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Abstract

Research Subject: Nowadays, application of biosurfactants in microbial enhanced oil
recovery (MEOR) have aroused much attention and several investigations have been
conducted on this field. But their performance in comparison to synthetic surfactants
in enhanced oil recovery has little been studied. Most of these researches are limited to
comparison of one produced biosurfactant with only a chemical surfactant. To fill this
gap, in this research, the potential use of a rhamnolipid type biosurfactant in MEOR
was compared to several conventional synthesized surfactants: SDS, SDBS, CTAB and
Keywords DTAB.

Research Approach: Since the main goal of this research is the comparison between pro-

duced biosurfactant and conventional chemical surfactants in oil recovery, several flood-

IE . ing tests were conducted and involved mechanisms were investigated. All of tests were

nhanced oil recovery conducted in an oil wet glass micromodel saturated with heavy oil at ambient condition.

Sl.lrfactants Injected solutions were prepared at critical micelle concentration of surfactants. During the

Biosurfactants flooding tests, high quality pictures were taken with a camera connected to the computer to
Rhamnolipid

monitor the motion of injected solution in the micromodel.

Main Results: 40% oil recovery was achieved after biosurfactant flooding while SDBS,
SDS, CTAB and DTAB resulted 36%, 34%, 32% and 29% oil recovery, respectively. For
mechanistic study, the surface tension (ST) and viscosity measurements were performed
and contact angle was determined. The surface tension reduction, wettability alteration
towards more water-wet condition and increasing the ratio of injected fluid viscosity to
oil viscosity were dominant mechanisms. The rhamnolipid was more effective than other
surfactants in reduction of surface tension and altering the wettability towards favorable
water-wet conditions. It decreased the surface tension of water from 72 to 28 mN/m,
which was the least comparing to other surfactants and increased the capillary number
about 19.4 times greater than in water flooding. Additionally, it changed the contact an-
gle from 106 to 6, 94.3%, the widest change among applied surfactants.

Surface tension
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Table 1. Properties of rhamnolipid and surfactants used in this research

Cetyl trimethyl Dodecyl trimethyl
S Sodium Sodium Dodecyl  3mmonium ammonium
urfactant .
Tyvpe Rhamnolipid Dodecyl Benzene bromide bromide
P Sulfate Sulfonate

Abbreviation - SDS SDBS CTAB DTAB

Company - Merck Sigma-Aldrich Merck Sigma-Aldrich
CMC (mg/L) 120 2364 656 380 3390
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Fig . 1 Schematic of used setup for micromodel flooding tests
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Fig. 2 a) FTIR spectrum profile of produced rhamnolipid by seudomonas aeruginosa HAKO1. b)) The effect of
salinity on the stability of rhamnolipid.
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Table 2. oil recovery factor and breakthrough (BT) time of flooding tests

Solution

Distilled Water DTAB CTAB SDS SDBS Rhamnolipid

BT time (PV") 0.18 0.32 033 038 0.38 0.37
BT time (minute) 51 84 87 100 100 98
Oil recovery @ BT time 16 28 30 32 34 36
Final Oil recovery 16 29 32 34 36 40
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Fig 6. The Effect of surfactant and rhamnolipid
solutions on contact angle of an oil-wet glass surface
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Table 3. Results of contact angle measurements, viscosity and IFT tests of injected solutions

Solution Rhamnolipid SDBS SDS CTAB DTAB
Initial contact angle 106 110 113 108 112
Final contact angle 8 9 12 15
contact angle variation (%) 94.3 927 92.0 88.9 86.6
Viscosity (cp) 1.8 22 2.0 2.2 1.9
Viscosity variation (%) 80 120 100 120 90
Surface Tension (ST) (mN/m) 28 30 33 34 35
ST variation (mN/m) 61.1 583 542 528 51.4
Interfacial Tension (IFT) (mN/m) 2.52 349 382 393 4.12
IFT variation (mN/m) 90.7 869 859 855 84.8
Capillary number(*10%) 3.81 337 280 299 2.46
Injected surfactant Capillary number 19.36 1708 1419 1517 125

to Injected water Capillary number
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