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Abstract

In this research the formulation of the experimemwt@ emulsions was investigated based on two eélifer
crude oils, the crude oils used in this study weéie light oil from malaysia and Kuwait heavy oildm middle east,
the study was conducted with particular emphasighenqualiy as well as quntity of the emulsifyingeats,on
purpose of selecting a suitable emulsifying agenprbduce stable water-in-oil emulsions of the arfeentioned
oils, three types of emulsifying agents were testeanely Triton x-100, SDDS and SPAN 80, at various
concentrations of 1, 3 and 5%, the water to oibsain the emulsion samples were 50-50% and 20-8084) the
results of this study SPAN 80 had produced verplsteamulsions which showed no water separationinvitie
observation period of one week for 50-50 as well@80% w/o emulsions, while the other emulsifi€raton x-
100 and SDDS) were found to be not effective, tlarsemulsions with respect to the minimum emulsgie
concentration of 1% and 50-50%, water to oil ratithe separation rate of the Triton x-100 stahbilisenulsions
withinthe first 24 hours was, 70% for Miri oil ensidn and 50% for Kuwait oil emulsions, while the@akation rate
for SDDS stabilised with the same formulation wa%efor Miri emulsion and 55% fror Kuwait emulsiormsyt no
water separation was observed with the SPAN 80listd emulsions of the same compositions.Whenwhger
content was decreased to 20%, there was some seciedhe stability, hence again with the minimumuésifiers’
concentration of 1%, and 20-80% water-in-oil emarisi the amount of water separated from the Trikdi©0
stabilised emulsions were 38 % for Miri emulsiod<}% for Kuwait emulsions, while the percent amoofivater
separated from SDDS stblised emulsions were, 38%iio emulsion and 1% for Kuwait emulsion, but agshere
was no water separation for SPAN 80 stabilisedIgions of same formulation. Based on theses obSensa
SPAN 80 was found to be the most effective ema@lisfito produce experimental emulsions from Mirhtignd
Kuwait heavy crude oils.

Keywords: emulsion, comercial emulsifiers, petroleum enuuisistability investigation

I ntroduction

Emulsion refers to a mixture of two immiscible Emulsions are encountered in various areas such as
liquids that are mixed in the presence of an erfyihgj Food, pharmaceutical, cosmetics, agricultural, oorey
agent, one of the phaces should be dispersed fiotims products as wellas ptrochemicals, however the nurre
of small droplets into the other and perhaps \iger research is concerned with the petrochemical based
mixing, in order for the emulsion to ocur, moreqveme emulsions (D. Clausse et al., 2005), (Youngsum Keing
of the phases should be polar and the other isatanpo al., 2010).
that the emulsifying agent which is normally amtilip Basically peroleum emulsions occur in various
can position itself well at the interface and evefly locations starting from reservoirs to refineridmjg in the
promoting a stable homogeneous mixture (Emulsion) reservoirs water and oil can mix naturally or assalts
(Alejandro A. Pena 2003), (J. Fukushima, et al0&0 of enhanced oil recovery process. In refineries|simos

In some cases some oil phases pocess both non- occur either during the washing process wherebghfre
polar (Hydrocarbone chain, Naphtenic or aromatig)i water is added as solvents to extract the unwatsérw
and polar groups (structure with heteroatoms OSN, solubles salts or while injecting steam to enhance
for exemple long chain alcohols, flourinated aminesl fractionations (Olga Victorovna Gafonova 2000),
ethers can represent the oil phase in what sodcalle (Delphine Daniel-Daved et al.,2005), (A. M. Al-Ghdin
flourocarbon emulsions(Alejandro A. Pena 2003) . 2007).

Types of emulsions
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There are numerous types of emulsions
occuring in the petroleum industries that are digss
according to which of the two phases is host (cwmus)
and which is dispersed (droplets).

The two major types of crude peroleum
emulsions are either Water-in-oil (w/0) when wadgist
as dispersed droplets in oil continuous phase {Host
and/or Oil-in-water (o/w) in the opposite case @®lg
Victorovna Gafonova 2000). Some morphological
structures of the types of emulsions are showigimrél.
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Figure 1: Morphology of some emulsion types(M odified
from Algjandro A. Pena 2003)
Some typical exemples of oilfield emulsions
and their place of occurence are given in tablel
Table 1: Typical exemples of oilfield emulsions and
locations of occuring (Modified from Alejandro AeRa

2003)

No. | Location of occurence of theTypes
emulsions

1 Well-head emulsions w/o

2 Oil sand flotation process w/o DI

olw

3 Qil spill mousse emulsions w/o

4 Heavy pilpline emulsions o/w

5 Oil sand floatation process slurry o/w

6 Emulsion drilllimg fluid, oil emulsion o/w
mud

7 Emulsion drilling fluid oil-base mud w/0

8 Asphalt emulsions o/w

9 Enhanced oil recovery in situo/w
emulsions 1

Petroleum emulsion and stability

Petroleum emulsion is said to be stable when

the quantity of the amphiphilic particles and scidats
found naturally in the crude oil , namely Asphaée
Resins, Naphthenic acids clays, heavy metals antiki

is large enough to surround and encapsulate eadh an

every individual water drops in the mixture.

Figure 2 shows how the individual molecules align
themselves between the two phase, once an emalsifyi
agent of surfactant (Surface active agent), isqulan the
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mixture, immidiately it will reorient itself at the
interface, the polar head group will be attashedhis
ageous phase and the hydrophobic tail group will
pretruded into the oil phase and this orientatidlhlead

to the formation of mechanical barrier that serseatiap

to separate the droplets from each other (Claussé,e
2005).

Technicaly  speaking, food, cosmotic,
pharmaceutical and personal care emulsions are toade
keep their stable structure for lon time (shek)ifwhile
petroleum emulsions are made to break and sepatate
two phases to recover the pure oil and discard the
aqueous phase (D. Clausse et al., 2005).

Stability is defined as the strength with which
this interfacial film hold the droplets in a an gatent
state, and prevent against the natural attractives such
as vander waals, hydrodynamic and gravitationate®r
that tend to attract the droplets and let them merg
together (coalescence) and form a separate phasésth
what so called destabilization or demulsification.

Generally emulsions are thermodynamically
unstable, that mean the coolective of droplets kbejy
natural tendency to attract to each other, hencanin
stables emulsion there are several mechanis thmnha
simultaneously in microscopic level,As such Steric
stabilisation because of the adsorbed surfactyetr lat
the interface, Deplation destabilization becausethef
depleted volume of the surfactants from the intexfs
this is attractive, and structural destabilizatibre to the
long chain colloidal structure (K. Kumar et al.,020,
(Snull 2005).

Therefore stability is all about creating a strong
interfacial filmthat can resists the interpartieltraction
forces (Christophe Diecharry et al., 2006), (K. Eoret
al., 2006).

The interparticle interaction  forces exists
permenatly in every stable colloidal system, arat ik
the reason why the colloidal systemsare
thermodynamically unstable, that means if the rapal
form dominates, the system is considered stabld, tha
reverse is true when the attractive forces domi(at
Dan and Gong Jing, 2006).
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Figure 2: Alignment of surfactants around aqueous
droplets, (Modified from D. Clausse et al., 2005)

Creating or making a stable emulsion with rigid
and strong interfacial film, depends on varioustdex
some of which are type of surfactants, amount of
surfactants, mechanical mixing and temperature.

Surfactants( types as well as concentration) play
very significant role in emulsion type as well sasbdity,
furthermore, the hydrophilic lipophilic balancel(B) of
the surfactants also play a significant role onetymf
emulsions, thus High HLB will favor the formatiorf o
aqgueous micelles promoting o/w type emulsion ared ar
designated as weisor | systems, while low HLB will
faver the opposite and are designated as weisor Il
systems (B. P. Binks et al., 2000), (Ahmed M. Al-
sabagh, et al., 2002).

Although the solid dispersion bahavioursand
stability were throughly delinated by the well stizbhed
DLVO theory, vyet emulsions are complex because
droplets can deform at any time, since they are
considered thermodynamicaly unstable and the ssfac
are fluid. These two factors affect greately the
interdroplets and hydrodynamic interaction forces
between the fluid particles, further more; the ctaapity
increses with increasing the droplet phase volume
fraction, DLVO forces are normally observed withire
charged interface with low concentration of chayges
while non DLVO forces such as steric and surfaced®
are observed at high electrolyte concentrationhddo
Sjoblom et al., 2003), (Dou Dan and Gong Jing, 2006
(Stoyan I. Karakashov et al., 2008), (Dotchi Exesipwt
al., 2009).

It was proved that when two large drops (few
millimeter sized) approaches one another, theiegpél
shape will deform and a planer film barrier forms
betweem them. The rate of drainage and thininchisf t
film and resistance to rupture will define the dbddy
of the stability (B. P. Binks et al., 2000), (Doitch
Exerowa, et al., 2009).
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The process ofdestabilization or demulsification
occurs when the attraction forces between the dtspl
exceeds the repulsion forces,and governed by devera
steps that occurs concurrently named
sedimentation/creaming, flocculation and coaleseaas
depicted in figure 3, creaming and sedimentation
depends on which of the two phaces have highertgens
to sediment down and the other way around.

Coalescence hapens in two steps that are film
drainage and film rapture. Electrical double layer
repulsion or steric stabilization by polymer and
surfactants may prevent the droplets to come iimectd
contact with one another via constracting rigidriear
against aggregation. However; the efficiency ofs thi
barrier depends on some intrinsic parameters ds thac
size of the surfactats molecules, and the intetdtop
contact angles,the surfactants msut be smallerizie s
than the droplets, and the contact angle had bigttbe
preferentially around 90 other extrinsic parameters are
low temperature, low viscosity, low interfacial éer
small amount of dispersed phase, and short droplets
diameters (Ing Harald Auflem 2002).
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Figure3: Mechanism of destabilization (from Ing Harald
Auflem 2002)

Monitoring emulsion stability means to control
the life of the interfacial film, because once the
interfacial film colaps; the droplets will graduall
aggregatetoward each other, then come to contactd(t
more drops at a time) and merge together formibiger
drops that in turn merge with another and eventuall
leading to the separation of the phases, hencevagdo
study the stability is to measure the droplet siass
function of time, but this is only applicable forule
emulsion (K. Moran et al., 2007) .

Another more effective technique to study the
stability is bottle test, whereby emulsion is plhde a
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graduated measuring cylinder and the amount of rwate
separation is measured with time (D. Clausse et al.
2005).
Comercial stabilizersand water/oil interface activity

The purpose of using surfactants is to lower the
interfacial repulsive free energy that arises wtke
surfaces of two incompatible materials come togethe
thus reducing the strength of the free energy éetw
surfaces or interfaces (Surface or Interfacialitersy.
Commonely, every emulsifier molecule pocess one
hydrophilic polar head group, and one or two lifligh
chain tail of hydrocarbone or florocarbone, the
hydrocarbone chain is insoluble in water therefdre
would be attashed to the oil phase while the hykilimp
ionizable head group will be attashed to water phtss
particular character render the surfactants to ractate
along the interface reducing both surface and fextéal
tension, when the concentration of surfactants hreac
centain threshold known as Critical Micelle
Concentration (CMC), the surfactants will aggregate
form micelles of their own (J-L. Li et al., 2002).

Hydraphili o
! mp_ e Hydrophobic tail
head group :

Figure 4: Sheamatic diagram of surfants molecules (from
Krister Holmberg et al., 2002)

Thogh comercial surfactants are used in almost
everywhere in human daily live consumptions, howeve
their selective applications rely heavily on theitB,
and their charges.

HLB of surfactants are ranged from Zero oil
soluble to more than 10 water soluble, in anotherds
low HLB below 10 normally favor the formation water
in-oil emulsions, while high HLB more than 10 notipa
favour the formation of oil-in-water emulsions.

According to electrical charges og their polar
head groups, surfactants are divided into ionic and
nonionic, based on the charges on their head grolps
the heat groups of the ionic surfactants are either
carboxilates, sulfates and sulfonates which cotifem
negative charges and the surfactants under thégaey
are disgnated as anionic surfactants, the mosttanpo
and widely used of which is Sodium Dodecyl Sulfate
(SDS), or amine and quaternary amonium that confer
them positive charge, and the surfactants undes thi
category are termed as Cationic srfactants (Krister
Holmberg et al., 2002).
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Ninionic surfactants normally pocess polyether
or poly hydroxyl unit as a polar hydrophilic heagps.
Indeed there are also the zwitterionic surfactahts
pocess both charges simultaneousely.

Previous studies on surfactants

Almost all types of industrial emulsions and to
some extent the petroleum emulsions are productd wi
the help of surfactants, and that is because thelets or
particles in the continuous medium aggregate easity
separate if surfactants were not added, henceditidcn
of surfactants would induce the formation of rejuas
barrier around each droplets and that will retand t
aggragation rate and consolidate the emulsion lgyabi
(Yoichikanda, et al., 2004), (J. Perkowski, et B095).
When a surfactant molecules solibilise in a singftase
they tend to self associate forming micelles, biemw
they disolve in two phases mixture, they tend tgrate
and accumulate at the interfaces forming manomeric
layer(J. Perkowski, et al., 1995).

Although numerous research have been
conducted on vast latitude thus far to study thieude of
surfactants, yet only the water-in-oil, and prefign
petroleume related studies are considered in #pgip
Generally petroleum emulsion occurs either inside t
reservoir when oil and water come into contact sr a
aresults of delibrate treatments such as enhanded o
recover (EOR),washing and stean injection in refase
to improve fractionation(Olga Victorovna Gafonova
2000).

However, emulsions are mostly undesired in
petroleum industry, and have to be breaked
(Demulsified) to remove the water, while persoraleg
household and baverage emulsions are meant toretai
their stable structure for as long as possiblel{dfie)

(D. Clausse et al., 2005).

Youngsum and coworkers have studied the
effect of nonionic surfactants based on the agdimga
pathern (Miceller formation) at the oil water irfages
from microscroscopic point of view whereby emulsion
stability is defined by speed with which the indivaly
dispersed emulsion drops will agregate or floceult
eventually coalesce (separate from the host ph@se)
Clausse et al., 2005).

Other researcher have used the anionic sodium
Bis(2-ethylhexylsulfosuccenate) emulsifiers to 8isé
an heptane-in-water mixture(model emulsion) and
reported that the creaming rate of the saied eowlsi
decreased with increasing the emulsifiers’ coneiotn
(B. P. Binks et al., 2000).

In another article the ability of montmorillonite
clays and calcium chloride as emulsifiers to poada/w
emulsion was reported(K. Moran et al., 2007). Besid
that the complexity of the emulsion was also regmbito
increase with increasing the dispersed phase volume
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frction and perhaps mixing (Dou Dan and Gong Jing,
2006). Similarly others have investigated the dffet
certain nonionic surfactants namely Tritonx-100,eE&w
20 and Tween 80 on model emulsion that is consisted
water and poly cyclic aromatic hydrocarbone (PCAHS)
how ever they found that the droplets aggregatias w
increased with increasing temperature (J-L. Li bt a
2002).

Other group have studied the effect of surfactant
made by the incorporation of mineral salts namely,
sodium naphthenate, ferro oxide, and calcium hyideox
with naturally occuring species, indeed combinatiin
polybutadiene with asphalte and devulcanized raiasr
found to induce steric stabilizaton (Andrew P.li8ah
et al., 2002), (K. Moran et al., 2007).

Elsewhere, the dropet coalecesnce rate of liquid
parafine emulsions made out of 3% noninic surfasta
named Polyoxyethylene dodecylether was investigated
also the efect of the concentration of the nonionic
surfactants on the steric stabilisation was reploiite
similar work, however, the concentration was vatried
the range between 0.06 to 2% (Stoyan |. Karakaghov
al., 2008), (N. Lazaridis et al., 1999). In anotheport
the nonioni surfactants prcisely sorbitan monoeelat
(Span 80) are used to to prepare water-in-oil eiongs
of soy bean as well as canola oil (Fukushima et al
2008).

Another work by Nael N. Zaki and colleagues
have related the stability ofcertain nonionic sctdiaits
stabilised petroleum emulsion to several parameters
based on their observation, they observed thatstomu
stability and viscosityincreses with increasing the
concentration of emulsifiers, volueme fraction diet
external phase, and mixing speed, they also obdéhas
the the values of the pour point for emulsions were
always greater than that of starting pure oil (NeeZaki
1999).The effects of PH and counterions in theiktyb
of the that nonionic surfactants stabilised emulsitso
reported elsewere (Muhannad Jumaa, et al, 1998).

Another group of researchers have investigated
the effect of asphaltene and oil field native solah the
stabilty of petroleum emulsions, however, theirteys
was a simulated emulsion of water and hydrocarbone
mixture of toluene plus heptan (simulated oil phase
(Danuta M. Sztukowski, et al., 2005).

Elsewhere, the effects of zwittrionic surfactants
on the emulsion stability also was investigatededasn
their ability to stabilise solid prticles in liqusd
(Dispersion) (Kenichi saki et al, 2007).

Other comperhensive investigation on nonionic
surfactants stabilised asphalte emulsion revedlatifor
30% internal phase volume fraction emulsion, lowBHL
surfactants (HLB 4-6) would produces water-in-oil
emulsion, while high HLB (HLB 10-13) will produce
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o/w emulsion, they also proved that the length ke t
hydrocarbone chanin of the surfactants moleculesldvo
tremendously affect the emulsion stability, andt tisa
because it will controbutes on increasing emulsion
viscosity (Ahmed M. Al-sabagh 2002).

Materialsand Method

Materials: two types of crude oils were used,
their physical characteristics were measured in
laboratories and reported as follows, one is nday
miri light crude oil having APl gravity of 35 and
dynamic viscosity of 23.7 cp, the other is Kuwagaky
oil having API gravity of 24.5 and dynamic viscgsaf
161.8 cp.

Three types of comercial emulsifiers were used,
namely SDDS (anionic), Tritonx-100 (nonionic), and
Span80 (nonionic), at different concentrations 3%)
for Span 80 and (1, 3, 5%) for the others.

Water-in-crude oil emulsions were prepared using th
agent in oil method, emulsifiers were first disalvia the

oil phase with gentle mixing for two minutes theater
was added gradually while mixing went on for aatot
emulsification time of seven minutes, three bladetume
was used at speed of 1000 rpm.

After preparation emulsion types were assessed
using filter paper test as well as bottle testeatlulsions
were found to be water-in-oil emulsions. Then ttabke
emulsions were put in a graduated cylinders andtéef
settle for stability test for total period of oneeek, the
amount of water separation from the emulsions were
recorded everyday.

Results and Discussions

Stability assessment is probably the first and
most important step in producing experimental eifonks
for industrial as well as real life applications such
crude oil spillage, pipeline transportation, oibguction
from reservoir, enhanced oil recovery, in additiorthe
wide spread food, cleaning, personal cares, and
pharmaceutical applications (Gannam., 2005). Stabil
study is normally conducted to find out the optimal
formulation for desired products, either to obseshelf
long life as in beverage and other industrial aygtions
excluding crude oil, or for transportation, recaouer
combustion in petroleum industries and refineries,
emulsions are sometime prepared in laboratory melpo
for testing new demulsifiers or new demulsification
techniques as in the current research.

Three types of emulsifiers have been chosen
based on previous studies they are commerciallyedam
Triton-x100, SDDS and Span 80 applied in two défer
crude oils one was heavy type oil from Kuwait ahd t
second was light type oil from Malaysia. SDDS is an
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anionic surfactant while the others are nonionic
surfactants, the HLB of the surfactants are, SHBIB
40) , Tritonx-100 (13), and Span80 (HLB 4), Thain
purpose of this screening process was to find @t b
formulation in terms of emulsifiers’ type as wels a
concentration, since concentration is very sigaiiic
from economic point of view. Thus in every
experimental emulsification studies, stability teist
required to find out the best and reliable emulsain
lower cost, hence the effectiveness of the ematsifivas
accessed by measuring the rate of water separation
emulsions (Zaki et al., 1996).
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5 —— Triton 1% —@— Triton 3%
§ Triton 5%  —>— SDDS 1%
20 A —%—SDDS 3% SDDS 5%
Span 1% Span 3%
0 i L L L L L L S
1 34 5 7
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Figureb: Effects of types of emulsifiersand their
concentrstions on the stability of 50-50% (w/0) emulsions
from Miri light crude ail

The effect of three different emulsifiers on the
stability of Malaysian light crude oil (miri) wasedicted
in figure 5.The dosages of the emulsifiers wereechas
1, 3 and 5% For Triton-x100, SDDS, while for Sp&nh-8
only two concentrations of 1, 3% were used besed
preliminary tests.

Firstly considering the Triton x-100 stabilized
emulsions the percentage of water separated iffirgte
day was around 70%, 68% and 20% for 1%, 3% and 5%
concentration respectively and from this observati®o
result was truly in accordance with what was exgect
since triton x-100 is nonionic surfactant same panB80;
so the types of interfacial barrier they make iech
steric barrier as mentioned earlier and their &tabs
termed steric stabilization.

This current experimental result showed that
emulsion stability (less water resolution) incessasvith
increasing the emulsifiers’ concentration, therefor
concentration was found to be the most particularly
effective parameter for Triton x-100 emulsifiert yeis
not the suitable choice since it lost around 20%t®f
water within the first day, and as time goes on;
separation rate was increased until it reached ft2%he
5% concentration and 90% for each of the rest two
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concentrations during the total observation pedabdne
week.

This instability might be due to low viscosity of
the continuous phase together with HLB and soliybdlf
the emulsifiers will ease the agglomeration anderoff
paths to the agglomerated drops and flocks toesattt
sediment in accordance with stokes’ law of settling
velocity which says the settling velocity and sepan
rate of the emulsion droplets will increase witdueing
continuous phase viscosity. Since Triton x-100 is
nonionic surfactant but it is reported to  favor
partitioning in aqueous phases more than the akes,
this may also contribute massively in lowering the
stability since the surfactant are most likely &sed to
be intended to produce water-in-oil types emulsigti
regard to their solubility behavior, and that is lbging
more soluble in the aqueous droplets instead of
protruding their long chain polymer part in the loul
continuous oil phase and just surround the drops to
produce water-in-oil emulsion as expected,

Ghannam reported the significance of 1%
tritonx-100 addition in water-in-crude oil emulsjoaf
low water contents of 20% and found to increase
emulsions stability over the emulsifiers’ free esiaih,
then stability decreased with increasing water eoist
hence the most unstable emulsion was found at 50%
water concentration that is in accordance to theeat
study (Ghannam et al., 2005).

With regard to SDDS stabilized emulsions; the
general trend for 1, 3 and 5%, stabilized emulsiwase
60%, 40% and 35%, it is generally similar to it
previously discussed tritonx-100 counterpart altifou
the numerical values are a bit different. SDDSri®@ic
surfactant and the mechanism with which anionic
surfactants behave at the interface is as repantete
literature is basically through the formation of lwe
known electric double layer which is normally forangy
the positioning of the surfactants molecules at the
interface. Normally the polar head groups are htddo
the water phase and the non-polar tail to the bise.
The charges of the head groups will surround the
droplets while the counter ions would be dispersed
randomly in the vicinity of charged interface and
altogether will form what is known as the electtmuble
layer which acts as an electrical barrier prevehts
neighboring droplets from merging or coalescingleked
the coalescence of the droplets is proportionathe
strength or potential of this interfacial layerthalugh the
stability of the layer is affected by many paramesich
as surfactant concentration, pH, salinity and tawatpee,
fundamentally there are two mechanisms affecting th
strength of the double layer these are; the random
molecular motion which tends to fix a uniform
concentration in the vicinity of diffuse layer.
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secondly the columbic attraction force between the
adsorbed charges and the free moving charge which
tends to keep the cations in close proximity to the
interface, and induces repulsion when the approgchi
surfaces of the neighboring droplets overlap, tuable
layer extends over certain effective distance adoun
500A° (Angstrom) from the interface known as the
Debye length which increase with increasing susafaict

or electrolyte concentration.

Hence from this fact, at low concentration of
1% and 3% ; the strength of the charged interfdaigdr
might be less effective in holding the counter idns
equilibrium at close proximity and that will lead the
reduction of Debye length and faster flocculatiord a
coalescence of the droplets, and this will evehtuahds
to unstable emulsions, another explanation is that
anionic surfactants SDDS in this case are watarbé®l
and hence will tend to dissolve in the water phaseer
than oil phase and this lead them to form staltdebbles
of water, SDDS gave better result than Triton x-100
This was expected to occur since SDDS is anionic
surfactant which is water soluble, add to thatiétergent
like character will lead to the formation of foanor
bubles at higher water content, this is most prbbab
what happened in this situation of high water eont
(around 50%). Thus the stable bubbles making thenfo
are expected to be surrounded by surfactant l&i@mnce
this mixture of bubble plus droplets plus bulk wiill
make the emulsion even more stable, however this
situation was changed when the concentration was
increased to 5% where triton x-100 stabilized emals
was more stable, this may be due to the surfactant
adsorption at the interface since the interfacey aan
accommodate certain amount of surfactant concémtrat
beyond which they either consolidate the existing
monolayer and form what is known as cylindricaleay
which in turns transform with increasing concentrato
lamella liquid crystal or they are no longer effeetin
stabilizing the emulsion. Weixing and coworkers dav
examined the solubility behavior of some anionic
surfactant and confirmed the increase of solubilitth
solid concentration (weixing et al., 2004).

Indeed with regard to Span80 stabilized
emulsions, there was no water separation observed i
dosages tested (1%, 3% and 5%), which mean Span 80
prepared emulsions were very stable.

With regard to the types of emulsifiers used in
this research, emulsions composed of 1% conceorrati
of the three aforementioned emulsifiers (Triton-&10
SDDS, and Span-80), as shown in figure5. During the
fist 24hours 1% triton stabilized emulsion had lost
around 70% of its water content that means it wats n
stable at all so 1% triton-x100 was not sufficient
stabilizing 50-50% w/o emulsion of miri (A) cruddl,o
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similarly SDDS stabilized emulsion had lost aro&@d6

of its water thus 1%SDDS was not sufficient in
stabilizing 50-50% emulsion of miri (A) crude oithile
that was not the case in 1%Span-80 stabilized éomuls
since the curve showed there was no water sepafatio
the whole week, but it was observed that there sease
oil was floating over the emulsion layer but noteva
separation at all.

Indeed in the subsequent day, the separation rate
of 1%SDDS stabilized emulsion was around 72% and
there was very minor increase in the in the daysr af
until the day 7. For 1%triton-x100 stabilized ennuhs
the rate had augmented to around 82% by the tlayd d
after that no much increase until the day 7, intrast to
the previous two cases, the 1%span-80 stabilized
emulsion was stable for the whole week with regard
water separation despite some oil had separatetthie
emulsion, and that may be due to the light natfin@id
crude oil (low viscosity).

Secondly; the effect of concentrations on the
emulsions stabilized solely by SDDS was investigate
and it was found that the resolved water was ranged
again as 60%, 40% and 39% for 1%, 3% and 5%
respectively in day one of the test, a result Widcmore
or less in accordance with its previous counter(igton
X-100), and indeed; the overall comment is simigtt
1% concentration was not enough to stabilize 50-50%
water-in-crude oil emulsions of miri light crude looth
aforementioned emulsifiers (SDDS and Triton X-100).
3% and 5% SDDS stabilized emulsions had given almos
identical results, unlike in the case of Triton B61 In
the case of SDDS the stability mechanism as desttiiip
literature is an electrostatic mechanism wheredweral
attraction and repulsion forces will interact tomote
stability when repulsive forces are dominant, and
instability when the attractive forces are domisarthe
repulsive forces for ionic surfactants (SDDS) are
normally created when two charged interface appresc
each other and their electric double layers ovealag its
named columbic repulsion force whose function is to
oppose any minimization to the separating distance
between the two dropltes, and its sometimes egpdes
as the potential energy of repulsion. There areesroth
repulsive forces that can rises referred to as born
repulsion, in the stable conditions these forces ar
normally balanced by what so called attractive dsrc
created form the orientation of the dipoles whiahturn
categorized to either; Dipole-Dipole attraction der
(Keesom dispersion forces), Dipole induced-dipole
attraction (Debye dispersion forces), or inducepbhs-
induced dipole (London dispersion forces) (Laurier
Schramm., 2006), however these electrostatic affest
not measured in this study since the aim was tdyme
water-in-oil emulsion which known to show very poor
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electrostatic properties, and that may be one readty

the SDDS stabilized emulsions were unstable losing
most of their water contents during the first day o
preparation because it hase poor solubility in die
phase and that may lead then to form oil trapping
surfactant micelles when they first added in the
continuous phase and agitated before the addifiadheo
water droplets, remember that in the current metrsesdi

to produce the actual emulsion; the mixture of ail
surfactants was agitated vigorously for 2 minutefoie
adding the water as drops.

During the mixing the polar heads of the anionic
water soluble SDDS surfactant are assumed to be
oriented in a circle shaped micelles as they aiiagrto
group themselves faraway from the nonpolar oil phas
and some may also dive freely in the oil phaseeédad
the circulated micelles my entrap some oil withire t
micelle forming miceller solution and that may bee t
reason why an unstable foam was observed to forenwh
water was added instead of emulsion, then withfeva
minutes from preparation the foam would vanish and
three layer would form, the upper most is eitheoooil
rich emulsion, the down most is either water orewat
rich emulsion and middle layer is particularly assd to
be the surfactant or micelles rich very stable eioul
which appeared to be reddish in color and also was
observed to increase with increasing surfactants
concentration, this situation considered to suppbet
idea of micelles orientation.

The increases in the amount of the surfactants
will leads to more micelles and probably micelles
swollen micro sized oil droplets and more freelyirmg
surfactant which can be oriented at the interface
according to their nature; and that will eventually
increase the middle emulsion layer when the emuliio
put in measuring cylinder for observation.In terofs
guantitative observation; the addition of surfattan
beyond this optimal concentration (say from 3% opti
to 5%) in this case; shall not much disperse sabely
rather accumulate to the already dispersed ondsr@p
condition) and consolidate the stability by formiwbat
so called the lamella liquid crystals this claimpi®ved
by observing the rate of stability in the followidgys as
seen in figure 5.1, the two results were conveligeitie
third day and remained equal until the forth dafyera
which the 3% had reached a plateau and the &fter
continued to separate until it reached to 70% &y d
anyhow the results were contradictory to each ofimer
observation marked for 50-50% miri light crude oll
emulsion stabilized by SDDS in the previous fouygja
5% concentration had given more stable emulsioh wit
less water separation then from day four until @ahe
3% stabilized emulsion had given a better resutid a
reached a plateau at 60% water resolution, every
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emulsion produced from SDDS surfactant was notlestab
enough to be considered but as it is well knowrt tha
every surfactant molecule can migrate to interfand
reside there with certain arrangement when itsquldn
mixture of two immiscible liquids, normally the pol
head groups are oriented toward the aqueous ploderep
and the hydrophobic non polar tails are protrud#d i
the hydrocarbon or oil phase, and that arrangeméht
lead them to construct a mechanical or potentialidra
that hinder the neighboring drops from coalescetiues

in the case of SDDS the more surfactant are jmat; t
thicker and stronger the film will be and that weblgad
the high stability.

Thirdly the case of span80 was totally unique
and different than the other two cases hence fbr al
observation there was no any water resolution mreade
may need to refer to figure 5.2. According to theary,
Span 80 and triton X-100 of same category of nanion
surfactant with triton X-100 is considered as moeger
soluble (HLB>10) and span 80 is more oil soluble
(HLB<10), indeed the mechanism of nonionic
surfactants’ stabilization is based on what scedaditeric
stabilization; a mechanical film formed at the ifaee in
the nonionic or polymer stabilized emulsion, hemten
the two interface come to proximity in another word
when the two neighboring drops are close enough the
the steric film is formed as a result of eitherdhgaoups
overlap and fluctuation in interface, this type siéric
stabilization is normally stabilize or help to ipase the
stability of the emulsion, other type is calleddging
flocculation wherein some materials are adsorbethen
particle surfaces and it normally tends to decrethse
stability(Laurier L. schramm., 2006).

Finally this paragraph would be concluded by a
summary of all the observations discussed. Genesall
low concentration of 1% in all cases excluding
Span80,the stability was very poor for miri crudé o
then when the emulsifiers increased further to 896,
Span-80 stabilized emulsion has not shown any teffec
and remained stable with zero water separatioreeidd
the 3% tritonx-100 stabilized emulsion had almdst t
same pattern as in 1% stabilized emulsion, whige3%6
SDDS stabilized emulsion was observed to be slightl
stable than at 1%, hence the separation rate wés 40
during the first day and increased further to 5%fthie
second day then to around 60% in the following d&tys
3% emulsifiers concentration, the separation rédtéhe
tritonx-100 stabilized emulsions had reduced to 26%
the first day but it had doubled in the second wef0%
then to around 55% by the third day and continued t
around 70% on day 7.

Similar trend had observed with 3% SDDS
stabilized emulsion which had lost around 35% ef it
water content in the first day, 50% in the secoag, &0
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% by the third day and to around 70% by the dagnd,
again there was no water separated from 3% span-80
stabilized emulsion but there were some abnormaaliti
such forming two layered emulsion; a situation hatt
appeared in span80 stabilized emulsion that is
contradicted the usual stability pattern of onlyteva
separating out of the stable emulsion by seeingetlor
two layers the top-most layer consist of eitherepoit or
oil rich mixture, the lowermost layer consists dther
cloudy water or water rich mixture which might be
referred to as micro-emulsion surfactant micelles
swallowed oil droplets in the excess water phase.
Concerning the middles layer which appeared
brownish in color is assumed to the most stable
formulation within the individual emulsion sampleke
point is that in span 80 stabilized emulsions; the
intermediate layer was found to be either absemifdum
emulsion) or the dominant layer compared to thesroth
tow types stabilized emulsions. From this obseovati
there was a clear view and there was no minor dtmbt
choose the Span 80 as the best emulsifiers tolbetee
to produce high water contained miri light crudé oi
emulsion (50-50% w/o emulsions).
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Figure 6: Effects of types of emulsifiersand their dosage on
50-50% (w/o) of Kuwait oil (B) emulsions

Curves in figure 6 are plotted from the
experimental data obtained from the same three
emulsifiers and their dosage as stated earlieigimd 5,
but this time in different crude oil that is appatg more
viscous than the Miri (A) and it is originally froKuwait
and named as (B) in this part of the study,emelsifi
were shown to be more efficient in promoting and
stabilizing the emulsion in oil (B) compared to {Ahus
in 50-50% water-in-oil emulsions, the effect of the
different concentration of three emulsifiers hadtjgd in
Figure6, again in here the span 80 was found tmpte
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a very stable emulsion at all concentration hemeget
was no water or oil separation was observed withén
whole one week observation time.

The experimental results also proved that
different crude oils have different stability patt even
with the same emulsifiers, this can be seen by coimg
the experimental results obtained from 50-50%
emulsions prepared by Triton X-100 for two differen
crude oils (A and B), for oil B the stability reswas
50%, 40% and 26% for 1%, 3% and 5% triton x-100
respectively but thy were 70%,68% and 20% for Aj (
with the same formulation, this means Triton x-1G&s
more effective in oil B than oil A, a situation whi
could be attributed to the physical and chemical
composition of the crude oils since Kuwait crudkisi
heavier, denser and more viscous than miri lightder
oil, and thus it is assumed to content more of
incompatible materials such as asphaltene, soliticfes
and clays which play a very important role in proimg
crude oil emulsion. Previously similar results were
reported by Mervin and coworkers in different cruae
emulsions having similar formulation to the current
systems, and concluded that stability is more es la
strong function of viscosity of the continuous phas
(crude oils) in addition to the surfactants andtagin,
and they also evidenced experimentally that heavgiec
oils contains more asphaltene than the light ones.

Asphaltenes would either catalyze the
mechanism of surfactant adsorption at the interface
would be located at the interface and consolidate t
strength of the film formed by the surfactants males
that acts as a mechanical barrier hindering th@ldt®
from flocculation and coalescence and eventually
promoting a stable water-in-crude oil emulsion (s
and Ben., 1996).

Similar observations were found with SDDS
stabilized crude oil B emulsions which gave 55%%640
and 27% just similar to the triton X-100 but in
comparison with the same formulation of SDDS frdw t
previously discussed with crude oil (A), the amoohft
water resolution was 60%, 40% and 39% reader may
need to refer to Figure5, If the effects of tritet0 and
SDDS were compared for oil B alone; it is cleart tiee
effect is almost similar in contrast to the effeots oil
(A), which was obviously fluctuating and alternatin
with concentrations for example at low concentiratid
1%; the amount of water separated from miri lightde
oil (A) emulsion were 70% and 60% for triton andZ®
respectively that means at low concentration SDB&g
better result over triton X-100, As the concentnati
increased further to 3%, the water separation &2 6
and 40% for triton and SDDS respectively here| stil
SDDS gave better result, at 5% concentration; thtemw
separations were 20% and 39% for triton X-100 and
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SDDS respectively Triton gave better result, this
contradict the previous result, in another word;18&
emulsifiers’ concentration of triton x-100 and SDibfe
percentage of water lost was around 50 and 55%
respectively, this case was slightly stable congbaoe
same composition in oil (A), in which the sepamtiate
was 70 and 60% for triton and SDDS respectively,
further more as the concentration had increase8Po
both triton and SDDS emulsions had lost around 40%
their water content in the first day then theyrathched
plateau by the third day at separation range bet@@-
74%). Indeed when the concentration had increased
further to 5%; the stability of both tritonx-100ca8DDS

had enhanced, and the percentage of water separatio
had reduced to 28% in the first day, but immedyatel
increased the next day hence triton satbilised siowl
had reached a plateau at 40% separation by thexdeco
day, while the SDDS stabilized emulsion continugusl
separating and reached around 80% within one week
figure 6.
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Figure 7: Effects of types of emulsifiersand their dosage
on stabilizing 20-80% (w/0) emulsions from
Miri oil (A) crudeail.

With respect to water content of emulsions and its
effect on emulsifiers’ action; data on Figure 7 ever
obtained from 20-80% water to oil ratio emulsions
prepared from crude oil (A), however, results irrehe
were some how different from the 50-50% emulsion,
thus for 3 and 5% Triton-x100 stabilized 20-80% wi/o
emulsions, it was observed that they were not stabt
separated immediately to two distinct layers, more
importantly the water layer was not pure water #&sw
rather a mixture that content some oil dropletsitjn
beside that water rich bottom layer there was alsbin
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emulsion layer in the middle, and finally a bladklayer
on top of measuring cylinder, so altogether theerew
three layers, the top layer is the oil-rich layedahe
middle layer might be an emulsifiers rich layertthad
formed from the excess emulsifiers that may have
formed some micelles at the interface between wee t
phase and trapped some water droplets and pronaoted
stable emulsion layer.

Beside that the down bottom layer that is rich in
water also definatly consists of three componenth w
water being the most prominent element that is why
appeared as turbid water which consists of small oi
droplets trapped in water and surrounded by the
dissolved surfactant molecules, as the surfactant
concentration was reduced further to 1% Triton 8:10
the turbid water layer has reduced to 38%, whiclamse
this concentration of triton is not enough to kelee oil
drops trapped within the turbid layer so they have
escaped and transferred either to the surfactaft ri
emulsions layer in the middle which itself had aqmee
tiny this time or settled on top in their bulk phas

Regarding the other emulsifiers SDDS and its
action on 20-80% w/o of miri crude oil (A) emulsgrit
was observed that at high concentration of 5%; fbach
formed at first instead of expected emulsion, thettled
to emulsion then water started to separate, it wedsso
stable hence most of water had separated fromirtste f
and second days as shown in figure 7.

The general observation in terms of water
content and its effects on emulsion stability it tat low
water content the percentage of water separation wa
lower than that of higher water content or 50-5@Rtis
for triton x-100 stabilized 20-80% water-in-miri | oi
emulsions the separation rate was 38%, 42% andfdi7%
1%, 3% and 5% respectively this is strange actually
see the stability decreases with increasing enmedsif
concentration, but it was normal for SDDS stabdize
emulsion and gave 38%, 32% and 28% separation rate
for 1%, 3% and 5% respectively which in both cabes
separation percentage was better than 50-50% emulsi
means at low water content the emulsion was matsest
than at 50% water content and that might be becatise
low water content the droplets are suspended an fr
each other within the bulk oil phase hence thisglon
separating distance increase the repulsive foree the
attractive force and that will hinder the aggregatand
flocculation and retard the settling of the dropleind
this lead to conclude that low water content enoulss
more stable than the higher water content emulsion,
indeed the increase in the volume fraction of the
dispersed phase also could increase the effeatitvepy
of collision between the drops and that would l¢éad
increase in the rate of coalescence and eventlestys
to destabilization and water separation. simibsutts
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were reported by Zaki, who investigated the effect
anionic surfactants on crude-in-water emulsionpared

for pipeline transportation purposes (Nael N. Zaki.
1996). Sapan80 stabilized emulsions were alwalsest
and no water separation was observed despite Wene
some oil separation.
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Figure 8: Effects of types of emulsifiersand their dosage on
stabilizing 20-80% (w/0) emulsions from Kuwait
crude ail (B)

Figure 8, shows the effectiveness of the types of
emulsifiers and their dosage on 20-80% water-in-oil
prepared from Kuwait crude oil (B), most emulsi§idras
marked to possess a great effect with this formanat
thus all concentrations of Span80 had producedra ve
stable emulsion with zero water separation as usoel
water resolution from triton x-100 stabilized enioifs
within their first 24hrs were 0.4%, 1% and 0.0%l8&,
3% and 5% concentration respectively, seeminglyais
1%, 0% and 0% with SDDS stabilized emulsions, from
personal perspective this is the only formulationvhich
all of the emulsifiers were effective and gave thest
stable emulsions ever since the very beginninghdf t
formulation. According to this result of 20-80% w&ain-
oil (B) crude oil; the most effective emulsifiersasv
Span80, followed by SDDS which gave the same result
at its high concentrations of 3 and 5%, howevet %t
SDDS concentration the emulsion could hold the
separated levels to a very low quantity, henceatheunt
of water separated was less than 2% within 4 dags a
retained less than 4% for the whole week. The dppos
was marked with the Tritonx-100 induced 20-80%
Kuwait oil emulsion in which stability was observeal
decrease with emulsifier's concentration as proired
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Figure 4.4(8) and that might be attributed to the
solubility of the emulsifiers (triton x-100).

From these experimental observations; emulsifiezsew
found to have paramount contribution on emulsion
stability although they alone are not enough todpoe
stable emulsion. Other important parameters aegriat
phase volume fraction and viscosity as just disstiss
Importantly Span80 gave very stable emulsions,
therefore Span80 will be chosen for further
investigations in terms of the emulsion charadieds
such as rheolgy, emulsification temperature,
emulsification (rpm) and droplet sizes analysis.

Conclusions

Based on the current experimental results the
sthbility of both crude oil samples were found taiea
with emulsifiers’ type concentration as well as evat
(droplets phase) volume fractions, for sample 6666
w/o emulsion of miri light crude oil for exemplet a
concentration of 1%, Triton x-100 stabilized emotsi
had lost around 70% of its water, and SDDS staallis
emulsion had lost around 60% of its water while rigfa
Stabilised emulsion was stble water separation zeas
within the first 24hours.

Similar observations were noticed with Kuwait
oil, for 50-50% w/o Kuwait oil emulsions, at 1%
emulsifiers’ concentration, Triton x-100 stabilised
emulsion had lost around 50% of the water contemtd,
SDDS stabilised emulsion had lost around 55% of the
water contents, while span80 stabilised emulsiors wa
stable and there there was no water resolutionirwitie
first 24 hours, anothe observation is that footri-100,
and SDDS stabilised emulsions, the stability deswea
with time, thus by the day 7, most of the water is
resolved, but this is not the case for span80 l&tadi
emulsion which had showed a great stability patterd
no water separation within the observation peribdre
week for both oils.

With respect to low water contained emulsions
(20-80% w/o emulsions), the stability pattern had
enhanced compared to the high water containd eomglsi
(50-50%).

In the case of 20-80% w/o emulsions of miri
crude oil, the amount of water separated from the
emulsions in first day were, 38% for triton x-1B8%
for SDDS, and 0% for Span80. But that was not tisec
for Kuwait crude oil, wherein the amount of water
separated from 20-80% Kuwait oil emulsions witHie t
first 24 hour were 0.4% for triton x-100 stabilised
emulsions, 1% for SDDS stabilised emulsions, and 0%
for the span 80 stabilised emulsion.

Therefore, from this experimental observation it
was concluded that, Span 80 is the most suitable
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emulsifiers for producing experimental emulsionsnir
miri light as well as Kuwait heavy crude oils.
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