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ABSTRACT

AsortoflightweightporousceramicfoamballthatcanfloatonthewaterwasrecentlymadefromthenatＧ
uralzeolite．Thediametersofporousballanditsmacroscopicporesarearound５and１mm,respectively．
Suchballsurfacecouldbemodifiedtoactivateindifferentways,ie．loadingtheactivealuminaordesiliＧ
catingtheball．Bothofmodifiedproductshavebeeninvestigatedtoadsorbthetoxicionofarsenic(As)in
watereffectively．Thiskindofporousceramicballwaspreparedbypowdersintering,usingnaturalclinopＧ
tilolitepowderastheprimaryrawmaterial．AnactiveＧaluminaＧloadedporousceramicproductwasgeneraＧ
tedbysolＧgelmethodwithpseudoboehmite(AlOOH)asthemaincomposition．TheactiveAlatomon
theporousballsurfacecouldalsobeachievedbydesilicatingtheceramicballintheNaOHsolution．
SuchadesilicatedproductexhibitedagoodactivitytoadsorbthearsenicionalthoughcarryingnoacＧ
tivealumina．Withthiseffectiveporousstructure, thepresentproductscanbeexpectedtobecome
practicallyadvantageous．

１．Introduction
　ToxicionsinwaterwouldcauseanotableenviＧ
ronmentalproblemandbringaseriousthreattothe
humanhealth[１Ｇ３] ．Arsenic(As)isanelementwideＧ
lyexistinginthenature, whichcanincreasetheinＧ
cidenceofcancerizationofskin,lung,bladder,liver
andkidney[２,３] ．Inwater, Asmayresultmainlyfrom
thepermeabilityofAsＧcontainedrocksorsediments,
andtheuseofAsＧcontainedpesticidesorwoodＧpreＧ
servatives[２Ｇ４] ．InthesurfacewatercontainingoxyＧ
gen, As(V)isthedominantarsenicform: mostly
H２AsO－

４ whenpH＜７andHAsO２－
４ whenpH＞７[５] ．

　Inadditiontothearsenicspeciesinthenatural
water,therelevantindustrieswillgeneratearelaＧ
tivelylargeamountofarsenicionsintheproduction
process．WhenthesearsenicionsgetintothegroundwaＧ
tercirculationsystem,theywillseriouslyaffectthe
safetyofdrinkingwater．EspeciallyinthelessdeＧ
velopedregions, thearsenicionpollutionismore
directandinevitable．
　ThetreatmentofAsＧcontained wastewaterhas
becomeaveryimportantworkwhichisdifficultto
dealwithforenvironmentalprotection．Thecommonly
usedmethodsforremovingAsincludethecoagulaＧ

tionsedimentation,ionexchange,adsorption, bioＧ
logicaltreatment, electrocoagulation, and memＧ
braneseparation, etc[２,３,６Ｇ８] ．These methods may
beeffectiveinsomecases,butwillalsobringsome
unwelcomeresults．Forinstance,thesedimentation
techniqueisrelativelyperfectandextensivelyused,
butitwillgeneratealotofwasteresiduetocause
thesecondpollution．Thebiologicaltreatmentneed
beverystrict,andthemembraneseparationprocess
isquiteexpensive．Comparatively, theadsorption
method, whichusestheactivesurfaceofadsorbent
toachievethegoalofAsremoval,issimpleand
easytooperate, andexhibitsapromisingprospect
inpracticalapplications[３,５,８] ．Thistechnique, howＧ
ever, willleadtothesecondpollutionduetousing
powderedadsorbents．
　Invirtueofthesimpleoperation,goodAsＧremovＧ
aleffectandlargetreatmentcapacity,theactivealuＧ
minaadsorptiontechniquehasattractedalotofatＧ
tention[７,９] ．Besides, otheradsorbentspecieshave
beenfoundtoalsoyieldaquitegoodeffectofAsadＧ
sorption,suchasironoxide[１０] ．Activealuminaballs
areusuallyadoptedtotreattheAsＧpollutedwaterin
caseofemergency[７,９] ．Inpractice,thesolidalumina
ballscannotbefavorabletothediffusionofpolluＧ
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tantsinwater,andtheinneractivealuminacannot
bewellutilized, whilethehollow aluminaballs
commerciallyavailableareeasytocollapseduring
theservice．Thereby,thecombinationofactivealuＧ
minaandtheporousballshouldbeconsidered．PorＧ
ousceramicfoamproductsmaybeadvantageousto
apracticalapplicationinthepollutedwatertreatＧ
ment[１１Ｇ１３] ,buttheycanonlyhaveahigherdensity
thanwater．Resultantly,anovelsortoflightweight
porousceramicfoam ballcarryingactivealumina
wasmadetosimultaneouslysolvetheaboveＧmenＧ
tionedproblems．Thiskindofloadedballmayfloat
onwater,orsuspendorsinkinwater,soastobe
conducivetothewatertreatmentprocess．TheadＧ
sorptionfunctionofactivealuminaresultedfrom
theactivealuminum (Al)atom,sodesilicatingthe
porousceramicballwasalsodevelopedtoobtaina
greatdealofexposedactiveAlatoms．

２．Experimental

２１．Preparationofporousceramicballs

　Usingthenaturalzeolitepowderastheprimaryraw
material,thepresentporousceramicballwasprepared
bypowdersintering(Fig１)．Firstly,thezeolitepowder
(naturalclinoptilolite, Na８[Al８Si４０O９６]３９H２O),
polymerballand binder wereuniformly blended
withtheadditionofsomeassistantspecies,andthe
greenzeoliteＧbasecompositeproductwasobtained
afterstirringofaballＧformingmachine．Thisgreen
productwasdriedandthenputinsideamufflefurＧ
nacetoheatfromroomtemperatureupto１０００°C
tosinterfor１h．Aftersintering,thefinishedproduct
presentedanovelsortofporousceramicfoamball．

Fig１．　Processforpreparingporousceramicball．

２２．Loadingactivealuminaonporousceramic
ballsurface

　AlayerofactivealuminawasloadedontheaboveＧ
mentionedsinteredporousballbysolＧgelmethod,
withpseudoboehmiteasthemaincompositionofthe

solandgel．Thesolwaspreparedbythenitricacid
method,andthewhitegelformedbasedontheproporＧ
tioning:m(AlOOH)∶V(H２O)∶V(HNO３)＝１g∶
１００mL∶０４mL．TheporousballswereplacedindeＧ
ionizedwater,andultrasonicallycleanedfor３０min
toremovetheimpurityonthesurface．Afterdrying,
theseballswereimmersedinthepseudoboehmite
soltoexperienceanultrasonicvibrationfor６０min,
andthentakenouttoageinairatroomtemperature
for１２h．Withthisprocess,thesolloadedonthe
surfaceoftheporousballcouldwellentertheinside
pores．ThesolＧloadedporousballsafterwardswent
throughaheattreatmenttotransformthesolinto
γＧAl２O３,anactivealumina．

２３．Desilicationofporousceramicball

　Thedesilicationwascarriedoutasfollows:the
porousballwasfirstlyputinthe１ mol/L NaOH
solutionat６０°Cfor１０h,andthenwasflushedwith
deionizedwateruntilpHbecameneutral．AfterdrＧ
yingat１００°C,adesilicatedproductyielded．

２４．As/Csadsorptionexperiment

　TheaqueoussolutionofNaH２AsO４７H２O (１mg/
L) wasusedintheAsadsorptionexperiment, with
thepHvalueof６４．Anamountof２goftheactive
aluminaloadedporousballorthedesilicatedball
productwasputinthearsenicsolutionof１Ltotest
theAsadsorption．
　Basedonthepotentialawarenesstodealwith
thoselikeFukushimaaccidentofJapanin２０１１,the
experimentwasalsotriedtoadsorbCs＋inwaterby
thepresentdesilicatedporousball．InthisexperiＧ
ment,theporousball(２g) wasputinavolumeof
５０mLofthe１００×１０－６CsClsolutionatpH＝７．

２５．Characterization

　ThesinteredporousceramicproductandthealuＧ
minaloadedontheporousballwereidentifiedbyXＧray
diffraction(XRD) withCuKαradiation,usingaX′Pert
PRO MPDdiffractometer,andthesurfacemorpholＧ
ogiesoftheproductwereexaminedbyscanningelecＧ
tronmicroscopy(SEM),usingaHitachiSEM４８００deＧ
vice．ThearsenicconcentrationintheNaH２AsO４soＧ
lutionwasdeterminedbyatomicfluorescencespecＧ
trometry(AFS), usingaSPECTRO ARCOSICPＧ
OESspectrometer, andtheadsorptionefficiency
(absorbance,η) wascalculatedby:
　　η＝[(C０－C)/C０]×１００％ (１)
where,C０istheinitialarsenicconcentration;andCis
thetimelyarsenicconcentrationinthetestedsolution．

３．ResultsandDiscussion

３１．Sinteredporousceramicball

　Theresultantsinteredporousballisaround５mm
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