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Laboratory Study: Optimum Formulation of
Alkaline-Surfactant-Polymer Flooding

Ivan Efriza - W.S Bae* - Sungmin Jung - Ratna Widyaningsih"”

1. Introduction

Many studies have shown that formulation of the surfactant/brine/oil system is a key factor goveming the
ﬁerformance of microemulsion designed to recover residual oil. In general, the optimal microemulsion can
solubilize large quantities of oil and water; in the presence of excess quantities of oil and water, a third
surfactant-rich middle phase is formed. The interfacial tensions (IFT) between excess phases and the
surfactant-rich phase are both low. Given an oil/brine system from particular reservoir, one can achieve this
formulation by varying the surfactant. Different oils, brines, or temperatures require formulations
correspondingly altered to maintain optimal conditions.

Previous studies have shown that the three-phase region exists over a range of values when one parameter,
such as co-solvent concentration, salinity, temperature, etc., is varied systematically (called scan). Some
researchers has shown that the optimal formulation for oil recovery closely corresponds to that for which the
[FT’s between the excess oil and water phases and the surfactant-rich phase are equal. An almost equivalent
criterion also was shown to be that point in the three-phase region for which the volume of oil solubilized
into the middle phase equals the volume of brine. Furthermore, optimum salinity has used as another
criterion that is defined as the midpoint of the salinity range for which the system exhibits three phases.

These criteria are useful because they permit the screening of microemulsion system using simple
laboratory tests. The search for an optimal formulation benefits from understanding of the interrelationship of
the important parameters such as salinity, hydrocarbon, alcohol and its concentration, surfactant, and
temperature.

2. Main Subject

2.1 Experimental

2.1.1 Materials

Two surfactant was used in this study includes docusate sodium (DS) (CyHiNaO;S) and Sodium
dodecylbenzene sulfonate (SDBS) (CH;(CH:)1CsH4SOsNa) These surfactants were purchased from Sigma-Aldrich
Co. The partially hydrolyzed polyacrylamide polymer Alcoflood 254S was used as polymer, purchased from
Ciba Speciality Inc., Canada. Iso buthyl alcohol from Sigma-Aldrich Co. was used as co-solvent.

2.1.2 Phase Behavior and aqueous stability Experiment

Firstly, each chemical stock was prepared with desired concentration such as brine stock, surfactant and
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co-solvent stock, alkali stock, and polymer stock. A phase behavior experiment was applied, involved mixing
certain proportions of an agueous chemical EOR solution, salinated water, and oil in an array of pipettes
(Fig.1). The array of pipettes serves to create a salinity gradient, where different volumes of salinated water
arc added to each pipette to give different salinities. Aqueous stability test is done by mixing
surfactant/polymer/electrolyte into glass vials (Fig.2) and record where cloudiness and/or phase separation
occurs. The ASP mixture must be a clear, single phase mixture.

Fig.1. Phase behavior Experiment Fig.2. Aqueous Stability Test

2.2 Result and discussions

2.2.1 Effect of surfactant ratio

Effect of surfactant ratio in mixture was studied by varied the fraction of double-tail anionic surfactant
(docusate sodium) and single-tail anionic surfactant (SDBS). Single surfactant solution exhibits the optimum
salinity around 0.5 wt% for Docusate Sodium and 14.0 wi% for SDBS. Mixing the SDBS with DS result in
optimum  salinity between 0.5-14.0 wt%, according to the ratio between this two surfactants. Increasing
double tail surfactant (docusate sodium) decrease the optimum salinity, while increasing singlé tail surfactant
(SDBS) increase the optimum salinity.

2.2.2 Effect of surfactant concentration :

From experiment, we can see from Fig.3 that there is no much changing in optimum salinity when we
increase the concentration of surfactants. We use 2:1 ratio between SDBS and DS (with optimum salinity 3.5
wt%) and change the amount of surfactant added to the Chemical solution (0.75, 1.0, 2.0 wi%). Inéréasing
in surfactant concentration effect in increasing the solubility of both water and oil in microemulsion phase
and also widen the three-phase region. |
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2.2.3 Effect of EACN :
To know the effect of equivalent alkane number (EACN), we used four different types of oil (Decane,
Dodecane, Pentadecane, and Kuwait crude oil). Optimum salinity is increase with the increasing of EACN.

2.2.4 Effect of co-solvent concentration

Surfactant with large hydrophobes produce the lowest IFT, but are often not sufficiently water soluble at
optimum salinity. Hydrophilic co-solvent are needed to make the surfactant-polymer solution clear and
aqueously stable at the salinity of interest. Increasing in co-solvent concentration increase the optimum
salinity. It is also seen that in low concentration IBA, the liquid crystal appear so the clear type three-phase
not occurred.

3. Conclusion

Based on experimental observation the following conclusion may be drawn:

1. Combination of two different surfactant can help to adjust the optimum salinity to be close to the
salinity of the injection water we intend to use.

2. Increasing in surfactant concentration increase the solubilization ratio and three-phase region.

3. Increasing in co-solvent concentration and EACN increase the optimum salinity.
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