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Introduction

Choosing the suitable surfactant is one of the most
important design factors in the chemical flooding.
Surfactants based on the ionic liquids have a higher
surface activity than conventional surfactants, which
is due to the presence of heteroatomic rings in them,
which causes faster transformation to the interface
[1]. Ali Zeinoalabidini Hezave et al., by studying
imidazolium and pyridinium based ionic liquids
([C,,mim] [CI], [C8mim] [CI], [C ,py] [C]] and [C8py]
[CI]) on the interfacial tension of crude oil/water in
the presence of both formation brine and NaCl salty
solution, concluded that the [C jmim] [CI] had the
greatest decrease in interfacial tension [2]. Totally, it
is believed that surfactants and their combinations can
reduce capillary forces due to reduction of interfacial
tension and change of wettability. It should be notified
that appropriate wettability is different in the fractured
and non-fractured rocks. In non-fractured rocks, higher
oil recovery efficiency is obtained when the wettability
changes from hydrophilic to neutral wettability.
Whereas, wettability alteration from hydrophobic to
hydrophilic state occurs in the fractured reservoirs to
promote water imbibition. In order to choose the right
surfactant, the two mechanisms of changing wettability
and reducing the interfacial tension between water and
oil are very important, and the improvement of these
two mechanisms leads to the improvement of the
spreading coefficient and capillary number [3]. In this
research, the efficiency of the ionic liquid [C,,mim] [CI]
with the cationic CTAB, anionic AOT and nonionic
Tween 80 surfactants was investigated by measuring

Accepted: November/27/2023

the interfacial tension, studying the phase behavior
and measuring the contact angle, as well as calculation
of spreading coefficient and capillary number. In the
same volume ratio of surfactants (binary mixtures
included CTAB + [C mim] [CI], AOT + [C mim]
[CI] and Tween 80 + [C ,mim] [CI]), the effect of salt
and surfactant concentrations and surfactant type were
evaluated.

Experimental
Material

IL ([C,, mim] [CI]) was synthesized while the other
surfactants, including cationic CTAB, anionic AOT
and nonionic Tween 80 surfactants were purchased
from Sigma Aldrich Comp.

Apparatus

IFT and contact angle values has been measured using
by the drop shape analysis apparatus (Fanavari Atiyeh
Pouyandegan Exir, Arak, Iran).

Phase Behavior

Laboratory screening of surfactants was also performed
through phase behavior tests (Winsor tests).

Analysis

EDX, Mapping test and FE-SEM were used to
determine the rock type.

Spreading Coefficient
Spreading coefficient (SC) is obtained from the
difference between the two works, i.e. adhesion (WA)
and cohesion (WC) [4].

Wc =2yeh (1)



W 4 =Veb (1+cos(0)) )
Se W, W, 3)
Where y , and 0 stand for the IFT and contact angle,
respectively.

Capillary number

The dimensionless capillary number (NC) is known as

the ratio of viscous and capillary forces [5].

Ne=—"Hv “4)
Oy €0sO

Where v is velocity, u, is viscosity, o, is IFT of crude

oil and aqueous phase and O is contact angle.

Results and Discussion

Measurement of IFT at different concentrations of salt
and surfactant (Table 1) shows that there is a signifi-
cant difference between the performance of each of
the binary mixtures, so that for the binary mixtures of
AOT+ [C,mim] [CI] and Tween 80+ [C mim] [CI]
IFT has decreased with increasing salt and surfactant
concentrations. While, no significant change in the
interfacial tension has been observed binary mixture
of CTAB+ [C,,mim] [CI] as a function of the salt and
surfactant concentrations.

Table 1 Interfacial tension of the investigated solutions in a
volume ratio of 2:1.

No. concentration (ppm) IFT (mN/m)
Surfactant
Surfactant | Salt

A | AOT 430 38350 0.51

B | Tween 80 | 430 38350 0.4

C | CTAB 430 38350 0.12

D CTAB 170 38350 0.17

E |CTAB 430 650 0.17

F CTAB 170 650 0.23

After examining the IFT mixture of each of the available
surfactants, the wettability alteration of each was also
examined and it was observed that these mixtures were
not remarkably affected by the salt concentration and
surfactant concentration. Finally, in order to compare
the performance of each binary mixture, the spreading
coefficient and capillary number were calculated.
When spreading coefficient approaches to zero value,
it is considered as the best performance in the fractured
reservoirs. The results of the spreading coefficient
(Fig. 1) indicate that the effect of salt concentration
on the IFT of CTAB+ [C, ,mim] [CI] is not as great as
the effect of salt concentration on AOT+[C ,mim] [CI]
and Tween 80+ [C ,mim] [CI]. The lowest spreading
coefficient was obtained for CTAB+ [C, mim] [CI] at
high concentration of salt and surfactant.

In addition, the best performance to extract the trapped
oil from the porous media can be obtained for high
capillary numbers. In Fig. 2, the capillary numbers
of the considered samples are shown. Even though
capillarity number was not remarkably affected by
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surfactant and salt concentrations and surfactant
type, the highest capillarity number was obtained
for the binary mixture AOT+ [C mim] [CI] at 430
ppm surfactant concentration and 38350 ppm salt
concentration.
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Fig. 1 Equilibrium spreading coefficient of studied cases in-
cluding ionic liquid mixture with each of CTAB, Tween 80
and AOT surfactants.
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Fig. 2 Capillary number of ionic liquid mixture with each of
CTAB, Tween 80 and AOT surfactants.

The results of measuring the contact angle and the cal-
culated capillarity number (Fig. 2) show that there has
been no change in the reduction of the driving force
necessary for the displacement of trapped oil, and the
reduction of the interfacial tension has not been able
to improve the required forces for extraction of further
oil.

Conclusion

In this research, with the aim of investigating the effect
of surfactant type, surfactant concentration and salt
concentration on the mixture of each of the available
surfactants with ionic liquid from the imidazolium
family, by calculating the diffusion coefficient and
capillarity number in order to improve the reduction
of interfacial tension and the change of wettability, the
following results have been obtained:

* The results of Map, Fe-SEM and EDX analyzes
on the rock sample showed that most of the rock is
composed of carbon, calcium, magnesium and oxygen
which shows that the rock is dolomite.

» Surfactant concentration and salt concentration
have played a significant role in reduction of the
interfacial tension in such a way that with the increase
of salt concentration and surfactant concentration, the
interfacial tension has also decreased and has gone
through a downward trend. For ionic liquid ([C ,mim]
[CI]), surfactant CTAB has shown better performance
in reducing interfacial tension.

* The highest surface activity and the lowest interfacial
tension were also obtained for binary mixtures of
[C,,mim] [CI] + CTAB with IFT equal to 0.12 mN/m
at concentrations higher than CMC. This performance
were not affected by salt and surfactant concentrations.
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* The effects of type and concentration of surfactant
and salt concentration on the spreading coefficient
were more than capillary number. Among the tested
mixtures, the best performance for improving the
diffusion coefficient was obtained for the binary
mixture [C,;mim] [CI] + CTAB at high salinity, due to
the lower interfacial tension of this sample, while the
highest capillary number was observed for [C, mim]
[CI]+ AOT. The contact angle measurement shows
that the more change of wettability towards neutral
wettability compared to the other samples can be
considered as the main reason.

* Although various researchers have proposed the
combined effect of surfactants to increase more
oil recovery, the results of calculating the spread
coefficient and calculated capillarity number showed
that there was no significant change in the reduction
of the driving force required for the displacement of
trapped oil. The reduction of tension was not able to
create the improvement that will be needed for more
oil extraction in dolomite reservoirs, which shows the
special importance of case studies (with respect to the
rock and fluid samples) in the enhanced oil recovery
processes.
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