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Introduction

The surfactant flooding is one the enhanced oil
recovery methods, which can improved residual oil
by decreasing in interfacial tension and reservoir
wettability alteration [1-2]. During this method, the
surfactant type is the main parameter which can control
the process. In addition, the surfactant adsorption
in porous media decreases its performance so the
analysis of electrical surface charge is very important.
As the interface is created, the adsorption is limited by
the diffusion of the surfactant to the interface, which it
can result in the kinetics being limited. These energy
barriers can be due to steric or electrostatic repulsions;
steric repulsions form the basis of how dispersants
function. There are four types of surfactants based upon
the composition of the polarity of the head group: (1)
nonionic, (2) anionic, (3) cationic, and (4) amphoteric.
A non-ionic surfactant has no charge groups in its
head. The head of an ionic surfactant carries a net
charge. If the charge is negative, the surfactant is more
specifically called anionic; if the charge is positive,
it is called cationic. If a surfactant contains a head
with two oppositely charged groups, it is termed
zwitterionic [3]. From the previous investigations, the
cationic surfactant, such as R-N" (CH,), with C15 to
C,,, can improve the oil recovery by decreasing the
interfacial tension and wettability alteration compared
to other cationic surfactants [4]. In addition, there
are many researches about the surfactant flooding
which only investigates one of the main mechanisms
such as IFT reduction, wettability alteration. Also,
there are a few investigations about the electrical
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surface charges during surfactant flooding which can
illustrate the surfactant adsorption. Therefore, in this
study, alpha olefin sulfonate (AOS) and cetrimonium
bromide (CTAB) was used to investigate the effect of
electrical surface charges during surfactant flooding.
Firstly, the surfactant stability investigates by zeta
potential measurements. After that, the critical
micellar concentration was calculated based on the
IFTs measurements. Also, the reservoir wettability
alteration was investigated by contact angle tests in
presence of AOS and CTAB solutions. In addition, the
oil recovery and dynamic surfactant adsorption was
measured by core flooding tests. Moreover, the iso-
electric point was calculated for this condition based
on the zeta potential measurements.

Materials and Methods

In this study, the sea water with original salinity (45000
ppm) was considered to prepare the chemical solution.
Also, the sea water was diluted to 25000, 10000,
and 1000 ppm. The alpha olefin sulfonate (AOS)
and cetrimonium bromide (CTAB) were considered
as anionic and cationic surfactant, respectively. In
addition, the reservoir crude oil has an API=25°. Also,
the porosity and permeability of limestone reservoir
rocks are between 11-13 percent and 10 to 13 mD,
respectively. In this study, zeta potential tests, IFT
measurements, contact angel, and core flooding tests
were performed to investigate the effect of anionic and
cationic surfactant on the oil recovery and electrical
surface charges. The AOS concentrations were
considered 300, 600, 900, and 1200 ppm, and the
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CTAB concentrations were 100, 200, 300, 400, and
500 ppm. Full details of all experimental procedure are
provided elsewhere [3.5,6].

Results and Discussion

The water salinity is one of the main parameters for
stability of surfactant solutions. However, the absolute
zeta potential values have been 84 and 73 mV for
cases of original sea water contains 300 ppm AOS and
CTAB, respectively. Therefore, from the zeta potential
measurements, all the solutions are stable. In addition,
based on the IFT measurements, the critical micellar
concentration for AOS and CTAB surfactants has been
920 and 290 ppm, which it means these concentration
are the maximum concentration that can improve the [FT
economically. Also, the contact angle tests show that the
wettability alters from oil wet to intermediate wet and
water wet for CTAB and AOS surfactants, respectively.
Moreover, the core flooding results illustrate that the oil
recovery factor are 48, 52, and 67 percent for low salinity
sea water, AOS, and CTAB flooding, respectively. The
snap-off phenomenon leads to the oil recovery increase
during intermediate wettability (CTAB flooding)
case compared to water wet case (AOS flooding). In
addition, the results of dynamic surfactant adsorption
were presented in Figure 1. The effluent surfactant
concentration during dynamic adsorption tests increases
until the maximum surfactant adsorption occurs in porous
media.
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Fig. 1 The effluent surfactant concentration during dynamic
adsorption tests.

Also, the amount of surfactant adsorption for AOS case
is higher than that for CTAB surfactant. The zeta po-
tential measurements show that the iso-electric point is
at pH=8 (Figure 2). Therefore, it provides the positive
limestone surface charge and the AOS’s monomers
tend to adsorb in porous media due to attractive force
compared to CTAB case.
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Fig. 2 The Iso-electric point for limestone reservoir rock.

Conclusions

1. The critical micellar concentrations for AOS and
CTADb were 920 and 290 ppm which reduced the IFT
considerably.

2. The water salinity cannot change the critical micel-
lar concentration seriously.

3. The intermediate wettability was occurred during
sea water injection due to electrical double layer force.
4. The snap-off phenomenon leads to change in oil
recovery from water wet and intermediate wet wetta-
bility during anionic and cationic surfactant flooding,
respectively.

5. The multicomponent ionic exchange provided the
water wet condition at the early time.

6. From the zeta potential measurements, the surfac-
tant adsorption for anionic type is more than that for
cationic type.

7. Based on this results, the low salinity sea water
which contains cationic surfactant has the best perfor-
mance for oil recovery.

Nomenclatures
AOS: Alpha olefin sulfonate
CTAB: Cetrimonium bromide
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