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Abstract—Use of microemulsion in enhanced oil recovery has Microemulsion in EOR is an efficient tool because of its
become more attractive in recent years because of its high levelnph level of extraction efficiency of residual oil from natural

extraction efficiency. Experimental investigations have been made gf} reservoir [5]-[8]. Ultra low interfacial tension (IFT) can be
characterization of microemulsions of oil-brine- |b

surfactant/cosurfactant system for its use in enhanced oil recov talne(_d by creating a middle phase microemulsion qsmg
(EOR). Sodium dodecyl sulfate, propan-1-ol and heptane weP&in€ Oil, surfactant and cosurfactant. The phase behavior of
selected as surfactant, cosurfactant and oil respectively forrfactant-brine-alcohol-oil systems is of immense importance
preparation of microemulsion. The effects of salinity on the relatiior surfactant flooding in EOR due to the well-established
phase volumes and solubilization parameters have also been studigthtionship between the IFT and microemulsion phase
AIS Sa"?'ty ChV?/r_‘ges frlont‘ 'Om_to h'gTI Va_'”e’v\f?hase tlrl?“sg"?t” g?k%havior [9]{13]. The phase behavior of surfactant-brine-
D emulcion combosition has been selacted baced on fe stapiGONOl-0il system is one of the key factors in interpreting the

microemulsion composition has been selected based on its stabi é/ . . .
and ability to reduce interfacial tension. A series of flooding€rformance of chemically EOR by microemulsion process

experiments have been performed using the selected microemulsidift]. The tertiary oil recovery is mainly dependent on the
The flooding experiments were performed in a core floodingroperties of oil-water-rock interfaces. These are capillary
apparatus using uniform sand pack. The core holder was tighityrces, contact angle, wettability, viscous forces and
packed with uniform sands (60-100 mesh) and saturated with bringserfacial tension. These properties are related to a
of different salinities. It was flooded with the brine at 25 psig and th&mensionless quantity, called Capillary numbs, that is a

absolute permeability was calculated from the flow rate of the o .
through sand pack. The sand pack was then flooded with the crude'Bffasure of the mobilization of the occluded oil to enhance the

at 800 psig to irreducible water saturation. The initial water saturatiéhl recovery and well represented by as:
was determined on the basis of mass balawterflooding was Ne = (1)

. . gcos6
conducted by placing the coreholder horizontally at a consta\l%ere’ﬂ is the dynamic viscosity of the liquid; is the

injection pressure at 200 pisg. After water flooding, when water-c . - . . . .
reached above 95%, around 0.5 pore volume (PV) of the abo locity, 8 is the contact angle andis the interfacial tension

microemulsion slug was injected followed by chasing water. THeF 1) between oil and water phases. o
experiments were repeated using different composition of IN microemulsion systems, a variety of phases can exist in
microemulsion slug. The additional recoveries were calculated guilibrium with another phase, with each phase having
material balance. Encouraging results with additional recovery mogéfferent structure. Microemulsion phases are changed from
than.20% of original oil in place above the conventional watej\/insor type | to Winsor type Il through Winsor type Il by
flooding have been observed. systematic variation of salinity at a particular temperature and
pressure [15], [16]. The commonly observed Winsor-type
Keywor ds—Microemulsion Flooding, Enhanced Oil Recovery,systems indicate that the microemulsions can remain in
Phase Behavior, Optimal salinity equilibrium with excess oil, excess water, or both. The factors
that affect the phase transition between different types of

T HE application of enhanced oil recovery (EOR) methodgystems and physicochemical properties include salinity,

has been investigated with major purpose of responding E%mperature, molecular structure and nature of the surfactant
a[:/d cosurfactant, nature of the oil and the water-oil ratio

|. INTRODUCTION

the requirements of energy supply when the convention
techniques start to become unprofitable. Therefore, EO
methods mainly focus on the segment that corresponds to . L - .
75% of the original oil detected, which is the mean perce ptlm_um S"’Tlm'ty anc_i the amo_unts of SOIu.b'“Zed oil and wat_er

maining in the reservoirs after conventiona?omamed in a microemulsion play important roles in

extraction. Microemulsions are isotropic, transparent orobtalnlng low IFTs and h|gher O!l recoveries n chermcal
OR. Since IFTs are having minimum value at optimal

translucent, thermodynamically stable dispersions 0 linit d solubilizati ¢ lated to IET
surfactant, alcohol, oil and water, and have been used §qinity ‘and solubrization parameters are related 1o ’

various fields, such as EOR, pharmaceutics, nanopartic?ét'matlon of both properties is of great importance in

synthesis, liquid—liquid extraction, cosmetic, detergency arﬁﬂi&gmng economical microemulsion flooding [21], [22].

other chemical engineerings, due to their very low interfaci croemulsion flooding involves the injection of surfactant
tension.  nanometer-sized ' droplets, good solubilizatio olution with hydrocarbon, alcohol and water/brine that causes

capacity, etc. [1][4] the interfacial tension of oil-aqueous phase drop from 30
mNm* to zero by the order of f0— 10° mNm®. This
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OR) [17]{20]. Under adequate conditions, the
icroemulsion system is miscible with both oil and water.
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In microemulsion flooding surfactant adsorption time
reservoir rocks is one of the most restrictive destthat have
an affect on the efficiency of the oil recovery gees [25]-

and the data have been
experiments.
2. Determination of

reproduced by repeating the

Relative Phase Volume and

[27]. Microemulsion floodingprefers a high concentration of Solubilization Parameters

surfactant solution to form micelles that can sdizd or
dissolve the reservoir oil and the process takexeplvia
incorporation of small oil droplets in micelle cpeffectively
causing miscibility in the system [28]. Some reshars
carried out flooding experiments with microemulsioand
they observed a linear relationship between thelieglof
injected pore volume (PV) and the oil recovery, icgfly
reaching 40-50% of residual oil recovery by injagtb-10 PV
of microemulsion [5], [29], [30].

The objectives of the present study are the folmatind
characterization of microemulsion that are stabte the
reservoir temperature. The formation of stable oganulsion
using minimum amount of surfactant is the biggéstllenge
for its use in enhanced oil recovery. Thus, a cetepstudy on
phase behavior and physicochemical properties
microemulsion comprising of sodium dodecyl sulfdtene,
Propan-1-ol and heptane have been investigatedf@sction
of salinity. Relative phase volumes of differentnonents in
microemulsions are very sensitive to the salinBgeudo-
quaternary phase diagrams have been drawn to figeht
microemulsion region. A series of flooding expemtsehave

Microemulsion phase behavior was determined by
equilibrating the surfactant and cosurfactant nrixtwvith
equal volumes of oil and brine solution and meaguiihe
volume of the microemulsion phase and excess dillcan
excess brine phase at constant pressure and teorgerAll
the samples were prepared with 47 wt% water, 47 wit%s
wt% alcohol and 2 wt% surfactant. For all systeanspnstant
water-oil ratio (WOR) was maintained (WOR=1). Thetalls
procedure of the experiment was stated in our ptevpaper
[31]. The volume of oil and brine that can be sdiméd in
microemulsion is of interest in characterizing $diaation
capacity of the surfactant (SDS). The volumes béod water
solubilized per unit volume of surfactant in micmogsion
phase have been considered as solubilization p&sesne
&Y /Vs and \/V,) of oil and water respectively.sW,and
represent the volume of surfactant, oil and watspectively
in the microemulsion phase. The solubilization paaters
were calculated with the assumption that the tetafactant
was contained in the microemulsion phase [32].

3. Experimental Apparatus and Methods for Microemulsion

been performed using the prepared microemulsione Tfflooding

additional recoveries were calculated by materialaice.
Encouraging results with additional recovery mdrant 20%
of original oil in place above the conventional eratiooding
have been observed.

Il. EXPERIMENTAL SECTION

A. Materials

Anionic surfactant, Sodium dodecyl sulfate (SDS)98p6
purity was purchased from Fisher Scientific, Ind&odium
Chloride (NaCl) with 98% purity procured from Qugdns
Fine Chemicals, India, was used for preparationbiife.
Reverse osmosis water from Millipore water
(Millipore SA, 67120 Molshein,
preparation of solutions. Propan-1-ol (98% pure} wsed as
cosurfactant. It was supplied by Otto-kemi Pvt..Ltddia. In
this study n-heptane (with purity >99%) was usediagnd
purchased from MERCK, India. The entire chemicakrev
used without further purification.

B. Experimental Procedures

1. Phase Diagram of Microemulsion System

The phase diagram has been established by a caomnant
titration method for determination of microemulsioggion.
At a fixed cosurfactant (CS) to surfactant (S)aatf two
(CS/s=2) different amount of heptane was taken iamneas
stirred by Remi magnetic Stirrer by gradual additaf brine
solutions (4 wt% NacCl solution) from micropipettdl the
turbidity appeared. All mixtures were prepared tBight; and
compositions are expressed as weight percent to dne
phase diagram. The experiments have been perfoaur2efC

International Scholarly and Scientific Research & Innovation 6(4) 2012

France) was used folV

393

The experimental apparatus is composed of a saol pa
holder, cylinders for chemical slugs and crude pdsitive
displacement pump, measuring cylinders for coltectthe
samples. The detail of the apparatus is shown gnlkiThe
displacement pump is one set of Teledyne Isco ggrgump.
Control and measuring system is composed of diftere
pressure transducers and a computer. The physicdelnis
homogeneous sand packing model vertically positiwehm.
The model geometry size ik= 35 cm andr= 3.5 cm.
Sandpack flood tests were employed for the evalnatf the
effectiveness of microemulsion flooding. For unifor

Sys,[enﬁandpacks, 60-70 mesh sand was poured in to tebalder

hich was vertically mounted on a vibrator andefill with
corresponding brines for different floodings. Thareholder
was fully filled at a time and was vibrated for omeur. The
wetpacked sandpack was flooded with the heavy ofll u
water production ceased (water cut was less thah I¥e
initial water saturation was determined on the $adi mass
balance. The wetpacked sandpack was flooded wéttCtinde
oil at 400 psig to irreducible water saturationeThitial water
saturation was determined on the basis of massndmla
Waterflooding was conducted horizontally at a canst
injection flow rate. The same injection flow ratasvused for
all the displacement tests of this study. After evdtooding,
~0.5 PV microemulsion slug was injected followed 3.0
PV water injection as chase water flooding. Theeamethods
are followed for different microemulsion systemsvatious
salinities. The effective permeability to oilJkand effective
permeability to water () were measured at irreducible water
saturation (%) and residual oil saturation {5 respectively,
using Darcy’'s law equation. The permeability of teand
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packs was assessed with the Darcy equation, Eq.uéed
with fluid flow in porous materials. For a horizahtlinear

system, flow rate is related with permeability akofv:
_kadp
- u dx

where, q is volumetric flow rate (Gfsec.), A is total cross-
sectional area of the sand pack fgnu is the fluid viscosity

(CP), Z—z is the pressure gradient (atm/cm) atkd is

Permeability in Darcy.

Pressure Transducer

—{ Core
A
Core Holder
il

Displacem ent Pump

Fractionator
Microemulsion Slug

Fig. 1Schematic diagram of experimental set-up for Mioroksion
Flooding in sandpacks

4. Calculation of Oil Recovery by Microemulsion Flooding
The recovery factor was calculated by two metheitber
using a secondary oil displacement procedure anégns of a
tertiary oil displacement technique, overall corsjmgy two
steps:
(a) The first step, corresponding to the secondary vemgo
method, involves the injection of brine into thexdgack, as
described in the procedure above. At this pointgeaain
amount of oil is recovered and another remainsha gand
pack. The brine only pushes away the oil foundhia $and
pack, under high interfacial tensions and lacking ehemical
interaction. The amount recovered is calculated avienass
balance,
Volume of oil remaining in the sand pack = Volunal (
injected) — Volume (oil expelled) and
(b)The second step is performed with the objectofe
recovering any amount of oil still stored in thendapack,

and shown in Fig. 2, where water and NacCl salt icemed as
a single pseudo-component and (S+CS) is anotheglesin
component so that the apexes represent oil, bridg&+CS).

(2) The importance of the construction of this type pifase

diagram is to determine the composition of the oaanulsion.
Fig. 2 depicts the phase diagram of surfactantyrastant,
Oil and brine at a constant CS/S ratio of 2. &lso important
to prepare microemulsions with low concentrations o
surfactant from the economical point of view. le fig. 2, the
shaded areas represent the two-phase microemulsgian
and out of the shaded areas imply single-phaseoentulsion
regions (Winsor IV). From the figure the compositiof the
microemulsion has been determined to prepare a Empunt
of microemulsion for flooding experiments. A poimas
chosen inside the single phase microemulsion regiahthe
compositions of the point in wt% were as followS$/6- 20%,
0il-53%, and 27% brine.

y/ = N

0.00
0.00 0.25 0.50 0.75 1.00 Oil

1
Brine

Fig. 2 Pseudoternary phase diagram of oil-brinéastant-
cosurfactant microemulsion system at 4 wt% NacCl

B. Effect of Salinity on Phase Behavior

Relative volume fraction of various phases of Wms$o
Winsor Il and Winsor |l are plotted in the Figs. & a
function of salinity. Experimentally it has beenufa that the
relative phase volumes of microemulsion systemlangely
affected by salinity and it changes from Winsoo Winsor I
through Winsor Ill phasén Fig. 3, relative phase volumes are
plotted as a function of salinity. This type of aksgt is known
as “salinity scan”. From Fig. 3 it is cleared tlatt lower

which corresponds to the implementation of a teytia salinity region only two phases exist, i.e. wateteenal

recovery method, whereby microemulsion is injeciedhe
fourth step of the process. This solution worksrégtucing
interfacial tensions between the contacting fluéhsl, as a
result, the volume of recovered oil increases.

The recovery factor is obtained by summing up theunts of
oil recovered in each step (secondary and tertiaily
displacement process) and is expressed in peree(fey
RFrota = RRsm + RFry

where, Rkq, = Total recovery factor (%), R = Recovery
factor obtained by secondary method (%):RF= Recovery
factor obtained by tertiary method (%).

Ill. RESULTSAND DISCUSSION
A. Phase Diagram of Microemulsion System

The pseudo ternary phase diagram of sodium dodeg

sulfate/brine/propan-1-ol/heptane system has beastcted
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microemulsion at the bottom and excess oil phagbeatop.
This is called Winsor type | phase behavior. Withreasing
salinity, a bi-continuous microemulsion (B.C.uE)aph is
formed. At moderate salinity, three phases coexist
simultaneously. This type of phase is consideredVassor
type Ill. When the salinity further increases, thalative
volume of middle phase converted to Winsor typeith oil-
external microemulsion at the top and excess watethe
bottom. The dependency of phase behavior of oikwa
surfactant system on salts can be explained byfauial
energy. Salting out phenomena also plays an importde
microemulsion phase. As the salt concentratiomdseiased,
some of the water molecules are attracted by tlteimas,
w[lich decreases the number of water molecules ablailto
Nteract with the charged part of the surfactard.aAresult of
the increased demand for solvent molecules, therdotions
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between the hydrophilic head groups become strahgerthe  D. Microemulsion Flooding and Recovery

solvent-solute interactions; the surfactant molesulare The sand pack was flooded with microemulsion slftgra
precipitated by forming hydrophobic interactionsttwieach water flooding and the Fig. 5 shows the oil recedewith pore
other. The interfacial film curvature turns fromsjiive value volume injected into sand pack. The figure of wiited oil
to zero to negative one, corresponding to phaseitran from recovery shows an early breakthrough and chanoel fhich

O/W to bi-continuous phase to W/O structure [16]. caused much lower oil recovery. During injection of
" win wi microemulsion slug, water-cut declines graduallpd ahen

100 again reaches 100 % at the end of flooding. Atterihjection

| of microemulsion slug, the trapped oil dropletganglions are
mobilized due to a reduction in interfacial tenskmtween oil
and water. The coalescence of these drops leads lozal

Excess Oil

S 3 B.C.HE L wio e increase in oil saturation. Behind the oil banke Burfactant
g: \‘ now prevents the mobilized oil from being retrappdthe
E 30: w M effectiveness of the microemulsion at different nbéri
2,18 concentration on enhanced oil recovery was testié three

10.] § Excess Brine sets of flooding experiments performed in the sacHp
o 1 — . . ————— systems. The concentration of brine to be used for

 Salinity, i NaCl microemulsion flooding is related to the optimallirsty
concept which has been determined from the phabavimr
Fig. 3Relative phase volume_ (RPV) of different layersdsnction of 514 solubilization parameter study. In the preseatk, the
Salinity, wt% NaCl experiments were carried out in sand pack, the mided
C. Solubilization Parameters of Oil and Water in Fecovers almost 50% of the original oil in place((®)
Microemulsion because of higher porosity (~37%) and permeabilityring
g Wwater flooding, as the water cut reaches above 95%as
» subsequently flooded with microemulsion slugs,detd by
» chase water. The recovery of oil and water cut witire
volume (PV) injected for three different microemais
systems is presented in Fig. 5. It has been fohatl water
introduced the terms, begins to break through when the injected volumewafer
7 eaches 0.15 PV, and then water cut sharply ineseabove
SP = /VS @ 0% for each case. During injection of microemulsstug, the
wherei refer to water or oil and refers to the Surfactant.water cut declines gradua”y and then reaches 180#e end

Experimental results show that the change of swliffom  of flooding. Fig. 5 also shows that the cumulatbilerecovery
lower to a higher value leads to the transitiomedroemulsion py  microemulsion flooding is higher in the case of

phase from WI to WII via WIIl. During the transitip the
solubilization parameter for 0ilSP,) increases while water
solubilization parameterSP,) decreases as shown in Fig.
The salt concentration corresponding to the simativhere
both the solubilization parameters for oil and wate same is _. . "
called the optimal salt concentration or optimdingty. The oil in a water-wet core ?OUId be e”?“'s'f'ed and mov
point of optimal salinity has immense importancecéase dowpstream._ The mechanlsm results in a red.u'cedrwate
several physical properties (e.g. solubilizationapeeters, IFT Mobility that improves both vertical and areal spegficiency.
etc.) attain either a maximum or minimum at or ridés point The additional recovery of oil over water floodiigy 22.63,

Fig. 4 shows the salinity dependence phase behafisb
microemulsion system at 303 K to characterize thréastants
solubilization capacities. For characterizationhef surfactants
solubilization capacities, the solubilization paeders (or
phase uptakes) are commonly used. Healy and Re@difdt

microemulsion prepared at optimal salinity on beeawf
ignificant physicochemical properties of microesnh at that
alinity. The microemulsion shows ultra-low IFT ween olil
and water at optimal salinity. If the IFT is lowargh, residual

70 ] [/

4 D
60 P

[33]. 24.88, and 22.87 % when microemulsion slugs withit%, 4
wt%, and 9 wt% brines were used respectively. Harethe
v ——— Vv proper design of the microemulsion slug should eggomed
10 o by feasibility analysis, considering the operatiogsts and
market value of the crude.
2 7 Optimal Salinity 1o

so | —a
| Jd a®
w0 4 Prad

Oil Recovery (% OOIP) and water cut (%)

4 6
Salinity, wt% NacCl

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Pore Voulme Injcted

Fig. 4 Phase Uptakes (Solubilization parameterpfio(SPy=V/V)

and water (Sp=V,,/V¢) as a function of salinity, wt% NaCl at 303 K Fig. 5 Production perfor_mance of I_\/I?c_roemulsion (Miepding at
different salinities
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TABLEI
POROUS MEDIA PROPERTY AND OIL RECOVERY BY MICROEMULSION FLOODING

Expt. No.  Porosity (%) Permeability, k (Darcy) Design of microemulsion slug for
flooding
Kw (Sw=1) Ko
(Sw)
SsL 36.42 1272 0.229 0.5 PV SDS (2 % brine) + Chase
water
2 35.72 1.336 0.239 0.5 PV SDS (4 % brine) + Chase
water
s3 35.36 1.264 0.201 0.5 PV SDS (9% brine) + Chase
water
IV. CONCLUSION
Phase behavior and physicochemica properties of

microemulsions ~ comprising of sodium dodecy!
sulfate/brine/propan-1-ol/heptane and its structural changes
with the salinity have been investigated for the application of
microemulsion in enhanced oil recovery. Salinity plays
important roles on the relaive phase volume and
solubilization parameters in microemulsions. Pseudoternary
phase diagram is the one of the crucial step for microemulsion
flooding in enhanced oil recovery. The results of the present
study show that as salinity changes from low to high, phase
transition takes place from Winsor | to Winsor |l via Winsor
Il. A series of flooding experiments have been performed
using the prepared microemulsion. The additional recoveries
were calculated by material balance. Encouraging results with
additiona recovery more than 20% of origina oil in place
above the conventional water flooding have been observed.
Microemulsion at optimal salinity (4 wt% brine) shows
highest efficiency to recover the additional oil.

ACKNOWLEDGMENT

The authors gratefully acknowledge the financial assistance
provided by University Grant Commission [F. No. 37-
203/2009(SR)], New Delhi to the Department of Petroleum
Engineering, Indian School of Mines, and Dhanbad, India
Thanks are also extended to al individuals associated with the
project.

REFERENCES

[1] K. Shinoda, B. Lindman, “Organized surfactant
microemulsions,” Langmuir, vol. 3, pp. 135-149, 1987.

[2] SE. Friberg, P. Bothorel, “Microemulsion: Structures and Dynamics,”
CRC Press, Boca Raton, 1987.

[3] K. Holmberg, “Organic and bioorganic reactions in microemulsions,”
Adv. Coalloid Interface Sci., vol. 51, pp. 137-174, 1994.

[4] S. R. Dungan, C. Solans, H. Kuneida, “Industrial Application of
Microemulsions,” Surfactant Science Series, vol. 66, Marcel Dekker,
New Y ork, 1997.

[5] V.C. Santanna, , D. S. F. Curbelo, T. N. Castro Dantas, A. A. Dantas
Neto, H. S. Albuquerque, A. I. C. Garnica, “Microemulsion flooding for
enhanced oil recovery,” J. Pet. Sci. Eng., vol. 66, pp. 117-120, 20009.

[6] Y.C. Chiu, P.R. Kuo, “An empirical correlation between low interfacial
tension and micellar size and solubilization for petroleum sulfonates in
enhanced oil recovery,” Colloids Surf. A, vol. 152, pp. 235-244, 1999.

systems:

International Scholarly and Scientific Research & Innovation 6(4) 2012

396

Recovery of oil by Additional % Saturation
water flooding at 95% recovery (%
water cut (%00l P) OOQIP)
S S Sor
51 23.63 20.38 79.62 17.86
53.2 24.88 20.79 79.21 23.86
52.8 22.87 20 80 27.90

[7] D.J Miller, S. P. von Halasz, M. Schmidt, A. Holst, G. Pusch, “Dual
surfactant systems for enhanced oil recovery at high salinities,” J. Pet.
Sci. Eng., vol. 6, pp. 63-72, 1991.

[8] S. Iglauer, Y. Wu, P. Shuler, Y. Tang, W. A. Goddard Ill, “New
surfactant classes for enhanced oil recovery and their tertiary oil
recovery potential,” J. Pet. Sci. Eng., vol. 71, pp. 23-29, 2010.

[9] D.O. Shah, R. S. Schechter, “Improved Oil Recovery by Surfactant and

Polymer Flooding,” Academic Press, New York, 1977.

M. Abe, D. Schechter, R. S. Schechter, W. H. Wade, U, Weerasnriya, S.

Yiv, “Microemulsion formation with branched tail polyoxyethylene

sulfonate surfactants,” J. Colloid Interface Sci., vol. 114, pp. 342-356,

[10]

1986.
[11] M. Abe, R. S. Schechter, R. D. Selliah, B. Sheikh, W. H. Wade, “ Phase
behavior of branched tail ethoxylated carboxylate

surfactant/electrolyte/alkane systems,” J. Dispersion Sci. Technol., vol.
8, pp. 157-172, 1987.

S. Engelskirchen, N. Elsner, T. Sottmann, R. Strey, “Triacylglycerol
microemulsions stabilized by alkyl ethoxylate surfactants--a basic study.
Phase behavior, interfacial tension and microstructure,” J. Colloid
Interface Sci., vol. 312, pp. 114-121, 2007.

[13] I. H. Kayalia, S. Liub, C. A. Miller, “Microemulsions containing
mixtures of propoxylated sulfates with dightly branched hydrocarbon
chains and cationic surfactants with short hydrophobes or PO chains,”
Colloids. Surf. A, vol. 354, pp. 246-251, 2010.

R. N. Healy, R. L. Reed, “Physicochemical aspects of microemulsion
flooding,” Soc. Pet. Eng. J., vol. 14, pp. 491-501, 1974.

J.L.Chai, J. R. Zhao, Y. H. Gao, X. D. Yang, C. J. Wu, “Studies on the
phase behavior of the microemulsions formed by sodium dodecyl
sulfonate, sodium dodecy! sulfate and sodium dodecyl benzene sulfonate
with a novel fishlike phase diagram,” Colloids Surf. A, vol. 302, pp. 31—
35, 2007.

L. Chen, Y. Shang, H. Liu, Y. Hu, “Middle-phase microemulsion
induced by brine in region of low cationic gemini surfactant content,”
Colloids Surf. A, vol. 305, pp. 29-35, 2007.

P. A. Winsor, “Solvent Properties of Amphiphilic Compounds,”
Butterworths Scientific Publ. Ltd., London, 1954.

M. G. Aarra, H. Hoiland, A. Skauge, “Phase behavior and sat
partitioning in two-and three-phase anionic surfactant microemulsion
systems: part |, phase behavior as a function of temperature,” J. Colloid
Interface Sci., vol. 215, pp. 201-215, 1999.

M. Nakamae, M. Abe, K. Ogino, “The effects of alkyl chain lengths of
sodium alkyl sulfates and n-alkanes on microemulsion formation,” J.
Colloid. Interface Sci., vol. 31, pp. 466-472, 1988.

R. Sripriya, K. Muthu Raja, G. Santhosh, M. Chandrasekaran, M. Noel,
“The effect of structure of oil phase, surfactant and co-surfactant on the
physicochemical and electrochemical properties of bicontinuous
microemulsion, J. Colloid Interface Sci., vol. 314, pp. 712—717, 2007.

L. Zhang, L. Luo, S. Zhao, Z. Xu, J. An, J. Yu, “Effect of different
acidic fractions in crude oil on dynamic interfacia tensions in
surfactant/alkali/model oil systems,” J. Pet. Sci. Eng., vol. 41, pp. 189-
198, 2004.

Z. Zhao, C. Bi, Z. Li, W. Qiao, L. Cheng, “Interfacial tension between
crude oil and decylmethylnaphthalene sulfonate surfactant akali-free
flooding systems,” Colloids Surf. A, vol. 276, pp. 186-191, 2006.

F. H. Pottmann, “Secondary and tertiary oil recovery process,”
Oklahoma City, OK: Interstate Oil Compact Commission, 1974.

L. W. Lake, “Enhanced Oil Recovery,” Englewood Cliffs, NJ: Prentice
Hall, 1989.

(12

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

(22

(23]

[24]

1SN1:0000000091950263



Open Science Index, Chemical and Molecular Engineering VVol:6, No:4, 2012 publications.waset.org/14529/pdf

[25]

[26]

[27]

(28]

[29]
(30]

(31]

(32]

[33]

International Scholarly and Scientific Research & Innovation 6(4) 2012

World Academy of Science, Engineering and Technology
International Journal of Chemical and Molecular Engineering

Vol:6, No:4, 2012

L. Daoshan, L. Shouliamg L. Yic, W. Demirc, “The effect of
biosurfactant on the interfacial tension and adsmmdoss of surfactant
in ASP flooding,” Colloids Surf. A, vol. 244, pp3560, 2004.

D. S. Curbelo Fab’iola, V. C. Santanna, E. L. Btd\ T. V. Dutra Jr.,
T. N. Castro Dantas, A. A. Dantas Neto, A. |.C. iGea, “Adsorption of
nonionic surfactants in sandstones,” Colloids Sw@$aA. vol. 293, pp.
1-4, 2007.

A. S. Zelenev, L. M. Champagne, M. Hamilton, “Intigation of
interactions of diluted microemulsions with shateck and sand by
adsorption and wettability measurements,” ColloidSurf A.
doi:10.1016/j.colsurfa.2011.07.007.

A. M. Shindy, T. D. Darwich, M. H. Sayyouh, A. Afizman,
“Development of an expert system for EOR methocctin,” SPE
37708, pp. 291-298. 1997.

R. N. Healy, R. L. Reed, C. W Carpenter, “A laborgt study of
microemulsion flooding,” Soc. Pet. Eng. J., vol92pp. 87-100, 1975.
T. Babadagli, “Mature field development-a revie8PE, 93884, pp. 1-
20. 2005.

A. Bera, A. Mandal, K. Ojha, T. Kumar, “Interfacigdnsion and phase
behavior of surfactant-brine—oil system,” Colloi&sirf. A, vol. 383, pp.
114-119, 2011.

A. Skauge, O. Palmgren, “Phase behavior and saolytimperties of
ethoxylated anionic surfactants,” Paper SPE 18R88sented at the SPE
International Symposium on Oilfield Chemistry in w$ton, Texas,
USA, February 8-10, 1989.

M. Bourell, R. S. Schechter, “Microemulsions andia®sl Systems:
Formulations, Solvency and Physical Properties,kkee New York,
1988.

397

1SN1:0000000091950263





