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Abstract  Ionic liquids (ILs), as a class of green and environment-friendly materials, are adjustable and multifunctional.
ILs have excellent electromagnetic field response, which hold a great promise for the adjustment of waterflooding
pathway. In this paper, the electromagnetic response mechanism of ILs in capillary is firstly analyzed. Then a flow model
of ILs in porous media under coupled electromagnetic and seepage fields is established. Finally, the theoretical derivation
and numerical analysis results show that the capillary flow rate under coupled electromagnetic and seepage fields is
mainly determined by the ratio of ILs conductivity to viscosity (internal factor), electromagnetic field strength and
pressure gradient (external factors). The electromagnetic field generates an electromagnetic drive pressure on the ILs by
Lorentz force, forming an electromagnetic drive equivalent pressure gradient analogous to the pressure gradient, thereby
changing the flow rate of ILs. When the electromagnetic field strength is 2.0 x 10* V/m-T, the electromagnetic field can

form a 10 kPa/m electromagnetic drive equivalent pressure gradient on an ILs with a conductivity of 0.5 S/m. Meantime,
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the flow direction of ILs in porous media can be controlled by adjusting the direction of electromagnetic field, which can

solve the difficult problem of using pressure difference to control flow paths, and provides a theoretical basis for

intelligent oil displacement of ILs. Furthermore, the thermal effect generated by the electromagnetic field will affect the

flowing capacity of ILs and the oil displacement efficiency.
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o /(SmPal s 129 7.87 347 0.58 3.52
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Fig. 12 The relationship between capillary flow and pressure gradient
of different ionic liquids
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Fig. 13 Diagram of the flow paths of (a) traditional waterflooding and
(b) ionic liquids flooding when there is a dominant channel laterally
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Fig. 14 Diagram of the flow paths of (a) traditional waterflooding and
(b) ionic liquids flooding when there is a high permeability layer
vertically
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Table 2 Conductivity and viscosity of ionic liquid [bmim][PF]

at different temperatures

7/°C 25 35 45 55 65
o /(Sm™) 0.15 0.25 0.39 0.57 0.80
u/(mPa-s) 258.74 140.04 84.17 5481 38.00

1 _ -
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Table 3 Conductivity and viscosity of ionic liquid [bmim][BF,]

at different temperatures

T/°C 25 35 45 55 65
o /(S'm™) 0.35 0.55 0.81 1.13 1.51
(/(mPa-s) 99.42 6029 3941 2734 19.89
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Fig. 15 The relationship between capillary flow and temperature of two
common ionic liquids
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