Monitoring’2(022 EAGE

Mon22-187

M. Orlyuk (Subbotin Institute of Geophysics of the NAS of Ukraine), Yu. Kurnikov (International
Science and Technology University), *V. Drukarenko (Subbotin Institute of Geophysics of the NAS
of Ukraine), V. Yakuhno (Subbotin Institute of Geophysics of the NAS of Ukraine)

SUMMARY

By now, the changes of various properties of water due to its magnetic parameters (magnetic
susceptibility) as well as the ions it contains under the influence of intensive magnetic field
were investigated by a large number of researchers. Therefore, measurements of the magnetic
susceptibility and magnetization of different types of water (distilled one, tap water and
filtered tap water) and ice samples were performed. The process of water magnetizing was
realized in 2 ways: by permanent magnets and by using the magnetic sand filter. Magnetized
tap and distilled water as well as ice samples are characterized by significantly higher
magnetization compared with initial values. The increase of magnetization of distilled and tap
water magnetized by magnets may be explained by a change of its structure. A significant
increase of water magnetization after the magnetic filter is a result of water saturation with
finely dispersed magnetite particles, as evidenced by the chemical composition of the water.
The temporal changes of the magnetic parameters of water and ice samples were also studied,
which indicate significant decrease of magnetic susceptibility and magnetization over a short
period of time. That is, a loss of the "memory effect" is observed.
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Introduction

Magnetic sands are used as filler for various technical devices and filter systems in case of water
purification and water treatment. Tests of new types of filters demonstrated water purification from
iron to sanitary standards, as well as unique changes of its properties, confirmed by direct and indirect
experimental data [Berdyshev et al., 2009; Orliuk, Kurnikov, 2010; Zasekin, Orliuk, Orliuk, 2012]. It
may be assumed that the change of water properties occurs due to its magnetic parameters, in
particular, magnetic susceptibility.

By now, there are a large number of investigations devoted to the change of various properties of
water under the influence of a magnetic field, mostly of significant intensity. It should be noted that
different values of magnetic susceptibility of distilled water, primarily caused by its temperature are
known. Water is a diamagnetic with specific and volume magnetic susceptibility of y = -0,719-10°
CGS (-0,904-10° SI) [Schenck, 1996; Cerdonio, Condi-Castellano, Calabrese, 1978]. Value of this
parameter changes due to minor structural variations. As the temperature increases, the diamagnetism
of water rises, the values of magnetic susceptibility change from —2,9-10° CGS at 5°C to — 0,62-10°
at 70°C. According to [Schenck, 1996], at the temperature of 37°C, the volume magnetic
susceptibility of water is y = -0,905-10" SI (-0,72*10° CGS), molar magnetic susceptibility is -
1,64:10* cm*/mol (SI) or -1,3-10° cm*/mol (CGS). The specific magnetic susceptibility of water at
20°C (CGS) is -0,72:10° cm®/g, at 37°C — (-0,7217-10° cm?/g), the volume magnetic susceptibility of
water at 20°C is (-0,903)-107 SI [Schenck, 1996]. According to [Landolt-Bornstein, 1986], water has
the following values of molar magnetic susceptibility (y./10° cm® mol™): at a temperature of 273 K
(ice) ym H20 = -12,63-10° CGS; at 293 K (liquid) ym H20 = -12,966 -10° CGS; at 373 K (liquid) ym
H,0 =-13,09-10° CGS; for water in a gaseous state (T=373 K) ym H2O =-13,1-10° CGS.

Authors [Fujimura and lino, 2009] show an increase of surface tension by 1,83% for a field of 10 T. It
is also established that water has a cluster structure with possible different types of connections of
molecules without magnetic field and by its effect.
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Figure 1 Schematic representation of the thermostable state of water molecules: without a magnetic
field (a) and with an applied external field (b), according to [Su, Wu, 2003]

The authors [Chibowski et al., 2018] performed experimental studies of a magnetic field influence on
the degree of evaporation of water and changes of its surface tension at room temperature, by using
neodymium magnets. It was found that a relatively strong magnetic field of an intensity of 0,65 T
caused a slight decrease of surface tension, which lasted for more than 60 minutes. Slow
disappearance of the memory effect was observed. The authors explain this effect by the supposed
influence of the magnetic field on the hydrogen bonds of clusters of water molecules, possibly
destroying some of them. The influence of the Lorentz force is also taken into account.

Research conducted by Japanese scientists [Otsuka and Ozeki, 1999] showed the absence of influence
of the magnetic field on the properties changes of pure distilled water in vacuum. However, changes
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of the electrolytic potential and vibration modes of the distilled water under the influence of O, were
observed.

In article [Changa and Weng, 2006], research of the influence of an external magnetic field with
intensity of 1 to 10 T on water structure in the liquid state by the molecular dynamics modeling was
performed. The results showed that the structure of water becomes more stable with applied magnetic
field, while the ability of water molecules to form hydrogen bonds increases.

Methods and Theory

As a rule, real natural aqueous solutions and aggregates are weak paramagnets due to impurities of
iron particles [Kyzylova, 1994]. To date, there is a huge amount of researching on the fact that water
properties change under the influence of a constant magnetic field. Namely, the rate of chemical
reactions and crystallization of dissolved substances increases, adsorption processes and optical
refraction of water intensify, surface tension changes, ability of water to dissolution of substances, etc.
It appears that all these changes may be partially caused by the magnetic susceptibility of water, as
well as by the ions it contains. Compounds and ions found in water have certain magnetic properties,
characterized by magnetic susceptibility, which determines the ability of ions and compounds to
change their magnetic moment under the influence of an external magnetic field.

Therefore, it needs to measure this parameter experimentally. For this purpose, we performed
experiments of water magnetizing.

On the basis of the laboratory of the study of the magnetic properties of substances (Subbotin Institute
of Geophysics National Academy of Sciences of Ukraine) at the village Demydiv the magnetization
and magnetic susceptibility of water were studied. Investigations of the magnetic field in order to
determine the degree of its inhomogeneity at the area of the experiment (in different points of the
pavilion, near the sensors and on the street) were performed. The measurements were conducted by
the LEMI-008 magnetometer (field measurement accuracy of 0,01 nT) in the mode of full values of
Bx, By, Bz - components of the field, with further calculation of the induction modulus B. Similar
values of the induction modulus (4800050000 nT) in some points at the pavilion and outside were
obtained. Inside the contour of the frame, at the area of the sensor, the magnetic field within the
working zone of the device's sensor according to the measurement data is about 332 nT (Bx=14 nT,
By=-325 nT, Bz=67 nT), and at a distance of 60 cm from the edge of the frame - 3690 nT (Bx=255
nT, By=-3600 nT, Bz=767 nT).

The measurements of magnetic properties of water samples Wp (distilled), Wpm (distilled
magnetized), Wi (water supply from a well), Wi (water supply from a well magnetized by magnets)
and W (water supply from a well filtered by a magnetic filter) were performed. Two types of
magnetizing systems were used. In the first case, four magnets were located around a glass container
(volume of 500 ml), filled with 400 ml of water. The induction of the magnetic field varied from 40
mT at the side edges of the container to 15-20 mT in its center. The water in the container was rotated
clockwise with a wooden stick for 1 minute. A plastic cube 2x2x2 cm was filled with this water for
measurements. In the second case, as the magnetizing (and cleaning) system magnetic sand filter was
used [Kurnikov, Orliuk, 2011]. JR-6 magnetometer was used for measurements. Three cycles of
observations, namely on August 27, 28, and 29, 2016 to study the time factor of measuring the
magnitude of water magnetization were performed. As a result, it was found that magnetized water is
characterized by significantly larger magnetization values compared with non-magnetized water. The
variations of values in both of tap and distilled water are observed. In particular, the magnetization of
distilled water is 20,36-10° A/m, of distilled magnetized water - 184,9-10° A/m, of tap water from
well - 7,56:10% A/m, water from well magnetized by magnets - 781,8- 10° A/m, of water from well
filtered by magnetic filter - 2221-10° A/m. Repeated measurements on the 28th and 29th performed
the decreasing of magnetization values of all samples. Exception is a sample of water from well
magnetized by magnets, for which the values increased. The experimental values of magnetization
testify about the relative characteristics of different waters depending on the method of magnetizing.
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It appears that the increase of magnetization of distilled and tap water magnetized by magnets may be
explained by changes of its structure. A significant increase of magnetization of water after the
magnetic filter is a result of its saturation with finely dispersed magnetite particles. It is evidenced by
the chemical composition of the water that showed an increase of total iron content. Whereas it is not
quite correct to measure the magnetization of water the magnetization of ice was measured. For this
purpose different types of water specimen were frozen in the freezer of the refrigerator. In accordance
to the results of the experiment, ice of tap water W has a magnetization of 3,635-10° A/m, ice of
water magnetized by magnets Win — 9,536-10° A/m, ice of tap water after a magnetic filter W —
376,3-10° A/m. Repeated measurements performed different character of the magnetization values of
ice samples: ice of tap water - 3,658-10° A/m, ice of water magnetized by magnets — 3,275-10°
A/m, ice of tap water after a magnetic filter - 567,9-10° A/m.

In order to obtain additional information about the magnetic properties of water, magnetic
susceptibility values of water samples were measured. Since the researching was performed in
December, the experimental material was quite clean moreover, water was filtered by an ordinary
filter. Therefore, samples filtered by the ordinary filter and water specimen directly from the well
were studied. In addition, samples of ice were researched. Magnetic susceptibility was measured by
MFK 1-B kappabridge with a sensitivity of 6-10 SIL.

As follows from the results of the experiment, filtered tap water W, has a value of y equal to (-
1,65)-107 SI, magnetized tap water Wiy — (-1,575)-107 SI, filtered tap water in the circuit Wic — (-
1,562)-10” SI, magnetized tap water in the circuit (Wimc) — (-1,554)-10” SI, magnetized unfiltered
water W - (-1,646)-10° SL It should be noted that the magnetic susceptibility of sample W was
measured in a field of 60 Oe and 275 Oe (during 3 minutes). Values of y are (-1,61)-10° SI and (-
1,473)-10° SI respectively. Measurements in 2 and 6 hours were repeated, values of magnetic
susceptibility of all samples decreased. The y values of magnetized and non-magnetized water ice
samples were also investigated - (-2,129)-10° SI and (-2,083)-107 SI, respectively. Moreover, in 6
hours, the values of magnetic susceptibility of ice are - (-2,31-107 SI) for magnetized and (-2,51)-10°
SI for non-magnetized samples, respectively.

The magnetization of water samples was also measured: W, - filtered tap water, as well as Wi, -
filtered tap water and Wm - magnetized tap water, placed in the circuit where the JR-6 magnetometer
was located. Sample W; was located to the left of the magnet of magnetometer, Win. - between the
magnets, Wi - to the right of the magnet. As a result, the magnetization of the filtered tap water
sample W, is 928,1-10° A/m, sample Win (magnetized tap water in the circuit) — 907,3-10° A/m,
Wi, (filtered tap water in the circuit) — 595,6-10° A/m.

Conclusions

The experimental values of magnetization testify about the relative characteristics of different waters
depending on the method of magnetizing. It appears that the increase of magnetization of distilled and
tap water magnetized by magnets may be explained by changes of its structure. A significant increase
of magnetization of water after the magnetic filter is a result of water saturation with finely dispersed
magnetite particles. It is evidenced by the chemical composition of the water that showed an increase
of total iron content. The temporal changes of the magnetic parameters of water and ice samples were
also studied, which indicate significant decrease of magnetic susceptibility and magnetization over a
short period of time. An exception is a sample of water from well magnetized by magnets. That is,
over time, a loss of the "memory effect" is observed.

References

Berdyshev G.D., Deshko N.A., Melnichuk S.V., Kozodoy Yu.A. (2009). Light water - the elixir
of youth and longevity. Kiev, Fhitosociocenter, 160 p. (in Russian)

XVI International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

15-18 November 2022, Kyiv, Ukraine




Monitoring’2022 EAGE

Cerdonio M., Condi-Castellano A., Calabrese L.(1978). Room-temperature magnetic properties
of oxi- and carboximonohemoglobin. Proc. Nat. Acad. Sci. USA, 75, N 10, 4916-4919.

Changa, Kai-Tai and Weng, Cheng-1. (2006). The effect of an external magnetic field on the
structure of liquid water using molecular dynamics simulation. Journal of Applied Physics, 100,
043917. DOI: 10.1063/1.2335971

Chibowski, E., Szczes, A. and Hotysz, L. (2018). Influence of Magnetic Field on Evaporation
Rateand Surface Tension of  Water. Colloids and  Interfaces, 2, 68.
doi:10.3390/colloids2040068www.mdpi.com/journal/colloids

Fujimura, Y. and lino, M.(2009). Magnetic Field Increases the Surface Tension of Water. 3rd
International Workshop on Materials Analysis and Processing in Magnetic Fields (MAP3), 10P
Publishing. Journal of Physics: Conference Series 156. doi:10.1088/1742-6596/156/1/012028

Kurnikov, Yu.A., Orliuk, M.1. (2011). Magneto-mineralogical characteristics, classification and
use of natural magnetic sands. Geofizicheskiy Zhurnal, 33 (1), 39-53. (in Russian)

Kyzylova N.N. (1994). Aggregation in a magnetic field. Modern problems of biomechanics. 9,
118-135. (in Russian)

Landolt-Bornstein (1986). Magnetic susceptibility of the elements and inorganic compound,
Numerical Data and Functional Relationships in Science and Technology, New Series, 1l/16,
Diamagnetic Susceptibility. Springer-Verlag, Heidelberg.

Landolt-Bornstein (1986-1992). Numerical Data and Functional Relationships in Science and
Technology, New Series, 111/19, Subvolumes a to i2, Magnetic Properties of Metals. Springer-Verlag,
Heidelberg.

Orliuk M.IL., Kurnikov Yu.A. (2010). Natural magnetic sands: mineralogical and magnetic
characteristic and its practical using. Abstracts of the 12th “Castle Meeting” New Trends in
Geomagnetism Paleo, Rock and Enviroumental Magnetism. Jaravaux Geophysics XXXIX. Acad. Sci.
Chech.Republic, p.58.

Otsuka, 1., Ozeki, S. (2006). Does magnetic treatment of water changes its properties? Journal
of Physical Chemistry B, 110, 4, 1509—1512. https://doi.org/10.1021/jp056198x

Schenck, J. (1996). The role of magnetic susceptibility in magnetic resonance imaging: MRI
magnetic compatibility of the first and second kinds. Med. Phys., 23(6), 815-50. doi:
10.1118/1.597854

Su, Nan and Wu, Chea-Fang (2003). Effect of magnetic field treated water on mortar and
concrete containing fly ash. Cement and Concrete Composites, 25, 7, 681-688.

Zasekin, D.A., Orliuk, T.M., Orliuk, M.I., (2012). Injection of magnetic water on the growth
and development of chicken broilers. Visnyk ZhNAEU, 2(33), 2, 115-118 (in Ukrainian)

XVI International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

15-18 November 2022, Kyiv, Ukraine



https://doi.org/10.1021/jp056198x

