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Abstract

The formation of stable watém-oil (W/O) emulsions in the oil sands industry is highly
undesirable because it poses great threats to the downstream opesatibnas downstream
upgradercorrosion, catalyst fouling, increased pumping cett To break the stable emulsions
and to assist the separation of water from diluted bitumen, ethylenemwipfdene oxide (E©

PO) polymeric demulsifiers are widely used. Understanding factors that affect emulsion stability
and the role played by the dersifiers in demulsification is of considerable importance to the oil
industry. However, studying molecular mechanisms of stabilizinglestabilizingwaterin-

heavy oilemulsions is challenging due to the rteansparent nature of crude oil or bitumen even

in diluted sptems, as most measurementsba®ed on visualization of the experimental systems.
In comparison, measurement of interfacial properties using the-wiater (O/W) system is

much easier, which is often practiced.

We aim to uncover the relahship between the measured interfacial properties of W/O and O/W
systems using asphaltene model compounds C5Pe or C5PeC11, as their solutions have better
optical transparency. The measured interfacial tensfidne W/O system was always lower than

thatof the O/W system, indicatinglarger amount of surfaegctive components adsorbed at the

oilT water interface in W/O system3he different amount of surfa@ctive components

adsorbed due to the reservoir efféobre C5Pe molecules are available forampg8on when oll

is used as the continuous phaské¢cted the arrangement of molecules at the interface and hence

the measured crumpling ratio, dilatational rheologyd coalescence time that could not be
observed using fl at chi similaw &reinds rwera obseevedf i cess . Al

situations, the O/W configuration could only give qualitative results for the W/O system



The features of the W/O and O/W systems were also investigated when demulsifier is introduced.
Specifically, the effect of theO-PO demulsifier on the interfacial properties of the asphaltene
model compounds C5Pe or C5PeC11 in xylene soluvater interface was studied, with the

aim to understand the demulsification mechanism and investigate whether #RO EO
demulsifier could wrk similarly through adsorptionmeplacement (the W/O systg and
competitive adsorptiontlfe O/W system)It was found he surface activeEO-PO molecules

could decrease the interfacial tension and interfacial film rigiditghe C5Pe/C5PeC1Water
interface forboth W/O and O/W systembterfacial pressurarea isotherm, AFM imaging, and

shear rheology measurements were also carried out using diffusion (simulating adsorption
displacement in the W/O system) and spreading (simulating competitive adsamptenO/W
system)protocols The results confirmed that C5Pe molecules were responsible for the high
interfacial film rigidity and the E&PO demulsifier was able to destroy or avoid the formation of

the C5Pe network interfacial film. Molecular dynamicémalation revealed that E@GO
molecules were more competitive for the interface and could replace most of the adsorbed C5Pe
molecules, which made the interfacial film unstable. In addition, the adsorb&OEGolecules

could form a new barrier at the intece, which inhibited the adsorption of the C5Pe molecules.

The demulsification performance of the @ demulsifier on thevaterin-diluted bitumen
emulsions at elevated temperatures was investigated, while the reversed O/W emulsion systems
were used focharacterizingnterfacial propertiesGenerally, better demulsification efficiency of

the W/O emulsions by E@O copolymers was achieved at higher temperatdsemdicated by

the interfacial tension results of the O/W system,attigorption othe EO-PO molecules at the

oi I T wat e was ienhdneedtfelavated temperatures. The droplet contraction experiment

of the interfacial film using the O/W system revealed thatFE®Dcopolymers could significantly



soften the 1 nter f acateaihterfdceebpatialfly aglenated teraperatures.e o i |
The breakage of the interfacial film was observed with Brewster angle micros2ognall, the
enhancedO-PO adsorptioncould greatlysoften andevenbreak the interfacial diluted bitumen
flmattheol T wat e r atihightteenpefratuisherefore promoting the coalescence of water

dropletsfor efficient emulsion breakup.
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Chapter 1 Introduction

1.1 Importance of unconventional oil

Conventional oilis defined as the oil that can keonomicallyextractedfrom deposits simply
using standard drilling techniqueBecause of this simplicity and relatlydow-cost the world

has relied on the production of the conventionabuir the past several decadédecades of

oil production have resulted ithe extensive use of conventional resources, therefore, the less
desirable nconventional oihas come to force asiportant resources. Unconventiondl guch

as heavy oil and bitumen resouréesmuch more difficult to extrads specialized techniques
and tools are needeAlthough these materials are mapgensiveto produceandprocess than

the most conventiongbetroleumreservoirsthey areavailable in abundandeA | b e piltsand s
reurceis estimated at 1.7 trillion barrels, or 270 billion®* fERCB ST982008) of crude

bitumen, which represenbne of the largest single deposit of oil in the world.
1.2 Oil sand

1.2.10il sands formation

b
e

1 i
!

x\l* Sand particle
y -.I'.

N

Sand particle

Figure1l-1 Composition of oil sands



Oil sandis composeaf quartz sangrains covered by a film of water and claandembedied

in theheavy oil called bitumehasschematicallyshown inFigure 1-1. It is widely accepted that

the oil sands were formed many millions of years ago when Alberta was covered by a warm
tropical sea. Marine life, mainly plankton and other maangnals,died and fell to the bottom

of the sea and were embedded by sedimgmeaterials. Through pressure, heatd time, their

tiny bodies were transformed into bitumen products, which then seeped into thendungo

sands, forming oil sands

The bitumen cont# in deposits varies from 1% 18%. More than 10 w# bitumen content is
considered richwhile less than 6%8% isconsideregoor and not economically feasible to mine,

although it may be mined with a blended stock of higher grade oil sand.

1.2.20il sands proessing

There are three major oil sands ar easkEaicnh Al be
area is covered by a |l ayer of overhamdeshaloas
Based on the thickness met hardosuroweareldyrtdoe nr, e ctow
bimeun f r omo@i@lntisrminrdgs: i@midan .iinny

Opemi t mi ni ng aoppelriadedpotsd t ar o f t he | @esear htuhrade n7
meter s. |t i s estimated that among the oil

economically rpengionvien g dt.*ebcyh noopleong y

| f thef oi matsiameeper than 75 thet @ ms sfiitsunutsededh ns
Sinceilthesandarciosms ea o n sdidfefreéaehelogws ft we ml as with
deposi t, no single method of i n sitsuStrea@aeover
Assisted Gravity Drainage (SAGD) is the most
procex,r didlsvhaalpe d rwe ldlrs | | ed into the deposit.

welTlh.e i nj ect e@d estoddm shaetadv sasncdo srietdyunceefs. tThe bi
t oget htehceowidtelmsed steami,nttd otwse dioawwthteam gpmenlple da n
the suftiapbetessing. OtherCohdsHéavmeOhlodBr oad
Sands (CHOES)Y [y avYapwowmr ( VAPEX), and ,Cy&tH®RS St ea
involves the deliberate inibiéatiwen!| of ssamdi n

influx during the praddcsiepar bt i enf odif $d manaMe.f |



VAPEX is the same proce®nd vast SAGPpr exseptnj eh

viscosity of the heavy oil. The diluted heavy
to be pOGsdw cerde d o micnaalt ewweyt €as gv, e rinivtod rvn antgi ntgh ei n
of steam and production of oil Iwi tthh ec oinndietnisael
steam i s inj.eclithe &cf oht iswedwiesdosrkiiondg t o heat th
area, afreduawthiiem pFhemmmbec egyedteedi sunt i | p
di mini shes to noneconomic | evel

1.3 Bitumen

1.3.1Basics of bitumen

Bitumen

n-pentane

Precipitats Soluble

Maltenes

Adsorb onchromatogapty

column anl elute with:

Alkane Aromatic Polar solvent

Asphaltenes Saturates Aromatics Resins

Figurel-2 Basic flow sheet of SARA analysis

Bituman ki ©d -hcefavgktrian the oil sands and cont

hydr ocar bonBicompsonnee nafs .t he mMmMmxsmimed mglué s f oun
natur e. iThaebll®dahatwhe typical el ement al compos



bit uwmérre dfdt & abbaistcuamen ciomposh@wkhdabi t umen comp
depends on the exacvardem®gn mnef stame | Fampl eanan d

Bitumen C H N (@] S
Syncrude 83.1 10.6 0.4 1.1 4.8

Suncor 83.9 10.5 0.4 1 4.2
ColdLake 83.7 10.4 0.4 1.1 4.4

Table 1-1 Elemental composition diypical Alberta Athabascabitumen(weight percent othe
element; data from Speight)

Based hml ubility and adliorpmemncamabactepias i
cl asses.saAsephahtdnasort hcer tibdi et cuthiiethn s olaulmimat i ©

s 0ol vbeuntt si n spod ruabfl fei niincMaslotlevneenst,s al so call ed dea
al |l t he isonabdfe Wpretnatnaenne .i nThre mal t enes can be
foll owing fractions by col ujandc hsraotmiartaotgersa.p hA&
acronym for this type of solubi Ifiotry paentd od feruam
SARA arPasl ysscihse sehtoiwdRa Igldp. e

1.3.1.1 Asphaltene

Among all the components i ntlhnedsutmewmi deT hyer utded |
el ement al anal ysis of AffhaberAcmtheawsepihml Yy ecenBsi
of carbon, hydr ogenfuramidt rt chgeetnigyadobxoyggeemat iam di S u-
ot hcear bon atoms are i nt aheypdradgen ratnagmns aanrde 9l0i%n
atoms in methyl and methyl ene groups, i ndi cat
carry al ky¢t hawmiadts ha lahtestymr o c

Table1-2 Elemental compositis(wt.%) of Athabasca asphaltefies

C H N S O H/C
79.9 8.3 1.2 7.6 3.2 1.24

As mentflloBeéisphaltenes are typically defined
insol palreffnn{ typiot¢ alelny shept ane, but al so he:
aromati c®9Fhlisendtesf i ni ti on i nher erhtaleyn dienfdiinceadt e

mol ecul ar echemict alf ecTamp ey iatgieonc.hemboalaspbamukbke

sampl ebemadyi f f er ent sboeut wbAeegnh ad itfefneer emdhdaed lreoemp o



widely used to investigate tame menul asnliddm sdafab
where sweglkedi aemd systems are used to have muc
behavior and concentrations. Properties of as

di scussedCh anp tdeert a2 | i n

1.3.2Bitumen extraction

Bi t ufmreoom mi neabl e oi |l sands ore cant dehffiecwe e
A typical bi t uneen se xsthrawht3gwdnmetr keh eninned oi | sar
first crushed and then mixed wigthclhaas procecd
to form the oil,tBandgbustyrhags-5®#Qunadnb g eB8Rt58r e o
The slurry itsheex r matptioon nleigd ehrmadt e bi t umen. Air

the slurry to aerate the | iberat eldoviabatnismdry.

t ha@m o cweastse r and hence tfhleoastlsurtroy ttloefifi@dajpm af fr

bitumen. The recovered bitumen froth, on aver
and 10 witMo%tfsotlhedswater. i Bhd nsal ifdseearfeoramt r ai
phase or accainbdtaere di tattérsftaecef t he water and
removed in the bitumen froth treatment pl ant

Raw water import

Open pit mine
Additives Oil sands
1 Air v
1 Chemical A Utilities
, = Extraction plant < 1 Steam <
Rejects € _ 1 Hot/warm water
Make-up Bitumen froth
solvent Tailings slurry Recycled
water
VAR Recovered
Froth treatment & Bitumen
To tailings Solventrecovery Tailings pond/thickeners
v Bitumen

Upgrading |——> To refineries

Fi glt3Sec h e matthbect omen production process for
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1.321Bi t umen froth treat ment

Bitumen has al moastattelre r @d mwa ¢ dleemai tiys uswual ly |
density adirdfefdeicendcdeée viscositBasédooerthé Dype
used, two main technologies are <currently uc¢

napht hemneat menth and paraffirfFigadeoth treat mei

® Water
e Sol i ds
pAsphalter
Parmifd Napht h
Sol ven Mi ddlI i
Tai | i

emulsion

S e

Sett | Centrif O.-4. 8% wdol i ds

1.-5 5%wwater

Figurel-4 Bitumen froth treatment process

Par afffrianiheat ment i nvol ves the 8addhhteasann exsf aa d
pentanes, to y eamnud edfe miwiiltihynmsecns siiat 1Sy Brl efogwnitr etso &
bitumen) ratio of about 2 . Due to thes | ow s
asphaltenes precipitate from bitumen, toget he
tdorm complex fl occusloels dgslht ecHassp ee &g gif & guaaketsesr
settlquidakwliey t o gr awvdiitlybtteod npernodwicteh a negl i gi bl
and sol,adseryYhaosean and dry oil product is ob

Napht henic froth treatmemtaphsda, hyadamghmagatfad
ad kanes to arondad be hfydobhbSyBh druaetnito.. €% 7 apbwyt

wei ght) Miesrmiacseeld. separation equipment, isuch a
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empl oyedt o saspacht denfamd@dmwdai leuwt feAdderbi ¢ eamtemi f ug
about 1.5 to 2.650 w0b%8s whit cisn ratmma i0di4l ut e*d bi tu
Threemaiwaitreg 1 s in the form of stable emul si fi

mi crometers i ndsf ftieogc urkebmocvhe .i s very

1.4 Emulsion

1.4.1Basics of emulsion

An emul sidmures o mwr i, mno nsedhiidcihe hpdeirghes & s
suspeansd edt ablien drhoep |ocetthser , (tEmaul cso mtnisn wwcaawmns bpeh af:
variety of i Mdwslt r ipehsa,recnoastnedn 5§ A s alngdlw@ e t o mme o m.
types ofarenuwasi mEcW/ Oxwaared diO/ S(Fi ¢®@Buel si on

® \Water
¢ ail

Figurel-5 Waterin-oil (left) and oitin-water emulsiosa(right).

1.4.2Emulsionsin the oil industry

I n particul ar, W/ O emul sions are often encou
bitumdrmer dde oi | i md wdter yoi Ilwaedmeul si ons ( W/ CO)
when crude oi l and water are inwemhtelvwal mexe
pumps. Thei rsalmiet umemybroutelsso t air yapidt omieni ng r ec
met hods. As 1m@niidmuenenins first extracted wus
naphbtahsaed f r ot ht t@amretwoaegret caemafrtiefrulgvabdi. odbfo,w t



water remains in the fThea @matdwaltecye d e mufsimeine @

water dharnhdaetdst o remove

The f or nsattaibolne oW/ O emul si onbi ginh pedhbercdlerisen isad b
anfdi cas ri ed with tchaeucseemubsi bnedpwasen catalys
and |l ead to equipment flW/l Q@remdulnsidonwn sdare aan 0
i ncrtelpesienpi ng costs as a r eismwil $ cBFUrttdfee sd mama n
t he enmutleshaald t gemul si ficias has | mpokiadnmendt mesl eum

industry.

1.4.3Stability of emulsions
Emul sarmteher modynami balclatplseiors mabi en creates a

interfaci al area, wit hEqtuhae( Htgant al ener gy chang

PG FwPA (1)

wh e peivs titwvaterl i nterfacial tension. Since the
an increase i n drhel d9inftiea d taidaorss Igi brd gerev@ aedngesr gtyh, e ma
system thermodynamically |l ess stable. Consequ
breaking, should occur spontaneousl! vy, because
emul srf or emul si fying atgheemtul ssomeedbdsd oc szmm
stabilize the emul sion by prevent itrtgehldingwicd e
filbmetween emue®®i omhedeopare three gener al t
macromolsech|l as @Yhy mead pPaaad &n d s 0 o©od dlpdiodda |

surfactants. One of tahesumdstctibmpg amdparitpodrhace
i s knowhwboavkfaveed regions: a hydrophilic hea:
mo s t common emul sionhstattsodi ptat o @th ockiga tolelfea d to:
interfacebedWhdarmeadsadr ophilic part ofsudhe asurf
water) while the hydrophobi ¢ spuacrht arse niaiitnusmeinn
oi.l )Thebeaddsdmactants will change ®B8hegnpifsoupcahnt | § ¢
aseducing the theeffbaandl gi soegblmast é bntghed t et c
emul si on stiabilluitteyd bWatsuebnbpee ternoul | esuiaorveerr dyu ssttrayp | e
't 1 s wi deltyheacoridtsa d mt tsa tahbe | fi amencaht a noinc aolfl ya st



rigid, and vi scobeyl atshteil ca tiicnotmeurafé a dsiveel f @faildeém uvalse s

asphal t enaepsht hreensirtm sajcnmirsgani ¢ sol i dsFifga®en bitu
around the Waterpdooepteive interfacial film p
droplets in case of collision.

Adsorpti

® Oil
® water I nt erffidan dlor mat i
o Sur faccde omponent s

Figure1-6 Interfacial film formation process

1.4.4Demulsification and demulsifiers

1.4.4.1 Demulsification

The stability of an emul si on (snwWdltatses cirean
fl occul adri omqg a |léebsa eggrakea .ng of hdéameteampudecsaidd p s

col | ostihaemul si on, dfrool plloewtesd b yFode sdeasbtiad bizlaitz aotni.
emulsi emal escence samadbodbBrfglyeteDul anhjoc bal &t i on
processoplets are brought togethhért dnangho hmi r a
i ndividual Bercapsei od the | argmovedzmord headil

individu&loattespkeacte is a process of emul sion



i manncrease of

adlrecp lestsepil 2 whidas ways

desir a

want ttohedmué sk on.

3 .

Flocculation

= Sedimentation
Y -
Stable emulsion
Coalescence
Phase separation
Figure1l-7 Emulsion destabilizatian

To achieve efficient breakamdofch@wmOcamsl| air @n U
to enhance gt beemutlysisfetetdl iwag eaf i n i ndusitmy. Th
breaking Wb eruwlusciioong the viscosity of the o
natural emul2sUsfuigémyer hathal oimht estimy st lsau cthr easst
oi |l after evaporation of water, which | owers
apply an electrical f?PEelledctirmst Ai ccmabai esc esr
separation at the dropl et surface and the dr
brings the droplets toget hedrh.e Tdhreo pdiegolteo ien o¢
stretches the interface and ?plittehnetes ead il wo hcw @yag
can enhance the coalescence of water dropl ets
ofas mal | amount of dleOud sppmellsy (ssufaddttyant s,
solvents, o&% o hemmamdextpmh aste wsocerpkasr amaioml y by

i nt erlfagyceiralon
been regarded

indwst Py

as an

10
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1.4.4.2 Demulsifier

Tobreak W sO oenscesstemuysifi*&Pls) nsuesitbitgav e he
oiwatienrt erface with the ability to destroy or
around tsheddhbaopdweett t absdli2itypeo fa i Ifiltoyccul ate or
t hder opl et s.

Chemi cal ddeensut| ashiifliiezresh e em&alj ®ir o nnse dih)dAmetys me x hi bi t
greater interfacial activity compared wi t h
stabill msnagiwattlee oHit@iTiagxedi srupt and soften
viscoel asthiec smabduliyi ¢ ?f8)Tkey asuapbr éss$ mt he
tension gradienGi amsed ¢ thabiMairaingepnef fect , t hus

driamage and promdting coal escence

Modern demul sifiers aractusnealolmod remi mmes, obus
a c-i ar tasal yzefdor mhédehyde peldy maenrds/,o r e tphrooxpyyl |l a
pol yamiempess,, ddpicalnydo Issi,| i co.fh% Modspoafgmene i ngredi
t he @Hemiucsed as @omylmeirfsi eorfs edarhegyl ®emme oxi de (
(PO) of wvar iweusgairmdb HEPO | &% #8fshree different 1
structuresFiag@B8esbpwadgdimrt heganhrsamehedctur es.

reported that t he best aehmub ywedniu tssoiflf roaen cpheerdf o |
mol ec ud tagFPEGRIO cop®H!| Yymer EO groups in the str
properties and the PO groups add hydrop,hobic

increasing the EO content ,mhkekese therpabiymgrtm
makes hydmopbkBobic. The aMmPhcophol ymert yebodabtlt & e
t hetwat ker i nterf acper opéerutsii matsefreffcatdiimagl tfhiel m.

1.5 Objectives and outline ofthe thesis

Ter esearch petrhesim@dibas §dihn(vie)st i gate the rel at
W/ O and O/ W sydtemse mpoEdsaople i whs amptitee r
optitcahs pfaorre nbcoyt . 2By sstteundsy tthhéeOR @ f @ @ pr @ ld yhrree
watiy !l edniel ut eld e naed ol le & compoundi ni nnooedéeroeal t
demul sinieicchaatainggnno vi de somet haf 6emat tohiee 0@r ¢ u

O/ W system to study the i nterfacial propert
11



introd8pegprovi de i ndesglabsmeichhammit dhime &€ Per faci a
fibm t hRRO Eco p @aindmetro study how di-FPO®edemul girfoiu
behaved at the interface using mol eculoanr dyna
how to desngndembtisi fi(@)rTo f ondaearesmaared ithhgee i nf
demul si fi er (daonsda gtee, mpweartaetru rpeHdoi nl ubtreeda kbiintgu nweant ee
usi ngPOE@opol ymer as the demul cidfiinggr dersd abol |
mec hamnisstmmeever se di-l - waedr bBg simeanl i z ea nt haorsrea yg o
okxper itneecnhtnaidgitseesd ,wi ncluding focused beam ref
interfaci al film dr @hetge Upnpsp ecafaEt2edd ¢ 6 mé FBA) |,
Brewster aneqIB& Motiacmiocs cfopr cleF Mni taogmapmekialrrilough
Fi sher. tAmorad ot hese tecdinrsqtaadetiFnBeR Mp aarltliocw e
measurement, whioBigetpsnue tboe Kkinetnicis of d
houaspepat ddlilsows us t o measure th-eohitltml dedi payg
force. Tenbsei ounseetilenrt @crafna ¢fi iall m traingii dinttye r f aci al 0
rheomeagyg ur.eAme nARrheomet er i s used to investiocg
rheol ogy of t he ainmdt eargfa ciinaalg ef itlhne. mBAM hol ogi c a
t hetwaitkr switteh fdemul siLdm@muiarddb ¢ o wgikndvcebsot i gat e
t he ¢ onapllretsasvionr of the interfacial ffandena by

i sot fleke mmai ni ng water cont emtn ibre tmeeasemelds by
Fsher Ut ntmaddoti on, mol ecul ar nmndoydtedinei cdse neuil su If a tc

mechant el &tcul ar | evel
The theme ofpnédsentreseafrachl owing chapters.

Chapter 1: Thi s chapt erndprodbvoddca s wiedde bthiaek.gr
i ntroducehi omw hsi lgisvands ore i s pgaatee s gaendd, how

how to get rsd of the emul sion

Chapter 2. Sever al mechanisms by which W O e
briefly reviewddorioneltahiisonc lbeeptwereen chemi cal d e
properties such as mol ecul ar weiNght h(yMW)o,phrt |
|l i pophil e balance (HLB), pmelsecauy@art i €tsr wdt uarsep,l

and asphaltene model compounds are also revie

12



Chapter 3deédcdephebrdbated t echniipruesselnaoteeedd. i r
introducti on dadfecthmd tqpdeynndaaomttced f ag i a | tension n
Du No¢y ringstmathodi hoertheiiagli viétnas iachemeastr
the skin forimatieon i actoentdhuecgteeaodi s mpl i ng rati o a
rheol ogy meas ur eme mtnsd ushien gc oTrernessi poonmedii enicge dp r i r
Rheom@&8tAdrand AFM, wisieadh famre cthlaghaecarer raanedo o gy
mor phwlfogtyhe i nteamaciodleckdt quesral uate the ef
demul sificatidoowpl| satuc smesses ua legne FBRMa| escence t
measurementandyr d mM&iDAAi ng wat éry Kamrrtl e rFti sraeeas Ulri |
al so prouvehdptder Thims to provide theoretical b

chagter

Chapter 4: I n this chwp@ed/ Wiylse ems| atoibdsmauihlii g c
the conditions where we can perfssygsmeapt iuc@ld m

bitumen or crude oi | i n water, which has bet't

Chaptlenr tbhii s chapgthee®POdemael eh feleé iont er ftahcei al p
C5Pe/ ChwatCdrnn i nt ertfpacoeviidse snteudiiendsi ght s i nto t

of emul si on Tdheisst acbh d ptzeart i @alnso provides inform
reverse O/W system to study the interfacial [
introdwmddadt i on, t his chapter provi des furthe

asphaltene mwopyeilnweanpiogiaatdi ng whet her asphalter
with |IdgeEmer mol ecul es i n a similar way as tfF

mol ecul es.

Clapteeviol ecul ars idnyunlaanisicars e t o stthEbD Ot bepelf ymet
on the C5Pe intenf gpeirslpefcitli met of pit hei ddee mul s
mol ecul am &e@&diet i on, theobpsaviot hef ddmbufer é€énte

was stl i ed

Chaprtler this -POapopo] ymOrs adi@mmaphdda tdo | at edt
emul si on, and the effseictlewaheskiemafppht ha dbbot

13



bitumen @amuhsgbntempaeavaesui gated, while the re

were used for tchhearactaci alatpooperfrties.

Chap8t emfhis chapter dr awsptt e ebeennael nld act o nocnlsu sfi ¢

wor k.
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Chapter 2 Literature Review

2.1 Emulsion stabilization mechanisms

There are at | east four mechanisms by which e
(2) steric repulsion; (3) the Marangoni Gi bb:
filmibstaati on.ofA ebarcihméocth a mhiessmps v&n bel ow

2.1.1Electrostatic repulsion
El ectrostatic repulsion refers t o etpedc hpaatthecrl.
For Wmul si ons, el ectrostatic forces do not

stabi biezauisenrten antoti osnosl uabf’e in the oil phase.

2.1.2Steric repulsion

Steric rlkmpauds irodnei issttahnec ei nt er acta daner bhed wepeac it
di ffeéremltet .limntotrifesrt edorcdsr,epul si on arises fro
within a molecule occupies a certain amount |
ot hterere is an asdwuet leaveed | ap@ni g ©dstt he Wl ©ct
emul stilbpensdi spersed water droplets are covered
tail adsorbed at htelhes e odenthacTechrew pdfteermet ¢ r epul

may pdiagyniafoilceanitn stabilizing W O emul sions.

2.1.3Marangoni-Gibbs effect

When the continuous | iquid phase between the
tension gradient (a sur f actaasntt hceo nscuernftarcattainotns
i nt er fpawleb eadrwear d dwiatitnii tpBedause of the surfact

di ffusion flux is then generatéed BhpwBbeewppo:
This phenomkenohe i Bt&ickad § &% fne cott her word-s, the
Gi bbs effect can stabilize emulsions by preve
bet ween two fdeaebhwadrcepigetses dtemend eirffiaecr al a (

off heedsodeéemd| molf eeul es armhu stheba nhieg lf pamwea® sigvhe nt o
revdrhde interfacisal atsensoi oenn hgarnacddi®éinhtas | bgen d
reported beyt “fuhkatertjheee i nterfaci atoshaeHifdwéd £nds
emul remli nce t he tfheei m@biedi € offiadcm arl ¢ ikeil gls i n
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interfaciaf & & pltaclsotingtnees s ng ms t hi shasntiasbm | 1 g a

unl itkoedbyeg niffoirc ainett @ d e aotiig# iolrutwed bifumen systel

2.1.4Thin film stabilization

't is widely acceptmdi fdhpt tfeomtmagii ara c tha bt idlzil 1
stromgcoel astgiid, iaanéenrdwarcd at hé i eEmul si on dropl
produced by t htehseac daxveee! mo i eoculoés and i norgani
oil or*b?Hamempresenactofresochemceal species (
resins, and acids as welwataesr fiinntee rsfoalcied opna rwai
been reportRids efxitlemshmsol ypeee haokplr egs e st At opl et

-_____,..-\.:"\-‘
- resin + resin ?Z el
—_— 3
s A
e T
- aromatic solvent :fv ?J \g_ e + aromatic solvent

{ = = g,
—— | B - e —
Moderately solvated, p— —

F== 1

?—u--—-_" —— strongly surface-active, =
e colloidal aggregates e el
s -1}
= o il
Weakly solvated, Strongly solvated,
weakly surface-active, weakly surface-active,
bulky precipitates molecular solution

Figure 2-1 Effects of solvent composition and resin concentration on the surface activ

solvency of asphalten®’

Asphalareeeport eechet ®fbd he primarsy abaltseéey oh ee
indwstPRHe interactionsebeowedrn ffeeepbl asphbalkt
bet ween ctoreespowlfart he resins with the polar cor
t hesphiadhggnegaltewitteld “r"Bsihherm an | héesmpfthaditalnef
aggr eglad lsd s mal | enough to. be degdeatoft hehe n
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aggregati omotddkr@enesi o mamdhaereonma taitciotny of t he cr
or dil ut .eRledhiictedmeanr o mat i c sol vent content or
asphalteneUadgregaei ceamndi ti on oifonmodeirahk @d |2 s
interfaci al net wobrek o eodh aatsipeleéetr e njint @ddmg et o t
maxi mum emul asbowBit @a@®i* it y,

Acids in crude oil and bitumen are also knowv
stabilization. The iadsarnmt itchreiaf amdromesx y ldiep ea
pH, can dramatically | ower t he I nterfacial

Naphthenic acids are repbhtedghotise¢ afmel makei W
l'iquid @eh@sSEeRINI iarcd ds, wahciicdnso sogflb2l 2¥723oh ecul ar
weh®fappear to stabsihrpaegW OhemtbsmaniThi moff sa
firanhghdat he i rbtyoeirmfdaicredgh val en(Buchktadh @inanns Aci di ¢
components of asphalitretnersf aaaiea |d oaaomai tsitechdabeddy vcear

W/ O emul saifaarerf ialddssatbéengi’dt eoni dces

water oil

oil

water

Mid R/A: smaller A aggregates adsorb, stabilize w/o emulsions

oil ¥ 'y .
&/} H

L5 gt ;
$ _J .. \ nY]
/y‘rw , 4, 2 ]
1 e %.. e /\ i’%"ﬁ.
EY. RE s b

water \“\ ‘\t i

High R/A: A are too soluble to adsorb, lower inventory of IF active aggregates

Figure2-2 Effect of the solubility of asphaltenes in resin on particle modificétion.
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An enhancement mechanism for the stabilization of crude oil emulsions has also been brought up.
The W/O emulsion stability can be significantly enhanced by the adsorption of very small
inorganic solid particles (with only a few um or even less in size) at the interfaces. It has been
reported that silica, clay fines, iron oxides, and some otheranmsg are capable of enhancing
W/O emulsion staility.*” Sullivan et aft’ concluded that these fine inorganic particles can lead

to dramatically enhanced emulsion stability when suitably modified through the adsorption of
polar speciessuch as resins or asphaltenes from crade The adsorption of the organic
componentschanges the wettability of these inorganic particles and sniesn interfacially
active®® °" 5°The wettability of the particles plays an essential role in stabilizing W/O emulsions
and the most stable emulsions can be yieldeith the smallest particles. Theffect of the
resin/asphaltene ratio on the adsorption ability of asphaltene on the fine particles was also

demonstrate@Figure 2-2%7).

2.2 Emulsion destabilization

Chemical demul sification has been aredwdardedd as
used in petrol eugbeitnveeant rdye. muGosrirfeleart ipoer f oa sma n
mol ecul ar wei gh-ti pMpvhi | @ yoreed gahciévee( H5loB)u bi | 1ty

demul si fi,and sEOD&aBOa@ervei e weHdB hoefr esur f act aintts i s a
hydrophilicity or hydrophobicity and hi gher
surfactatndLB,Sitmidher RSN value represents gr eé¢

2.2.1Chemical demulsifier

2.2.1.1Effect of MW on demulsification efficiency

MW shows a si gntifdecrmuritsi éfitaci omnperformance.
demul swiftiherlsowh iMy$h airret er faancdiaaall s carcht i ivrer ever si b
oiwatient emfeaad ttiheegl e ncenceemud sviad me .dPobpmet sc
demul swii ftiherlsow MW dest dlhiolcicme ateinglgswviad g olmy op |
the fl occul at iaminncpoeianste adfn wvihew, MW o f the dem
fl occulation opportunities ddwather iwa® e& & &lie ipd r
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(a)
HO-CH,CH_[-O-CH,CH ] [-O-CH(CH,)CH] -O-CH(CH,)CH,-O-[CH(CH)CH-O-] [CH,CH-O] CH,CH-OH
(b)
H,C-O-[CH,(CH,)CH-0-]5[CH;CH2-0-],CH,CH,-OH
|
H(EZ-O-[CHZ(CHz)CH-O-]3[CH3CH2-O-]2CH3CH2-OH
H,C-O-[CH,(CH,)CH-0-]3[CH;CH2-0-],CH;CH,-OH
(©)
O-[CH,(CH,)CH-O-] [CH,CH,-O-] ,CH,CH,-OH
O-[CH,(CH,)CH-O-] [CH,CH,-O-] ,CH,CH,-OH

CH,, CH,q
Figure 2-3 Basic molecular structure of commercial demulsifiers: (a) linear, (b) star, &
branched.
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2.2.14 Effect of demulsifier concentration
An increase in the bulk concentratiohthe demulsifiercan affect the interfacial properties of
the oilT waterinterface in twoways one is to increase the interfacial demulsifier concentration

andthe other is tenhancehediffusion of the demulsifier molecules from bulk to new interface

Abel-Azim et al*® studied theinfluence of PPPEA concentratioron its demulsification
efficiency. An optimum concentration existed at which B#iePEA demulsifier showed the best
demulsificationperformance At the optimum concentratiorthe demulsifier molecules could
replace the asphaltene molecules atbérezenewater interfacewhich malethe proteting film
aroundthe water droples to thin and eventuallyto rupture, providing opportunities fahe
coalescence of the water dropledshigher concentration may result in thggregation of the
demulsifiermolecuks at the interface, forming a negwotectivefilm with greaer mechanical
strength.Pensiniet al’* also reportedthat overdosef the EO-PO copolymerappearedvhen
increasingthe demulsifier dosage from 2.3 ppm to 28.8 ppm fioe destabilization of the
asphaltenestabilizedW/O emulsions.By investigating the morphology of the interfacial film
using Brewster angle microscopythey concluded thatthe large irregular structures dtet
toluené water interfae, whichindicatesthe presence of steric repulsj@reresponsible for the

overdose effect.

2.2.2Effect of temperature on demulsification

2.2.2.1 Effect of temperature on viscostyd density

It is reported that increasingmperature resdtin a significant decrease the bulk viscosity
and densityof the diluted bitumenRomanova et dP studied the viscositgnd densityf diluted
bitumen (Athabasca cokefeed bitumen)at elevated temperatweAs shown inTable 2-172 a
decreaseof both the viscosity and density @bservedat elevated temperatwgewhich is

favorablefor the settling of the water dropletk fact the settling processiepends orthe
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balance between tHerces ofgravity and viscositywhich can be expressed &g,/ (Equation

(2-2)):

3 s
Bz = m 2-2)

where d is the diameter tifesettling farticleor dropletai s t he a gisthd density bfi o n ,
the particleor droplet m i the density of the mediura,is the viscosityof the mediumand u is
the velocity ofthe particleor droplet A higher Ry means that it is much easitr obtainan
effective separationWhen evaluatingthe effect of temperaturen demulsification the varied
parametergarej ande. Assuning that the changeof other parameterare negligible, Equation

(2-2) can be simplified to Equation-@:

_(popm) (23
1l
Table2-1 Density and viscosity of diluted Athabasca cefead bitumen
Density Viscosity
(g/mL) (mPa-s)
S/B, wtiwt 60 °C 23°C 60 °C 23°C
Toluene
0.09 0.9861  0.9923 486 1381
0.43 0.9242  0.9592 9.4 24.6
0.61 0.9214  0.9478 4.4 9.8
0.87 0.9079  0.9357 1.4 3.4
1.30 0.8926 0.925 0.6 1.5
1.73 0.8825 0.9128 0.6 0.9
n-heptane

0.07 0.9574 0.975 188.6 8615
0.27 0.8987  0.9137 20.4 167.8

0.41 0.8703  0.8841 7.8 58.8
0.62 0.8392  0.8518 2.8 23.6
0.82 0.8176  0.8292 1.3 12.8
1.16 0.7644  0.8025 0.5 4.8

x S/B indicates solvent to bitumen ratio

2.2.2.2 Effect of temperature on interfacial properties
Menon et af3found thatt he i nterfacial shear viscosity of

reduced by increasinggmperaturgas shown inFigure 2-4.”® The rediction in the interfacial
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shearviscosty could acceleraténe film drainage ratbetween nearbgroplets therebymaking

it possible forcoalescence

2.2.2.3 Effect of temperature on collision rate of dispersed droplets
Increasing temperature also increases the number of collisions between two dispersed water

droplets. This should be due to the increased intensity of Brownian motion &ttmigérature
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Figure2-4 Effect of temperature on interfacial shear viscosity of a shalevaiker interface.

2.3 Asphalteneand asphaltenemodel compound

2.3.1Asphaltene

2.3.11 Molecular weight ofasphaltene

The determination ahe molecular weigh{MW) of asphaltenes has bearcontroversial object
for decade$” The obtained results wafrom afew hundredto several hundreds of thousands of
g/mol. Previousreportedasphaltene moleculaveightis in the range ofL,000 t030,000g/mol
Techniques such asapor pressure osmometry (VPO)gel permeation chromatography
(GPC)’® and mass spectrometry (Y& 7" have been used for the characterization eMNV of
asphalten@ However, both VPO and GP6uffer from large uncertainties.It is known that

asphaltene molecules tend to aggregatieir solutims to form dimers, trimers, and so dma
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esti mat eMW df the aspghaltene i@ VPO, the siabuns should be highly diluteso that
the degree of associatiaran be regarded aera’ However, large experimental errors are
introduced at high dilutions dke vapor pressure of theghly diluted solution is very close to
that ofthe pure solventGPC can be used to estiméte moleculesizedistributionbased on the
elution time ofthe studiedmaterial from aporouscolumn GPC also suffexrfrom asphaltene
aggregation as the association of asphaltene makes the molecules bigger. The results at infinite
dilution can be obtained by extrapolating the results for more concentrated solutionsalatich
resultsin large experimental error.wasnot until 199%that reliable results, accounting for the
molecular aggregation &w dilution, became availableMass spectrometfy /* (MS) is used
based on the mechanism théie massto-charge ratiois measured directly. Fluorescence
depolarization techniqué "°is able to deal withighly dilutedasphaltene solutionésphaltene
molecular mass obtained using these modern techniques are in the range of 400gion®500

with an average value afound750g/mol.

2.3.1.2Asphaltenestructure

Two main models of asphaltene structure exist in the literature, known as archipelago and island
models.According tothe archipelago modelasphalteneshould have seeral polycordensed
aromatic ringswhich are connectedtogether via alkyl chains or sulfide bridg€sAll the
molecularvalues based on this modate close to those obtainedor the acetoneextrated
Athabasca asphahes?! In the island modelasphaltengare believed to have a polyaromatic

core containing condensed aromatic rings with side shaiitached® The polyaromatic part of

the island structure contains about seven fused aromatic rings, which is supported by direct
molecular imaging with highesolutiontransmission electron microscdpynd by studying the

UV-visible spectra of asphaltenes coupled with molecular orbital calcul&fions

2.3.13 Asphaltene agggation

Asphaltenes are known to sel§sociate both in crude ditsand in model solvents such as
toluene The selfassociation properties of asphaltenes have been extensively stiidiess
reported thathe selfassociation behavior of asphaltenes depends on thermodynamic conditions
such asthe nature of solventdemperature, pressurand the presence of smlute such as

resins®®®® and ® on. Several molecular association models have been propwseuslyto
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explain the observed sedfsociation of asphaltenes molecutesl some models arériefly

discussedhere

Yer?® and later Mullins et & proposed a hierarchical asphaltene aggregation nibdele fi Y e n

mo d ¥ was developed atralatively early stagenvolving structures of different length scales.
Yenetal®®assumed hat asphaltene mol ecull @& - ysrtsatclkyi nagg g
the polyaromatic partsSeveral asphaltene particles further sai$ociate to form micelleShe

Yen model has been very useful for most contributors in the iéith the improvement in the
understanding of asphaltenesmuchrefined asphaltene modéthemo di f i ed Yen mod
has been propose@he main asphaltene structuredsscribed as a single condensed aromatic

ring of moderatesize with peripheral alkyl chainsThe asphaltene moleculesan form

asphaltene nanoaggregates with aggregation numbef36 adisphaltene molecules and the
asphaltene nanoaggregates ¢arther aggregate téorm clusters with aggregation numberks

D8 asphaltene nanoaggregatdfie modified Yen model provides a framework to treat large

numbers of diverse asphaltene studies.

Agrawala et & reported a linear polymerizatidike asphaltene association mod@&hey
described the polymerizatidikea s soci ati on Areactionso in ter me
The key concept in this model is that molecules with multiple active sites act as propagators,
which is capable of linking with other molecules, and molecules with single active sites act as
terminators. Asphalteneare primarily composedof propagators. Resins, whi@re known to

affect asphaltene associatifirgonsist primarily of terminators.

Recently Gray et aP? proposeda isupr aamma@alsseumlb | y model o, in w
interactions, such as” s t angetalicooglination complexes, hydrogen bondaogperative

binding byBrgnsted acithase interactions, and interactions between alkylcgolbalkyl groups

to form hydrophobic pocks, etc., are believed to lead to a range of architectdrasphaltene
aggregatesincluding hostguest complexes and porous networksom their perspectivehe

ionic association represents (atidse interaction) the strongest driving force for agphal

aggregation.

In arecent reviewYarranton et af? discussedn arrayof experimental techniques ilvestigate

the possible sizeand structuredistributions of asphaltene monomers and aggregdiesy
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reportedthat asphaltenesanoaggregates have a loas®l highly polydispersestructurewith

sizes ranging from 2 to 20 nm.

2.3.2Asphaltene model compound

Asphaltenes are widely reported to be polyaromatic hydrocarbons with amphiphilic properties,
which consist of fused aromatic rings with alkyl branches attachibe oeriphery*°®’ Based on

this structure, everalpolyaromatic surfactants abeen synthesized as the asphaltemelel
compoundsy attaching hydrophobichaing) to one and alkyl chain(s) bidrophilicgroups to

the other ed of a perylene cor®'® The synthesized modetompoundsexhibit similar
interfacial activities as asphattes andNorfgard et al.have reportedthat both W/O and O/W

emulsionscan be stabilized by the polyaromatic surfact&ht®

C5Pe(Figure 2-5, N-(1-hexylheptyl}NB-(5-carboxylicpentyl)perylene3,4,9,10tetracarboxylic
bisimide), as one of the model compownd composed ofusedaromatic rings connected via
cyclic rings containing heteroatoms of O and N. A pentyl carboxylic atidin and a hexyl
heptyl double chain are attached ttee fused aromatic risgthrough nitrogen atom The
molecular weigh{MW) of C5Pe(MW of 689 g/mo) falls into the weHacceptedVW range of
asphaltenes. Theamphiphilic nature andpolyaromatic structureof C5Pe simplij the
complicatedasphaltene naturand structuré®® 1°2Both C5Pe and C5PeC1(Figure 2-5) are
reported to be suitable asphaltene model compotin#8'% These model compoundsve

been extasively studied and tlveproperties are briefly reviewed here.

@] (@]

@ HOOCMNC& C5Pe
-0,

0 92 920200000
12929

Figure2-5 Molecular structure of polyaromatic surfactant CM&/=689 g/mol) and C5PeC11
(MW=827.12 g/mol)

2.3.21 Interfacial poperties
The interfacial properties of C5Pe molecutasbeassessed by measuriting interfacial tension

of the C5Pe intoluene solutiori water (pH=9) interface. C5Pe molecul€s20 uM) can

significantly reducethe interfacial tensioro f the tol uecgendicatnggh | nt er
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interfacial activityof C5Pe% 1% As indicated by théluorescence spectroscopgsults of the
LangmuirBlodgett films,C5Pe adopta headon conformatiomat the interfacevith a faceto-

face packing othe molecules’® which accouns for the high interfacial activity ofthe C5Pe
model compound C5PeC11 exhibits ptdependent surface activityncreasing pH could
deprotonate the carboxylate functional group of C5Pe@ieteby increasingurface activity
Thedeprotonation could alstecreas¢he molecular tilt at the interfac®’ C5Pe also shows pH

dependent surface activity.

2.3.22 Asphaltene model compourdthe emulsion stabilizer

N . NQ PAP
rooc Q Q g
0 O
N N BiSA

Figure2-6 Molecular structure of PAP (MW=723 g/mol) and BiSA (MW=755 g/mol).

Nordgéard et af® compared the stabilitgf emulsionsstabilized by C5Pe, PARNd BisA.The
structures of PAP and BiSA are shown Rigure 2-6. BisA was not able to form stable
emulsions while PAP and C5Pe showed gpediormance on emulsion stabilizatjamough
PAP was shown to stabilize emulsions to a less extent than GBReset all%® reported that
when the concentration of C5R&as more than 0.08 mM, thereparedemulsionswere very
stable and only a very small amountvediter was separated eveaver a long period oéabout
6500 min.They also measured the equilibrium interfacial tension as a function of the C5Pe
concentration anfound that the dataotld be wellfitted by the Gibbs adsorption equati¢i
and Langmuir isothermliebin et al°® systematically investigatedhe interfacial properties of
the C5Pe interfacial film and its role in the stabilization of the W/O emulsisl and AFM
images showedhat the C5Pe aggregatesould accumulateat theinterface and forna thick
interfacial layer The continual accumulath andthe timedependent reeangement othe C5Pe
aggregates contribude¢o form an elastic and rigiohterfaciallayer, whichis essentiato prevent

coalescencef the emulsion droplet
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2.32.3 Molecukrassociation anthteraction

Wang et al% studied the interfacial behavior of C5Pe molecules on mica surfaces and the
interactions between the adsorbed C5Pe layedsiffierent organic solventsThey reported the
formation of the C5Pe aggregates and the irreversible nature of the aggredgasufition, it

was also found thahe organic solvents can dramatically influence the aggregation behavior and
molecular interactions of the C5Pe molecuM&eaker or even no adhesiovas detected in
toluene, whereas strong adhesion forces were measuregtsnk for the interactions of C5Pe

films.

Wang et al® investigated the influence of the solution conditions including pH, salinity
(electrolyte) andcation (C&*) addition on the molecular behavior of C5Pe. In basic solutions,
the carboxylic acidi(COOH)headgroup of C5Pe will béonized Theionization of thee COOH

group increased the hydraptity of the adsorbed C5Pe films, thereby reducing the attractive
hydrophobic force. In addition, at high salinity, #ectric double layer was compressed and the
hydrophobic forces were weakenedhich led to the reddion in. C&* ion could bine strongly

with two T COOH groups and bridge two small C5Pe aggregates, which resulted in the formation

of large aggregase

Liu et al!'® studied thenanoagregation behavior ofhe asphaltene model compoundghey

found that the aggregation number (n) of C5Pe in soldgdrinto the range of to 31, with a
largefraction ofrelatively smallnanoaggregate © nl1).@Comparedo that intolueng C5Pe

molecules tendedo form smaller aggregates in xylerfie=2, 3, 5, and 6)which should be
attributedtothes t r onger i nteractions -besweekil&gePanand
steric effect of xyleneNaphthenic acids could interact with C5Pedduce its aggregation leyel

and the strength of the interaction depended on the size and structure of the naphthenic acid

molecules.

Pradilla et al” investigated the sorption of C5PeC11 at the interface. The adsorption of the

C5pPeC1l1 mol ecul es at t he decanerl dyaaddition,thent er f a

presence of interactions (aggregati oteandamong
airiwater i nterfaces was taornefaAy goghdrmsbhheset he s
interactions are most I|ikely due to the ~ 1 s
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2.3.2.4 Molecular dynamics simulation

Molecular dynamics (MD) simulation has feen widely used to studythe selfassociation
properties othe asphaltene model compousid*!!* Teklebrhan et ai'! studied the adsorption
and association behavior of five uncharged polyaronsatitactant{C5P¢ PAP, TP, PCH, and
BisA) at the oil water interface usinylD simulation.In both toluenewater ancheptanewater
systems, C5Pe molecules tend to predominantly concentrate and position at the interface,
forming large nanoaggregateGao et all'® reportedthe formation of the hydrogen bonding
between th@xygen atom in thearboxyl group®f C5Peandthe hydrogen atomsvhich lead to
aggregationof C5Pe moleculesJian et ai‘*® investigated the adsorption behavior of the
polycyclic aromatic compounds (PAC) molecules onto the water dropléifferent organic
solvents.In heptane, the adsorbed PAC aggregates render a straigtiinmeresional (1D) rod
like structure orthesmall water droplet (radius of 1.86 nm) and a bent 1D structutieedarge
droplet (radius of 1.86 nm). In toluene, eaidl adsorption of the PAC molecules could only be

observed in the case of large PAC concentration and large water droplet.

The orientation of the polyaromatic molecules at thé vadlter interfacewas also studied
extensively. Teklebrhan et ai'! reportel a sideon or headon orientationof the uncharged
polyaromatic moleculeat the oil water interfaceJianet al!® reportedthat the aggregates of
the PAC molecules tend to haveerpendiculaorientation to the water surface where contact
occurs Andrews et al'” alsoobserveda perpendicular orientation tfe polyaromatic cores of

Violanthrone78 at the solvemntvater interface.

2.4Summary of the literature review

Previous stugsrevealed that the stability of W/O emulsions in petroleum industry is most likely
due to the formation of a mechanically strong, rigddd viscoelastic interfacial film by the
accumulation of surfaeactive molecules and inorganic solids from crude oil or bitdme®

at the interfaceChemical demulsification is both an effective and econefffigient method to
break emulsions. The molecular weight, HLB, relative solubility number, structure, and
concentration of the demulsifier plagnportant roles in breaking emulsions. Among all the
demulsifiers, EGPO copolymer has been extensively investigdtel 426 and previously
reported as an effective additive in breaking asphakesmglized W/O emulsions’®

Temperature can also affect the demulsification efficiency by lowering the viscosity and density
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of the oil, changing the interfacial proges of the oil water interface, and increasing the
collision rate of dispersed droplets. It is meaningful to stutgtherchemical demulsification
can be combined withemperature treatment to induce beterrulsification efficiency. The
effect of temperature on the duailsification performance of E®O copolymers is therefore
studied in this thesis.

C5Pe is considered as a suitable asphaltene model compound, which resembles asphaltene in
terms of structure, molecular weigirtterfacial activity,selfassociation behawr, etc.The use

of C5Peasphaltene model compousunplifies the original bitumen system, which is helpful
providinga deep understanding of the demulsification mecharltsshould be noted that there
remains a gap between the two model systems adcrede oils comprising a mixture of

different types of hydrocarbons.
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Chapter 3 Experimental Techniques

3.1Emulsion droplet size and countsdetermination by Focused Beam

Reflectance MeasurementKBRM)

Figure3-1 Front view (left) and side view (right) tie FBRM system

FBRM is designed to provide in situ particle or drogze determinatiom realtime. It can be

used abperatng pressures from vacuum to 1p6i over the operating temperatures of 4i6F

194 °F In this study, FBRMwas employed to measure the size of the emulsion droplets as a
function of timeunderdifferent experimerat conditions.The emulsion droplet couim specific

size mngewasalso given by FBRM.

Support bar Beilkes 135in
100 ml 343 mm

Figure3-2 Front view and side view of thexéd beaker stand
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All Lasentec S400 probe systems include xe#fiBeaker Stan(FBS) and overhead mixer for

instrument calibration verification. The whole system is showkignre 3-1.

The fixed beaker stand comes in four separate parts: the base, the support bar with a mixer
attached, bushings for the probes, and the preb# (Figure 3-2).

3.1.1FBRM probe working principle

A cut-away schematic of tHEBRM probe is showin Figure 3-3.118 The probe is inserted into a
flowing processmedium. Alaser source in the field unit travels dowmougha setof fiber
optics into the probe ammhotherset of opticsat the tip of the probe focus#®e laser bearto a
very small spatThis is howthe focused beam is defined motoris used to rotatéhe set of
opticsat the probe tip so thdlhe focused bearacars a circular path at a constaspeed The
focused beam usually moves at a high spkeetiveen2 m/s to 8 m/s depending on the
application In this manner,the motion of droplets or particles is insignificant to the

measurement.

Cutaway view of Lasentec® Image illustrating the view from
The probe window

In-process Probe

Outgoing light
Return light
Optics

Rotating optics

FBRM®

Probe Tube Focused beam

Sapphire
Window

Probe installed in
process stream

Figure3-3 Cutaway view othe Lasentec ifprocess prob:

3.1.2FBRM probe data collectiont®
When a patrticle or droplet flows across the winddwe focused beam intersects the edge of a
particle or dropletThe particle or droplethen starto backscatter laser light until the focused

beam reaches the opposite edBigure 3-4'1%). The pulses of backscattered light amdlected
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andthen convertedo chord engths based on the simple calculatiorth&f pulse width (time)
multiplied bythe scan speed (velocity\ chord lengtf®'?? is simplify defined aghe straight
line distancebetween any two pointsn the edge of a particle or droplet. This chord length
general is not equal to the true particler droplet size However, wth thousandtimes
measurementsf the chord lengths per seconitl,is astill good representation of the particle or

droplet sizestatically.

& 7 Image illustrating the view from
‘._sgnlarged view o 28 ; The probe window
i ]

Path of focused

: heam

D‘m—m—g_ PrObe deteCtS pulses Of

backscattered light
And records measured

1 chord lengths

2 3 4

Figure3-4 Working principle: probe detects pulses of backscattered light and records m

chord lengths
Two kinds of chord length from FBRM can be obtained: unweighted chord length (UWT CL)

and square weighted chdehgth (SWT CL), which can be calculdtasingEquatiors (3-1) and
(3_2)_123

=t [((zk”’.m);’"] sty @1
Zf=1 Z:‘n__i M s
K n'M;
* £ (ZR_"'M?_) Yo mM;
i= e n,—M,-3
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where k is the channel number (the data detected by F&®Rbplit into 90 channels of different
size rangsin a logarithmic progression.); is the counts in each individual chanretd M is

the midpoint chord length of each individual channel.

The UWT chord length is numbesensitive, whichemphasizegshe presence of finem the
studied sample©n the other hand, a SWT chord length distribution accentuatesrttrégation

of larger paticles ordroplets of a dispersion system.

3.1.3FBRM used at high temperature and pressure

The aitoclavewas employed to cede a hightemperature and highressureemulsion system

With the help of the autoclave, solvent evaporation is avoidedhaidgh-pressure condition is
achievedIn order to mount the probe in the autoclave reactor, a branch was made on the side of
the reacto(Figure 3-5). The best orientation is achieved when the angle of the probe window is
between 30° and 60° to the flow, though 45° is the optimum amblerefore a 45° angled

branch wasised to mount the probe.

Figure3-5 Autoclave with a 45° angldoranch for FBRM
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