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ABSTRACT

Research subject: Enhanced oil recovery (EOR) is one of the key methods to increase oil recovery from reservoirs, utilizing chemical, physical, or
thermal techniques. Among chemical methods, ionic liquids (ILs) have attracted attention as potential alternatives to traditional materials such as
surfactants and polymers due to their unique properties, including stability under harsh environmental conditions such as high temperature and salinity,
and tunability for specific reservoir conditions.

Research approach: Ionic liquids can serve as surfactant substitutes in enhanced oil recovery processes, but they require proper synthesis and
development. Higher environmental sustainability and reduced water consumption are advantages of these materials compared to traditional methods.
However, research shows that their impact on EOR performance is relatively limited and requires further optimization, laboratory tests, and simulations.
In this article, recent research on the application of ionic liquids in enhanced oil recovery operations is comprehensively reviewed, focusing on their
characteristics, mechanisms, experimental results, challenges, and future prospects.

Main results: A review of recent studies shows that ionic liquids can significantly reduce the water/oil interfacial tension and alter the wettability of
reservoir rock, both of which are key factors in improving oil transport. For example, the ionic liquid 1-decyl-3-methylimidazolium triflate has shown
the ability to reduce interfacial tension significantly. Tests suggest that these materials can recover up to 30% more of the original oil in place.Many
ionic liquids also show a strong affinity for asphaltenes and act as solvents and dispersants. This property helps prevent asphaltenes from settling and
depositing in the wellbore and around its production zone, which can significantly improve oil flow and production. Ionic liquids can reduce the viscosity
of crude oil, making it easier to flow through the reservoir and reducing pressure gradients. However, most studies have been conducted on sandstone
reservoirs, and research in carbonate reservoirs is limited, highlighting the need for further investigations.
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Table 2 Key effective properties of ILs in EOR operation

Property Description Relevance to EOR
Molecular .
structure can be Enable§ d§51gn ot
. ILs optimized for
tailored by . .
.- . : specific reservoir
Tunability varying cation- .
. . conditions, such as
anion pairs, alkyl . C
. high salinity or
chain length, or
. carbonate rocks.
functional groups.
Stable at Suitable for high-
temperatures up to temperature
Thermal stability 80-150 °C, with reservoirs where
some ILs stable conventional
above 200 °C. surfactants degrade.
Weghiglilo veon Enhances safety and
pressure reduces .
environmental TUAIIIZES
Low Volatility environmental
release and .
. impact compared to
evaporation .
volatile solvents.
losses.
EXhlblts. Facilitates oil
surfactant-like O
behavior, forming mobilization
. Lo through IFT
Surface Activity micelles and -
- reduction and
reducing IFT at o
low wettability
. alteration.
concentrations.
Soluble in Ensures
aqueous and compatibility with
.. organic phases, diverse reservoir
Solmiltisy depending on fluids, including
anion-cation brines and crude
composition. oils.
Resistant to Maintains
. electrochemical performance in
Electrochemical S . .
Stability degradation in reservoirs with
complex reservoir varying redox
environments. conditions.
Liquid at or below Simplifies field
room temperature, operations and
Low Melting Point facilitating easy reduces energy
handling and requirements for
injection. injection.
Boiling points
often exceed 300 Prevents phz}se
°C, ensuring changes during
High Boiling Point . injection,
stability under AN
- maintaining IL
reservoir officac
conditions. Y
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