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ABSTRACT  

Tberehydrationcharacteristicsofexpandableclaymineralssuchassmectite，   

Vemiculite，andrectoritewereinvestigatedbyX－raydi蝕action，infraredabsorption，   

thermal，anddhemicalanaly鱒StOelucidaterehydrationmechaJlismsoftheminerals．ne   

behaviorsofinterlayercationsinthedehydrationandrehydrationprocesseswerealso   

revealedby meansofone－dimensionalFomieranalysisandfactorsafftctingthe   

rehydrationpropertiesweredefined．  

nerehydrationcharacteristicsofsmectitesareasfollows：（1）theMg－andK－   

Saturated皿aterialsexhibitedtheslowestandthefhstestrehydrationrates，reSPeCtively，   

（2）therehydrationabilityof玩ide11itewasstrongerthanthatofmontmori1lonite，and（3）   

therehydrationabiutyoftrioctahedralsmectitewasstrongerthanthatofdioctahedral   

SmeCtite，ifbothmineralshavesimilarnegativechargedistribution．BasedontheFourier   

analysis，itwasrevealedthatinterlayercationsofsmectitesmlgratedintothehexagonal   

holesofSiO4netWOrkbythemaldehydrationandretumedagaintotheinterlayerspace   

Onrehydration・Theheatingtemperaturesandsizesofinterlayercationsdeterminedthe   

extentofmigration・Thus，thesmectiteheatedatlowertemperaturesorthatsaturated   

withlarge－Sizedcations（e・g・，K＋）exhibitedstrongrehydrationabi臼tybecausethe   

interlayercationswerelocatedatshallowpartOftheholes・Tbemlgratedcationswere  

attractedbyelectrostaticforceorighatedfromsubstitutionofMg2＋fbrAl3＋inthe  

OCtahedralsheets，Whichinhibitedrehydrationofmontmori1lonite・However，rehydration   

Ofsaponitewaspromotedbyastrongrepulsiveelectrostaticforcebetweenmlgrated   

Cationsandprotonsofhydroxylions．  

nerehydrationcharacteristicsofvemiculiteareasfb1lows：（1）theMg－andK－   

Saturatedmaterialsexhibitedthefastestandtheslowestrehydrationrates，reSPeCtively，   

and（2）therehydrationabiutyofvemiculitessaturatedwithanycationotherthanK＋  
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werestrongerthanthatofsmectite・Tbeserehydrationpropertiesofvermiculiteappeared   

tobequitedifEerentfromthoseofsmectite・Theinterlayercntionsofvemicuutedidnot   

mgrateintothehexagonalholesandremainedattheinterlayerspaceevenaf［erthemal   

dehydTation・Consequently，Vermicuuteexhibitedstrongrehydrationabilityandthe   

rehydrationratewasstronglyafftctedbyhydrationenergyofinterlayercations・The   

turbostraticstackingofelementarylayerofsmectiteenhanCedmigrationofinterlayer   

Cationsintothehexagonalholes，Whereastheorderedstackingofvemiculiteinhibited   

Cationmlgration．  

Hectoriteexhibitedweakrehydrationabilityandslowrehydrationratecompared   

withthosebfsaponite，Whichcanbeexplainedthesamereasonofmontmori1lonite・The   

Mg－SaturatedhectoritechangedthroughatranSitionalphaseofregularinterstratification   

OfdehydratedandrehydratedlayerstocompletelydehydratedstruCtureafterheating   

between3000and600Oc・Thetransitionalphasewasproducedby丘Ⅹationof血erlayer  

M㌔＋tothealtematinginterlayersofhectoriteconsistingregulardistributionofFtoF－  

andOH－toOH‾facingsdistinctfromtheinterlayerspace．  

Therehydrationcharacteristicsofrectoriteareasfbuows：（1）thestrong   

rehydrationabilitywasretaineduntilthermaldecomposedofcrystalstruCturetOOkplace，   

（2）theMg－andK－Saturatedmaterialsheatedbelow4000cexhibitedtheslowestand   

fastestrehydrationrates，reSPeCtively，and（3）differenthydrationstatesappearedon   

rehydrationafterheatingabove5000c．nestronghydrationabihtyanddifferent   

hydrationratescanbeexplainedbythesamereasonsasthoseofbeidelhte，howeverthe   

lastrehydrationpropertyisthemostimportantcharacteristicwhichhasnotbeenobserved   

inanyotherexpandableclayminerals・neinterlayercationsofrectoritemlgratedinto   

thehexagonalholesbythemaldehydrationandretumedcompletelytotheinterlayer   

SPaCeOnrehydrationafterheatingbelow4000c．Forafterheatingabove5000c，  
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however，themlgratedcationsdidnotreturntotheoriginalpositionandremainedaround ●  

thebasaloxygenplaneevenwatermoleculeswereregainedintheinterlayerspace．   

Consequently，thewatermoleculescoordinatedabnorma11ytotherelocatedinterlayer   

Cationsandthedifferenthydrationstatesqppearedonrehydration．  

hconclusion，therehydrationpropertiesofexpandableclaymineralscanbe   

explainedbythebehaviorsofinterlayercationsinthedehydrationandrehydration   

PrOCeSSeS・neSebehaviorsappearedtobecontrolledbyfbllowingfactors：（1）ionicsize   

Ofhterlqyercations，（2）electrostaticfbrcebetweentheinterlayercationsandthe   

OCtahedralsheet，and（3）natureofstackingofthea嘩acentsiucatelayers．  
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CHAPTERI GENERALINTRODUCT10N  

ClaymineralscanbedividedstruCturallyintotheamOrPhousmaterials（e．g．，   

allophaneandimogolite）andthecrystallinematerials・Themostofthecrystal1ineclay   

mineralsbelongstothe血milyofphyllosilicatewhichischaracterizedbycontinuoustwo－   

dimensionaltetral1edralsheetscomposedofSiO4unitslinkedwithneighboringtetrahedra   

bysharingthreeoxygens（basaloxygens）inthesamehorizontalplane．Thefburth   

OXygenS（apicaloxygens）ofeachtetrahedraarenotsharedwithan0therSiO4butforms   

COrnerSOfana嘩acentoctal1edralsheetcomposedofA104（OH）2units．Thetetrahedral  

飴tionsareSi，Al，OrFe3＋，andtheoctahedralcationsnorma11yareMg，Al，Fe2＋，Fe3＋，   

aJldasmallamountofTi・AccordhgtoBai1ey（1980），thecrysta11ineclaymineralsc弧   

beclassi丘edonthebasisoflayertype（1：lor2：1），layercharge，andtypeOfinterlayer   

intoeightm可OrgrOuPSaSfo1lows：Serpentine－kaolin，talc－PyrOPhyllite，SmeCtite，   

Vemiculite，mica，brittlemica，Chlorite，andsepioliteqpalygorskitegroups・Inthis   

Classification，thesmectiteandvermiculitegroupsfauunderthecategoryofexpandable   

Clayminerals．hterstrati鮎dclaymineralswhichcontainsmectiteorvermiculiteasone   

Ofthecomponentlayerc弧alsobeincludedinthiscategory・  

ThestruCtureOfsmectiteandvermiculiteconsistsofnegativelycha＝ged2：11ayers   

andcationslocatedbetweena嘩acent2：1layers（Figurel．1）．Thenegativecharge  

originatesma址y＆omsubstitutionofA13＋forSi4＋inthetetrahedralsheetsor  

substitutionofMg2＋forノu3＋intheoctahedralsheets，Whichiselectrical1ybalancedby  

interlayercations・ThevaluesoflayerchargeinsmectitesandvermiculitesareO・2toO．6   

andO・6toO・9perOlO（OH）2formulaunit，reSpeCtively（Bailey，1980）．Thesevaluesare   

notpreciselyde丘nedumitsbutapparentlysmalleTthanthatofmicagroup・nerefore，  
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interlayerbondingofthesemineralsisrelativelyweakandtheinterlayercationsare   

readilyexchangeable・FurthermOre，theexpandableclaymineralsformnorma11y   

interlameuarCOmPlexeswithinorganicororganicmaterialsbyintroductionofsuch   

materialsintotheinterlayers．Themostcommonoftheinterlayermaterialsiswater   

Whichcoordinatewithinterlayercations．Th＝刀Ordinationstatesofwatermoleculesare   

StrOnglydependentonthehumidityoftheambientatmosphere，andthebasalspacing   

Changesstepwisecorrespondingthehydrationstates（GlaeserandM6ring，1968；Suquet   

etal・，1975；WatanabeandSato，1988；Matsuda，1989）．Ⅵ恥enthemineralsareheatedto   

SuCCeSSivelymoderatetemperatures（2000to3008c），thebasalspacingcontractsdueto   

removalofwatermoleculesfromtheinterlayerspace．Onexposuretomoistair，Water   

moleculesareregainedintheinterlayerspacewhichcausesexpansionofthebasal   

SPaCmgaSillustratedinFigurel．2．  

Tbestudiesonthethermaldehydrationofexpandableclaymineralshavebeen   

extensivelycarriedout，anddetailsofitarerelativelywe11known（Walker，1956；Famer   

andRussell，1967）・However，therehydrationcharacteristicsandtherehydration   

mechanismsofthemineralsarepoorlyunderstoodinspiteofoneofthemost   

fundamentalproblemofclaymineralogy・rtisempirical1yknownthattheexpandable   

Clqymineralsexhibitvariousrehydrationbehaviorswhicharestronglydependentonthe   

CryStallochemicalcharacteristics（MacEwanandWilson，1980）．ForexamPle，Li－   

montmorillonitedehydratesirreversiblyafterheatingat2500c，WhereasLi－beide11ite   

exhibitsagalneXPanSionofthebasalspaclngOnglyceroIsoIvationafterheatingatthat   

temperature・Therearetworeasonswhichexplainthisphenomena，Oneisthemlgration  

OfLi＋intoemptyoctahedralsitesofmontmori1lonitewhereitneutralizesthelayercharge  
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（Hofmanna血dKiemen，1950；Greene－Kelly，1953，1955；GlaeserandMiring，1967），   

andtheotheristhemlgrationintohexagonalholesratherthantheemptyoctahedralsites   

（Komarovetal．，1977；hcaandCardile，1988，1989）・hanycase，therehydration   

behaviorsseemstoberelatedto五Ⅹationoftheinterlayer00tionstotheclaystruCture，and   

kindofthecationsandstructuresoftheclaymineralsmayafEectthe丘Ⅹation．  

neexpandableclaymineralsarewidelyusedfbrchemicalindustrytoutilizetheir   

largesurfhceareawhichmakesitpossibletoconductadsorptionreactionandcatalytic   

activityhaJlaqueOuSSyStem（Barrer，1978）・Theclaycatalystsproducedbycross－   

1inkingofexpandableclaymineralswithorganicorinorganiccompoundsshowsolution－   

ukecatalyticactivityandselectiveadsorptionproperties（Shabtai，1979；Lussieretal・，   

1980，etC．）．Suchcatalysts，SOCalled”Pillaredclay’’，haverecentlyattractedconsiderably   

attention，becausetheporesizescanbecontrolledbyvaryingthesizeorlengthofthe   

p弘Iar（Rupertetal・，1987）・Thus，theelucidationoffundamentalpropertiesof   

expandableclaymineralsincludingrehydrationisverylmPOrtanttOeXtendtheindustri   

utilization．  

hthisstudy，therehydrationcharacteristicsofexpandableclaymineralswere   

examinedbymeanSOfvariousphysicalandchemicalmethodstoelucidatetheh   

rehydrationmechanisms・  

hChapter2，therehydrationcharacteristicsofdioctahedralsmectiteswere   

describedandtheirrehydrationmechanismswerediscussed．  

InCh叩ter3，COmParativeinvestigationontherehydrationcharacteristicsof   

SaPOniteandvemiculitewerecarriedout，andtherehydrationmechanismsofthe   

mineralswerediscussed．  
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hCbapter4，therehydrationcharacteristicsofhectoriteweredescribedandits   

rehydrationmechanismwasdiscussed．  

hChapter5，therehydrationcharaCteristicsofrectoriteweredescribedindetail   

anditsrehydrationmechanismwasdiscussed．  
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CHAPTER2 DIOCTAHEDRAL SMECTITE  

2．1 INTRODUCTION  

Smecdtegrouphasvariousisomorphoussubstitutionswithinbothtetrahedraland   

dioctahedralsites，anditcanbedividedchemical1yintotwosub－grOuPSaSdioctahedral   

andtrioctahedralsmectites．0nlytwooutofthreeoctahedralsitesoftheformerare   

OCCupiedmainlyby扇valentcationsandallthreesitesofthelaterarepopulatedby  

divalentcations・rrhedioctahedralsmectitescorrmonlycontainSi4＋andA13＋as  

te血hedralcationsandAl3＋，Mg2＋，andFe3＋asdioctahedralcations・Basedonchemical   

COmPOSitions，threespeciesareknownasend－memberofdioctahedralsmectitesas   

fbllows：  

Montmori1lonlte：M’y仏12－yMgy）Si4010（OH）2，  

Beidelute：M’ⅩA12（Si4．xjux）010（OH）2，  

Nontronite：N（xFe3十（Si4＿Ⅹjux）010（OH）2．  

nenegativechargeofmontmori1loniteoriginatesfromthesubstitutionofMg2＋forAl3＋   

inoctahedralsites，Whereasthatof臨ide11iteandnontronitearisesfromthesubstitutionof  

ju3＋fbrSi4＋intetrahedralsites；M＋isamonovalenthterlayercation・Dioctahedral   

SmeCtiteshavingintermediatecompositionsbetweenmontmorilloniteandtxidelliteare   

COmOnlyoccurinnatureandend－mendersarerare．  

hthisChapter，therehydrationcharacteristicsofdioctahedralsmectiteswhich   

belongtomontmorillonite－beide11iteseriesweredescribedandtheirrehydration   

mechanismswerediscussed・nerehavebeensomeattemptstoinvestigatethe   

dehydrationandrehydrationofdioctahedralsmectites．M6ring（1946）reportedthat   

mon血0rillonitedehydratedirreversiblyaRerheatingat3500to5000candpointedout  
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thatkindofinterlayercationsinfluencedtheirreversibledehydrationtemperatures・Itis   

WellknownthattheexpansioncharacteristicsofLi－Saturateddioctahedralsmectitesafter   

heatinga土2500to3000carestronglydependentonchargebalanCebetweentetrahedral   

andoctahedralsheets；mOntmOri1loniteremainsdehydratedbuttxidelliteexhibits  

expanSionofbasalspacingto17・7ÅwhensoIvatedwithglycerol．Similarphenomenon   

Canbeobservedwhenexposedtomoistair（RussellandFarmer，1964）．Hofmannand   

Kiemen（1950）andGreene－Kelly（1953，1955）attributedthephenomenontothe   

mlgrationofsmallcationsintoemptyoctahedralsitesofmon血0ri1lonite，Wherethey   

neuヒalizetheoctahedralnegativecharge．However，therehydrationcharacteristicsof  

dioctahedralsmectitessaturatedwithothercationssuchasCa2＋，Mg2＋，Na＋，OrK＋are   

remainunCertain．  

2．2  MATERIALS  

meedioctahedralsmectiteshavingdifferentchemicalcompositionswereusedin   

thisstudy，theyarefromCheto，U・S・A・，Aterasawa，YamagataPrefecture，Japan，and   

Sanomine，NaganOPreftcture，Japan・Thechemicalcompositionsandnumbersof   

Cationsarelistedin1もble2・1・TbechemicalcompositionofChetoandSanomaterials   

areclosetoend－memberofmontmorilloniteandbeidellite，reSPeCtively，aJldthatof   

Aterasawamaterialcorrespondstointemediatebetweenthem．Thedifftrentialthermal   

andtheⅡnOgraVimetoricanalyses（DTんTGA）curveSOfChetoandAterasawamaterials   

areshownhFigure2・1・Allofthesematerialscontainhomoionicinterlayercation  

（Ca2＋，Mg2＋，Na＋，OrK＋）・TheChetomaterialexhibiteddehydrationofinterlayerwater  

below2050canddehydroxylationatabout6000－6500c・TheTGAcurvesclearly  
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showedweightlossduetodehydrationanddehydroxylation・neAterasawamaterial   

alsogavesidarD仏DTAcurveStOthoseofChetomaterial（Figure2・1B）・  

2．3 EXPERIMENTALMETHODS  

ne＜？FLmfractionsofthematerialswerecollectedbynormalsedimentation  

methodsandweresaturatedwithCa2＋，Mg2＋，Na＋，OrK＋bytreatmentwithrespectivel   

Nchloridesolutions，andtheexcesssaltwasthenremovedbywashingBvetimeswith   

80％ethanolundlcompleteabsenceofCrions・neSehomoionicmaterialsweredriedin   

air，andwereheatedbetweenlOOQto9000catintervalsoflOOOcandthencooledjna   

desiccatorforlhr．Therelativehumidity（RH）inthedesiccatorwascontrolledatO％   

withdi－PhosphoruSPentanOXide・  

Tbeseheatedmaterialswereusedfbrthefollowingexperiment‥（1）rehydration   

abiutyafterheating，（2）rehydrationrateafterheating，（3）changeShexchangeabilityof   

interlayercationsafterheating，（4）behaviorsofinterlayercationsduringdehydrationand   

rehydration，and（5）changeind（060）spacingbyheating・  

Therehydrationabihtyofthematerialswereexaminedasfollows・Theheated   

materialswerere－Wettedindeionizedwaterforldayanddriedhairat50％RH．nese   

materialswereorientedonglasssudesbyre－SuSPenSionindeionizedwaterandallowed   

todryagainat50％RH．TheywereusedfbrX－rayPOWderdi飴action（ⅩRD）analysis・  

Tberehydrationrateswereinvestigatedasfollows．Theunheatedhomoionic   

materialsorientedonquartzglassslideswereheatedat40000r8000Cぬrlhrandthen   

00OledinadesiccatoratO％RHfbrlhr・ChangesinXRDpatternsfbrtheheated   

materialsonexposuretoajrat50％RHforvariousperiodsof也mewererecordeduslnga  
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RIGAXUdi飽actometer，Ni－filteredCuKαradiation，andascanmngspeedof   

202β血血．  

nechangeSinexchangeabilityofinterlayercationswereexaminedbymeasunng   

Valuesofexchangeablecationsa鮎rheatingatvarioustemperatureS・AboutO・5gof   

unheatedhomoionicmaterialswereheatedbetweenlOOOto9000catanintervalsof   

lOOOcfbrlhr，andwerewashedwithO．1NSrC12SOlutionmorethan五vetimes．Tbe  

extractedcations（Ca2＋，Mg2＋，Na＋，andKT）weremeasuredwithanatOmicabsorption  

SPeCtrOmeter（AAS）・Toconfimthatnointerlayercationswerelostduringheating，the   

OXidecontentsofsaturatedcations（CaO，MgO，Na20，aJldK20）hheatedmaterials   

PreParedbythesamePrOCedureweremeasured・  

Tbebehaviorsofinterlayercationsduringdehydrationandrehydrationwere   

examinedbyone－dimensionalFourieranalysis・MaterialsusedthisstudyareNa－   

SattmtedAterasawasmectite：（1）unheated，（2）heatedat600Oc，（3）rehydrateda鮎r   

heatingat6000c，and（4）heatedat8000c，aJldNa－SaturatedSano一光idellite：（1）   

unheated，（2）heatedat4000C，（3）heatedat8000c，and（4）rehydratedaf［erheatingat   

8000c・jnDdatawereobtaineduslngaRIGAXUdiffractometerunderrelative   

humidityconditionsatO％and50％RHfbrdehydratedandhydratedmaterials，   

respectively・FomiersynthesiswasInadeusingobservedstruCturefactors（Fo）whose   

SignsweredrivenfromcalculatedstruCturefhctors（Fc）．Theatomicscatteringfactors   

WeretakenfromhtemationalTables（1962）．TheinitialstruCturalmodelusedwasfrom   

Reynolds（1980），aJldthez－ParameterSalongthec－aXiswerere血Iedbytheleastsquares   

method・TheⅡ皿皿1ZIPgfunctionRwisglVenby： ●■●●  

Rw＝∑廿叫一匹D2，  
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andreliabiutyfactorRisde血1edasfbllows：  

∑（tFoHFcl）  
R＝  

Thechangesofd（060）valuesofhomoionicmaterialsbefbreandafterheatingwere   

examinedbyXRD．TheXRDdatawereobtainedusingNi－BlteredCuKαradiation   

andascan刀且ngSPeedofO．5028血inunder50％RHfbrtheunheatedmaterialsandO％   

RHfbrtheheatedones．  

2．4 RESULTS   

2．4．1Rehydrationabilityafterheating  

Figure2．2Ashowsvariationofd（001）valuesofthphomoionicrehydrated   

montmori1lonitefromChetoa鮎rheatingatvarioustemperatures．TheunheatedCa－and  

Mg－materialsexhibitedtwo－layerhydrationhavingd（001）valuesof15．5and15．3Å，   

respeCtively・OntheotherhaJld，theNa－andK－materialsshowedone－1ayerhydration  

withd（001）valuesof13．2and12．6Å．respectively．Thesevaluesgeneral1yagreewith   

thehydrationstatesofdioctahedralsmectiteasreportedbySuquetetal・（1975）・After   

heatingatvarioustemperaturesandwatersaturation，theK－materialrehydratedslightly   

afterheatingat6000c，WhereastheMgrmaterialremaineddehydrated a鮎rheatingat   

4000c．FortheCa－andNa－materials，therehydrationabihtywasretainedupto500Oc・   

Simi1arrehydrationbehaviorswereobservedintheAterasawasmectite（Figure2・2B），   

howevertheirreversibledehydrationtemperaturesoftheCa－，Na－，andK－Saturated   

AterasawasmectitewereslightlyhigherthanthoseoftheqletOmOntmOri1lonite・Onthe   

otherhand，thehomoionic玩idelutecompletelyrehydratedafterheatingbelow8000c  
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（Figure2・2C）・Afterheatingat9000c，theMg－materialdidnotrehydratebuttheCa－，   

Na－，andKlnaterialsexhibitedsegregationstruCtureSOfrehydratedanddehydrated   

layersonsaturationwithdeionizedwater・Tbeseresultsindimtethattherehydration   

abiutyofdioctahedralsmectiteincreaseswithincreaslngSIZeOftheinterlayercationsand                                                                                                                                             ●  

withdecreaslngOCtahedralnegativecharge・  

2．4．2 Rehydrationrateinairafterheating  

Figure2．3showsXRDpatternsofthehomoionicmontmori1lonitefromneto   

heated4000candexposuretoairat50％RHfbrvariousperiodsoftime・TheMg－   

materialremaineddehydratedatleastlday，WhereastheNa－andK－materialsexhibited   

rapidrehydrationwithinaftwminutes・Ontheotherhand，theCかmaterialsrehydrated   

PrOgreSSivelythroughsegregationstruCtureOfdehydratedandtwo－layerhydratedfoms．   

Figure2・4show㌻ⅩRDpattemsofthehomoionictxidelliteheatedat8000candexposure   

toairat50％RHfbrvariousperiodsoftime．neMg－materialdidnotrehydrate，   

WhereastheK－materialshowedarapidrehydrationandcompletelyrehydratedon   

exposuretoairwithinabout20min・TheCa－aJldNa一皿aterialsexhibitedprogressive   

rehydrationbutdehydratedformSremainedfbr6andlday，reSpeCtively・Theseresults   

StrOnglyindicatethatdioctahedralsmectitesrehydratemorerapidlywhentheinterlayer  

cationshavebeenexchangedbyK＋ratherthan叫g2＋・  

2－4・3 Exchangeabilityofinterlayercations  

Figure2．5Ashowsoxidewt．％ofCaO，MgO，Na20，andK200fthe   

representativehomoionic皿OntmOri1lonitefr0皿01etOaAerheatingatvarious  
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temperatures．TheMgOwt．％representstotalvalueofM㌔＋ionslocatedattheinterlayer   

andtheoctahedralsites．Tbewt．％valuesremainedconstantupto9000c，SuggeSting   

thattheinteqlayercationsareapparentlypresenththedehydratedstruCture．The   

exchangeablecationsextractedwith0・1NSrCl2SOlutionafterheatingatvarious  

t血peraturesareglVenhFigure2．5B．nevaluesofexchangeableM㌔＋decreased   

rapidlyby丘ⅩationtothestruCtureattemPeratureSbetween3000and5000c，Whereas  

thoseofK＋a血ostremAnedupto6000canddecreasedat6000－700。c・TbeCa2＋and   

Na十ionswerealmost丘Ⅹedat6000c・Tberefore，theexchangeabilityofinterlayercations  

againsttheheatingtemperatureincreasesasfbllows：M㌔＋＜Ch2＋＜Na＋＜K＋．The   

OXidewt．％ofCaO，MgO，Na20，andK200fthehomoionicsmectitefromAterasawa   

didnotchangeupto9000c，indicatingnointerlayercationswerelostduringheating  

（Figure2．6A）．ne丘ⅩationofinterlayerM㌔＋，Ch2＋，Na＋，andK＋ionstookplaceat   

4000，7000，7000，and8000c，reSPeCtively（Figure2．6B）．Tusresultissimi1artOthatof   

■ theChetomontmori1lonite，buttheAterasawasmectiterequ甘eSmOrehighertemperature  

to五ⅩtheCa2＋，Na＋，aJldK＋ions・neOrderofexchangeabilityOfthesedioctahedral  

smectites（M㌔十＜仏2＋＜Na＋＜KT）isco皿Patiblewiththeirrehydrationabiutyas   

describedinprevioussection．  

2・4・4 Behaviorsofinterlqyercationsduringdehydrationandrehydration  

Figure2・7showselectrondensitydistribution鱒D）anddi肋encesynthesis（DS）   

CurVeSalongthec－aXisfbrdifEerentstatesofNa－SaturatedAterasawasmectite：（1）   

unheated，（2）heatedat6000c，（3）rehydratedafterheatingat600Oc，and（4）heatedat   

8000c．nebasalspaclngSandstruCturefactors氏）rthesematerialsarelisted血Table  
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2．2．TheEDcurvesoftheunheatedandrehydratedmaterialsgaveabroadpeakinthe   

interlayerreglOnduetotheinterlayerNa＋ionsandwatermolecules・Afterr血ementof   

thez－ParameterS，thepositionoftheNa＋ionswasdete皿hedasshownhFigures2・7A   

aJld2・7C・TheDScurvesshowedanearly鮎tline，SuggeStingthattheinterlayerNa＋   

ionsofbothmaterialsarelocatedatveryclosetothecenterofthehterlayerspace．Asfor   

theheatedmaterialsat4000and8000c，theDScurves（DS2inFigures2．7Band2．7D）   

calmlatedby蝕ingtheNa＋ionsatthecenteroftheinteriayerspaceshowedanegative   

peakininterlayeTreglOn，SuggeStingthattheNa＋ionsarelocateda土0therpositions   

insteadofinterlayerspace・ThepositionoftheNa＋ions，however，WaSdetemhedtobe   

nearthebasaloxygenplanebyre血IementOfthez－ParameterS・Thenegativepeakofthe   

DScurveSWaSalsoreducedsi卯i丘cantly（DSlinFigures2．7Band2・7D），ifitwas   

calculateduslngthere血1edparameterS．Figure2・8showselectrondensitydistribution   

anddifftrencesynthesiscurvesfbrtheCa－andMg－SaturatedAterasawasmectiteheated   

at8008C．ThebasalspaclngSandstruCturefactors玩）rthesematerialsarelistedinTable  

2・3・Tber血edpositionsofinterlayerCa2＋andMg2＋areindicatedasarrowsonthis   

Figure，mWhichthesecationsappearetOrrugratetOthebasaloxygenplane・Pezeratand   

Miring（1967）reportedone－dimensionalFouriersynthesiscurvesofhydratedand   

dehydratedsmectitescalculatedbyuslng18and14refkctions，reSPeCtively・Apositive   

Peakduetointerlqyercationsclearlyobservednearthesurfaceofthebasaloxygenplane・   

hasmuchasonlylOor8refkctionswereusedin也isstudy，aSlgni点鎚ntPOSitivepeak   

duetoNa＋ionswasnotclearlyreco卯izedintheEDcurveS・Thepositionoftheions，   

however，COuldbede丘扇telydeterminedbyleastsquaresre血ement・hsofarasthe   

behavioroftheinterlqyercationsduringdehydrationandrehydrationisconcemed，these  
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resultssuggestthatthecations叩parentlymlgratefromtheinterlayerspacetowardthe   

hexagonalholesofsiucatelayersduringthermaldehydrationandretumtotheinterlayer   

SPaCeOnrehydration・  

Figures2．9Ato2．9DshowEDandDScurvesfbrtheNa－Saturatedbeidelutes：（1）   

mieated，（2）heatedat400Oc，（3）heatedat8000c，and（4）rehydratedafterheatingat   

8000c・TbebasalspaclngSandstruCturefhctorsusedinthiscalculationareglVenin   

Tbble2．4．AnowsontheEDcurvesindicatedpositionsoftheinterlayerNa＋ionsof   

thesematerials，allofwhichweredeterminedbytheleastsquarere血ement．Tbese   

resultsalsodemonstratethattheNa＋ions皿grateintothesiucatelayerduring   

dehydrationandretumtotheinterlayerspaceonrehydration・Consequently，the   

behaviorsoftheinterlayerNa＋ionsofthe反ideluteduringdehydrationandrehydration   

areessentiauythesameasthoseoftheAterasawasmectite・  

2．4．5 StruCturalrearrangementafterheating  

TheEDcurvefbrtheAterasawasmectiteheatedat8000c（Figure2．7D）showedan   

increaseinelectrondensityneartheoctahedralcationsandadecreaseneartheoctahedral   

OXygenSandhydroxylionscomparedwiththatofthematerialheateda土400Bc（Figure   

2．7B）．net＊ideuitealsoshowedsuchmodi丘cationofEDcurveafterheatingat800Qc   

（Figure2．9C）．SimilarresultshavebeenreportedforsericitebyUdagawa（1955），fbr   

mus00vitebyEberhart（1963）andUdagawaetal．（1974），aJldfbrpyrophy11itebyWardle   

andBrindley（1972）・neSeObservationshavebeenexplainedastheremovalof   

hydroxylionsasH20andtherelocationofresidualoxygenstothesamelevelasthatof  

octahedralcations；20打→H20＋02－LAlthoughthedehydroxylatedstruCtureOf  
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SmeCtiteisnotwellknown，tWOtyPeSOfrearrangedoctahedralconfigurationshavebeen   

COnSidered；aSix－foldcoordinationoctahedron（GrimandBradley，1948；Ba∫dleyand   

Grim，1951）andafive－fbldcoordinationoctahedron（WardleandBrindley，1972）．  

2・4．6 Changeind（060）spacingafterheating  

Figure2・10showsXmpattemsaroundtheregionof（060）renectionfbrthe   

homoionicmontmorillonitefromOletObefbreandaf［erheatingat4000c．Thevaluesof   

d（060）fbrtheunheatedmaterialswerel．498－1．499Åandtheywereslightlyshiftedto   

largervalue＄afterheatingat4000C，SuggeStingexpanSionofb－aXisondehydration・The   

Aterasawasmectitealsoshowedaslightexpansionaf4000candafurtherexpansionat   

8000c（Figure2．11）．TheDTAcurves（Figure2・1）confirmedthatdehydroxylationof   

bothmaterialsoccurredattemperatureSbetween600Dand7000C・T昆sindicatesthatthe   

expanSionofb－aXisat4000cisnota血butabletoatomicreaJangementOftheoctahedral   

Sheets・Tberefore，theexpansionlSPrObablycausedbymlgrationofinterlayercations   

intothehexagonalholes．  

ヱ．5 DISCUSSION  

Tberehydrationcharacteristicsofdioctahedralsmectitesarestronglydependenton   

theircrystalchemis仕yandkindofinterlayercations・Themontmorillonitesamplesf［Om  

仇etosaturatedwithCh2十，M㌔＋，Na＋，andK＋ionsdehydratedirreversiblyat4000，   

600O，6000，and7000c，reSPeCtively・Whereas，thetxidellitefromSaJlOmineretained   

rehydrationabilityupto9000cexceptforK－SaturatedsamPle・Ontheotherhand，the  

rehydrationabiutyofsmectitefromAterasawa，havinganhtermediatecomposition  
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betweenmontmori1loniteandbeideuite，WaSaPParentlystrongerthanthatoftheCheto   

montmoriuoniteandweakerthanthatofthebeideuite．Tbeirreversibledehydration   

temperaturesofCa－，Mg－，Na－，andK－SaturatedAterasawasmectitewere4000，700O，   

7000，and8000c．Tbeseresultsindicatethattherehydrationabiutyofdioctahedral   

SmeCtiteincreaseswithdecreaslngOCtahedralnegativechargeandwithincreasmgsほeOf  

theinterlaycrcations（MB2＋＜Ca2＋＜Na＋＜K＋）．  

nerehydrationofs皿eCtitegroupmineralsinvoIvesare－COOrdinationofwater   

皿01eculestothedehydratedinterlayercations．Therefore，thebehaviorofinterlayer   

CationsduringdehydrationandrehydrationisslgniBmntinelucidatingtherehydration   

皿eChanlsm．TheresultsofFomieranalysisofAterasawasmectiteandSanot光ide11ite   

indicatethatinterlayerNa’ionsofbothspecimensm短ratefrominterlayerspaceintothe   

hexagonalholesonthermaldehydrationandretumtotheinterlayerspaceonrehydration   

asshowninFigure2．12．Thus，thebehaviorsofinterlayercationsofbothspecimens   

duringdehydrationandrehydrationareessentiallythesame，howeverthecations   

mlgratedintothehexagonalholesofthetxidellitetendtobeeasilyextracted・  

Thenegativelayerchargeof誠deluteoriginatesfromsubstitutionofAP＋fbrSi4＋   

inthetetrahedralsheets；theoctahedralsheetsarealmostelectrical1yneutral・T出s   

CryStallochemicalftatureindicatesthatnoattractiveelectrostaticfbrceexistsbetweenthe   

octahedralsheetsandthemlgratedinterlayercations・Themlgratedcationscantherefbre ●  

easilybeextractedfromthehexagonalholesandthenrehydrationoccursrqpidly・For   

montmorillonite，however，themlgratedinterlqyercationsarestronglyattractedtothe  

octahedralsheetsbynegativechargeoriginated加msubstitutionofM㌔＋fbrAP＋inthe  
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octahedralsits．T出sattractiveelectrostaticfbrcepromotes丘Ⅹationofinterlayercationsto   

thehexagonalholes，Whichinhibitsrehydratio血Ofmontmorillonite・  

nedifftrenceinrehydrationratesofthehomoionicmaterialsisprobablydueto   

thesizeofinterlayercations，ratherthantotheirhydrationenergy．Thesma11ionicradius  

ofMg2＋allowsitseasy丘xationtothehexagonalholes・Onthecontrary，thelargeionic   

radiusofK＋makesits丘xationdi比cultandthecationc乱neaSilybeextracted丘omthe   

hexagonalholes．Conslquently，therehydrationrateofK－Saturatedmaterialisfast，   

WbereasthatofMg－Saturatedoneisslow．  
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CHAPTER3 SAPONITE AND VERMICULITE  

3．1 INTRODUCTION  

Saponiteisatrioctal1edralsmectitewithMg2＋asoctahedralcationandisthe   

trioctahedralanalogofbeide11ite・Tbelqyerchargearisespmcipauyfromsubstitutionof  

A13＋fbrSi4＋inthetetrahedralsheets・netheoreticalfbmulaofsaponitec弧bewritten   

asfbuows：  

M十ⅩMg3（Si4＿ⅩAlx）010（OH）2．   

Vermicuuteisphy1losilicatethatconsistsof2：1layerstruCturewithlayerchargeofO・6to   

O．9perOlO（OH）2fbrmulaunit（Bailey，1980）・Themostofthevemiculiteis   

′ trioctahedralandisfbrmedmain1ybyweatheringoftrioctahedralmicassuchas  

phlogopiteorbiotite．nenegativechargeonthelayersderivesfromsubstitutionofA戸＋  

fbrSi4＋hthetetrahedralsheetsbutthisispartiallycompensatedbyreplacementofsome   

divalentoctahedralcationsbytrivalent．Thenetnegativelayerchargeisbalancedby  

interlayercations，Whicha∫euSuallyhydratedM㌔＋anditc皿beeasilyexchangedand   

SOlvated．  

Mad王wanandWilson（1980）reportedthat，WiththeexceptionK一andNH4－   

Saturatedmaterials，SaPOniteandvemiculiteshowedsindarrehydrationcharacteristicsto   

eachother・neyalsostatedthatLi－，Na－，andK－Saturatedsaponiterehydratedreadilyin   

mostairafterheatingat7000c，Whereassaponitesaturatedwithdivalentcationsfai1edto   

rehydratea＃erheatingabove4500c・Theseauthors，however，didnotmentionadetai1ed   

rehydrationmechanismoftheseminerals・TherehydrationcharacteristicsofexpaJldable   

claymineralsarestronglyrelatedtothebehaviorsofinterlayercationsduringdehydration   

aJldrehydrationasdescribedinChapterl・Ifinterl？yerCationsofsaponitemlgrateinto  
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thehexagonalholesonthermaldehydration，StrOngrehydrationabiutywouldbeexpected   

becausetheprotonsofhydroxylionsoftrioctahedralphyllosilicatesaredirectedtoward   

theinterlayercations（Giese，1975）・FurthermOre，K－Saturatedsaponiteshouldmore   

readilyrehydratethanMg－SaturatedsamPlebecauseK＋ionscaneasilybeextractedfrom   

thehexagonalholesthantheothercations（SeeChqpterl）．Ontheotherhand，itiswell   

knownthatK－Saturatedvermiculitedehydratesirreversiblywithoutheating（Harwardet   

al・，1969）；therefore，therehydrationmechanismsofsapomiteandvemiculitemustbe   

quitedifferent．  

InthisChapter，therehydrationcharacteristicsofsaponiteandvemiculitewere   

describedandtherehydrationmechanismsofbothmineralswerediscussed．  

3．Z MATERIALS  

SaponitefromBallarat，Califbrnla，andvemiculite仕omuanoCounty，Texas，   

ObtainedfromtheSourceClayRepositoryofTheClayMineralsSociety，WereuSedin   

thisstudy．CbemicalanalysesofthesematerialswerereportedbyPost（1984）andFoster   

（1963），reSpeCtively・ThestruCturalfbrmulaofthesaponiteisasfbllows：  

（Cao．19Nao．16Ko．02）（Al0．ユ5Fe3＋0，06Mg2．61）（Si3．77Alo．23）010（OH）2，   

andthatofthevemiculiteis：  

Ovtgo．48Ko．01）（Mg2．83Fe3＋0．01A10．15）（Si2．86All．14）010（OH）2・   

Thedi触rentialandthemogravimetricanalyses（DTA－TGA）curvesofthesematerials  

saturatedwithCa2＋，Mg2＋，Na＋，OrK＋wereshownhFigure3・1・TbeDTA－TGA   

CuTVeSOfsaponitesamPlesindicatedthatdehydrationanddehydroxylationtookplace   

COmPletelybelow2500candabout8000－8400C，reSPeCtively，aCCOmPanylngWeight  
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lossesduetoremovalofinterlayerwaterandstruCturalOH・TbevemiculitesamPles   

alsoexhibiteddehydrationbelow2500canddehydroxylationatabout800QC．¶1e   

exothemicpeaksobservedatabout8400－8800careduetorecrystal1izationreaction・  

3．3  EXPERIMENTAL METHOI）S  

ne＜2FLm丘actionsofsaponiteandthe＜10FLmOfvermicuutewereco11ectedby  

nomalsedimentationmethodsandweresaturatedwithh2＋，Mg2＋，Na＋，OrK＋by   

treatmentwithrespeCtivelNchloridesolutions・Theexcesssaltwasthenremovedby   

WaShing五vetimeswith80％ethan01undlthesamPleswere丘eefromCl‾ions・neSe   

ho皿Oionicmaterialswerethendriedinairandwereused丘）1lowlngeXperiments・  

About20mgofthehomoionic皿aterialswereheatedattemperaturesbetweenlOOO   

to9000catintervalsoflOOOcfbrlhrandthencooledhadesiccatorofO％relative   

humidity（RH）forlhr．TheRHinthedesiccatorwascontrolledwithdi－PhosphoruS   

PentanOXide・1meheatedmaterialswereorientedonglasssudesuslngdeionizedwater   

andthendriedinairat50％RHforlday．Tbed（001）valuesweremeasuredbyXvray   

powderdiffraction（m）usingaRIGAKUdiffractometer，Ni一触eredCuKα   

radiation，andascanningspeedofO．5028／min．  

Homoionicmaterialsorientedonquartzglassslideswereheatedat7000cfbrlhr   

andthen00Oledhadesiccator（0％RH）fbrlhr．XRDpatternswereobtainedfrom14Q   

to2028atascamingspeedof2C20血hduringexposuretoairat50％RHfbr   

Variousperiodsoftime・  

Thepositionsofinterlayercationsfbrdehydratedsaponiteandvemiculitewere  

investigatedbymeanSOfone－dimensionalFourieranalysisasdescribedhChq）ter2・  
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ned（060）valuesofhomoionicmaterialsbe簸）reandafterheatingat4000cwere   

measuredbyXRD・The’3nDdatawereobtainedatascannlngSPeedofO・5028血血   

under50％RHfbrtheunheatedmaterialsandO％RHfbrtheheatedones．  

3．4 RESULTS   

3・4・1Rehydrationabiutya氏erheating  

Figure3・2Ashowsvariationofd（001）valuesofthehomoionicrehydrated   

SaPOniteafterheatingatvarioustemperatureS．neCa－，Na－，andK－materialsretained   

thesamevaluesofd（001）asthoseoftheoriginalhydratedfbrmsundlthecrystal   

StruCtureWaSdestroyedbyheating・neMg－material）however，didnotrehydrateafter   

heatingaf7000c．  

Figure3・2Bshowsvariationofd（001）valuesofthehomoionicrehydrated   

VermicuuteafterheatingatvarioustemperatureS．TheCa－，Mg－，andNa一皿aterialsreadily   

rehydratedunti1thecrystalstruCtureWaSdestroyed．Thed（001）valueofKrmaterial   

00 COntraCtedtoal）Outll．OAbefbreheatinganddecreasedgraduallytolO．3Aa＆erheating   

at9000c・neSereSultssuggestthatthesaponiteandvemiculitehavestrongrehydration   

al）ility，althoughthedetailedrehydrationbehaviorsareslightlydifEerentfromeachother．  

3．4．2 Rehydradonrateinairafterheating  

Figure3・3showsjRDpattemsofthehomoionicsaponlteheatedat7000c   

fbllowedbyexposuretoairat50％RHfbrvariousperiodsoftime・TheMg－material   

remaineddehydratedafterexposuretoairfbraslongaslday・The払－materialshowed   

O asmallpeakofthetwo－1ayerhydratedfbrm（15．5A），SuggeStingthatthematerial  
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rehydratedtoagreaterextentthandidtheMg－material・’TheNa－materialpartially  

O rehydratedtoamixtureofone－1ayerhydrated（12・8A）anddehydrated（9．8Å）layerson   

exposuretoairfbraftwminutes（0mininFigure3．3）．TheKrmaterialalmost   

COmPletelyrehydrated，andthepeakofthedehydratedfbrmswasabsentfromthe郡   

PattematOmin・ThisobservationalsosuggeststhattheK－materialrehydratesmore   

rapidlythantheNa－material・Consequently，therehydrationratesofthehomoionic  

saponite（K＋＞Na＋＞Ch2＋＞Mg2＋）arecompatiblewiththeionicradiiofsaturating  

cations（K＋＞Na＋＞Ch2＋＞M㌔＋；WhittakerandMuntus，1970），ratherthanwiththeir   

hydrationenergleS．  

Figure3・4showsXmpatternsofthehomoionicvermiculiteheatedat700日c  

fb1lowedbyexposuretoairat50％ 

O Cむmaterialexpandedrapidlyto14・8AandwasenhanCedduringexposuretoair，   

SuggeStingthatrehydrationcontinuedfora土Ieastlday．Ⅵ1eMg－materialrehydrated   

rapidlyand00皿Pletelywithinaftwminutes・TheNa・materialshowedasegregated   

Ol⊃ StruCtureCOnSistingofone－1ayerhydrated（11・9A）anddehydrated（10・OA）1ayers．A   

SmauPeakofthedehydratedlayerwasnotedevenafterexposurefbrlday．Ontheother   

hand，theK－Saturatedvermiculiteremaineddehydrated．Therehydrationratesofthe  

homoionicvemiculitePdg2＋＞Ca2＋＞Na＋＞K＋）werequitedifftrentfromthoseofthe   

SaPOnitesamPlesandwerecompatiblewithhydrationenergleSOfsaturatingcations ●   

即g2＋＞Ca2＋ ＞Na＋＞K＋；Rosseinsky，1965），insteadoftheirionicradii・  

3.4.3 ExchangeabiLity of interlayercations 
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nevariationofoxidewt・％ofCaO，MgO，Na20，andK200fthehomoionic   

SaPOnitesaturatedwithcorrespondingcationsareshownhFigure3・5A・Thevaluesof   

allelementsre皿ainedconstant，indicatingthatnointerlayercationswerelostduring   

heating・Figure3・5BshowsvariationofexchaLgeal）1ecationsextractedwithO．1N  

SrC12SOlutionafterheatingatvarioustemperatures・TheexchaJlgeabilityofMg2＋ion   

decreasedsuccessively upto800Ocduetoprogressive丘xationoftheionwith   

temperature・However，theK－SapOniteretainedgreatexchangeabilityupto800Ocandit   

decreasedrapidlyat9000cduetothermaldecompositionofthesaponitestruCture・Tbe  

valuesofexchangeableCh2＋aJldNa＋ionsremainedunchangedupto7000cand   

decreasedrapidlyat8000c．Theresultissimilartothatofadioctahedralsmectite丘om   

Aterasawa，buttheexchangeabilityofsaponiteismaintainedmorehighertemperature   

thanthatoftheAterasawasmectite・Figure3・6Ashowsoxidewt．％ofCaO，MgO，   

Na20，andK200ftherepresentativehomoionicvermiculiteafterheatingatvarious   

temperatures．T昆sshowednoslgli頁cantchangeinthevaluesofoxidewt．％．The   

VariationofexchangeablecationsafterheatingareglVeninFigure3．6B．TheK－   

Vermiculitegavesma11valueofK－eXChangeabilitybeforeheatingandthevaluedecreased   

afterheatingupto8000c・However，theMg－Vemiculiteretainedgreatexchangeability  

upto8000canditwaslostat900QC・Theexchangeabiutyof払2＋andNa＋ions   

remainedupto7000canddecreasedrapidlyat8000c．Thisresultindicatesthatthe   

Vermiculiteretainsgreatexchangeabilityofhterlayercationsatrelativelyhigher   

temperatureaswellassaponite．  

3．4．4 PositionofinterlayercationsaRerdehydration  

25   



nepositionsofinterlayercationsoftheNa－Saturatedsaponiteheatedat4000and   

7000C，andtheCa－andMg－Saturatedsaponiteheatedat8000cwereexaminedbymeanS   

ofone－dimensionalFourieranalysis・Figure3・7showselectrondensitydistribution   

鱒D），anddifftrencesynthesiscurvescalculatedbyusingz－ParameterSObtainedby   

re血ement（DSl）andbyassumingthatinterlayercationswere丘Ⅹedat centerof   

interlayerspace（DS2）．nebasalspacingsandstructurefactorsusedinthiscalculation   

aJelistedinTables3．1and3．2．neDS2curvesfortheNa－materialsheatedat400Oand   

700。CshowedanegativepeakintheinterlayerreglOn，SuggeSting也attheinterlayerNa十   

ionsprobablymovedfromtheinterlayerspacetosomeotherposition・A鮎rre五nement   

ofthez－ParameterSOfatomicplanes，血epositionofinterlayerNa＋ionswasdetermined   

aroundthebasal0ⅩygenPlaneaSShowninFigures3・7Aand3・7B・nedifftrence   

Synthesiscurve（DSl）calculatedbyusingthere血edstruCturealsosuggestedthatthe   

Na＋ionswereapparentlylocatedatthisposition・Theseresults血plythattheinterlayer   

Na＋ionsmlgratedintothehexagonalholesoftheSiO4netWOrkonthemaldehydration・   

FortheCa－andMg－materials，Simi1arresultswereobtahedasshowninFigures3・7C  

and3・7D・nepOSitionsofinterlayerCa2＋andMg2＋ionsdeterminedbyleastsquares   

re丘nementalsoindicatedthatthesecationsmlgratedintothehexagonalholesonthermal   

dehydration・  

Figure3・8showsEDandDSIcurvesfortheCa－，Na－，andK－Saturated   

vemiculiteheatedat8000C．Thebasalspacl刀．gSandstruCturefactorsarelistedinTable   

3．3．TheEDcurvesofthesematerialsshowedsharppeaksaroundtheinterlayerreglOn，   

Whichareprobably duetoelectrondensitiesofinterlayercations・A鮎rre血ementof   

atomiccoordinatesalongthec－aXis，theDScurveSShowednosl卯ificantresidual  

26   



electrondensities．Consequently，theseinterlayercationsmusthavebeenlocatedatthe   

CenterOftheinterlayerspaceinsteadofwithinthehexagonalholesofthesilicatenetwork・  

3・4・5 Cbangeind（060）spacingafterheating  

Figure3．9showsXmpattemsaroundtheregionof（060）re且ectionfbrthe   

homoionicsaponiteandvermiculitebefbreandaRerheatingat4000c・Thevaluesof  

d（060）fbrtheunheatedsapmitewerel．529－1．531Å，dependingoninterlayercations．   

Afterheatingat400Oc，thevaluesofd（060）increasedslightlysuggestingexpansionofb－   

axisonthermaldehydration．Theexpansionofb－aXisofotherphyuosiliGlteSbythe皿al   

treatmenthasbeenreported（pyrophy11ite，BrindleyaJldWardle，1970；muSCOVite，   

Eberhart，1963；VedderandWikins，1969；Udagawaetal．，1974）・Udagawaetal．   

（1974）concludedfromathree蠣dimensionalstruCturalanalysisofdehydroxylated   

muscovitethattheexpansionofb－aXiswascausedbyatomicreammgementofthe   

OCtahedralsheets．ThemandTGAcurvesofthepresentsaponitedemonstratedthat   

dehydroxylationtookplaceatabout8000－8400caccompanylngarapidendothermic   

reactionandweightloss（Figure3．1）．Tberefore，theexpanSionoftheb－aXisofthe   

● SaPOniteheatedat400Ocmaybeduetomlgrationofinterlayercationfromtheinterlayer   

SPaCetOthehexagonalholesofthesilicatenetwork・Tbemlgratedcationsprobably   

causeda嘩ustmentofthedefbrmedconBgurationofthetetrahedra・Ontheotherhand，   

thed（060）valuesoftheho皿Oionicvemiculite，eXCePtfbrtheK－Saturatedmaterial，   

decreasedslightlyafterheatingat400Oc，indicatingcontractionoftheb－aXisonthemal   

dehydration・LeonardandWeed（1967）reportedasimilarbehaviorofd（060）valueof   

ve皿imlitesaturatedwithseveraldifferentcationsandheatedat3508c．Thebehaviorof  
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thed（060）valueofvemiculiteduringthemaldehydrationisthereforecompletely   

differentfromthatofthesaponite，SuggeStingthattheinterlayercationsofvermiculite   

dosenotmigrateintothehexagonalholesofthes揖mtenetwork・  

3．5  DISCUSSION  

BoththesaponiteandvermiculitesamPlesrehydratedreadilyandrapidlyas   

describedhprevioussection，howevertherehydrationcharacteristicsoftheseminerals   

WereCOnSiderablydifferentfromeachother・Themostnotablefeaturesofrehydration   

Characteristicsandbehaviorsofinterlayercationsofsaponitewereasfbuows：（1）except   

forMg－SatUratedsamPle，al1saponitesamPlesrehydratedundlthecrystalstruCtureWaS  

destroyedbyheating，（2）therehydrationratesdccreasedintheorder：K＋＞Na＋＞Ch2＋＞  

Mg2＋，（3）theinterlayercationsmigratedintothehexagonalholesoftheSiO4netWOrkon   

thermaldehydration，and（4）theb－aXisexpandedonthemlaldehydration・Themost   

notableftaturesofvemiculitewereasfollows‥（1）exceptforK－Saturatedsample，all   

VermiculitesamPlesrehydrateduntilthecrystalstruCtureWaSdestroyedbyheating，（2）  

therehydrationratesdecreasedhtheorder：Mg2＋＞Ca2＋＞Na＋＞K＋，（3）theinterlayer   

Cationsremaineda土theinterlqyerspaceevenafterthermaldehydration，and（4）exceptfor   

K－SaturatedsamPle，theb－aXiscontractedonthemaldehydration．  

nerehydrationphenomenoncanbeinterpretedasarestorationofthehydrated   

formSOfhterlayercationsintheinterlayerspace・nebehaviorsofinterlayercations   

duringdehydrationisthereforeverylmPOrtantinunderstandingtherehydration   

mechanismofexpandableclayminerals，includingsaponlteandvermiculite．Basedon   

Fourieranalysis，itwas00n血medthattheinterlayercationsofsaponitemlgrateintothe  
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hexagonalholesonthemaldehydration・nemlgratedcationsmustbeextracted丘om   

theholestorehydratethedehydratedsaponite・nefactorsafftctingtheextractionofthe   

migratedinterlayercationsare：（1）extractivefbrceattributabletohydrationofthe   

interlayercations，（2）attractiveelectrostaticfbrceoftheoctahedralsheetsattributableto   

itsnegativecharge，and（3）repulsiveelectrostaticfbrceofprotonsofhydroxylions   

locatedatthebottomofhexagonalholes・Thetotalextractiveforceisacompositeof   

theseelectrostaticfbrces．The女）1lowingfactorsalsoinfluencethestreng仙Ofthe氏）r∝S：   

（1）hydrationenergyoftheinterlayercations，（2）migratedpositionsoftheinterlayer   

Cations，（3）negativechargedensityoftheoctahedralsheet，and（4）0rientationangleof  

hydroxylions・nehydrationenergyofinterlayercationsdecreasesintheorder：Mg2＋＞  

Ca2＋＞Na＋＞K＋（Rosseinsky，1965）．Thestrengthoftheextractiveforceattributedto   

thehydrationenergyseemstobedependenton也emlgratedpositionsoftheinterlayer   

Cations．Theattractivefbrcemusedbythenegativechargeoftheoctahedralsheetisalso   

afftctedbythemlgratedpositionoftheinterlayercations・  

Ifthecationsarelocatedinasha1lowpartofthehexagonalholes，theyarereadily   

extractedhmoistairbythefbrceoftheirhydrationenergy．TheshorterdistanCe打om   

themlgratedcationstowatermoleculesincreasestheextractivefbrcea咄butableto   

hydrationenergy，Whereasthelongerdistance丘omthemlgratedcationstotheoctahedral   

Sheetmakestheattractivefbrcetothatsheetweaker・Iftheinterlayercationsmlgratedeep   

htotheholes，theextractivefbrceduetohydrationenergyofthemlgratedcationsis ●  

Weaker，andtheattractiveforcetotheoctahedralnegativechargeisrelativelystronger・A   

largenegativechargeofthe∝tahedralsheetincreasestheatbactivefbrcebetwecnthe   

mlgratedinterlayercationsandtheoctahedralsheet．Wihre氏rencctotheorientationof  
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hydroxylions〉theprotonsofthehydroxylionsoftrioctahedralsmectites，e・g・，SaPOnite，   

aredirectedtowardthemlgratedinterlayercations，andthedistanCefromtheprotonsto   

themlgratedcationsisataminimum；therefore，therepulsivefbrceofsaponiteis   

relativelystronger．Thehydroxylionsofdioctahedralsmectitesorientslightlytowardthe   

emptyoctahedralsite，andtherepulsivefbrceofmontmori1loniteandtxidelliteis   

relativelyweaker．¶1einfluenceofhydroxylionsoIlthe丘Ⅹationofinterlayercationsin   

thesiucatenetwofkhasbeenreportedformicas（Bassett，1960；Newman，1969；Hoda   

aJldHood，1972）．nenegativechargedistributionofthepresentsaponiteis   

－0．13／010（OH）2intheoctahedralsheetand－0・23／010（OH）2inthetetrahedralsheet・Tbe   

octahedralnegativechargeincreasestheattractivefbrcebetweenmlgratedinterlayer   

cationsandtheoctahedralsheet，howeverprotonsdirectedtowardthemlgratedinterlayer   

cationsrepelthecationstowardtheinterlayerspace・Consequently，SapOniteexhibits   

strongrehydrationcomparedwithadioctahedralsmectitehavingsi＝darcharge   

distribution．  

nerehydrationcharacteristicsandbehaviorsofinterlayercationsofvemiculite   

werecompletelydifferentfromthoseofsaponiteasmentionedabove・Figure3・10   

showstransmissionelectronmicrographsCTEM）andelectrondi飽actionpattemsofMg－   

saturatedsaponiteandvermiculitesamPles・TbeTEMofsaponitecleaJlyshoweda   

particlehavingeuhedrallath一1ikehabits・Thedif＆actionpatternoftheparticlewere   

distributedumifbrmlyincircles，SuggeStingaturbostraticstackingofaqa∝ntSilicate   

layersorsimplyalargenumberofrandomiyorientedt血particles・ChtheotheThand，a   

particleofthevemiculitegavespotdiffractionpattemshavingapproximatelyhexagonal   

symmehy，implyingorderedstatkingofaqacentsilicatelayers・Thedifferencesinthe  
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rehydrationcharacteristicsofsaponiteandvermiculiteareprobal）1yduetothenatureof   

StaCkingofa嘩acentsiucatelayers．恥eturbostraticstatkingofsaponiteprobably   

enhancesmlgrationofinterlayercationsintothehexagonalholesasshownin   

SChematica11yinFigure3．12A，Whereastheorderedstackingofvemiculiteinhibitssuch   

Cationmigration（Figure3．12B）．Tberefore，theinterlayercationsofvermiculiteremain   

atthecenteroftheaqacentsi臼catelayers血cingeachotherevenaBerthermal   

dehydration，andtheyrehydrateeasilyinmoistairoronwatersaturation．  

nedehydrationofK－SaturatedvemiculiteinmoistairwithoutheatinglS   

qpparentlyrelatedtothesizeofthehexagonalholesinthebasaloxygenplaneandofthe   

interlayercations・Iftheinterlayercationsareaboutthesamesizeasthehexagonalholes，   

thecationsareclosepatkedwiththebasaloxygens，Simi1artotheinterlayerconfiguration  

ofmica．Forsmauercations（e．g．，Mg2＋），however，anincompletepatkingisfbrmed   

afterdehydration，andthecationsdoseno亡COntaCtthesurroundingoxygens．merefore，   

rehydrationofthecationoccursrapidlyinmoistair．  

MamyandGaultier（1976）reportedthemodihcationofturbostraticstackingtoan   

Orderedstackingbysu切ectingK－Saturatedmontmori1lonitetolOOcyclesofaltemate   

We血ganddryinga土800c・Theyshowedareductionofcation－eXChangecqpacityanda  

contractionofthebasalspacingtoaboutlOÅ，indicatingthatsmectiteshavingordered   

StaCkingexhibitvemiculite－1ikehydrationproperties（Barshad，1948，1950）．Tlms，the   

COllapseoftheinterlayerspaceonK－SaturationappearStOberestrictedtotheexpandable   

daymineralsconsistingoforderedstadkingofa嘩acentsilicatelayers，ratherthanthose   

havinggreaternegativechaTgedensityofthesilicatelayers・Consequently，themost  
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importanthctorcontrollingtherehydrationpropertiesofsaponiteorve皿icuuteappearS  

tobethenatureofstatkingofa嘩acentsiucatelayers・  
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CHAPTER4 tIECTORITE  

4．1INTRODUCTION  

Hectoriteisatrioctahedralsmectitewithoctahedralnegativecharge訂1Smgfrom  

substitutionofLi＋fbrM㌔＋intheoctahedralsheets，andisthetrioctahedralanalogof   

montmorillonite・Tbetheoreticalfbrmulaofhectoritecanbeexpressedasfb1lows：  

M＋Ⅹ押掛ⅩuX）Si4010（OH）2．   

Hectoriteshavebeensynthesizedbymanyinvestigators（GranquistandPollack，1960；   

NeumarLn，1965；NeumannandSanson，1970，1971；BamerandJones，1970，1971），   

andusedfbrchemicalindustryasadsorbersandcatalysts．Thelargesurfaceareaof   

hectoritemakesitpossibletoconductadsorptionreactionandcatalydcactivityinan   

aqueoussystem・Metalcomplex腿talystsintercalatedinhectoriteshowsolution－1ike   

Catalydcactivityinitsinterlayersexpandedintermediately（Pinnavaia，1982）・Thus，the   

hterlayerofhectoriteplaysanimportantrolehindustrialutilization・Tberefore，   

dehydrationandrehydrationcharacteristicsInaybeprovideusefulinfomationfbrfurther   

utilizationasafunctionalmaterial．hthisChapter，therehydrationcharacteristicsof   

hectoriteweredescribed．  

4．2 MATER】AL  

TbematerialusedinthisstudyisahectoritefromHector，Califbmia・Thedlemical   

COmpOSitionofthishectoriteis：  

Cao．01Nao．28Ko．01（Mg2．65A10．02Li0．33）Si4．00010（OHo．92Fl．08）・  

TbetetrahedralsheetsarefreefromAP＋andthenegativelqyerchargeonglnateSmainly ●■   

fromsubstitutionofLi＋fbrMg2＋htheoctahedralsheets・Abouto皿e－halfofhydroxyl  
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ionissubstitutedbyfluorineion・Figure4・1showsdi飴rentialthemaland   

thermogravimetricanalyses（DTA－TGA）curvesofthehectoritesamPlessaturatedwith  

Ca2＋，Mg2＋，Na＋，OrK＋・TheDTAcurveSeXhibitedsingleordoubleendothemicpeaks  

duetodehydrationofinterlayerwaterbetweenat930and1750c，andabroad   

endothermicpeakduetodehydroxylationat606ロー6220C．TheTGAcurvesshowed   

rqpidweightlossduetodehydrationbelowabout200qC，aJldgradualweightlossdueto   

removalofhydroxylandfluorineionsabove6000c．  

4．3 EXPERIMENTALMETHODS  

ne＜2FLmfractionscouectedbynormalsedimentationweresaturatedwithCh2十，  

Mg2＋；Na＋，OrK＋bytreatmentwithlN血loridesolutions，andwashed五vetimeswith   

80％ethanolundlcompleteremovaloftheexcesssalt．Thesehomoionicmaterialswere   

usedfbrfbllowingexperiments：（1）rehydrationabiutyahrheating，（2）rehydrationrate   

afterheating，（3）chaJlgeinexchangeab山tyofinterlayercations，and（4）changeind（060）   

SPaClngbyheating・Deta且sofexperi皿entalmethodsaredescribedinChapters2and3・  

4．4 RESULTS   

4．4．1Rehydrationabiutya鮎rheating  

Figure4．2showsvariationofd（001）valuesofthehomoio皿icrehydratedhectorite   

samPlesafterheatingatlOOOto9000cfbrlhr・ned（001）valueofCa－material  

remainedconstantupto400OcandcontractedtoaboutlOÅdbove5000C．neNa－and   

K・materialsshowedsimi1arrehydrationbehaviorstoeachother；both皿aterials   

rehydratedupto6000Canddehydratedai700OC・However，thed（001）spachgofK－  
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O materialexpaJldedslightlytolO・8Aafterheatingat7000c，SuggeStingthatthematerial   

retainedweakrehydrationabihtyevenafterheatingat7000c．Thed（001）spacingofMg・   

materialcontractedcontinuouslybetween3000and6000c・Figure4・3showsXm   

patternsoftherehydratedMg一皿aterialsafterheatingat2000to600Oc・Thefu11y   

hydratedstruCtureOftheunheatedMg－materialchangedthroughatransitionalphaseof   

regularinterstratificationofrehydratedanddehydratedlayerstocompletelydehydfated   

forms・T山stransitionalinterstrati鮎dstruCturePrObablyformedby丘Ⅹationofthe  

interlayerM㌔＋iontothealtematinginterlayers．  

4・4・2 Rehydrationrateinairafterheating  

Figure4・4showsXmpatternsofthehectoriteheatedat4000cduringexposure   

toairat50％RHfbrvariousperiodsoftime・Allmaterialsshowednoslgmi負cant   

ChangeshtheXmpatternsdu血gexposurefbrlday，indicatingveryslowrehydration   

rateorverywehkrehydrationabiutyhair・  

4．4．3 Exchangeabilityofinterlayercations  

Figure4．5Ashowsoxidewt．％ofCaO，MgO，Na20，andK200fthe   

representativehomoionichectoritesamPlesafterheatingatvarioustemperatures・TLe   

MgOwt・％shows00nSiderablylargervaluecomparedwiththoseofotheroxides＞  

becausethevalueinvoIvesMg2＋ionslocatedattheinterlayerandtheoctahedralsites・   

Noslgni丘cantchangesinvaluesofwt・％wererecognizedduringheating，indicatingthat   

theelementsremainedinthehectoritestruCtureuPtO9000C．Figure4・5Bshows   

variationofexchangeablecationsextractedwithO・lNSrCl2SOlution丘0皿thehomoionic  
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hectoriteafterheatingatvarioustemperatures・ThevaluesofexchangeableNa＋andX・＋   

ionsre皿ahedconstantataPPrOXimately75meq／100gupto500Ocanddecreased  

graduallyatabovetemperatureS・neMg2＋aJldCa2＋ionsbegaJltO丘Ⅹat300。candthe   

ValuesofexchaJlgeabilitydecreasedcontimouslywithincreasingtemperature．  

4．4・4 Changeind（060）spacingafterheating  

mpattemsaroundtheregionof（060）reAectionfbrthehomoionichectorite   

befbreandafterheatingat4000caregiveninFigure4・6・neValuesofd（060）fbrthe   

8 unheatedmaterialswerel．516－1．517A，dependingonsaturatingcations・Tbesevalues   

increasedslightlytol．518ÅaRerheatingat4000c，indica血gexpansionofb－aXison   

thermaldehydration・neDTAcurvesofthematerialsshowedanendothemicpeakdue   

todehydroxylationattemperaturesal）OVe600QC・Therefore，thisexpansionlSPrObably   

cau5edbyrrugrationofinterlayercationsintothehexagonalholesinsteadofthe   

Odahedralrea汀angementS・  

4．5 DISCtJSSION  

Therehydrationpropertyofhectoriteisstronglyinnuencedbykindofinterlayer   

cations．TheK－Saturatedmaterialappearedtorehydratecompletelyupto6000cand   

decreasedinrehydrationabilitya丑erheatingat7000c・TbeNa－andCa－Saturated   

materialsrehydratedupto600Oand400Oc，reSpeCtively，butremaineddehydrateda鮎r   

heatingabovete皿PeratureS・TheMgrmaterialsformedregularinterstrati鮎dstruCttueOf   

rehydratedanddehydratedlayersbetween3000and6000candtendedtodecrease   

continuouslyhratiooftherehydratedlayerwithincreasingtemperature（Figure4・3）・  
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nevalueofexchangeablecationfbrtheMg一皿aterialalsodecreasedcontinuously   

between300Oand6000c，andthed（060）spacingexpandedafterheatingat4000c．nese  

resultssuggestthatinterlayerMg2＋ionsmlgrateintothehexagonalholesbythermal   

dehydrationand丘Ⅹationoftheionstothealternatinginterlayersprobablyoccurs．T鮎s   

hectoritesamplecharacteristicallycontainedfluorineionwhichreplacedforaboutone－   

halfofhydroxylion▲ItiswellknownthatextractionofhterlayerK＋fromtrioctahedral   

micabecomesdifBcultwithincreaslngnuOrinecontent．T最sisduetodecreaseina   

repulsivefbrcebetweeninterlayerK＋aJldprotonofhydroxylion（Bassett，1960；   

Newman，1969；HodaandHood，1972）．Thefluorinecontentofthepresenthectorite   

remainedunChaJlgedupto8000aJldremovalfromthestruCturetOOkplaceaf9000c   

（Figure4・7）．TbecrystalstruCtureOfthehectorite，eSpeCia11yonthedistributionofF．   

andOfrineachelementarylayer，remainsunClear．However，theregular   

interstratiBcationproducedbyheatinglSattributedtoregulardistributionofF‾toF－and   

OH，tooIrfacingsdistinctf［OmtheinterlayerspaceasillustratedinFigure4．8，and  

Mg2＋maybe蝕edtothehexagonalholesatbottomofwhichF－islocated・  

37   



C打APTER5 RECTORITE  

5．1 INTRODUCTION  

Rectoriteisaregularinterstrati鮎dclaymheralconsistingofmica－ukeandsmectite－   

ukelayers・nefirstdescriptionofrectoritewascaITiedoutbyBradley（1950）fbrthe   

materialfromA止anSaS，U・S・AリaSaninterstratiBcationofpyrophy11iteandvemiculite   

layers・Ontheotherhand，Brindley（1956）reporteda11evarditefromAllevard，France，aS   

00nSistingofpalrSOfm血－1ikelayerscontainingtwolayersofwatermoleculesin   

alternatinglayers・BrownandWeir（1963）examinedcation－eXChangecapacities，X－ray   

PrOPerti¢S，electronmicrographs，andinfraredabsorptionspectrafbrallevarditeand   

rectorite．neypointedoutthatallevarditeandrectoritearethesameminerals，andthese   

mineralsaremadeupofm血－1ikeandsmectite－1ikelayers・Kodama（1966）pointedout   

thatrectoriteconsistsofregularalterationofparagonite－1ikelayersandexpandal）1elayers   

havingbeidellite－andmontmorillonite－1ikecompositions・AIPEANomenclature   

Committee（Bailey，1981）suggestedthatrectoritehaspri0rityoverthenameallevardite，   

andmadethefbllowlngreCOmmendations；”nlenamereCtOriteisjusti鮎dforal：1regular   

interstratiBcationofdioctahedralmicaanddioctahedralsmectite．Thekindofsmectite   

ShouldnotbespeCi鮎dinthede血ition・Aprefix，Na－，K－，OrK－Canbeusedtospecify   

thedominantinterlayeqcationinthemicacomponent．一・  

Alargenumberofpapersdealingwithdescriptionofmineralogicalpropertiesof  

rectorite－tyPeminerals（interstrati鮎dmicaJbmectitehaving25－30Åreflection）havebeen  

published（Heystek，1954；Takeshi，1958；ShimodaandSudo，1960；Hayashi，1961；Sudo   

etal．，1962；Cole，1966；Hamilton，1967；Kodamaetal・，1969；Shimodaetal・，1969；   

Tbmitaetal．，1969；TbmitaandDozono，1973，1974；Pevearetal・，1980；Matsudaetal・，  
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1981a，1981b；NishiyamaandShimoda，1981；Beaufort，1984；Matsuda，1984；etC・）・   

nerearetworeportswhichnotedthatrectoritehasstrongrehydrationabiuty（Shimodaet   

al・，1969；TomitaandDozono，1973），howeverdetailsofrehydrationpropertiesof   

rectoriteremainunClear．  

hthisChapter，therehydrationcharacteristicsofrectoritewereinvestigatedindetail，   

anditsrehydrationmechanismwasdiscussed．  

5．2  MATERIALS  

TberectoritesamPlesusedinthisstudywerefromMakurazaki，Kagoshima   

Preftcture，JapaJl，andfromA止ansas，U・S・A・Thechemicalcompositionsofthese   

materialsa陀glVeninTable5・1．ThestruCturalfbmulaofMakurazakirectoritecaLnbe   

Wdttenasfbllows：  

卿ao．81Ⅹ0．40Mgo．07伽05）脚3．66Fe3＋0．18M臥06馳07）  

（Si6．64創1．36）020（0叫4・   

necation－eXChangeCaPaCityis53．1meq／100gontheignitedweightbasis・Thed（060）   

O valueisl．492A．nestruCturalfbrmulaeofcomponentlayerswereesti皿atedbyassum皿g   

thatallexchangeablecationswerelocatedtotheinterlayersitesoftheexpandablelayer，and   

theoctahedralsheetsofbothm血andexpanddblelayershavethesamecomposition・Tbe   

struCturalfbmulaofthemicalayercanbeexpressedasfbuows：  

Pao．71Ko．37払0．01）脚1．83Fe3＋0．09Mgo．03Tio．04）  

（Si2．95All．05）010（OH）2・   

andthatofexpandal）lelayeras：  

Pao．09Ko．01Mgo．07Cao．05）脚1．83Fe3＋0．09Mgo・03Ti0・04）  
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（Si3．71劫．29）010（0印2．   

TbestruCturalfbrmulaofthemicalayerfallsunderthecategoryofparagonitehavinglayer   

Chargeofl・10perOlO（OH）2fbmulaunit，andtheexpandablelayerbelongstobidellite   

havinglayerchargeofO34perOlO（OH）2．ThisMakurazakirectoritewasusedfbr   

fbllowinginvestigations：（1）rehydrationdb弘ity，（2）rehydrationrate，（3）expansion   

Characteristicsundervariousrelativelmmidities，（4）rRabsorptionspectra，（5）thermal   

PrOperties，and（6）exchangeabilityofinterlqyercationafterheating．  

Themineral0gicalpropertiesofA正ansasrectoritewerereportedbyBrownand   

Weir（1963）．nestruCturalfbrmulacalculatedfromthechemicalanalysisis：  

（Nal．02Ko．02Cao．04）仏14．04Fe3＋0．06）（Si6．59All．41）020（OH）4．   

T出sArkansasrectoritewasusedasmaterialforone－dimensionalFourieranalysisto   

elucidatethebehaviorsofinterlayercationsduringdehydrationandrehydration・  

Tbedifftrentialthemalandthemogravi皿etricanalysis（DTA－TGA）curvesofthe  

MdkurazakiandAfkanSaSreCtOritessaturatedwithCh2＋，Mg2＋，Na＋，OrK＋areglVenh   

Figure5・1・TbeMakurazakirectoriteexhibitedone－，tWO－，Orthree－StepSOfdehydrations   

below2500andone－OrtWO－StePSOfdehydroxylationbetweenapproximately4800and   

5500cdependingoninterlayercations，andshowedstepwiseweightlossescorrespondto   

thedehydrationanddehydroxylationreactions・馳eA止ansasrectoritegavesimilarDTA－   

TGAcurvestothoseoftheMakurazakimaterialbutdehydroxylationtendedtooccur   

slightlyhighertemperatureSat5750to6258c・  

5．3  EXPERIMENTALMETIIOI）S  
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Tberehydrationabiutyoftherectoritewasexaminedasfollows．Thehomoionic  

（SaturatedwithCa2＋，Mg2＋，Na＋，OrK＋）materialswereheatedhairattemperatures  

betweenlOOOto9000catintervalsoflOOOcforlhr・AftercoolhginadesiccatoratO％   

RH，theheatedmaterialswerere－Wettedbyaddingdeionizedwaterfbrldayanddriedin   

airat50％RHasdescribedinChapter3・Thesematerialswereorientedonglasssudesby   

re－SuSPenSionindeioni2X，dwatera刀dallowedtodryagainat50％RH・Theywereused   

fbrXRDanalysisasrehydratedmaterials（H20－COmPlex）．ThematerialsweresoIvated   

withethyleneglycol（EG－COmPlex）andglycerol（GL－CO皿Plex），andthentheirbasal   

● SPaClngSWeremeaSuredbyXRD・ThebasalspacmgsoftheH20－，EG－，andGL・   

COmPlexeswereobtahedbyaveragingthed－Valuesofbasalre鮎ctionsinthe＜40028   

reglOn・neXmDanalysiswasundertakenwiththeuseofaRIGAKUdiffractometer   

（CuKαradiation，30kV，100mA）equippedwithagraphitemonochromater，1／20   

divergenceandscatteringslits，uS皿gaSmnmngSPeedofO・5028血in．A止materials ●  

Werekeptat50％RHduringX－rayeXamination・  

Therehydrationrateoftherectoritewasinvestigatedasfollows．Thehomoiomic   

materialsorientedonquartzglassslideswereheatedat8000cfbrlhrandthencooled血a   

desiccatoratO％RHfbrlhr・二にRDpattemsoftheheatedmaterialsduringexposuretoair   

at50％RHfbrvariousperiodsoftimewereobtainedwithaRIGAXUdiffractometer   

usingascanningspeedof2020血in・  

TheexpansioncharacteristicsoftherectoritewereexaminedbyjRDuslngthe   

homoionicunheatedmaterialsandrehydratedonesafterheatingat8000c．nebasal・   

SPaClngSOftheseunheatedandrehydratedmaterialsweremeasuredbymunder20％，   

30％，40％，50％，60％，70％，and80％RH・Thematerialswerekeptintheatmosphereat  
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1east5hrbeforeX－rayeXamination．nebasalspacmgsweredeterminedbythesame   

describedabove．  

mabsorption甲eCtraOfOHandH20vibrationswereobtained丘omthehomoionic   

unheatedmaterialsandfromtherehydratedmaterialsafterheatingat800Oc．These   

materialswerekeptat50％RHduringmeasurement．Thespectrawererecordedwitha   

NIHONBUNKOA302infraredabsorptionspectrophotometeruslngOrientedmaterialson   

aKBrwindow．  

neH20wt．％andOHwt．％ofrehydratedmaterialsafterheatingaIvarious   

temperaturesweremeasuredwithaRIGAKUdi蝕rentialthe皿alandthermogravime出c   

analysis叩ParatuS．Measurementwasmade杜omroomtemperaturetollOOCcwitha   

heatingrateoflO℃伽血usingpowderedsamplesofabout25mg・Thematerialswere   

keptat50％RHbefbreanalysisL Weightlossesa壬temperaturesbelowandabove4000c   

WereaSSlgnedtoH20wt・％andOHwt・％，reSPeCtively．  

neex血angeab揖tyofinterlqyercationsofrehydratedrectoritewasexaminedas   

follows．AboutO．5gofthehomoionicmaterialswereheatedinairatte皿PeratureS   

betwee皿1000and900OcatintelValsoflOOOcfbrlhr，andwerewashedwithO．1NSrC12  

solutionmoreth弧Bvetimes．Theextractedcations（Ca2＋，Mg2十，Na＋，andKT）were   

measuredwithanatOmicabsorptionspectrometer（AAS）．Tbmakesurethatnointerlqyer   

Cationswerelostduringheating，heatedmaterialspreparedbythesameprocedurewere  

dissoIvedinHF－He104andthentheabunda皿CeOfsaturatedcations（Ca2＋，M㌔＋，Na＋，   

andK＋）wasmeasuredbyAAS・  

Thebehaviorsofinterlayercationsdu血gdehydrationandrehydrationwere   

examinedbymeansofone－dimensionalFourieranalysisuslngNa－Saturatedrectorite                                                                                                                                                               ●  
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samplefromArkansas，U・S・A・TbeXmdatafbrthedehydratedandrehydratedmaterials   

wereobtainedwithaRIGAKUdiffractometerinairatO％and50％RHconditions．ne   

Na一皿aterialsafterhea血gat4000and8000cwereusedasdehydratedsamPles，andtheir   

rehydratedfbrmSPreParedbyadditionofdistmed－deionizedwaterasrehydratedsamPles・   

TbeFouriersymthesiswasmadeasdescribedinChapter2，andatomiccoordinatesalong   

thec－aXiswerere血edbytheleastsquaresmethod・  

5．4 RESVLTS   

5．4．1Rehydrationabilityafterheating  

Figure5・2AshowsvariationofbasalspaclngSOfthehomoionicrehydrated   

rectorite（H20－COmPlex）afterheatingatvarioustemperature・ned－Valuesofthese   

materialsdidnotchangeSlgniBcantlybelow4000c・TheCa－andMg－materialschangedto   

singlelayerhydratesafterheating曲0Ve5000－6000c，WbereastheNa－andK－materials  

expandedslightly．Thetransitionphasesof払－materialat5000candMg－materialat400QC  

O exhibitedtwohydrationstatesconsistingmainlyof24・7Alayerandasmauam0untOf  

0 22・5Alayer・nebasalspaclngSOfal1materialstx侃meVeryCloseto22・5Aabove5000c，          0  

● independentofsaturatingcation・Figures5・2Band5・2CshowvariationofbasalspaclngS  

oftherehydratedmaterialsa触rsoIvationwithethyleneglycol（EG－COmPlex）andglycerol  

（GL－COmPlex），reSPeCtively・Thed－ValuesofEG－COmPlexsoftheunheatedmaterialsare  

slightlydifferentfromeachother（Mg2＋＞Na＋＞K＋＞Ch2＋），SuggeStingthatthekindof  

interlayercationsalsoaffectstheexpanSiononEG・SOIvation・nebasalspaclngSOfthe  

materialsalmostremainedconstantbelow400OC，andincreasedwithincreaslng  
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temperaturebetween4000and800OCtoabout26・8Aat8000c・neGL－q？mPlexes  

O exhibitedsimilarbehaviorwiththed・Valuesincreasmgtoabout27．7Aat800Bc．  

5・4・2 Rehydrationrateinairafterheating  

Therehydrationrateofthehomoionicrectoriteheatedat8008cfbllowedby   

exposuretoairat50％RHwasexaminedbyXRD・Figure5・3showsvariationo   

pattemsofthematerialsheatedat8000cdurinBeXPOSureforvariousperiodsoftime．ne   

3nDpattemsofCa－materialshowedaslightincreaseinintensityofbst－Orderreflection   

andabroadeningofsecond－Orderre鮎ctionduringexposuretoair，SuggeStingthat   

rehydrationproceededslowly・FortheMg－material，theXmpattemsdidnotchange   

Slgni丘cantlyindicatingthatthedehydratedfbrmsremainedfor2days・TheNa－material   

exhibitedprogressiverehydrationwithinlday，WhereastheKmaterialrehydratedrapidly   

andcompletelywithinaftwm血tes．恥eseresultssuggeststhattherehydrationratesof   

thehomoionicrectoritesamPlesarestronglydependentontheirinterlayercations．The  

rehydrationratesincreasewithincreasingtheionicradii（K＋＞Na十＞Ch2＋＞Mg2＋）of   

SaturatingcationsratherthantheirhydrationenergleS．  

5・4・3 Expansioncharacteristicsofrehydratedmateri1as  

Figure5・4showsvariationofbasalspaclngSOfthehomoionicunheatedrectoriteand ●  

itsrehydratedfbmsafterheatingat8000CundervariousRHconditions・Tbebasal   

SPaCingsoftheunheatedCa－andMg一皿aterialsincreasedslightlyandcontinuouslywith   

increasingthehumidity・However，therehydratedCa一andMg－materialsexhibitedasingle   

layerhydratebetween20％and70％RHandadoublelqyerhydrateat80％RH・Forthe  
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Na－material，tranSitionofsingletodoublelayerhydrateoccurredat70％RHfbrthe   

unheatedmaterialand80％RHfbrtherehydratedone・′meunheatedK一皿aterialshoweda   

q Singlelayerhydratewithbasalspacmgofapproximately22Abetween20％and80％RH．   

0 Whereas，therehydratedKTmaterialexpandedslightlyto22．5Abetween20％and70％RH   

andchangedtoadoublelayerhydratewithabasalspacingof25．2Åat80％RH．The   

expansioncharacteristicsoftheseunheatedmaterialsareveryslmilartothoseofhomoionic   

rectoritesreportedbyMatsuda（19B4，1989），Whereasthoseoftherehydratedmaterials   

quitedifferent．  

5・4・4 hfraredabsorptionanalysisofrehydratedmaterials  

neIRspectraofunheatedrectoriteexhibitedstrongabsorptionsduetoOH  

vibrationat3645－3637cm－1andbroadabsorptionsduetoH20stretchingvibrationat  

3455－3390皿－1・nerehydratedrectoritea鮎rheatingbelow4000cshowedthesame   

SPeCtraaSthoseofunheatedmateriaLs．Whereas，therehydratedmaterialsa丘erheating   

above5000CexhibitedpronouncedabsorptionbandsduetoOHandH20butthe   

absorptionfrequenciesandhtensitieschangedslightlyfromthoseofunheatedmaterials   

（Figure5．5）．Figure5．6AshowstherelationshipbetweenabsorptionfrequenciesofH20   

andhydrationeneTgiesofsaturatingcations（Rosseinsky，1965）・neSamPlesplottedare  

homoionic（Ch2＋，Mg2＋，Na＋，OrKT）unheatedmaterialsandhomoionicmaterials   

rehydratedafterheatingat8000c・Tbeabsorptionsoftheunheatedmaterialsshiftedto   

lowerfrequencywithincreaslnghydrationenergy・Ontheotherhand，theabsorption  

frequenciesoftherehydratedmaterialswerenearlyconstantat3440cm－1・  
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Figure5・6BshowstherelationshipbetweenぬsorptionintensityratiosofI鴨Q40H   

andhydradonenergleS・neSamematerialsasFigure5・6Awereplottedonthis丘gure・   

Theam0untSOfrehydroxylatedOHwereestimatedtobeapproximatelyone－halfofthe   

Origina10H（Figure5．8B）．nerefbre，theIo掛Valuesofrehydratedmaterialswere   

normalizedtocompletelyrehydroxylatedstatewiththevaluesofOHwt．％obtainedby   

TGA．neIlbOmOHratiosofunheatedmaterialsshiftedtolargervalueswithincreasing   

hydrationenergy，WhereasthoseofrehydratedonesexhibitednearlyconstantValues・  

5．4．5 ¶1emalanalysisofrehydratedmaterials  

Figure5・7showsDmcurvesofthehomoionicrehydratedrectoriteafterheatingat   

varioustemperatureS・neDTAcurvesofrehydrated馳－materialafterheatingbelow   

4000CdidnotchaJlgeSigni丘cantly．However，a血stdehydrationpeak（820qwasshifted   

toaslightlylowertemperature，aSeCOndarydehydrationpeak（1680c）disappeared，anda   

dehydroxylationpeak（5470c）wasshiftedtoaconsiderablylowertemperatu工eaBer   

heatingabove5000c・Similarpheno皿enaWerealsoobservedintheMg－，Na－，andK－   

materials．neresultssuggeststhatoriginalhydrationstateshavebeencompletelyrestored   

onrehydrationafterheatingbelow4000c，butdifferenthydrationstatesappearsafter   

bea血g曲0Ve5000c・  

ThevariationsofH20wt．％andOHwt．％oftherehydratedrectoritearepresented   

hFigure7・7Aand5・7B，reSPeCtively・TbeH20wt・％ofrehydratedCa－andMg－   

materialsdecreasedcontinuously，WhereasthatofrehydratedNa－andK－materials   

remainedalmostunChanged・However）thevaluesofthesematerialsconvergedtoabout4   

－5wt・％OH，independentonsaturationcation・TheOHwt・％ofthesematerials  
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decreasedrapidlyat5000C，and00ntinuedtodecreaseslightlywhentheywereheatedat   

highertemperatures・At500Ocandabove，aboutone－halfoforiginalOHappearedtobe   

regainedhthedehydroxylatedstruCtureafterleavlnginthewetstatebrlday・No ●  

Slgni丘cantchaJlgeOfOHwt．％wasobserveda鮎rleavmgitwetfbr2months．    ●  

5・4・6】汝changeab揖tyofinterlayercations  

Figure5・9Ashowsoxidewt・％ofCaO，MgO，Na20，andX200ftherepresentative   

homoionicrectoriteafterheatingatvarioustemperatures．TbevaluesremainedconstaJlt，   

SuggeStingthatnointerlayercationswerelostduringheatingupto9000c．ne   

exchangeal）lecationsextractedwithO．1NSrCl2SOlutionafterheatinga土Various  

temperaturesa托giveninFigure5．9B．TheexchangeabiutyofCh2＋，Mg2＋，andK＋ions   

decreasedrq）idlyattemperatureSabout4000－6000c．Themagnitudeofdecreasefbrthe   

Na＋ionwaslessthanfortheothercations・Figure5・10showsvariationsofexchangeable  

cationsoftheCh－materialafterheatingatvarioustemperatures・TheexchangeableCh2＋ion  

decreasedrapidlyぬove5000c，buttheexchangeableNa＋andK＋ionsincreasedbetween  

5000and800Oc．ThismeansthattheinterlayerCh2＋ionsbeginto丘ⅩtOtheexpandable   

layerめ0Ve500Oc，WhereastheNa＋andK＋ionstendtobeextractedfro皿theinterlqyer   

Sitesofthemicalayers・Asim止arphenomenonwasalsoobservedintheK－material   

（Figure5．10B）：eXChangeableKdecreasedandexdlangeableNaincreased・  

5・4・7 Behaviorsofinterlayercationsduringdehydrationandrehydrtion  

ThebehaviorsofinterlayercationsofrectoriteduringdehydrationandrehydratiOn   

wereexaminedbyone－dimensionalFourieranalysis・Therectoritesampleusedthis  
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analysisis杜omArkansas，U・S・A・T出smaterialalsoexhibitedsimi1arrehydration   

CharacteristicstothoseoftheMakurazakirectoriteasshowninFigure5・11・Thebasal   

SpaClngSandstruCturefactorsoftheunheatedNa－reCtOritearelistedinTbble5．2．The   

electrondensitydistribution（ED）anddifftrencesynthesis（DS）curvesalongthec－aXisfbr   

thematerialareshownhFigure5・12・TheleftportionoftheEDcurvecorrespondsto   

micalayerandtherightportiontosmectitelayer．TheEDcurveshowedalargepositive   

peakduetowater＝nOleculesandNa＋ionsaroundtheinterlayerreglOnOfthesmecdte   

layer・Tbez－ParameterSOfthesilicatelayerandinterlayerNa＋ionsobtainedbytheleast   

squaresre血ementindicatedthattheNa＋ionswerelocatedatpositionslightlydeviated   

fromthecenteroftheinterlayerspace・  

Figures5・12Aand5・12BshowEDandDScurvesfbrthedehydratedNa－reCtOrite   

afterheatingat4000and8000c，reSpeCtively・ThebasalspaclngSandstruCturefactors   

usedin也iscalculationarelistedinTables5．3and5．4，reSpeCtively・Forthematerial   

heatedat4000c，anegadvepeakappearedintheinterlayerregionoftheDScurve（DS2  

Figure5．13A）whichobtainedbyBxingtheNa’ionsatthecenterofinterlayerspace・T出s   

resultprobablyimpuesthattheNa＋ionsarenotlocatedatthehterlayerspace・Whenthe  

z－ParameterSWerer血eduslngthatoftheNa＋ionsasvariableasweuasotheratomic  

places，thepositionoftheionsmovedtowardthebasaloxygenplaneand也eDScurve   

improvedconsiderably（DSlinFigure5・13A）・Thedehydratedmaterialafterheatingat  

800。cexhibitedsimilarbehaviorsoftheNa＋ions．Theseresultssuggestthattheinterlayer   

Na＋ionsmlgrateSintothehexagonalholesoftheSiO4netWOrkbythermaldehydration・  

Figures5・13Aand5・13BshowEDandDScurveSfbrtherehydratedNa－reCtOrite  

afterheathgat400。and800。c，reSPeCtively・ThebasalspaclngSandstructurefactorsfor  
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thematerialsarelistedhTables5・5and5・6，reSPeCtively・Theelectrondensity   

distributionfortherehydratedmateriala触rheatingat4000cshowedaverysimilarcurve   

tothatfbrtheoriginalunheatedmaterial，SuggeStingthattheoriginalhydratedstruCtureOf   

interlayerspacewasrestoredonrehydration・Thez－ParameterSObtainedbytheleast  

squaresr血ementindicatedthattheNa＋ionswaslocatedatslightlydeviatedposition   

fromthecenterofinterlayerspaceasshowninFigure5．14．TheDScurvewhich   

Calculateduslngthere丘nedz－ParameterSalsoshowednoslgni丘cantresidualelectron   

density・Fortherehydratedmaterialafterheatingat8000c，abroadpositivepeakwas   

ObservedaroundthebasaloxygenplaneintheDScurve（DS2inFigurelO．13B）which   

wascalculatedbyassu皿ngthattheNa＋ionswerelocateda＝hecenteroftheinterlayer   

space・Tben，thez－ParameterSWereagamr血edusmgthepositionofNa＋ionsas   

Variable・Thez－ParameterSObtainedbythisre血1ementShowedthattheionswerelocated   

nearthebasaloxygenplane，andthepositivepeakcompletelydisappearedhDScurve   

（DSlinFigure5．14B）recalcnlatedbyusingtheparameterS・Theseresultsimplythatthe   

mlgratedNa＋ionsofthedehydratedmaterialat4000cretuntOthesamepOSitionasthatof  

theoriginalunheatedmaterialsonrehydration．However，theNa’ionsofthedehydrate   

materialat8000cdonotreturntotheinterlayerspacebutremainnearthebasaloxygen   

Planeonrehydration・  

5．5 DISCUSSION  

Tberehydrationpropertiesofrectoritea触rheatingbelowandabove   

dehydroxylationtemperaturesaredistinctlydifferenteachother・Therehydratedmaterials  

aRerheatingbelowdehydroxylationtemperaturesexhibitednoslgni8cantchangeshthe  
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basalspacmgs，endothemicpeaksduetoremovalofhterlayerwater，andⅡlabsorption   

frequenciesofinterlayerwatercomparedwiththoseoforiginalunheatedmaterials．Tbe   

rehydratedH20wt・％aJldam0untSOfexchaJlgeablecationsalsoremainedunchanged・   

BasedonFourieranalysis，itwascon血medthattheinterlayercationsofexpandablelayers   

OfrectoritemgratedhtothehexagonalholesoftheSiO4netWOrkdu血gthemal   

dehydration，andtheyreturnedtotheoriginalpositionsintheinterlayerspaceon   

rehydration．nerefore，theoriginalhydratedconfigurationsofinterlayerspaceare   

COmPletelyrestoredonrehydration・  

Therehydratedmaterialsafterheatingabovedehydroxylationtemperaturesshowed   

Veryuniqueexpansioncharacteristics（Figure5・2）・Thebasalspacingsofexpandal）1eclay   

mineralsaremainlyinfluencedbythefbllowingfhctors：（1）thenatureofinterlayercations   

（e．g．，hydrationenergyandionicradius），（2）negativelayerchargeofsi止catelayer，（3）   

0rientationofOH，and（4）relativehumidityofatmosphere・Ifnegativelayer血argeand／or   

OrientationangleofOHchange，thebasalspacmgsshouldbehavesimi1arlytoeachother・   

Namely，ifthenegativelayerchargeaJld／Ortheorientationangleincrease，SOmeCOntraCtion   

Ofthebasalspacmgsmaybeoccurred・Onthecontrary，迂theabovepropertiesdecrease＞   

someexpansionc弧beexpected（Suquetetal．，1975）・AccordingtoFigure5・2，thebasal   

spacmgsofCa一andMg一皿aterialscontracteddrastical1y，WhereasthoseofNa－andK一   

皿aterialsexpandedslightly．neseresultsindicatethatfactorsotherthanthosementioned   

abovecanbeconsideredtoexplainthebehaviorsofbasalspaclngS・Furthemore，theEG－   

andGL－COmplexesshowedexpansionofbasalspaclngSafterheatingabove5000c   

（Figures5．2Band5．2C）．Itiswellknownthatgreaternegativelayerchargeandlarge   

ionicradiiofinterlayercationsinhibittheexpansionofEG－andGL－COmPlexes（MacEwan  
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andWilson，1980）・Basedonthisfact，theseexpanSioncharacteristicssuggestthatthe   

negativelqyerchargedecreasedbyheatingabove5000c・However，theH20－CO皿Plexes   

OfCa－andMg－materialscontractedrapidlyat500Ocw最chcannotbeexplainedby   

reductionofthelayercharge・TbecorrelationrelationshipobservedinthemspeCtraOf   

unheatedmaterialsdisappearedinthoseofrehydratedmaterials，SuggeStingreductionof   

electrostatice蝕ctsofinterlayercationsonrehydration・TheresultsofFourieranalysis   

Showedthatthemlgratedcationsintothehexagonalholesbythemaldehydrationdidnot   

retumtotheinterlqyerspaceandremainedattheholes・Therefore，theseun1queeXPanSion   

Characteristicsmaybeduetoreductionofelectrostaticefftctsofinterlayercationsrather   

thanstruCturalchangeSOfthesilicatelayer・Itisalsowe11knownthattheadsoq）tion－of   

Water，ethyleneglycol，aJldglycerolmoleculesareduetodipoleattractionstotheinterlayer   

Cationsandalsotohydrogenbondi皿gtOtheoxygensurfaces（Emerson，1957；Brindley   

andRoy，1964；Bissadaetal．，1967；DowdyandMortland，1967，1968）・Consequently，   

thereductionofelectrostaticefftctscanbeathibutedtoadecreaseindipoleattractionby   

mlgrationoftheinterlqyercationsintothehexagonalholes・  

AdecreaseinexchangeableCa2＋oftheCかmaterialattemperaturesbetween500O   

and6000C（Figure5．9B）isduetofixationtothehexagonalholes，becausenoremovalof  

thecationtookplaceupto9000c（Figure5．9A）．AnincreaseinexchangeableNa＋andK’   

ionsbetween5000and8000cisduetoextractionoftheions丘omtheinterlayersitesof   

mica－layercomponentsCromitaandSudo，1968；S00ttetalリ1972；SmithandScott，   

1974），becauseinterlayercationsofexpandablelayershavebeencompletelyexchangedby  

CJ＋ions．Theam0untSOfextractedNa＋ionsareconsiderablylargerthanthoseofK’   

ionscomparedwiththeiratomicabundanceratioPaK＝2．0）・Thisisprobablydueto  
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largerhydrationenergyofNa＋ion・Tberefore，thesmalldecreaslngValueofexchangeable  

Na＋ionswascompensatedbyNa＋ionsextractedfromthemicalayers・Consequently，the   

interlayercationsofexpandablelayerswere丘Ⅹedbyheatingat500Q－6008c，regardlessof   

Whichcationwaspresent・However，WatermOleculeswereregainedintheinterlayerspace   

withthecationsremamlnginthehexagonalholes・T出srelocationofinterlayercations   

Perhapsreducedthedipoleattracdonbetweentheinterlayercationsandthewater   

molecules．  

A鮎rleavmginthewetstateforldayunderroomtemperature，aboutone－halfof   

OH－wasimmediatelyregainedindehydroxylatedrectoritestruCture・Further   

rehydroxylationcouldnotberecognizedafterleav皿gmaWetStatefbrtwomonths・1もe   

removalofrehydroxylatedOH．tookplaceatslightlylowertemperaturethanorigina10H－．   

nhteand皿OntmOri1lomiterega皿VerySmallamountSOfOH－onexposuretomoistairfbr   

longperiodsoftimeaftercompletedehydroxylation（GrimandBradley，1948）．hrger   

an0untSOfOH．canberegainedinthedehydroxylatedstruCtureunderahightemperature   

WチterVaPOrCOndition（Jonas，1955；Helleretal・，1962；VedderandWirkins，1969）・A   

2Mmicaexhibitsrehydrationandrehydroxylationbehaviors．similartothoseofrectorite   

afterboiunginacidsolution（Tomita，1974）．Forrectorite，however，remarkable   

rehydroxylationoccurredsimplybyleavlngmaWetStateatrOOmtemPeraturefbratleastl   

day・Noclaymheralshavingsuchastrongrehydroxylationpropertyhavebeenreported   

yet．  
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CONCLUSION  

TLerehydrationcharacteristicsofexpandableclaymineralssuchassmectite，   

Vermiculite，aJldrectoriteafteTheatingatvarioustemperatureSWereeXaminedbyvarious   

PhysicalandchemicalmethodstoehlCidatetheirrehydrationmechanisms．rme   

rehydrationabiutywasdeterminedbychangeSind（001）valuesorbasalspacingsafter   

SOlvationwithwater，andtherehydrationratewasevaluatedbychangeshXmpattems   

duringexposuretoair．nevariationofexchangeablemtionwasobtainedfromthe   

Valuesofextractedcationfromtheheated皿aterialswithO．1NSrCl2SOlution．The   

behaviorsofinterlayercationsduringdehydrationaJldrehydrationwereinvestigatedby   

meanSOfone－dimensionalFourieranalysis．  

’meexpandableclaymineralsshowedvariousrehydrationcharacteristics   

dependingonkindofinterlayercationsandonthehcrystq1lochemicalproperties．   

Smectitegroupmineralsshowed女）1lowingrehydrationcharacteristics：（1）therehydration  

rateincreaseswithincreasingsizeoftheinterlayercations（Mg2＋＞Ch2＋＞Na＋＞KT），  

（2）therehydrationAbiutyOf玩ideuiteisconsiderablystrongerthanthatof   

montmori1lonite，and（3）therehydrationabilityofsaponiteisapparentlystrongerthan   

thatofdioctahedralsmectitehavingsimilarnegativechargedistribution．Therehydration   

Phenomenonofexpandableclaymineralsiscausedbyare－COOrdinationofwater   

moleculestothedehydratedinterlayercationsintheinterlayerspace・Tberefore，the   

behaviorsofinterlayercationsduringdehydrationandrehydrationareasl如丘cantly ●  

importantPrOblemtounderstandtherehydrationmechanism．TheresultsofFourier   

analysiscon負medthattheinterlayercationsofsmectitesmlgratedintothehexagonal   

holesofSiO4netWOrkonthemaldehydrationandretumedagaintotheinterlayerspace   

Onrehydration・Tもelarge－SizedcationisdifBcultto丘ⅩtOthehexagonalholesbecause   

thecationInlgrateStOtheshallowpartoftheholes・rtisareasonfbrfastrehydratiohrate  
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ofsmect証econtaininglarge－Sizedcation・Themlgratedcationsareattractedby  

electrost如icfbrceoriginated＆omsubstitutionofMg2＋fbrAl3＋intheoctahedralsites，  

whichinhibitsrehydrationofmontmori11mite・However，rehydrationofsaponiteis   

promotedbyastrongrepulsiveelectrostaticfbrcebetweenmlgratedcationsandprotons   

Ofhydroxylions．  

hcontrasttothesmectite，VemiculiteexceptfbrK－Saturatedmaterialexhibited   

strongrehydrationability，andtherehydrationratetendedtoincreasewithdecreasingsize   

ofiderlayercations・neSerehydrationpropertiesofvemiculiteappearedtobequite   

differentfromthoseofsmectite．BasedonFourieranalysis，theinterlayercationsof   

vemicuutedidnotmigrateintothehexagonalholesandremainedattheinterlayerspace   

evenafterthemaldehydration・Consequently，Ve血culiteexhibitsstrongrehydration   

abilityandtherehydrationrateiscompatiblewiththehydrationenergyofinterlayer   

cationsinsteadoftheirsize．neturbostraticstackingofsmectiteenl1anCedmlgrationof   

interlayercationsintothehexagonalholes，Whereastheorderedstackingofvemiculite   

inhibitedcationmlgration・  

Hectoriteexhibitedweakrehydrationabilityandveryslowrehydrationrate   

comparedwiththoseofsaponite・Hectoriteandsaponiteare出octahedralanalogof   

montmori1loniteandbeidellite，reSpeCtively・Tberefore，therehydrationofhectoriteis   

inhibitedbyanattractiveelectrostaticforcebetweenmlgratedinterlayercationsandthe   

negativelychargedoctahedralsheetsaswellasmontmorillonite・TheMg－Saturated  

hectoritechangedthroughregularinterstratiBcationofdehydratedandrehydratedlayers   

tocompletelydehydratedstruCturea鮎rheatingbetween3000and6000c・This  

interstrati丘edstruCtureWaSPrOducedbyBxationofinterlayerM㌔＋tothealtemating  

interlayersofhectoriteconsistingregulardistributionofF‾toF．andOH－toOH－facings   

distinctfromtheinterlayerspace・  

54   



Rectoriteretainedstrongrehydrationabilityun正1thecrystalstruCtureWaS   

destroyedbyheating，a＝1dtherehydrationrateincreasedwithincreasmgsizeofinterlayer   

cations・Tbeseobservationsc弧beexplainedbythesamereaSOnSaSthoseofbeidellite・   

However，theefEtctofinterlayercationsonfbrmationofwatermoleculeslayersinthe   

interlayerspacedecreasedconsiderablyafterheatingabove5000c・T出sisthemost   

importantCharacteristicwhichhasnotbeenobservedinanyotherexpandableclay   

minerals．TheinteTlayercationsofrectoritemlgratedintothehexagonalholesonthermal   

dehydrationandretumedcompletelytotheinterlayerspaceonrehydrationa鮎rheating   

below4000C．Forafterheatingabove5000c，however，themlgratedcationsdidnot   

retumtotheoriginalpositionandremainedaroundthebasaloxygenplaneeVenWater   

moleculeswereregainedintheinterlayerspace・Consequently，thewatermolecules   

coordinateabnormallytotherelocatedinterlayercationsandtheeffectofthecations   

reducesconsiderablyonrehydration・  
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TAB LE S 



Tbble2・1・Chemicalanalysesandm皿bersofcationsonthebasis  
Cho（Oft）4fbrdio血ahedralsmectites・  
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1＝MontmorⅢonitefromCheto，U．S．A．Ⅳnoetal・，1986）  
2＝Dioctahedralsmectite丘omAterasawa，YamagataPreftcture，   

Jq？an（Hayashi，1963）・  
3＝Beideuite血omSan0mine，NaganOPreftcture，Japan（Matsuda，   

1988）．   



Tbble’2．2．Basalspac皿gSandstru血refhctorsfbrvariousstatesofNa－Saturatedsmectite ●   
丘0ⅡlAtarasawa．  

Heatedat6000c  Unbeated  

d仏）   げOI  Fc   d（み   1FoI  Fc  

12．6  160．7  
6．25  45．2  
4．19  23．2  
3．12  154．2  
2．485  14．O  
Z．078  77．1  
1．786  39．8  
1．555  31．6  
1．385  51．6  
1．249  34．4  
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3
4
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7
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ノ
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1
 
 

－110．1  9．7  
－41．8  4．79  
－21．1  3．19  
153．7  2．383  
－13．2  1．917  
－78．7  1．595   
37．0  1．370   
32．6  1．206  

－49．3   
34．4  

53．5  －50．3  
62．4  －47．1  

135．3  －133．0  
16．2  －15．1  
86．5  99．7  
23．6  24．5  
53．1  －55．8  
28．．4・  34．0  

Heateda土8000c  Rchydrated  

d（み   げOI  Fc   d（勾  IFoI  Fc  

l
つ
】
3
4
5
′
b
7
0
0
Q
ノ
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12．6  103．2  
6．24  51．0  
4．21  20．0  
3．12  161．2  

2．462  15．6  
2．075  74．7  
1．789  38．5  
1．554  29．0  
1．386  46．0  
1．248  35．5  

ー114．1  9．8  
－43．4  4．83  
－24．0  3．22  
154．7  2．421  
－14．9  1．931  
－76．2  1．603   
39．2  1．362   
32．8  1．205  

－45．8   
35．8  

45．6  －40．2  
49．6  －44．8  

132．2  －150．5  
21．O  Zl．4  
56．5  66．8  
40．3  37．9  
62．3  －63．2  
42．5  46．5  

JFol＝ObservedstruCturefhctors．Fc＝也1culatedstruCturefhctors．   



Tbble2・3．BasalspaclngSa血dstruCture血ctorsfbrCa－andMg－Sattlratedsmectitefro皿  

Aterasawaheatedat8000c．  

Ca－Saturated  Mg－Saturated  

d仏）   げOI  Fc   d（A）  lFoI  Fc  

9．7  41．8  
4．82  51．4  
3．21  144．0  
2．383  17．7  
1．924  58．7  
1．599  44．4  
1．375  81．5  
1．206  47．1  

l
つ
】
3
4
5
′
b
7
0
0
 
 

－38．2  9．7  
－51．6  4．79  

－142．0  3．19  
19．2  2．383   
64．6  1．924   
46．6  1．599  
－78．4  1．375   
51．4  1．206  

41．7  －37．7  

48．2  －38．5  

149．6  －147．4  

17．7  19．2  
58．7  64．6  
44．4  46．6  
81．5  －78．4  

47．1  51．4  

tFoI＝ObservedstruCturefactors．Fc＝CalculatedstruCturefhctors．   



Tbble2．4．BasalspaclngSandstruCturefactorsfbrvari0usStateSOfNa－Saturated反ideuite  
fr0ⅡlSanOmine．  

Heateda土4000c  Unbeated  

d（Å）   げOI  Fc   d仏）   げ01   E;c 

12．7  109．8  
6．23  45．9  
4．16  23．8  
3．097  152．2  
2．459  14．4  
2．059  81．8  
1．766  43．7  
1．544  44．9  
1．376  41．2  
1．239  40．1  

ー112．3  9．96  
－47．0  4．86  
－20．6  3．23  
154．9  2．442   

－9．7  1．936  
－76．6  1．603   
43．2  1．379   
42．1  1．204  

－43．6   

36．3  

58．1  －43．5  
59．1  －56．9  

1Z2．6  －126．6  
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84．4  87．9  
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Heated如8000c  R止y血ated  

d（勾  IFoI  Fc  d仏）   げOI  Fc  

－36．3  12．66  

－57．8  6．27  
－147．9  4．18   
21．7  3．116   
74．0  2．495   
44．1  2．074  
－76．4  1．775   
44．9  1．551  

1．382  
1．249   
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49．3  －46．1  
1（；．1  －21．7  

168．9  167．7  
19．2  －24．2  
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40．2  43．2  
56．8  －53．7  
36．9  44．6  
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4．90  63．1  
3．25  149．1  
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lFol＝ObservedstruCturefhctors．Fc＝CalculatedstruCturefactors・   



恥ble3・1・BasalspaclngSandstruCture魚・CtOrSforNa－Sa血atedsaponiteafterheatingat4000 ●  

and7000c．  

Heated如4000c  Heated癒7000c  

d（勾   1FoI  Fc   d（勾  IFoI  Fc  

9．91  78．3  －70．6  9．86  l
つ
〟
3
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∠
U
7
0
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77．6  －69．5  

53．4  －41．3  

150．5  －150．8  

14．1  17．5  
82．1  88．0  
42．4  44．1  
69．7  －76．5  

23．9  30．6  

4．920  53．9  
3．269  150．3  
2．470  14．2  
1．961  76．0  
1．627  34．8  
1．399  68．8  
1．222  Z8．5  

－40．8  4．906  
－149．1  3．263  

19．9  2．465   
85．0  1．959   
38．6  1．624  
－73．1  1．401   
36．8  1．228  

（Fof＝ObservedstruCturefactors．Fc＝CalculatedstruCturefactors．   



Table3・2・BasalspacmgsandstruCturefhctors女）rCa－andMg－Saturatedsaponitea＃erheating  

慮8000c．  

Ca－Saturated  Mg－Saturated  

d仏）   げ可  Fc   d仏）   岬OI  Fc  

l
つ
】
3
4
5
′
b
7
8
 
 

9．62  70．7  －70．1  9．53  70．3  
4．740  43．5  
3．153  144．0  
2．356  26．9  
1．896  69．2  
1．575  53．2  
1．353  64．7  
1．185  39．2  

一69．4  

－38．1  

－144．7   

22．2   
67．3   
47．3  

－76．2   

39．8  

4．783  44．0  
3．178  146．3  
2．383  23．3  
1．908  69．5  
1．589  41．3  
1．363  61．9  
1．194  44．5   

－38．1  
－145．7   
22．3   
69．8   
38．0  
－69．0   
46．2  

［FoI＝ObservedstruCturefhctors．Fc＝CalculatedstruCturefhctors．   



Table3・3・BasalspaclngSandstruCturefhctors簸）rCa－，Na－，andK－Saturatedvermiculiteafter  

heatirlgat8000c・  

Na－Sa山一ated  Ca－Saturated   K－Saturated  

d（勾1FoI Fc  d（Å）［FoI Fc  d（勾JFo［ Fc  

9．63  54．4 －59．2  9．94  59．0 －54．7   10．35  49．6 ・43．6  
4．783  22．6 17．9  4．914  24．2  4．2  5．053 23．8   6．9  

l
つ
〟
3
4
5
′
人
U
7
0
0
 
 

3．267 132．0 －142．9  3．387 112．2 －124．3  
2．478  21．1 19．8  2．536  47．7  45．5  
1．959  84．8  80．7  2．024 105．5 102．5  
1．631 36．6  36．9  1．684 59．1 56．8  
1．399  56．3 －48．4  1．443  52．1 －49．1  
1．222  40．6  43．1   1．267  56．9  57．8  

3．178 158．6 －159．3  
2．106  35．4  35．9  
1．910  63．0  61．0  
1．590  33．9  35．1  
1．363  41．0 －38．0  
1．188  44．2  42．5  

JFoI＝ObservedstruCture怨・CtOrS．Fc＝CnlculatedstruCture払ctors・   



Table5．1．Cbemicalanalysesfbrrectorites．  

1  2＊  

46．46  55．20  SiO2   

TiO2   

AbO3   

Fe203  

MgO  

払O   

Na20   

K20  

0．67   

29．75   

1．65   

0．58   

0．34   

2．92   

2．17  

38．7   

0．59  

0．33   

4．40   

0．11  

H20（＋）  6・01  

H20（う  8・96  

To也1（％）  99・51  99・33  

1＝RectodtefromMakurazaki，KagoshihaPreftcture，  
Japan．2＝RectodtefromArkanSaS，U・S・A・（Brown  
andWeir，1963）．＊Ignitedweightbasis・   



Table5・2・BasalspacmgsandstruCture由・CtOrSfbrNa－SaturatedrectoritefromA正ansas  
withoutheating．  
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Tbt）le5・3．BasalspaclngSandstruCturefactorsfbrNa－SaturatedrectoritefromA止ansasafter  

血ea血gat4000c・  

00L  d（Å）  d（Å）xl  lFoL  Fc  

20．3  
9．76  
6．49  
4．83  
3．858  
3．209  
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1．601  
1．376  
1．203  
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）Fo］＝d〕SerVedstruCturefactors・Fc＝Cal00latedstruCttUefactors・   



Table5・4・BasalspacmgsandstruCturefactorsforNa－SaturatedrectoritefromA止anSaSafter  
bea血gat8000c・  

001  d（Å）  d（Å）×1   1FoI  T;c 

21．0  
19．66  
19．44  
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19．32  
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3．904  
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2．141  
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1．616  
1．384  
1．206  

Averagebasalspacing（Å）   19．384  

1Fo‡＝ObservedstruCturefhctors．Fc＝CalculatedstruCture払ctors．   



Table5・5・BasalspacmgsandstruCturefactorsfbrNa－SaturatedrectoritefromAfkansas  

rehydratedafterheatingat4000c・  

00J  d（勾  d仏）×J  IFoI  Fc  

22．2  
11．13  
7．42   
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Table5．6・BasalspacmgsandstruCturefactorsfbrNa－SaturatedrectoritefromArkansas  

rehydrateda鮎rheatingat8000c・  
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11．41  
7．65  
5．69  
4．56  
3．776  
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2．838  
2．531  
2．293  
2．075  
1．904  
1．623  
1．433  
1．251  

22．9  
22．82  
22．96  
22．76  
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lFol＝ObservedstruCturefactors．Fc＝CalmlatedstruCturehctors．   
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