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ABSTRACT eachof the two fluidphases,oil andbrine. If the

New datarelatingto the adsorptionof
fluidin questionis the oil phase,the fractional

asphalteneson reservoirrockmineralsare reported,
surfaceareafor thisfluidmay be termedthe

Thedatawereobtainedby contactingsamplesof
surfaceoil saturation,Thus,a generalobjective

severaldifferentclaymineraltypes,as well as of
of muchresearchon nettabilityhas beento develop

Bereasandstone,withtoluenesolutionsof a
a methodformeasuringthe surfaceoil saturationof

petroleumasphaltenefraction.Thismaterialwas
reservoirrocksamples6*7,

recoveredfroma depositon the tubingstringof a Anotherphaseof nettabilityresearchhas been
producingwell. It was characterizedwithrespect
to molecularweightand elementalcomposition.

directlyfocusedon the processof heavyends

Adsorptionisothermsweredeterminedand foundto be
adsorption,Thishas involvedthe quantitative

of the Langmuirtype,indicatingmonolayer
determinationof the extentandnatureof the

adsorption,For eachof the samplesan independent
adsorptionof D well-characterizedasphaltene
fractionon variousrockandmineralsurfaceslsz.

surfaceareameasurementwas made. Thispermitted
the probablesizeof the adsorbedasphaltene

I,]epresentpaperreportsthe resultsof further
workof thiskind. A specificobjectivewas to

particlesto be estimated.The effectof wateron
the adsorptionof asphalteneson kaolinitewas also

determinewhetherthinfilmsof wateron the surface

determined.It was foundthat adsorptionwas
of a mineralwouldpreventor modifythe subsequent

reducedbut not eliminatedby the presenceof water,
adsorptionof asphaltenes,The factthatadsorbed

In theseexperimentsthe waterwas eitherpre-
wateraffectsthe adsorptionof petroleumheavyends
has beenalludedto in the literaturel}s,How-

adsorbedon the clayor simplydissolvedin the
solvent, The amountof co-adsorbedwater

ever,it is believedthatthe presentstudyis the
firstto attemptto quantifythe effe~tby meansof

correspondedto 30-50monolayer, indicatingthe
probableformationof liquidbridgesof water

adsorptionmeasurementson claymineralsurfaces.

betweenclayparticles.Estimateswereobtainedfor
themagnitudeof themicroscopictoluene/water

Themannerin whichheavyends adsorption
determinesthemagnitudeof the surfaceoil

contactangleswhichcharacterizetheseliquid
bridges.

saturationof reservoirrocksis not knownat
present It has beenproposed5thata complex

INTRODUCTION
interplayof capillaryforcese~g,thinfilm
forceslo-12,and adsorptionforces13”~6is

Variousproblemsarisingin petroleunreservoir
involved,Otherstudieson nettabilitysuggestthat
in many instancesthistypeof interplaygivesrise

exploitationinvolvethe interactionof pore-filling
fluidswiththemineralswhichareexposedat the

to a stateof mixedwettability17*18. In the

poresurfacesin reservoirrock. For example,the
presentpaper,attentionis restrictedto the

wettabiityof a reservoiris believedto be strongly
questionof how asphalteneadsorptionis affectedby

dependenton the extentof heavyendsadsorp-
the presenceof adsorbedwater. Isothermsare

tionl-5. Althoughthe natureof thisdependence
reportedfor variousinountsof pre-adsorbedwater

hasyet to be expressedin quantitativeterms,it
on a kaolinitesurface. Also,oil/watercontact

a pearsthatheavyendsadsorptionwillaffect,in
I

angledataare reportedfor severalsolidsurfaces

t e firstplace,the relativeproportionsof the
whichhad beenpreparedby compactinga sampleof

totalporesurfaceareawhichare in contactwith
asphaltene-coveredclay.

The principalconstituentsof petroleumwhich

Referencesand illustrationsat endof paper, previousWork{-q
adsorbon cla mineralshavebeen identifiedin

as asphaltenesandresins, These
fractionscomprisethemost polarclassof compounds
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In petroleumand are concentratedIn whathas been
termedthe heavyendslg. In the Presentworka

tratlonthanotherwavelengths.

stunpleof asphaltenesfroma singlesourcewas The amountof asphalteneadsorbedon the clay
chosenas representativeof a heavyendsfraction. was determineddirectlyon a few samplesusinga

PerklnElmer240BElementalAnalyzer. The samples
EXPERIMENTAL were airdried,and the amountof carbonon the clay

The asphaltenesampleused in thisworkwas a
was thendetermined.Sincethe clay Itselfcon-

tubingstringdepositfromswell in an Alberta,
tainedno carbon,allthe carbonfoundwas due to

Canada,light011 reservoir.The elementalanalysis
the asphalteneadsorbedon the clay,

andmolecularweightdatafor thissampleare shown
in Table1.

The watercontentof the toluenesolutionswas
determinedby KarlFischertitration.The

A particularclay samplewas usedinmost of
volubilityof waterin tolueneis shownin Table III

the experiments.This claywas a kaoliniteobtained
as a functionof asphalteneconcentration.The

fromFisherScientificCompany. The BET surface
averagewatervolubilitywas 496mg/1, there being
no effectof asphalteneconcentration+

areawas 19.3m2/g, and the cationexchangecaPacitY
was 2.97meq/100g. Fromthesedatathecalculated Contactanglesbetweenwaterandtoluenewere
surfacechargedensitywas 0.15C/m2. Dataobtained
by variousmethodsformeasuringsurfaceareaand

alsomeasuredon severalsurfaces.Theseincludeda

revlewpaperz~. In the presentworkcationexchange
cationexchane capacityare comparedin a recent

graphitesurfaceand the surfaceof a kaolinite
samplewith25.7mg/gof asphalteneadsorbed,The

capacity(CEC)was measuredby a modifiedanmonium
graphitesurfacewas preparedby polishinga small

acetatemethod.
piecewith600 gritwet sandpaper,and thenwithwet
crocuscloth. Thisproduceda smooth,flatsurface.

Adsorptionexperimentswere alsocarriedout
Two methodswere usedto prepareaclay/asphaltene
surface, Onemethodwas to pressasphaltene-covered

usingseveralotherclaymineraland rocksamples.
Surfaceareasand cationexchangecapacitiesfor

clay intoa pellet,usinga pelletpress. Two

thesesamplesare listedIn Table11. Calculated
pelletswereprepared,a largepelletpressedat
20,000psi in an aluminumcup, and a smallpellet

surfacechargedensitiesare alsogiven. Densities
in excessof 0.5 C/m2 are unrealistic.Thus,the

pressedat 10,000psi, The othermethodof

surfaceareafor the Bereasandstonesampleis
preparingaclay/asphaltenesurfacewas to slurry
the clay/asphaltenein isooctaneand pour it quickly

probablytoo low anddoesnot representthe actual
valueof the surfaceareawhena sampleis exposed

over a cleanquartzor limestoneplateand allowthe

to a bulk aqueousphase,as in the CEC determi-
isooctaneto evaporate,Thisproduceda relatively

nation. However,the asphalteneadsorptionstudies
uniformbut roughsurface.

withthe Bereasampleinvolvedexposureto water Boththe pressedsurfaceandthe layeredsur-
vaporonlyat low relativehumidities.Therefore,
the surfacearealistedin Table II is believedto

facewerestablewhen immersedin toluenecontain-

be applicableto theseexperiments.
ing40-50mg/l of asphaltene.Neithersurfacewas
stablewhen immersedin water. The layeredsurface

Mallinckrodtspectrophometricgradetoluene
separatedfromthe plateand fellto the bottomof

driedthrougha silicagel columnwas usedin all
the container.The pressedsurfacebuckledand

experiments,The clay samplesweredriedovernight
crackedafterseveralhoursof immersionin water.

at 120’Cand kept in a dessicator. Two samplesof
However,the pressedsurfaceremainedstablefor

the dry Fisherkaolinitewereplacedin dessicators
severaldaysafterthe init!aldeformation,and

at constantrelativehumidities.One samplewas
contactangleswereobtainedfor severaltoluene

keptat a relativehumidityof 83 percentwitha
drops, The layeredsurfacedid not remainstable

saturatedsolutionof KBr. The othersamplewas
overnight,and therefore,contactangleswere

keptat a relativehumidityof 97 percentwith a
obtainedafter5 to 10 minutes.

saturatedsolutionof K SO+. The claysampleat 83
percentrelativehumidityadsorbed2.3 weight

Contactanglesweremeasuredusingthe semi-

percentwaterwhilethe stunpleat 97 percent
microsessiledroptechnique21.The advancing

relativehumidityadsorbed6,6 weightpercentwater.
anglesweredeterminedusinga waterdrop in toluene
whilethe recedinganglesuseda toluenedrop in

The adsorptionisothermsof asphalteneon clay
water. Puretolueneandwaterwereusedfor the
graphitesystem. The clay/asphaltenesystemuseda

weredeterminedby contactingapproximately0,1 g of
cluywith20 ml of a solutionof asphaltenein

toluenesolutionof 50mg/1 asphaltenefor the

tolueneand shakingovernight.The asphaltene
advancingcaseand the equilibriumsolutionof the

solutionswerepreparedby dilutionof a stock
clay/asphaltenefor the recedingcase. The contact

solutionto ive a concentrationrangefrom50mg/1
anglesweredeterminedby photographingthe dropand

!to 1,000mg/ . The solutionsusedwiththeclays
measuringthe angleswith a protractor.Where

containingwaterwere saturatedwithwaterbefore
possiblebothsidesof the dropweremeasuredand

contactingthe clays. The concentrationsof the
the resultsaveraged.

asphaltenesolutionsaftercontactwiththeclay
weredeterminedspectrophotometricallywith a

RESULTS

8eckmanmodel25 spectrophotometer.The samples
werecentrifugedand the absorbancedeterminedat

AsphalteneAdsorptionon VariousMineral&urfaces

400 nmt Sincean asphaltenein toluenesolution
doesnot have an absorbancepeakat anywavelength,

Asphalteneadsorptionisothermsweredetermined

the 400 mn wavelengthwas chosenbecauseit gavea
on dry samplesof kaoiinite,illite,andchlorite

betterleastsquaresfitof absorbancevs. concen-
obtainedfromWard’sNaturalScienceEstablishment

...
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andon a sampleof Bereasandstone,as wellas on
theFisherKaolinite.The resultsaregivenin
Figure1 andTable IV. Figure1 showsthattypical
Langmuirtype1 adsorptionisothermswereobtained,
Themaximumadsorptionfor the fourclaysstudied
rangesfrom20 mg/g for the Georgiakaoliniteto 30
rig/gfor the Fisherkaolinite.However,as indi-
catedin Table IV, if the isothermsare expressedas
mg/m2insteadof mg/g,a differentorderappears.

The asphalteneadsorptionisothermfor the dry
Bereasand is not shownin Figure1. Whenexpressed
in mg/m2,the isothermfor the Bereasandwas
similarto thatof the Fisherkaolinite.It should
be notedthatthe claysassociatedwithBereasand
includebothkaoliniteand illite.

The isothermsfor severalof the claysshoweda
declinein adsorptionat the highestasphaltene
concentration.This is attributedto scatterin the
dataandmay be a reflectionof the inhomogeneityof
thesolids,

Plotsof the ratioof asphalteneconcentration
to anountof adsorbedasphalteneversusthe
asphalteneconcentrationindicatedsomedeviation
fromsimpleLangmuirisothermbehavior,This
deviationoccurredat the lowestconcentrations.
Consequently,only approximatevaluesof the initial
slopesof the isothermsshownin Figure1 couldbe
determined.Withinthe accuracyof the data,the
samevalueof the initialslopeappearedto
representthe resultsfor eachclay. Thisvalue,
0.1 l/m2,is relatedto the equilibriumconstantfor
the adsorptionof asphaltenesat Iowconcentrations.
Hence,it is alsorelatedto the standardGibbsfree
energychangefor the adsorptionprocess.

Effectof kJateronAsphalteneAdsorption

The isothermdatafor the adsorptionof
asphalteneson Fisherkaoliniteundervarious
conditionsare summarizedin TableV and shotiin
detailin Figure2. The dry clayadsorbedamaximum
of about30 mg asphalteneper granof clay, The
additionof 2,3 percentwaterto the clayreduced
themaximunadsorptionto 22 mg/g. The additionof
6,6 percentwaterreducedthe adsorptionto 13 mg/g.
IJryclay adsorbed24 mg/gof asphaltenesfrcmwater-
saturatedtoluenesolution, It is seenthatthe
presenceof a thinfilmof wateradsorbedon the
kaolinitesurfacereducesbut doesnot eliminatethe
adsorptionof asphaltenes,

Again,the initialslopesof the isotherms
shownin Figure2 couldbe determinedonly
approximately,It appearedthatwithinthe accuracy
of thedata,the initialslopeswereessentiallythe
sameas thosefoundwhendry clayswereused,

Relatedworkhad ledto the conjecturethatthe
adsorptionof asphalteneson claymightdependon
the equilibrationtime,especiallyin thosecases
wherewaterwas present, However,as shownby the
solidsymbolsof Figure2 and the dataof TableV,
no significantchangein the adsorptionof
asphaltenesoccurredafterone monthequilibration
bothfor the dry clay andfor the smple centaining
6,6 weightpercentwater.

Co-Adsorptionof Water

The purposeof usingtoluenesolutions
saturatedwithwaterwas to preventthe desorption
of waterfromthe clay, However,the finalwater
concentration(Column3 of TableV) showsthatthe
clayadsorbedwaterfromthe toluenesolutions,
TableVI showsthatthe claysamplecontaining2.3
percentwateradsorbedan averageof 4,75percent
wateron the clay, The claycontaining6.6 percent
wateradsorbedan averageof 2.9 percentwaterfrom
the toluenesolutionfor a totalof 9,5 percent
wateron the clay,

Usinga packingareaperwatermoleculeof
10,8x 10-2nm2,as givenin the literatureao,the
amountof waterrequiredto forma monolayeron the
clay surfaceis foundto be 0.535percent. This
meansthatthe numberof monolayer of wateron the
clay increasedfrom4.3 monolayer to 13,2
monolayer and fran 12 monolayer to 18monolayer
for the claysoriginally containing2.3 percent
waterand6.6 percentwater,respectively,The dry
clay adsorbedan averageof 4,6 percentwaterfrom
watersaturatedtoluenesolutions,Thiscorresponds
to 8.7monolayersof water.

ContactAngles

The contactangledata are shownin TableVII.
Therewas considerablehysteresison all surfaces
tested. Bothmethodsof preparingthe clay/
asphaltenesurfaceproducedapproximatelythe same
contactangleseventhoughthe layeredsurfacewas
much rougherthanthe pressedsurface, Contact
anglesweremeasuredon quartzand limestoneto
determineif the supportinfluencedthecontact
angleon the clay/asphaltenelayer. Wateradvancing
anglesof 35’on quartzand80’ on limestone,
contrastedwithwateradvancinganglesof 155’for
clay/asphalteneon quartzand 130’for clay/
asphalteneon limestone,indicatethatthe sub-
strateexertedno influenceon the contactangles.
A comparisonof the contactanglesreportedhereand
literaturevalueswas not possiblebecauseno
contactangledatafor clay/asphaltenesystemshave
beenreported,

DISCUSSION

MaximumAdsorptionValuesfor Dry Clay

In assessingthe validityof the resultsgiven
in TableIV, it is of interestfirstto compare
thesedatawithpreviouswork. As noted,the
isothermsshownin Figuro1 areof the Langmuirtype
1, indicatingmonolayeradsorption.The maximum
valuesof the adsorptionare similarto the values
obtainedby Clementzfor the adsorptionof petroleum
heavyendson dry montmori1lonite2. Thus,for
example,the adsorptionof as halteneson both

!Fisherkaoliniteandmontmoriloniteis about30
mg/g, A more realisticcomparisonis thatbasedon
the surfaceareasof the clays. Thiscomparisonis
not possible,however,becausethe surfaceareaof
the montmorilloniteusedby Clementzis not known.
Datareportedby Brooks22suggestthatsurfaceareas
for dry montmori1loniteare probablyin the rangeof
10.3Oma/g, On thisbasisthe adsorptionper unit
areaformontmorillonitewouldbe expectedto be in
the sanerangeas for the claysstudiedhere. A
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slmtlarlevelof adsorptionfor asphalteneson Clementz2,referencewas madeto a numberof Russian
silicaandon’kaolinitehas beenreportedby
Fritschyand Papirer23.

papersdealingwith asphalteneadsorption.One of
thesepapers,by Lyutinand Burdynl,indicatesthat

A\~otherw@y to evaluatethe significanceOf the
asphalteneadsorptionis reducedby about60 percent
whenthe watersaturationin an unconsolidatedsand

maximumadsorptionvaluesgivenin Table IV is to
attemptto relatethesevaluesto the sizeand shape

pack increasesto 30 percent. This agrees

of the asphalteneparticlesas theyexistin the
qualitativelywiththe resultsreportedin the
presentstudy(TableVI).

adsorbedstate. Sincethe adsorptionappearstc be
of themonolayertype,it can be assumedthatthe Clementz3alsostudiedthe sensitivityof Berea
sizeandshapeare not alteredby the processof coresto freshwater, It was foundthat asphaltenes
adsorption.Variousstudiessuggestthatsuch
particlesare sheet-likein structure(seeFigure3)

adsorbedon the poresurfacesstabilizedthe clays

and hencecan be roughlymodeledas havinga disk-
and eliminatedthe sensitivity.However,adsorption

likeshape. Thicknessvaluesrangingfrom1.8 to
of the asphaltenesin the presenceof waterdid not

2.3 nmz+and from 1.0 to 1,4 nmzshavebeen
stabilizethe clays. It is evidentthatthe

reported.The equivalentdiametercan thenbe
detailedmechanismby whichasphalteneadsorption

calculatedif valuesof themolecularweightandthe
can takeplace,eventhoughseveralmolecularlayers

densityareknownor can be assumed,Measurements
of waterarepreadsorbedon theclay surface,is not
understood.A numberof possiblemechanismsfor the

reportedby Parkashet alzGsuggestthata density asphaltene/claymineralInteractionarementionedby
of &out 1.6g/cmaiT_a@@ropriatefor an asphaltene
fractionwitha carboncontentof 86 percent. Using

Czarneckaand Gillott26.

thisvalue,a molecularweightof4000, and a thick- It is likelythatfurtherinsightintothe
nessof 1.1 nm, a diameterof 2.2 nm is obtained.
This is justwithinthe reportedrangeof 2,2 to

mechanismof asphalteneadsorptioncouldbe obtained

3.7 nmzk.
if adsorptionmeasurementswereto be carriedout at
varioustemperaturesandovera widerrangeof pre-

In applyingtheseestimatesof particlethick-
absorbedwatercontent, A thermodynamicanalysisof
the datawouldthenpermitvaluesfor the enthalpy

nessanddensityto the adsorptiondata,several
assumptionsare required. The firstis thatthe

andentropyof adsorptionto be calculated.
Comparisonof suchvalueswithrelateddata in the

asphalteneparticlesare adsorbedwiththe diskor literaturewouldenablethemolecularinteractions
sheetfacesin contactwiththe planarfacesof the involvedthe asphalteneadsorptionprocessto be
clayparticles.Two furtherassumptionsMich must
be made involvethe valuesof (1)the packing

identified.

densityof the particleson the claysurface,and
(2)the fractionof the totalclay surfacewhich

In thisconectionthe evidencereportedby
Clementz2for the dependenceof asphaltene

correspondsto the planarsurfaceof theclay
particles,as distinguishedfromthe edgesurface.

adsorptionon boththe typeof exchangeablecation

Neitherof thesequantitiesis knownveryprecisely
and the typeof solventis significant.It appears

but can be estimatedas 0.8 and0,9,respectively.
thatmagnesiumclay adsorbsasphaltenesmost

Withtheseassumptions,a thicknessof 1.1nm and a
stronglyfromaromaticsolvents,but potassiumclay

densityof 1,6 g/cmagive a valuefor themaximum
adsorbsmost stronglyfromnitrobenzene.Effects

adsorptionof 1.27mg/m2, This valueis surpris-
suchas thesesuggestthatthemolecularinter-

inglycloseto the averagefor the two kaolinite
actionsinvolvedin asphalteneadsorptionare quite

stunplesgivenin Table IV. It is concludedthatthe
specificin natureand arecloselyconnectedwith
detailedfeaturesof asphaltenechemicalstructure,

adsorptiondatafor thisclay are not inconsistent
withwhat is currentlyknownaboutthe sizeand

as yet poorlyunderstood.

shapeof asphalteneparticlesand theirprobable One featureof the resultsobtainedin the
configurationon the surfaceof clayminerals. presentstudyshouldbe discussedfurther. This

The resultsgivenin Table IV forthe other
featurerelatesto the factthatthe calculated

claysandfor Bereasandstoneare alsoroughly
numberof monolayer of co-adsorbedwatervaries
fromabout9 to about18,as themaximumvalueof

consistentwith the simplemodelusedto interpret
the datafor the two kaolinite, For the Georgia

the asphalteneadsorptiondecreases.Thesewater

kaoliniteand illitesamples,it is possiblethat
monolayervaluesshould,however,be adjusted

not allof thewaterwas removedfromthe adsorption
upwards,in orderto take intoaccountthe coverage

systemby the d~yingproceduresused. The high
of onlya fractionof the totalsurfaceareaby the

valueof themaximumadsorptionwhichwas observed
asphaltenelayer(as indicatedin TableVI). Thus,
the actualvalueof the numberof monolayer of

withthe chloritesamplemay be an indicationof an
erroneouslylowvalueof the surfaceareain this

wateris of the orderof 30-50and is onlyweakly

Furtherexperiments,with systemsmore
dependenton the levelof asphalteneadsorption.

case.
closelycontrolledwith respectto tracesof water, If now this adjustedvalueof the thicknessof
willbe requiredto testthe applicabilityof the the co-adsorbedwaterlayersis regardedas
model in a more rigorousfashion. approximatingthe truevalue,an important

Co-adsorptionofWaterand Asphaltenes
conclusionmay be drawn. Thisconclusionis that
capillaryforces,ratherthantrueadsorption

One of the firstobservationsthatprs-adsorbed
forces,areresponsiblefor themajorpartof the

waterfilmsdo not preventthe adsortionof
!

waterwhichis retainedby the clay, Thus~the bulk

asphalteneswas re ortedby Devereux7, who showed
!

of the wateris almostcertainlyin the formof

thatNMR protonre axationtimeswerealteredby
liquidbridgesbetweenindividualclayparticles.
The roleof such liquidbridgesin stabilizing

asphalteneadsorption,In the workreportedby
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agglomeratesof fineparticles,suspendedin a non-
wettingfluid,is well known2g. Unfortunately,In
the presentcase,the geometricalshapesof these
llqufdbridgescannoteasilybe predicted.This is,
in part,due to the highlyasynsnetricshapesof the
clayparticlesand to the differencesin the
absorptivityfor wateron the facesandedgesof the
particles.

Withrespectto a possiblequantitativerela-
tionshipbetweenasphalteneadsorptionand the
quantityof co-adsorbedwater,it shouldbe pointed
out thatthe datagivenin TableVI do provide
evidencefor sucha relationship.Thus,when the
finaltunountof wateron the clay is plottedagainst
themaximumasphalteneadsorption,a smoothcurve
results, Unfortunately,insufficientdataare
availableto indicatewhetheror not the amountof
asphalteneadsorptiondecreasesto zerowith a very
largeexcessof water. Variousstudiesreportedin
the literature6*lsS27S2esuggestthat,at
leastin manycasesof practicalinterest,an excess
of waterdoesnot completelyInhibitasphaltene
adsorption.

Significanceof ContactAngleMeasurements

Contactangledataare particularlyusefulin
casesin tiichtwo immiscibleliquidsinteract
competitivelywith a solidsubstrate.The datare-
portedin TableVII show that the presenceof an
adsorbedlayerof asphaltenesaltersthe wetting
characteristicsof the kaolinitesurfaceto a very
significantdegree. The data alsoindicatethat
with respectto both advancingandrecedingangles
the resultingsurfaceis somewhatcomparableto that
of graphite.The hysteresiswhichis observedis
very likelydue in partto the heterogeneityof the
asphaltenejclaysurface30.Whetheror not this
heterogeneityis the resultof incompletemonolayer
coverageis not known. It shouldbe notedthat in
theseexperimentsthe wateradvancingangles
observedwithcleansolidsurfaceswerealsosig-
nificantlygreaterthanthe recedingangles.

The interpretationof the contactangledata in
termsof a detailedmolecularmodelof the surface
formedby asphalteneadsorptionon clayhas not been
attempted,Nevertheless,the dataclearlyindicate
that,even in the presenceof bulkwater,the
adsorbedasphaltenelayersin the claysurfacesare
not immediatelydisplaced. It is believedthatto
the extentthatthe solidsurfacesusedin these
experimentswereobservedto be unstable,this
effectwas due to the penetrationof waterinto
poreswhichwerenot coveredby adsorbed
asphaltenes.A similaraffectwas observedby
Czarneckaand Gillottz@.Thus,the contactangle
data arebelievedto be consistentwiththe
adsorptionresults,indicatingthatwatevand
asphaltenesco-adsorbon claymineralsurfaces.

SUMMARYAND CONCLUSIONS

dry stateapproximatesa fullasphaltene
monolayer.

3. The adsorptionof asphalteneson Berearock is
similar,on an equivalentsurfaceareabasis,
to thaton clayminerals.

4. Waterpre-adsorbedon kaolinitereducesbut
does not eliminatethe subsequentadsorptionof
asphaltenesfromtoluenesolution,

5. Kaoliniteadsorbsadditionalwaterfromwater-
saturatedasphaltene/toluenesolutions,

6. On the basisof the surfaceareanot coveredby
asphaltenes,the thicknessof the co-adsorbed
wateron kaolinitecorrespondsto about30-50
monolayer, indicatingthe formationof liquid
bridgesbetweenclayparticles.

7. Oil/watercontactanglemeasurementssupport
the conceptthatwaterand asphaltenescan co-
adsorbon claymineralsurfaces,
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ELEHENTAL AWAYSIS AND WLECIS.AR HEIGHT OF ASPHALTENE SAWLE

CcwOostt Ion, Matght Percent

Element Analysis 1* An@lyais IIa Anelysis IIIb

c 85.84

H 6.41
H 0.48
s 5.01

0 2.16

Ash .

_

86,16 85.93

6.11 6.62

0,44 0.76

4.76 4,51
. 2.77
. 1.97

Molecular Hetghtsc

Temperature ~

Tet rahydrofuran 37’C 3,983

Benzene 37’C 4,019

N{trobenzene 96’C 1,538

a) Golbralth Laboratories, Inc,, Knoxvt Ile, Tennessee.

b) Clark, &ans ad Perktns Microanalytlcal Laboratory, inc., Urbana,

Illtnolst

c) PRRO Laboratories, Inc., Joltet, Illinols.

TABLE 1I

Properties OF ABSORBENTS

Cat!on

Exchange

Surface Area, Capacity,

SmJ& m21g @!!!Q

Kaolinttea 19.3 2.97

Kaolinite, Macon, Ga,b 18.0 3.52

Illite, Rochester, N.Y,b 24.0 %.64

Chlorite, Calaveras 13.0 3.75

CO., cal!f.b

Berea Sandstone 1.26 0.93

a) Purchased from Fisher Sclentlf{c Company.

Calculated

Charge Density,

Clm2

0!15

0.19

0.s5

0.28

0.71

b) Purchased from Hard’s Natural Science Establ lshment, Inc.

TABLE III

CONCENTRATION OF HATER IN YOLUkNE SOLUTIONS

Asphaltene Final Hater

Concentration. m9/1 Concentration. m9/1

o 484 * lla
50 47? :15

76 472 t 9

102 479 * 7
203 455 * 13

306 605:16
406 523 : 4

6W 513 * 8

249 491 * 3

1,015 647:19

a) Hater concentrate ton ~ 161 : 3 mg/1 for $mple d)+led over sf I lca gel,

mm Iv

AOSORPTIOK OF ASPHALTENES ON VAAIOUS ORY SURFACES

Mtf mun Maximun

Surface Area, Adsorption, Adsorption,

m
M2,Q

~ k

Kaol!nitea 19.3 30 1,65

Kaollniteb 18.0 20 1.11

llltteb 24,0 26 1,06

Chloriteb 13.0 24 1.85

Berea Sandstone 1.26 1,8 1.43

a) Purchased from Ffsher Sclentfftc Co.

b) Purchased frcm Hard’s Natural Sctence Establ Ishment, Inc.

AOSORPTfON OF ASPHALTENES ON KAOLINITE FROM

HATER-SATURATEO TOLUENE

Pre.adsorbed Average Clay Average Final Hater Max, Asphaltene

Hater on Clay, Concentration, Concentrate ion, Adsorpt Ion,

wt. percent 9/1 mgll lngf9 of clay

Oa

o
2,3

6.6

5.14

6.14

5.64

5.99

30.3

23.9
21.6

12,8

a)

b)

c)

Overnight Shaktn~

.b

258

228

327

One Ncnth Shakt n~

Oa 6.26 85 29,4

6,6 5.20 337 12.4c

Nominelly dry toluene used, tnftf al water concentration assumed to
be 161 nw/1, see Table 111.

Neasured water concentration greater than initial, results rejected

as lnvaltd.
Ade.orptlon determined by analyz!ng the clay directly, using a Perkln

Elnm Elemental Analyzer,

TABLE VI

CO-ABSORPTION OF HATER ANO ASPHALTENES

FRWf HATER-SATURATEO TOLUENE

Pre-adsorbed Avg. Ftnal Hater No. of Max, Asphaltene

Hater on Clay, Hater on Clay, Hater Adsorpt fon,

wt. percent wt. Dercent N4nolaYers ,m2

Surface 011

Saturat fen,

oercenta

97
79

91

42

41

a)

b)

c)

Ob,c 1,25 2.3 1.62

0 4,63 8,7 1,24

2.3 7.05 13.2 1,11

6,6 9,42 17,6 0.65

6*6C 9,66 18.1 0,64

Monolayer denstty assumed to be 1.57 mg/mz.

Assundng tnittal water ~ituratton of 151 mg/1.

One month equtl !bratlon tfma.

)JtOO ~
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