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Magnetic treatment of water application in the development
of oil fields

Description of the study
Laboratory and industrial experiments demonstrate the growth of the oil recovery factor from the rock pore space when introducing impurities of metal oxides into water used to
displace oil [ 1 -3 ].
It has been shown that an active particle that provides a spectrum of physical and chemical processes leading to an increase in the oil recovery factor is a gas microbubble formed
on the nano-sized particle of iron oxide. Such a system (solid particle-gas bubble) is the center of adsorption and flotation of oil particles in water due to the presence of an
electrically charged bubble surface and a high adsorption energy of hydrocarbons on the iron oxide surface [ 2 ]. The presence of stable gas bubbles in water and their aggregates of
fractal structure with the size of the order of 10 -100 nm, as well as gas bubbles with the size of the order of units µm and more is set forth in [ 4 ].
The introduction of metal oxide particles to the oil-water contact surface reduces the surface tension energy by allowing water to penetrate into the hydro-phobic pores and convert
them into hydrophilic particles, thereby capturing the iron oxide particles adsorbed in the pore space of the hydrocarbon, the carbon oxide being bound to the gas bubble. The
increase in metal oxides confluence causes a reduction in the viscosity of the oil [ 3 ]. The combination of these physicochemical processes makes it possible to significantly
improve both the injectivity of the injection well and the growth of the oil recovery factor.
Impurities of iron oxide magnetic particles are all present in technical aqueous solutions at concentrations of about 10 -50 g/t, such individual particles and their collective
structures (fractal structure units) serve as gas microbubble forming centers. With these iron concentrations, a significant portion of the particles forms fractal aggregates consisting
of hundreds and thousands of units. The magnetic treatment destroys the aggregates, which allows multiple increase in the concentration of the solid particle-gas system systems by
treating the water stream with a magnetic field without resorting to the devices for introducing impurities from the outside. Industrial tests of magnetic loss of water have resulted in
an increase in 40% -100% of water injection rates without increasing the injection pressure in the reservoir pressure maintenance system.
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Fig. 1 Destruction of the Fe oxide magnetic particle aggregate (black rods) and gas bubbles
(pattern on the left) when the device flows through the magnetic field of the permanent magnet
device (pattern in the center) and the arising of single gas bubbles-bubstones.

Fig.3 Magnetic devices photography

Fig. 2 Magnetic device installed in water supply tubing increases the number of
bubstones attached to Fe oxide magnetic nanoparticles
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Fig. 4 Hydrophilization of the pore surface and flotation of the oil particle
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Fig. 5 Growth of Specific Water Injection Rate (m3/pressure) after installation of the
magnetic device
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