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Abstrrсt. тhе formation of aggrеgatеs of a liaсtiоn of
аsphaltrnеs еxtrасtсd from BraziI ian crudе oi l  wаs
investigаtеd by mеаsuriпg thе inlсrlасial tеnsion аnd
kinсrnаtiс visсosity ofthеir sо|Utiопs pгФarеd in diffеrеnt
solvсnts. тhе intcrfасiа| tеnsioп resu]ts indiсatr thе
ехistenсc of сritiсаl miсс]]е сonсеntration (сМс) lеvеls
of the asрhаltеnеs in so]vеnts with solubilitу paramеtеrs
suffiсientlу diffеrent ftom thоsr ofthе asphaltenс trstrd.
The kjnеmаtic visсosilу mеasi]rеs rеvealсd thе forrnаtioп
of aggfcgatеs аt сonсеntrаtioлs аbove thс сМс. Thе
intеrfасiаI lcnsion mеаsures of аsрhа|tеnes jn organiс
solutiois' аhhouф Ьft€quеntlу mсnlioned iп tьe liteгаturс'
werе used to сalсU|atе thе molаr rmss, Pеrmitting lhe
сomраrisоn of vатiоus mоlaг masscs attriЬutеd to the
asphaltеnсs in the fоrm оf aggrcgatеs'

кey words: сгudс oi], asphаltеnеs, a8gтсgаtion, visсosity'
intеIfасial tеnsion. mo]аr rnass.

l. Introduсtion

АsPhаltсnеs aге сoпрошds with hiф molаr mаss
thаt сomрosе tье hеavier and morе роlar fraсtions of
p€trolеum. Thesе ftaсtions ртесiрitate with thе additioп
of аlkаnеs with low molar mass, suсh аs ,.рrntаnе' ,'-
heхаnе or /'.hеptane, and arе soluьlе in solvеnts suсh as
toluеne апd ьеnzеne, Regardin8 their сhеmiса]
соmро6ition' it is kлowп tьаt thсy are formed ьy пюlссulеs
оf PаraPhiniс, naрhtьeniс oт arormtiс hy&oсarьoi|s аnd
also hаvс funсtionаl groups that сontаin oxygеn, nitrоgеn
or sulfur' тhе frасtions that arе solublс in ,?-heptan€
соrтеspond to the resins, аrornаtiсs and sаturatеs. тhеsе
frасtions ale sеleсtivL'lу sФаrablе by adsorption in siliсa
gel oI аluminа [l, 2].

Asфaltеnсs hаve thе оарасity to аggrcgatе апd Ьe
a.ьoтbed аt thе interfaсеs. wheп аggгegаtiпg thеy саn
foтm шdеsiгab|е solid dеpoGits that rсduсе oil rrсovery
whеn thеy adsoгb at thе oil.wаtеr intетfaс€, thеse
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сomрonсnts stаbilizе watеr-in.oil еmulsions ьy formin8 a
mссhаniсal ьaIriеr to thc а88lutinatioп of lЬе drоplеts
dtrriлg соltisions- тhis рhеnoпlепon is rсq)onsible foг thе
prodцсtion of oil in lhe form of а wаiе.-in.oil emu|siоц
рrоmрting the neеd for а dеmulsifiсation stсp, whiсh
сoггesрonds tо thе sсрarаtioп of the oil аnd thr water'
sinсс thс prеsеnсе of wateт in oil, among othет nеgаtive
сffeсts, hindеrs its traпsport аnd теfining. At thе gas-oil
intеrfaсе, asфаltеnes саn сontтiьutе to th€ iorrnаtion of
veгy stаьlе nаhrral gаs foапБ in сrudе оiI [3' 4]'

Thе phуsiса| аnd !Ьегmodуnаmiс propertiеs оf
as?hаltеnеs hаvе ьеen ехlсnsivеly shtdiе4 а|on8 witЬ their
ьсhайtr in pеtrоlarmduтing i's eхEасtioп [5 ]. Nсvсflhе|еss,
thсrс is slill muсh to lеarn аьout thеir сhеmiсal stпспге
and bchavior, bссаusе ( l ) аsphа]t.nсs аrе not rnаde uр ofa
singlе nюleоule, but rathff a fdйly ofтnolесulеs with similar
struсturеs iп tеrlтБ of rno]аr lIass and polаrity, siпс€ theу
are isolatеd flom petrоleum bу proсеssеs invоlving
solubility, and (2) thс proPortiоn алd сhсmiса! stsuсture of
аsPhaltепiс fi.асtions vary dеPеndщ on the сrude оi| оrigin.
llеnсе' tЬеy сan ьеhavе in distinсt wаys.

Тhe studу of lhe pьysiсаl аnd thегmodуnamiс
рropсrt ies and thе сhеmiсаl сomposit ion оf lhе
соnstituсnts of pеlrоlеum is vеrу imрortаnt for all
operatiопs in this industry The ртеsrnсе of thе hеa\у
iiaсtion iп сrude oil. еvсn in rеlativеly smаll pтopoffoпs,
has iпDortаnt influеnсеs on thе ьеhavior оf thс pеtтolеum
fluid phases in thе сonditions fotutd dшing its ехtгасtioц
traлsроrt апd rеfiniпg. тhе сhrmiсаl mаkеup' relаtivе
рroрorlion апd iпterасtioп оf this fraсtion *ith thе fluid
olьеr сonstituеnts signifiсantlу inflUеnсr somе of the
imрortanl proреrtiоs and phеnomena, suсh as thе flаsh
point of nаfural gas, preсipitаtion of parlflins in оils
submitted to low tеmреratures (deсpwatеr pipеlines) аnd
dеstаbilйation and dеIюsition ofaфа]tсnеs in фе rсseгvoir
аnd prodцсtion сolurrщ due to сhangсs in lhe сompositioп
аnd tсmpетаtu,е аnd pressurе сonditioпs durin8 оil
pгodшtion аnd trаnsport oprrations.

ТHE INFLUЕNсЕ oF тнЕ solvЕNт MЕDIUM
oN тHЕ AGGREGAТION oF ASPIIALTENE МAсRoМoLEсULЕs
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Dеtermiшtioп of rrюlа. Illаss' oпе of thе rrюst
irrpoaаnl propertiеs оf аsphsltсnеs, is diffiсtrlt ьесаuse of
tьф tendсnry to agglorrEratе аnd !o аssoсiatе йlh othеr oil
сoпstituеnts. тhс various пЕthods ofdоterrnining molar тrвss
саn suрply diffеrеnt rеsulк ьсcaus€ оf thеsе аggrеgations.

Various meаsufrmсnt tесhniquеs arе сmрloуed'
suсh as vарor prеssufе osmomеtry (VPo) and sizе
схсlusion сhromаtograрhy (sЕс)' suggestiпg hiф пюl6t
rnаsses ьеtwеrn 1000 аnd l0ф0 [6]. The teсьлiquе of
meаsufing the intеrйсiа| tепsions ofаsфаltепеs in orgaшс
solutions, аlthouф inftеqurndy сilеd in tlЕ litеrаturе, сал
Ье цsсd lо са|сUIаc !hе пю|аr rnаss. аl|owing сornрarison
of lhс rnаssrs аttriьutеd to the аsphaltmеs oblаinеd by
othеr mсtho.Ь iп the foгm of aggregаtеs [7-9].

тhis dеtеrmination сan bе dolrе bу oblaining lhе
iпterfaсiаl tension vеrsus aspьaltrnr сonсеntration сurve
of thс asphaltеne in a givеn solvеnt' rnеаsurеd аt thе air.
solution interfaсе. тhе suIfасе сonсеntfation ofthr spссies
аdsorы (Г) сan bе саIсulаted by tаking thе sloPе of thc
сuJve bсforе rеaсhiл8 the сtvlс аnd aрplying thе Gibbs
isоthеrm equаtion (Еquаtioп I) [|0]:

Г=_|/RT.dy/. l|nС (t)
whеre: Лis thе surfасe сonс€ntratiоn оflhr speсies

аdsorьсd (mol/m,); R and ]. are thе сonstants '
8.3l45l J/ К.mol аnd 298' l5 K rеsprсt ivelу; and
dyl.,Дnс is thе variation ofintеrfaсiаl tеnsion аs a funсtiol
of thс naturаl log of thе sапtрlе сonссntгаtion oЬtаinеd
tfuouф thе aflgular сo€frсiеnl of ihе сtllvе (тrJ/m,).

It is аlso ро6siьlе lo сslirrвlе the no|€сulаr arеa of
lhe пrаtcriаl аdsorьеd at the intсlfaсe (,4") through
Еqustion 2 [l l]:

А"=.|/N'Г (|2)
whеrr: ,," is the arеа oссupiеd bу oпe asphaltеnе

molеоule (A') and л" is Avogadrо's пumьсr
(6.02.|0, l  moг').

Assuming a сirсu]аr geomеtry fоr the asphaltenes
adsorbсd аt thе iпtе.fасе [l2]' oпe сап еstimаtr thе
asDhаIlепе гаdius (л' A) аs:

n=|l"tц,r . l .ц.\ l . lz) ' ' ' | ' ,  (])
In this waу, thс molar rnаss (nr'n4 g/rуюl) of thе

asphaltелеs сan ье саlсulаlсd by Еquа|ion 4 [l2]:
MM-h.tт 'R. 'D.N' (4 ' ,

whеre: i is the estirnаtеd hei8htъf tЬe сylindтiсal
form ofthе rrюlесulе (6А) [ 1l ]; R is thе asphaltеnе rаdius
(Е); and D is thе dеnsity (l.1 9сm]) tll ],

тhе rrюlаr mаssеs obиincd in this wаy hаvе lowеr
values thаn those оbtаiлеd ьy olher methods [l3]. тhe
molаr masses of аsРhаltеnеs аlso vary signifiсant|y
dФending on the рartiсulаr аsphаltеnеs сhсmiсal stsuсture
iп thr solution, the Рolаrity of thе solvеnt usеd аnd thе
lempеraNrе аt \rtuсh tье lests аrе Jrеrformed'

In this work we detеfminеd thе аspьаltrnеs nфlar
rnass Ьy thе interfaсiаl tеision t€сhлiquе, whiсh is sirrрlе
алd ifleхpсnsivе аnd supрliеs пюге realistiс \ъ|uеs sinсе what

Аnto||iеla lИ|ddеа еt al.

is prоbably ьеiп8 me'suтed is tье mo|aг rnass of tЬe
asphа|tсne u!irnе.. |n addition tо that, wс сvаluаted the
rrЕоhаnisnrs ьy wfiiсh asphдitепo a8grеgаtеs foгrn' a subjeсt
оfgrrаt i[Pоrtаnс€ in lhс PеtolФrn industry be€аuse it h€lps
to rеsolve аФaltrnс dФоGition rr|atеd рfoblcms'

2. Еxperiпreцtal

2.1. Materials
wr usеd the folloйng mаtсrials: n-hФtanе PA.

and toluеnе PA., fтom vеtеc Фimiса Finа Ltdа., вrаzil;
mеthylnaphthalеnе PА., nitroьеnzеnr PA., p}тidinе PA.
aпd tеtrаьydrof,rrап PA.' ftom Меrсk KGaA' сeгmany;
and a samp]е ofсrude oil fтom a Brаziliaп fiе|d. тhе mаin
сhаraсtеristiсs ofthe solvents аnd the oil sапрlе atе sho\'n
in Taьles l аnd 2 rrspесlivеly,

2.2. ЕxtRсlion of the asphaltеnes

wе obtаiпеd tьe афаltепе ьy ехtrасtioп iiom thе
pеtroleum tkouф adaptatioл оf thr rnсthod of сalеmа el
a/' [l5], wЬiсh Ьasiса||y сonsists in рrесipitatioп of the
аsрhaltеnes ьy n hеptаnе in s soxhlеt extraсtоr for еigьt
hours' ouг modifiсatioБ in this study wеIе to usе 60 rr
ofhеptаnе to 5g ofсrude oil aпd tо сontinuе thс схtтaсtion
eхhаustivеly in the soxh|еt dсviсe for 120 h. visiьlе
ullraviolеt liфt wаs usеd to deleсl mаl!еne imдlritiеs iп
фe аsphaltenе ехфaсtс4 duгiпg tьe timе intегva|s, rеlаtеd
to thе rrdшtion in the ьrown сo]or rangе Pгеsеnt in thе
heptаne during ехtrаction' тhe preсipitаtrd аsphahеnеs
wеre wаshсd with ехсеss heptаnе, vaсuum driеd аnd thсn
soluьilized with toluеnе and filtФсd to removе рossiblс
саrboids Prеsеnt in thе sarnрlе, тhе aspЬаltеne obtaiлеd
wаs thеn storеd in а dark рlaсe at low tеmpеratцто to
рrevеnt any rrюdifiсаtion of its otiginаl struсturе,

2.3. Ultraйolet speсltometry aпalуsis

Fоr tьe u|trаviolеt spесtтomery tests we usеd а
Lalvlotte Aс ] 500 smаrt sрссtтo u]trаviolеt
speсtrophotomеtеr with a quartz сuvеttе witь a l.mn
path, at a wavelепgth of з50 to 950 nm. тъе method
emрloyеd in this eхреrimсnt ьasiсal ly сonsisted in
mеasrrriпg thе аьsolbaлсеs ofthr oil in heptane solutions
аt diffеrеnt еxtlасtioп times.

2.4. сharaсlerization of thе asphaltenе by
Foцrier trаnsform infrarеd speсtroшetry
tFтlRI

Тo сьаraсtеrizr the asphаltеnе wo usеd a вomen
МB l02 iпfгагеd speсtroрtоtomeLег аnd Dтсs
(dеutеrаted triglyсinе sulfatе) аs а dеtе€toт, with сesium
iodidе (сsD windows. we usеd thе diffiБе rеflесtanсе
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мrin solvеnt сhlгдсtегistiсs

п/Irin сhlrrс.erist|сs of thс oil usеd.

9з

TаЬ|е 1

Tаblе 2

solr€лt (к) (мPаl') tI4I

{o'
fi 48з.8 22.2

P)тidinе 79 -,-\uj .t88.3 zl .E

72
o

зз9.0 19.4

тoluеnе 92 in з8з'6 18.2

t42 518.0 I li.o

сon|rл' (%)
t .6

N, S, and O 26.E
25.1

АsPhaltеnез (IP 14з) 3.1
E. l

мolш mаss of lhе дsph lenrs (Ф vаpof pt1М omomсtгу
osiлg to]шс 6 a solva 

' 
at 298 K)

-50ф

APl Dе8rее (Asтм D4052) 20.2

+ Data suрpliеd by сЕNPЕs,Pеtтobras'

(DR) mеtho4 аimiпg tо msхimйe the sеnsitiйty of th€
stJrfасe апаlуsis of tье asФaltеne Powders.

тo oьtaiп thе spссtnтц we miхed 20 mg of th€
asphaltеnе samрle with 220 mg of квr аnd thсn
t'аnsfеrrеd thе miхtшe to thе reсеptaсle of the diffusе
тrflесtаnсе acсessory Тhе sprсtroрhotometeт сhambеr
wаs F]rged with пitгоgеп for 2 h at a flow of 5 рsi to
rеmove thе сo, and н,o ьеforе obtlining the sресtruBl
We саrried out lfiю sсаns at а vеloсitу of20 sсаns/min
апd a rrsolutioo of4 сml, aлаIyziп8lьe spесtптп at a
fтequеnry iпtеrval ьetwеot 4оо0 апd Zю0 сml'

2.5. Inteгfaсiаl teпsion mеasurea

wе фtain€d йe iflегfaсiаl tсnsiсn пЕаsurеs Usiлg
lhe Du Nouy rrЕ,thod in а sigrrn 70 аutorrвtiс tеtlsiolrEtrг
frorn Ksv Instrurnrnts Ltd, at a Gпрегаtrге of 298 к, аs a
ftrюtion ofthe аspьяltеnе оorЕ€n!*atiоn in sоlrrtiois oftо|uеnе,
р}тidinе, nitrфerlzenr' tеtrahy&oIimn оr пЕthylnaрЬtlв|еne,
to dеtстminr йе сritiсаl miсеllе сolсеntrаtion (сМс). we
фtаiпеd tlю $юсеssivе аsрhalEпe solutiоns stдrting fiоIn a
сonсrпtration оf l o/o asphаltenе by wеight and then
фtсrminеd thе 

'm!аr 
rmssеs ftоm thе interfsсial teDsioD

vsrsus аspьaltсne сonсепu?tiФl сlг!€s [2].
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2.6. Kinеmatiс visсosity measuгes

Wе measurеd thс kinеmatiс visсosity using glass
сapillаry visсosimеtеfs, IюIforming the mеаsrrreпrеnts in
tгiрliсatе, аt aФaltело сonсеntlаtions varying ftom 0,000 l
to 1 .0 % p/v аnd at a tеmреraturе of298 K йth псrеmеnts
of28з к.

3. Results and Disсussion

3.1. Еxtrасtioп of the аsphaltenes
The maltеne fгaсtiоn soluЬlе in n-hеptаno wаs

еxtrасtсd liom ihe petrolеum iл thе sоxltlеt еxtIaсtor, with
thе prrсipitat€ rеrnаining behin4 сonsisting of аspЬаltenе
rnасro[юlесuies, саrbеnеs аnd сaтbojds' Thr схtraсtion
proсess was moпitorеd Ьу ultтaviolеt ana]ysis of thе
so]utions of n.hфtаnе сontаiпing пrаltепеs. At thе еnd оf
thе еxtmсtioц the heptanс so]vсnt loсаted in the uрp€r part
of thе extraсtor should Ье с]eаn, rYЕаnjng that tьс cntirе
maltеne ftaсtion was eхtraсted fiom thе реtrolеuтrl Fjgurс
l sьows thе аbsofьаnсе 

'€rsи' 
w.аvelength сш.vеs аt a raп8е

of з50 to 950 DIщ oЬtainеd fот thе n.hФtаne solutio s
сolleсted after ехtIaсtjоn timеs of 8, 72 atrd 120 h. Thе
mаximuл aьsorbanсс vа]uеs vаriсd wjth cхtraсtiоn tйе
aлd сопЦоsition oГ thе mа||еnе ffасliоns. tъе mа\imum
absolbarrссs ф.rm{rd at 450 аnd 500 лп, Wе plottеd fiе
absoтьаnсо уs tjmе for lhсsс two wаvо]сngtЬ (Fig. 2). It
саn ье sееn that thе aЬsoтЬаnсе vаluе fеll with timс,
indiсat ing the dссIeаsing vатiat ion of thе maltenе
оonсеntтatiоn in thе asрhаltеnс prесiрitаtе oblаjnсd'

Wе pеrfоrmеd tfueе eхtraсtions, with аn аvеrаgе
yicldofs.1 %, iо obtain thе nесessary qrtаntitу ofаsphaltФеs
foт d'is work, тhis yiеld is Ьiфеr than tЬаt obtainеd ьy йe
IP 14з mеtlюd (з,1 %' аs sho*tl in тaЬlе 2), suggеsting
that йe rnethod utilized in this studу еnаьlеs hiфеr yiеlds
than thс trаditiоnal lР l 43 ехtraсtion mеtЬod In ihat mrthod'
howеvеr, thе еxtraсtiоn timе is оnlу 60 minutеs йtЬout
1he nееd to пюnitor the nraltепe residuеs.

Аn|oniе|а Mi. еa еt o].

тiAe оf eхttaсi:on ФowФ

Fig. 2. Influелсе of сontaсt timе ьеtwе€n thе u.haptanе
so]ution and pфrolеum i. thе visiьlе absorption spесtrum

iD thе wаsh so]utions сontаinjng maltеDеs

3.2. сhalасterization of the аsphaltenes
ьy FТIR

Thе сharасtffizаtion of the asрЬaltеnеs oЬtained
bу Fourier traпsfoгm infтarеd spесtfоmеtry shows реaks
in thе тсgion betwееn 2850 and 2920 сml, whiоh
сотrеsрond to thе symmеtriс аnd asymmсtriс аxial
dеformations оf thс C н gloups, iпdiсаting that this
asphаllenе has signifiсаnt qirаntities ofaljpЬаtiс С-н. T.his
сan alsо bе оonfirmеd by thс pсaks in thе 1455 аnd
1375 сmI regioпs, оriginating, .еspесtivс]y' from the
s}тmetriс аngu]ar defoпIation in thе mеthylеnе plane аnd
the с-tl bonds of thе mеthуl gIouр.

on thе otЬсr hаn4 tЬс bаnd obsеrvеd аt 1605 сmI
аnd thе pеaks ]oсаted аt 800, 870 аnd 790 сm] сo.rеsршd
tо angulаr dеformаtions outsidе thе р]ane of tЬе с=с,
С=o and C н aroriаtiс rin8 Ьonds, rеspесtivеly. Аt around
3300 сm l a brоаd Ьaпd сan ье oЬsеrvеd теsuiting liom thr
аxial dеformatjon of the o н group, and at l0з2 сm]
there is a сharaсtеristjс pсаk of сrsю.

This rеsult сoinсides with those obsеrvеd ьy оther
authors [16' 17] аЛd has simi]атitjеs with tЬr struсturе ofthе
asphа]tenсs presеntеd in Fig, 2, Ьasiсally forming a
po]}атoDratiс strxсturе with soтIЕ ьеtеФatоnБ (N, s and o)
and реnding аlkуl gтоuрs for the mоst pаrt сonsisting оf
саrbon aпd hydro8еn atшns-

3.3. Deteгminаtion of molат mass
of thе asphаltenes

тЬr mo]аr rnаsses of the аsрhаltеnеs ехtlaсtеd lтom
thе oil цеrе сdlсLrlаtсd ftom lhe iпlеrfасЙl lеnsion сi]fles
obtаinеd ехpeтimеntаl]у for thе asphаltеne soluьilized in
toluеnе, рyridine, nitrоьеnzеnе, tеtrahуdrofuтаn оr
mеthy|naphthalene аt 298 K. The adsоrption dеnsjty of tье
spесiеs at tьe аiт-solutioп йterfасе (.) wаs оьtаinеd ьy
using the sloРе of tltе сurvе bеforс rеaсhing tьс СМс аnd
app]ying the GiЬЬs isothе.m еquation (Еq. ]). First we
dеt,oтminеd thе intеrfrсial tеnsion иluеs оftЬr purе sоlvеnt
whjоь сoinсidеd with those desсriЬеd й thr |itrтаturr I l8].

я

тim of.rtraсnon фбшФ

W3Еlффt(!ф

гig. 1. Aьsoфtion spесtrograph in thе 350.950 nm тшge
of thе solutions сollесtrd fi.om thе sохltlф ехtraсtoг

at thr€€ diffетcпt tiлсs
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тhе iпterfасial tension сuтvсs foг thс asphа|tеne
сonс€пtтatiоn аt 298 к, in thе p}tidiпr, nitгфеЛzеrю алd
tetrаhy&ofiгап solvеnts show dесliniлg tension \,alues йth
inсreasing asptЕ]tеnе соnсеntlаtion алd indiсate thе exЬtrnсе
ofa сritiсаl miсеlle сonсentration (сМс) due to thе disсoffi
nuity of thе сurvrs. we did Dot obsсrvе this phrnomеnоn
\rЙел the аsрьаltепе was dissolvеd in toluепе or пrеthylnа.

тhе аreаs осglPiеd ьy oпе аsphаItflr molесulе' in
the гаnge of520 to з5m A,, соiпсidе wilь the lаIues фtаinеd
in lhe рrсviot]s studjеs [8]. Тhс lmlаr rnаss \,зlurs сalсu]аtсd
for lhis asPЬaltеnе rлеsent a band well ьеlow the mngе of
\ъluеs фtainql bу other meihods' suggesting thаt thеsе оtleг
nЕthods rnсasurс 0lr nюlаr nrаss of пюlеФrlаr aggregаtф
[|3]. тhe asPЬaltenеs mo]ar masses show рronounссd
!ъriаljФts tьаt dФеod on ttЕ аsphаltеn€ сoltсеntтаtion in thе
solutiorц drc solient polаrity алd lerrрeгаfurr Беd тlЕ Ьiф
рlаritу ofnit.oьсnzсnс rrвns thаt thc пюlal mаss оьsеrvеd
is сompаtiьlе with thr rxpесtеd vаIuеs iп struсturа!
dсtеrmimtions srr:h аs RN{N-нI I lз]. мorе аgglrgаtеs wеrе
foпrЕd iл lеt"аhy&ofirаn tЬаn in пitobеDzene or P}тidirЕ
(solvents haйn8 less аfiinitу with aФаltеiiс сomрarеd to
tсtrаhydfofurаn in sоluЬi|ity рaramеtег terms). This is
proьаьly due to the fiсt tЬаt at hiф solubiliry PaгДтЕtет ialues
(nitrobrnzсnе and p}тidine, with 22.4 and 21.8 МPа
rеspесtively), ttЕ pоlаr g.сrФs аrr mсrr solvаtс4 while tьe
арolаr eroФs o€еd to ag8|опЕate lo eхрGе lеss аrсa 0o tlЕ
solvml тьis G1'гs evеп аt srrвl| сorюФEаtims. sirЕе lhеy
аrе extепsite glfiф6 slгmrri€d by solvatеd роlаr grоtр6,
this t}pe of aggrеgation does not involve mаny пolесulеs'
[n сФtast, at low solubility раraпЕters, thr apolаr gгourБ
arc lmrе sоhttеd and thе аssoсiatioп oссrrrs onlv at hiф€.
сonсеntratioпs.

3.4' Еffeсt of thе аsphaltene сonсeпtration
on the ki!ешatiс visсosity and
аggregation irr solveпts

тhе kiпornаtiс visсosities as а fuaсtion of thе
asphaltenе сonсeпtтation in nitroьеnzenе, pyridinе,
trtгahydrofifаn, toluenо and mеthylnаphthalenе, at 298 K,
arе вhown in FiBгеs 3, 4, 5, 6 аnd 7 геspесtively. Figurеs
з to 5 show two distinсt behavioг patterns. ln thе first
onе, thе йsсosity inстеasеs аs (he asphаltenr сoпсоrttтation

phlьаlene, poGsiьly duе lo 0Е hiФ sоluьilitу ofaфьаllеnс in
thеse tчФ sоIitnts. wе а|so did пot oьsrг!э аnу !ъrialion in
thе intеrfасiаl tсnsioц so it was not po6sib|е to саlсulatе thе
rmlаr паss oft}r aФhаltеnе dissolvеd iп tlЕsе two solvе,nts.

TaьIе з shows the pаrsmеtsrs utilizеd to саIсulatе
the molаr rnаss ofthe аsрhalteпe in р}тjdinr, пtrot'сnzеnе
and tеtlahy.lюfifаn.

risеs uпti| а dсtrтminсd сonсеntrаlion' аnсr whiсh thе
visсosity сI imЬs more stееPly аs thе аsphaltеne
сonссntrаtion inсrеаsеs. тhе disс0ltinuity роints oссuт
neaг thо rсspeсtive сМс valuеs of eaсh systеm, веIow
thе сМс, thе visсosity inстеasеs on|у bесausс of thе
inсIеаsеd соnсentration of solids, AЬоve thr сМс. it
inсrеasеs both Ье€аtlsе оf the hiфег сonсеntration ofsolids
аnd thе inстсаsed sizе ollhe aggregаte' resultйg in а morе
ассentuat€d inсrсаsе in visсosity.

Foг т}е systeпts in toluenе аnd rrЕthy|naphthа|enе
(Figuтсs 6 апd 7)' on|у the Гtrst ьеhavior oссurrеd - a
grаduа| inстеasс in visсosily wilh rising сonсentratio..
within the соnсеntтаtion rsnge tеscd, wс did not otlserve
any disсontiпUity сharaсtеristiс оfthе CМс. тhеse rеsults
сorгоborate thosе oьtаi.тrеd for the intеrfасiаl tеnsion of
these samе sуstems.
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F|g. 3. Kin€matiс vьсоsity аs a ftпсtion of аsphal1еnе
coDсеntгatioп in nitrobeлzеnе' аt 298 K

(смс = 0'09 % p/v)' mеаsшеmеnt епof: + 0'2

PдIrm€tr]s us€d to сllсulrte the moЬr mlss o. rspьa|trпr iп dif,errnt soIv€пts дt 298 к

смс
\уt (пйm), (п!oym,) (Al)

R
(A) (rml)

0.09 0.7905 3.189 .  t0 520.89 4.9',7 308.16
0.20 - 0.3182 1.284 l0 ' 1291.71 7.84 766'8з
0'з5 0.1188 4,792 '  |oв з466,z4 I2.Eз 2057,6з
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Fig. 4. Kinеnаtiс visооsity as a fuпсtioп of аsрhalt€пе
сonс€ntгаtioп iп p}тidiпe, аt 298 K (смс : 0.20 % p/v),
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Fig.s. Kinеmatic visсosity ss a funсtiоn оf дsphaltеn€
сonс€ntmtion in tеtfahydroftfan, at 298 K

(сMс:0.з5 % p/v)' mеaswеmеnt €rror: + 0.3
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Fig. 6. Kiпemаtiс visсositу as a funсlion of asPhа]tеne
сoпсФtmtion in Фluеnе' аt 298 K (сMс > 1.0 % р/v),

mеаsurеmeдt еmг: + 0.4

4. сonсlusions

тhе optimizаtion оf thе оonvontionаl Рroсеss
ut i l ized by С,alef ia еt.1I, [15] enаbled obtaining
аsрhaltепe with suьstаntially rеduсеd сontamination ьy
thе rnaltеnes present in thе oil and а grrater yiеld than
that oьtained ьy the сonventional lP 14з mеthod. тhе
molаr mаss valrres, сalсulatеd bу using thе sloPе ofthe
intетfaсial  teпsioп сulves of thе asрhalteпе 1п
nitтobеnzепе, P}тidiпe and tеtraьуdтofuran' аt 298 K'
were lowеr in this study than those oьtainеd by оthег
methods. suggеs|ing lhа! !hе meйod herе is mеasuгing
thе asphaltеne unimers. Тhe disсontinuitiеs oьservеd
in thе intеrfaсial tеnsion сuтvеs of thе asphalteпe
solutions in nihoьоnzеnе аnd р}тidine, varying with thе
аsphaltenе сonсеntrat iot l ,  аre iDdiсat ions of an
aggтоgation рrocess,

oрm б@' oФl qd ql

c6nсфtliiion of aЕр!r.rr!Ф й Фrlyьфьdьn@ (lnъ)

Fig. 7. Kinеmаtiс visсosiry as а funсtioп of 8phаltепе
сoпфпtвtioп iп mеthylшphthal€nе, аt 298 K
(сМс > l.0 % p/v)' mеаsшеmеnt еrror: + 0.3
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вплllв сЕPЕдoвиrцA PoзчинIIикA
IIA АгPЕгAцIIo AсФ,dIьTЕ}loBих
MAкРo]vlo.Jl ЕкyЛ l BизtIAчЕltня

ix мoJrЕ кУляPlioi мAсП
Анomaцiя- Ruвченo уmвopeння azPееamiв фpакцii

aсфa|Ьпeнiв iз cup.|i 6?aзшьcькol lrафпu' пp1aomoыенoi
в Pi]xв poэчuняufu вnас1iaoк @\ipх'вaння лi]tcфNozo
lапя2у i кi|емoЙuч|.ot a,Bкoc,ni poзчlxiв- |"ti'cфard!Й
нdnq/ вка1у| п! qpuсуmцnnь кpuЙuчlUi, кoнцеlraPаuii,
мiцe|u (ККM) aсфФьnёнiв в Poзчut|нuкoх 3 napuмепpЙu
Po'чuцнo|пi- якi .tnЙсф вlapвняюnься ai nopoчеmpiq
вuпPoбуФlw rcdfuъпеniв- Кiне'omuчxo в,язкiсnь вюзу.
xd 

'пвopеl|,|я 
o2Pе2anrc nPu конценпpaцвх вuщuх за

ККМ. Bеnuчuнu мi'"фазнo,o rcnя?у dсфoльпенiв у
оР.Jhiчч1Ц po|чulnuкuх' хoча i hе чaсno цtnPiчaюnь.я
у :1it,|еPonуpi' вuкopuc noвувanuс ь dg Polp aхунку
мoxеку1'Plut лoc' цo noзвoluлo nopiвняmu PiзBi
ДaRФBРвi -чo| u аLфdъdенiв ) ф'rui ФPеlaпiв-

Кj|oчoвi cJ|oвo: cupo нафпa' uефd|ьпенu'
d2Pеzaцiя' в' я з кicЙь'ч i.1|с|lюз нnn н onu2' у otrе ку:Iяp цa ч аса


