecoverysystem,inlaboratoryscale,fbrtheremovalofCr(VI）
fiDmaqueoussolutionbyadsorptioｎｏｎＵＢＴＬＳ・Variousinvestigationssuchasadsolption
kinetics，optimizationofoperationalParameters，equilibriumadsorptioncapacityl
desorption，etc.，wereperfbrnledtoestilnatetheefIiciencyoftlleprocess・Ｒenloval
lnechanismwasstudiedbasｅｄｏｎ(i)kineticevaluationoftransportprocess,(ii)analysisof
adsorbedsurfaceand(iii)electrochenlicalapproachtoadsorptionprocess・Acomparative
smdywithactivatedcarbonwasalsoperfbrmedandfinallyproposedapossibleflowchart
fbrtherecoverｙprocess．

ＥＸＰＥＲＩＭＥＮＴＡＬ

FreshblacktealeaveswerecollectedfiomBangladeshT℃aResearchlnstitute,ＢＴⅢ，
whereＣＴＣ(cut,tearandcurl)isthemalnnlanufacturingprocess・Usedblacktealeaves
wereobtainedafterextractingtealiquorffolnthefreshonesbyboilingwithdistilled
waterfbr8hours・TheremainedtealeaveｓｗｅｒｅｄｒｉｅｄａｔｌＯ５ｏＣａｎｄｔｈｅｎｗｅｒｅｇｒindedand
sievedtogivedifferentsｉｚｅｓｏｆＵＢＴＬｓ、ThepreparedUBTLswerecharacterizedby
determiningparticlesizedistributionfiomtheSEMimages,specificsurfaceareabyusing
N2/BETandMethyleneblueadsorptionmethods,porevolulneandporeSizedistribution，〔
chemicalcomposition,etc・

AllreagentsusedwereofARgradeChemicals・Potassiumdichromate（K2Cr207）
solutionwasusedasasourceofCr(VI).BatchkineticexperilnentswerecarrieCloutwith
differentconcentrationsofCr(VI),solutionpHs,dosesandparticlesizesoftheUBTLs，
processingtelnperature，etc・EquilibriUlnsorptionsmdieswerecarriedoutwithdifferem
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pHandprocessingtemperaturesinbatchprocess・ConcentrationsofCr(VI)ａｎｄＣｒ(Ⅲ）
weresilnultaneouslydeterlninedusingareversed-phaseHPLC-UVsystem(HossaineMﾉ，
2005)．Cllromiuln(VI）adsorbedUBTLswereanalyzedusingdifferentspectroscopic
lnetllodｓｓｕｃｈａｓＥＤＸ９ＦＴＩＲ,Ralnanscattering,ａｎｄＸＰＳ・Acid-basetitrationnlethodwas
usedtodetermmethesurfacechargeparameterSofUBTLsbefbreandaftersorption
Desorptionstudywascarriedoutwithdifferentsolventsanddesorptionkineticsonewas
perfbrlnedwitllSOdiumhydroxidesolution

ＲＥＳＵＬＴＳＡＮＤＤＩＳＣＵＳＳＩＯＮ

CharacteristicsoflJBTLs

Usedblacktealeaves(UBTLs)arelowcostbio-masslnaterials､PreparedUBTLsWere
characterizedbydeternlimngparticlesizedistributionwithaSEMspecificsurfacearea
(N2/BETandMethyleneblueadsorptionmethods),poresizeandvolulnedistribution，
chemicalComposition,etc・TheparticleshapesofUBTLswerenotperfbCtlySpheric,but
ellipsOidal・ThespecificsurfaceareaOfUBTLsisverysnlallandtllevaluesfbrdifferent
particlesizesincreasewithmcreasingthesizediameter・SEM1nicrogramsofdifIerent
sizesofUBTLsshowedthatthesurfaceisnothomogeneous；therearesomecavitieson
thesurfaceofwllichsizeincreaseswithincreasingtlleparticlesize・Chemicalanalysis
showedthatcelluloseandligninarethemaincolnponentsoftlleUBTLs．

OptimizationofRemediationPhenomena

Prelimmarystudy（Hossain,2003）showedthatbotllsorptionandreductionare
involvedintheremovalofＣｒ(Ⅵ）byUBTLs、Sincethereductionisnotsuitablefbr
renlovalprocessbecausefiJrthertreatmentisrequiredfbrCr(111),anoptinlulnconditionis
neededfbrtllisremovalprocessWherereductionwillbelninimunl､GenerallyPxidation-
reductionreactionofcllrolniummainlydependsonthetotalcllromiumconcentration，
solutionpH9telnperatureandtllenatureofotllercomponentspresentinsolution，
Therefbre,theeffectsofconcentration,pHandtemperatureonadsorptionaswellas
reductionwithtilnewereinvestigatedfbraspecifiedamountofUBTLsandtheoptimum
conditionswerereachedatconcentrationofCr(VI)三１５０ｍｇＬ~1,ｐＨ＞１．５４andtlle
temperature三ｓOCC,Wherereductionisnegligible､AttheseConditions,speciesofCr(VI）
existinginSolutionwascalculatedusingproceduregivenbyRamsey(2001)andHCrO4￣
ｉｓｓｈｏｗｎｔｏｂｅｔｈｅｌｎａｉｎｓｐｅｃｉｅｓｉｎｓｏlutionwithtraceamountofCr2072~,whichisalso
supportedbyRamsey，sRalnanspectroscopicdata3

EquilibriumStudies

Usingtheoptimizedconditionsandpredeterminedequilibriumtilne，equilibrium
sorptionsmdieswereperfbrmedtodeterminetllemaximumsorptioncapacityofUBTLs・
Figurelshowstllesorptionisothermsasarelationofanlountsorbedan．equilibrium
concentrationinsolutions，attllreedifferemtemperatures・Thetllreeequilibriumcurves
areｗｅｌｌrepresentedbyLangmuirisotllerm，comparedwithFreundlichone，which
indicatesamonolayeradsolptionontheUBTLssmface・T11eLangmuirconstantsobtained
fbrdifferenttemperaturesaregiveｎｉｎＴａｂｌｅｌ・ＴｈｅｍａＸｉｍmnadsolptioncapacity§ｑｍ,ａｔ
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TtIblelLangmuirparametersfbrsolptionofCr(VI)onUBTLsat(lifferenttemperatures
Ibmperature

（K）

６

(Lmg-1）
尺

(m墨i） (‐）
283

298

323

345

455

588

0.034

0.041

0.084

0.994

0.995

0.999

298ＫandｐＨ＝Z00is455mgg~1,comparabletotllatofactivatedCarbon(241-459ｍｇg~'）
(MartinereM/､,1995).Theeqluilibriumalnountadsorbedisfbundtoincreasewitllan

increaseintemperature,indicatingtheendothermicnatureoftheprocess・Thevaluesof
separationfactoLRL(<0.9)ａlsoindicatethefavorableadsorptionatlowpHandathigh
temperature．

KineticSofAdSorption

TheadsolptionkineticsofCr(Ⅵ)onUBTLsfbllowstwostepsmechanis、;veryrapid
imtialsolptionfbrafewｈｏｕｒｓｔｏｏｎｅｄａｙ，ｆｂｌｌｏｗｅｄｂｙａｌｏｎｇｐｅｒｉｏｄｏｆｍｕｃｈｓｌｏwer
uptaketoapproachtlleequilibriulnfbrlO-15days、Ｉｔｗａｓｆｂｕｎｄｔｈａｔｔｈｅｉｎｉｔｉａｌｒａｔｅｏｆ

adsorptionincreaseswithanincreaseininitialconcentrationofCr(VI)butdoesnotfbllow

silnplefirstorsecondorderkinetics､TheLagergren，spseudo-firstorderrateequationis
applicablefbrtllemitialrapidstepbuttlleoverallaClsorptionkineticsfbllowsRitchie，s

pseudo-secondorderrateequatio、(1)(HoandMcKay,2000)betterthantheLagergren,s
pseudo-firstorderrateeqUation：

ｒｌｌ

夛了扇十万言’
(1)

～

、

Wll1ere,9t＝theamountadsorbedattimerand9｡＝theequilibriu][、ａ]【nountadsorbed､Ｈｏ，ｓ
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pseudo-secondorderrateequationwasderivedbyassunmngthattwosurfacesitescould
beoccupiedbyonedivalentadsorbateionwhereasinmyeXperimemalconditions
adsorbatespeciesismainlymonovalention(HCrO4~)withlessamount(<2％)ofdivalent
ion(Cr2072~).SuchkineticbehaviOrsuggeststhattheHCrO4~ionisinitiallyadsorbedon
onesUrfacesitebutinteractswithmoresurmceSitesatlongertimes・ThepseudO-second
orderrateconstantandequilibriumamountadsorbedweredetenninedfbrdifferent
concentrationsofCr(VI),pHs，dosesandparticlesizeSofUBTLs,temperaturesand
presenceoffbreignions;cationandanion

AdsorlDtionMeclhanism

〃０Ｍ叩o〃剛edbMiM83Kinetically;imtialrapidstepandsecondslowstepwere
analyzedusingdifferentmodelequationqGenerallyadso1ptionofasolutefiomsolution
istobeconsideredastlletransportofsolutefiomthebulkofsolutionphasetllroughthe
laIninarliquidfilmtotheSurface,transportontotlleinterioroftheporesorontoactive
sitesontlleadsorbentsurfacewherechemicaltransfbrnlation(chenlisorption)takesplace
（TseeM.,2002).VerifiCationofdifferenttransportlnodelssuggestedthattheinitialrapid
stepisreaction-controlledandslowstepisintraparticle-diffilsion-controlled・

dMlb2DjFqLMMmeaUBms

ＳＥＭα"αＥＤＸ勘"伽ＣＳＯ〃AcZW6eaSZｲr/bcefScanningelectronnlicroscopic
observationandEDX(energydispersiVeX-ray）poimanalysisoftheequilibriuln‐
adsorbedUBTLssurfaceshowedthattheadsorbedcllromiumisnot-homogeneously
distributedontheUBTLsSurface；alargeamountofcl]romiulnislocatedinthecavities
onthesurface，comparedwitlltopplaces；WhichwasconfirmedbyEDXelenlental
analysis・SuchdistributionnliglltbeduetOtlleheterogenicnatureofUBTLsSurface・
Again,theＳＥＭ＆EDXobservationsoftlleUBTLssurfacefbrdifferentadsolptiontimes
showedthatthechrolniumspecieSinitiallyadsorbedatthetopplacesonthesurface
graduallymigratetothesurfacecavitieswithincreasingcontacttimeandfbrmsthe
granulararrangementatthecavities・Figure2showstheSEMmicrogramsofhalfday-and
l5days-adsorbedUBTLｓｓｕｒｆａｃｅａｔｔｏｐ（T）andcavity（C）places、Thereissome
cllromium(EDXanalysis)attlletopplacesofhalfday-ajsorbedUBTLswllichalnlost
disappearsfbrl5days-adsorbedUBTLs､Again,thegranUlararrangementsofcllromiunl
arelocatedinthecavityofl5daysadsorbedUBTLsWhichiselnptyfiorhalfday-adsorbed
UBTLs・Tllisobservationisthedirectevidencefbrthevalidityofintraparticlediffnsion
lnodelfbrthesloWstepofadsolptionprocess・

FTZRFouriertransfbrminfraredspectroscopicstudiesonUBTLsunadsorbedand
adsorbedwithdifferenttimesshowthatthestretchingvibrationofO-HgroupinUBTLs
shiftsthepositiontothehigherfrequency（ffonl3330to3340cm~'）witllincreasing
adsorptiontilne・TheshiftingofstrctcllingvibrationalfirequencyofO-Hgrouptotlle
higherffequencywithincreasingalnountadsorbedindicatesthattllecllronliulninteracted
with‐OHgroupsresultsintlledecreasingintra-orinter-molecularhydrogenbonding
capacityincelluloseunits・Moreover，ａｎｅｗｐｅａｋａｐｐｅａｒｅｄａｔ５１０ｃｌｎ~’fbroneday-
adsorbedUBTLscorrespondstothestretchingvibrationofCr-Owhichshiftedto498cln~’
fbrl5days-adsorbedUBTLs．
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Fig.２SEMmicrogralnsofhalfaay-andl5days-aClsorbedUBTLs(×70,000)．

Ｒａ川α〃Scα"e7j"9.．Ralnanspectroscopicstudieswerecarriedoutonthreedifferent

salnplesof0.5,7andl5days-Cr(VI)-adsorbedUBTLstoidentifj/adsorbedspeciesof
chromiulnandtheirchangeswithtilne・SignificantRamanbandsareobservｅｄａｔ８９４５
ｃｍ~’fbrhalfday-adsorbedUBTLs，894.5ａｎｄ８６６ｃｍ~’fbr7days-adsorbedUBTLsand
８６１ｃｍ~'fbrl5days-adsorbedUBTLs・Comparingthesebandswiththestandardsamples，
bandscitedinliteratures（Ramseye／αﾉ,2001）showedthat894､５ｃｍ~’bandisfbr
symnetricstretchingvibrationofCr=ＯｉｎＨＣｒＯ４~,ａｎｄｔｈｅｂａｎｄａｔ８６６ａｎｄ８６１ｃｌｎ~lare

probablyfbrthesynmnetricstretcllingofCrIII-O-CrvI(858cnl~'）butneithersylnnletric
stretcllingofCr=OofCr2072~(904cm~')norofCrO42.(847cm~').Theaboveobservations
suggestthaｔｔｈｅＨＣｒＯ４￣ionsarefirstadsorbedontheUBTLssurfaceunderthe

experimentalcondition,whicharepartlychangedtoCr(111)compoundswithincreasing
contacttime．

ＸPS：TblnakecleareridentifIcationofchronliumcompoundsaswellasthe
oxidationstateofchromiumontheadsorbedUBTLs,X-rayPhotoelectronSpectroscopic
studieswereperfbnnedafter61nonthsofadsorptionTheXPSspectrashowtwopeaksat
bindingenergyof577.2ｅＶ(Cr2p3/2)and５８７ｅＶ(Cr2p1/2)fbreveryoneofO､5,7andl5
daysCr(VI)adsorbedUBTLs・Theabsenceofanypeaknear579eVindicatedtllatall
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UBTLssamplescontaintrivalentcllrolnium・ThesereSultslneanthatalltheadsorbed
hexavalentcllromiumaregraduallyreducedtoCr(111）ontheUBTLssurmcewithtlle
keepingtilne．

Again,theXPSstudyshowstllatfburtypesofcarbons(C-C,C-O,C-20andC-30）
existintlleadsorbedUBTLs,whichsuggeststhattheadsorbedCrdidnotmakeanydirect
bondwithcarbon､TY1evariationofcarboncompositionwithadsorptiontimealsoshows
thatthepercentageofC-ZOincreaseswithincreasingadsorptiontinle，indicatingthe
interactionofCrwiｔｈＣ－２０:ｉｅ.,thefbrmationofneWCr-O-Cstructure．

Ｅ7℃cz'ｗﾉbe"@たα'叩ｐｍａｄｂｍ胴ｃｃ〃"jF川

AccOrdingtotheeleCtrochenlicalapprOach，solidsurfacebecolneschargedwhen
dispersedinaqueoussolutions・Adsorptionoflnostionsisdependentonsurfacecharge・
SincetheadsorbateCr(Ⅵ)isaioniCspecies,thesurfacechargesofUBTLsbefbreand
afteradsorptionweremeasuredtoinvestigatethevariationofsurfacechargewith
adsolption・ThepointofZerocharge(PZC)andpointofzeronetprotoncharge(PZNPC）
ofunadsorbedUBTLsweredeterminedbyacid-basetitrationmethod・Theexperimemal
valuethePZCis4､１５(pHpzc＝4.15)andindicatestllatatｐＨ＝4.15,thepositiveand
negativechargesontheUBTLssurfacearezero(６｡＝0),andwhenthepHvalueloweror
upperthan４．１５，theUBTLssurfaCebecomesnegativeorpositive，respectively・The
determinedvalueofPZNPC，４３５，indicatesthatatpH-435，surfaceprotonchargeof
theUBTLsiszero(cH＝Ｏ),andwhenthepHvalueupperorlowerthan4.35,theUBTLs
surfacebecomesnegativeorpositive,respectively，bydeprotonation/Protonation

ProtonationcapacityandsitedensityofunadsorbedUBTLswerealsodeternlinedby
acid-basetitrationmethodandFreundlichisotllernlequation，ａｎｄｔｈｅｖａlueswere
comparedwiththeadsorptioncapacityofUBTLstoCr(Ⅵ).Thenumericalvalueof
Freundlichconstant(kF)hasagoodcorrelationwiththeadsorptioncapacityofUBTLsto
Cr(VI).Fromthecolnparisonitwouldbepossibletosaytllattheprotonatedsurface
hydroxylgroupsofUBTLscontroltheadsorptionofCr(Ⅵ）attlleinitialstagewhich
fbllowthetotalsitedensityontlleequilibriulnstage・Again，theratioofprotonation
capacitytositedensitywithaClsorptioncapacityindicatesthatduringfirstonedayoneCr
ionattacheswithL41protonatedsiteswhereasfbrl5daysofadsolptiononeCrion
attacheswithl44totalsurfacesitesonUBTLs・ItwOuldbepossiblebecausetheelectrode
potentialofchrolniulnishigherthanhydrogen,againthereductionpotentialofCr(Ⅵ)to
Cr(111）ｉｓ１．３５eVThustheadsorptionofCr(VI)onUBTLsisimtiallycontrolledby
protonationprocessandontheequilibriumstageiscontrolledbythetotalsurfacecharge・
Frolntheaboveinvestigations,themechanislnfbrtheadsorptionofCr(VI)onUBTLscan
bedescribedinFig3．

DesorptionandRecollectionofChromium

DesolptionsmdieswithdifIbrentconceｎｔｒａｔｉｏｎｓｏｆＮａＯＨｓｈｏｗｔｈａｔ２ＭＮａＯＨ
ｓolutionissuitablefbrdesorptionofalnlostallcllromiumwithin24hourswith
decolnpositionofUBTLs・ＳｉｎｃｅｔｈｅＵＢＴＬｓｉｓｖｅｒｙｃｈｅａｐ,thereisnoneedfbrfUrtheruse、
Thedesorbedsolutioncontainsllighconcentrationcllrolniunlwhichcanbeeasily
collectedbyreductionandprecipitationprocess．
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ComparisonofAdsorptionCapacityandEconomics

TocomparetheadsolptioncapacityｏｆＵＢＴＬｓｗｉｔｈｔｈａｔｏｆａｃｔｉｖａｔｅｄｃａｒｂon，solne
removalexperilnentswereperfbrnledwithconnercialactivatedcarbon(AC)underthe
sameoperationalconditiｏｎｓａｓａｐｐｌｉｅｄｆｂｒＵＢＴＬｓ・Experimentaldatashowthatthe
lnaximulnadsorptioncapacityicalculatedfromLangmuirequation,ofACis(9ｍ＝４１７１ng
g~')slnallerthanthatofUBTLs(9ｍ＝４５５，９９~')atｐＨ＝２.ＯＯａｎｄＴ＝Z5oC､Moreove喝
ｉｎｃａｓｅｏｆＡＣ,bOtllofadsorptionandreductionincreasewithdecreasingtl1esolutionpH
whereasadMptionincreaseSandreductiondecreaseswithdecreasingofsolutionpHfbr
UBTLｓcase，wllichisanothersuperiorityofUBTLs・ThustheUBTLsisbetterthan
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学位論文審査結果の要旨

提出学位論文について各審査委員が個別審査を行うと共に、平成１８年２月６曰開催の口頭発表を踏まえ
て、同日開催の論文審査委員会にて検討し、以下の通り判定した。

本論文は、発展途上国で深刻な問題となっている廃水中の有害重金属Ｃｒ(Ⅵ）を、食品由来バイオマスで

ある使用済み紅茶葉（UBTL）を収着材料として有効利用し、低コストの分離回収プロセスを開発するため
の基礎的研究であり、その要点は次の通りである。

ＵBTLは比表面積が極めて小さいにも関わらず、特異的高収着能力を有することを見出し寸それを利用し

た実用装置を開発するため、収着の動的挙動に及ぼす操作条件（pH団温度、濃度）の影響を系統的に明ら
かにし、収着操作の最適条件を探索している。さらに、収着動特性を種々の速度論モデルにより解析すると
共に、各種の試料分析を実施し、収着の初期と中期以降とでは収着速度の支配過程が異なること、ＵBTLに
収着されたＣｒが全て三価で、表面の微細凹みに粒状固相として偏在することを見出している。加えて、液
中のＣｒＭ）が粒状固体を形成するに至る機構を解明、ＵBTLに収着されたＣｒをＮａＯＨ水溶液により脱離
させ、固体のＣｒ(OH)３として効率的に回収するプロセスを提案している。

このように、本研究は、発展途上国における重金属による水環境汚染を改善する技術開発に大きく貢献す
るものであり、本論文は博士（学術）の学位に十分値すると判断される。
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