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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 χ = -0,719·10-6 
CGS (-0,904·10-5 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 – 2,9·10-6 CGS at 5°C to – 0,62·10-6 
at 70°C. According to [Schenck, 1996], at the temperature of 37°C, the volume magnetic 
susceptibility of water is χ = -0,905·10-5 SI (-0,72*10-6 CGS), molar magnetic susceptibility is -
1,64·10-4 cm3/mol (SI) or -1,3·10-5 cm3/mol (CGS). The specific magnetic susceptibility of water at 
20°С (CGS) is -0,72·10-6 cm3/g, at 37°С – (-0,7217·10-6 cm3/g), the volume magnetic susceptibility of 
water at 20°C is (-0,903)·10-5 SI [Schenck, 1996].  According to [Landolt-Bornstein, 1986], water has 
the following values of molar magnetic susceptibility (χm/10-6 cm3 mol-1): at a temperature of 273 K 
(ice) χm H2O = -12,63·10-6 CGS; at 293 K (liquid) χm H2O = -12,966 ·10-6  CGS; at 373 K (liquid) χm 
H2O = -13,09·10-6 CGS; for water in a gaseous state (T=373 K) χm H2O = -13,1·10-6 CGS. 
Authors [Fujimura and Iino, 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. 
 

 
 

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 O2 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 
Вх, Ву, Вz - components of the field, with further calculation of the induction modulus В. Similar 
values of the induction modulus (48000÷50000 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 WD (distilled), WDM (distilled 
magnetized), W1 (water supply from a well), W1m (water supply from a well magnetized by magnets) 
and WF (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 20,36·10-6 A/m, of distilled magnetized water - 184,9·10-6 A/m, of tap water from 
well - 7,56·10-6 A/m, water from well magnetized by magnets - 781,8·10-6 A/m, of water from well 
filtered by magnetic filter - 2221·10-6 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 3,635·10-6 A/m, ice of 
water magnetized by magnets W1M – 9,536·10-6 A/m, ice of  tap water after a magnetic filter Wf – 
376,3·10-6 A/m. Repeated measurements performed different character of the magnetization values of 
ice samples: ice of tap water - 3,658·10-6 A/m,  ice of water magnetized by magnets  – 3,275·10-6 
A/m, ice of  tap water after a magnetic filter - 567,9·10-6 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 
MFK1-B kappabridge with a sensitivity of 6·10-8 SI.  
As follows from the results of the experiment,  filtered tap water W1 has a value of χ equal to (-
1,65)·10-5 SI, magnetized tap water W1M – (-1,575)·10-5 SI, filtered tap water in the circuit W1c – (-
1,562)·10-5 SI, magnetized tap water in the circuit (W1mc) – (-1,554)·10-5 SI, magnetized unfiltered 
water W - (-1,646)·10-5 SI. 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 χ are (-1,61)·10-5 SI and  (-
1,473)·10-5 SI respectively. Measurements in 2 and 6 hours were repeated, values of magnetic 
susceptibility of all samples decreased. The χ values of magnetized and non-magnetized water ice 
samples were also investigated - (-2,129)·10-5 SI and (-2,083)·10-5 SI, respectively. Moreover, in 6 
hours, the values of magnetic susceptibility of ice are - (-2,31·10-5 SI) for magnetized and (-2,51)·10-5 
SI for non-magnetized samples, respectively. 
The magnetization of water samples was also measured: W1 - filtered tap water, as well as W1c - 
filtered tap water and W1mc - magnetized tap water, placed in the circuit where the JR-6 magnetometer 
was located. Sample W1 was located to the left of the magnet of magnetometer, W1mc - between the 
magnets, W1c - to the right of the magnet. As a result, the magnetization of the filtered tap water 
sample W1 is 928,1·10-6 A/m, sample W1mc (magnetized tap water in the circuit) — 907,3·10-6 A/m, 
W1c (filtered tap water in the circuit) — 595,6·10-6 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. 
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