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Abstract. The paper focused on study of influence magnetic water treatment (MWT) mechanism on physico-
chemical properties of aqueous solutions taking into account nature of changes in kinetics of chemical reactions. The
theoretical analysis of the magnetic field geometry in the hardware equipment of water purification technologies was
used. A review of current data on physicochemical processes was carried out for the processes of the influence of
magnetic treatment on the properties and structure of aqueous solutions. The determination of the basic mechanisms
of MWT was done taking into account the influence of a non-uniform magnetic field on the librational fluctuations of
water molecules, followed by their destruction and disruption of the ortho-para ratio towards more chemically active
water molecules. The resulting formalized model makes it possible to explain the nature of the complex effects reor-
ganized after exposure of a non-uniform magnetic field to aqueous solutions. Subsequently, this model can be used to
optimize the parameters of the mode of the process of water preparation and water purification.

Keywords: mechanisms of influence, magnetic field, chemical activity, librational fluctuations of water molecules,

aqueous solution, formalized model.

1 Introduction

According to the UN, about 500 million people live in
areas where water consumption exceeds twice locally
renewable water resources. The discharge of wastewater
causes significant damage to flora and fauna of water
bodies and human health. Direct impact includes degra-
dation of aquatic ecosystems and diseases transmitted
through water from contaminated freshwater sources, has
long-term consequences for the well-being of social and
human resources [1]. The research of nonlinear kinetics
models of ecosystem processes under the influence of
pollutants and distribution organic impurities in the envi-
ronment also determines need for expansion scientific
and theoretical foundations for implementation of water
purification methods [2].

Implementation of reverse water supply systems re-
quires improvement quality of purified water and reduc-
tion of demand for additional resources (electricity, rea-
gents, etc.). According urgent task is finding ways to
intensify existing cleaning methods to improve the effi-
ciency of such systems.

2 Literature Review

The most common methods of treatment intensifica-
tion areas are using of technologically justified treating
schemes, modernization of existing and development new
designs of devices, and use physical processing of aque-
ous solutions (treatment of external fields, ultra-sound,
ultraviolet, etc.). The latter becomes of increasing im-
portance in the direction of intensifying purification
methods of contaminated water, which is primarily due to
their versatility, economy and lack of need for additional
reagents.

The magnetic water treatment (MWT) is the one of the
perspective physical methods before filing for purifica-
tion, which based on change in physical and chemical
properties of aqueous solutions. Such method character-
ized by simplicity of implementation, low capital and
operating costs [3]. The only disadvantage is lack of
knowledge about MWT mechanism [4—6], which limits
its widespread implementation. However, positive expe-
rience and numerous studies [4-16], proving presence of
changes in kinetics of deposition suspended particles in
the volume of solution, nature and volume of deposits on
heat exchange surfaces, efficiency of ion-exchange pro-
cesses, kinetics passage of chemical reactions, etc., al-
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lows us to confirm promise of its use in processes of
environmental protection, which confirms relevance of
our research.

The main problem on the path of widespread introduc-
tion of MWT is the lack of an integrated approach to
studying the mechanism of manifestation of MWT ef-
fects, in particular, the effect on the kinetics of chemical
reactions in aqueous solutions, which was partially stud-
ied in [7-16].

The aim of the paper is theoretical study of influence
mechanism MWT on physicochemical properties of
aqueous solutions taking into account nature of changes
in kinetics of chemical reactions.

The following tasks set and solved in the article:

—to analyze previous studies of MWT mechanisms of
impact on structure and properties of aqueous solutions;

—to form a complex model for description the mecha-
nism of influence non-uniform magnetic field on aqueous
solutions properties and change kinetics of chemical reac-
tions.

3 Research Methodology

Since all effects of MWT related to change in physical
and chemical water properties caused by influence of
magnetic field on water solution, it is important to take
into account the basic design and mode parameters of
MWT devices, which differ in a number of features [17].
One of the main structural parameters is geometry of
magnetic field and heterogeneity of distribution magnetic
induction B along the pipe for passage of aqueous solu-
tion (Figure 1).

Lines of
magnetic
induction

Poles of magnets

Water for ——N S Water after
treatment treatment
S N Pipe of diamagnetic
material

Poles of magnets

Figure 1 — Typical scheme of elementary plot device MWT:
AB — value of magnetic induction changes in a non-uniform
magnetic field; / — length of MWT device section, where mag-
netic induction varies from B, to B;; By, B; — minimum and
maximum value of magnetic induction, respectively

The geometry of magnetic field in MWT devices de-
pends on several factors, which based on properties of
magnets and how to accommodate them. The effect of
magnetic field on water occurs on MWT device areas,
where magnetic induction varies from B, to B, its lines
necessarily directed perpendicular to the solution motion,
and induction difference AB #0 T, otherwise MWT ef-
fect not observed.

Among regime parameters MWT [4, 6, 18], it is man-
datory that the water flows in magnetic field is mandato-

ry, and water velocity is one of the parameters that de-
termines effectiveness of MWT.

The aqueous solution velocity and value of magnetic
induction between them are closely interconnected, and
their connection must be taken into account when design-
ing MWT devices and selecting optimal operating modes.
In view of current developments MWT devices, one of
the main drawbacks is incomplete incorporation of MWT
parameters, or their inclusion separately from each other,
without analyzing their interconnection. The simultane-
ous consideration of such MWT parameters as the aque-
ous solution speed and magnetic induction requires fur-
ther study.

4 Results and Discussion

4.1 Theoretical formalization of the MWT
mechanism

The large amount of data associated with MWT have
led to determination of various aspects regarding MWT
mechanism, which can be conventionally grouped into
three approaches: colloidal, ionic and water [4-7, 9, 18,
19-21]. In the table 1 presents groups of MWT mecha-
nism influence according our analysis.

Modern ideas about kinetics of chemical reactions
based on the fact that any reaction occurring in aqueous
solution includes the step of rearranging solvent mole-
cules to form “cavities” in which located reacting parti-
cles, activated complex and reaction products [22]. The
rate of water molecule rearrangement for expected acti-
vated complex greatly effects on kinetics of chemical
reactions and depends on physical and chemical proper-
ties of aqueous solutions that are due to presence of hy-
drogen bonds [23] and their nature, peculiarity of water
molecule isomers structure [24] and features of molecules
oscillations [25, 26].

Table 1 — Groups of the MWT mechanisms

Impact object | Mechanisms

Colloidal group of approaches

Colloidal (ferro-
magnetic) parti-

The surface properties of such particles
changes and they act as crystallization
cles centers under the magnetic field influence.
This group explains the anti-scale effect.

Ionic group of approaches

Ions that are Under the influence of a magnetic field,

present in water polarization and deformation of ions occur,
which are accompanied by their hydration
decrease, which affects the course of phys-

icochemical processes in aqueous systems.

Water group of approaches

Water molecules | This group combines ideas about the pos-
sible influence of a magnetic field on the
water structure. This influence, on the one
hand, can cause changes in the aggregation
of water molecules, and on the other hand,

changes in the orientation of the nuclear

spins of hydrogen in water molecules, etc.
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Changing kinetics of reactions in aqueous solutions is
possible due to the weakening of interaction water mole-
cules between themselves and with dissolved substances,
breaking of hydrogen bonds, or reducing their energy,
which facilitates water molecules restructuring for the
expected activated complex [23]. The last becomes pos-
sible even with MWT, which is confirmed by many stud-
ies [3—6, 18, 19], in which appearance of changes in
structure and physical and chemical properties of aqueous
solutions due to hydrogen bond (density, viscosity, sur-
face tension), changes in hydration of dissolved substanc-
es and changes in rate of reaction. However, nature of
such impact requires further research.

Given the value of magnetic induction at MWT, exter-
nal energy entering aqueous solution is not sufficient for
direct breaking or weakening of hydrogen bonds [4, 5].
The results obtained in [6] indicate that defining parame-
ter MWT, which more than induction value determines
efficiency of MWT, is the heterogeneity of magnetic
field. The changes caused by influence of non-uniform
magnetic field on the structure of water, may related not
so much to discontinuities of hydrogen bonds, but with
decrease in their energy, increase in length and change in
angle [5, 27]. In this case, structure of water molecules,
presence of quantum differences water molecules and
nature of their interaction with each other and with dis-
solved substances has important role [24, 25].

The appearance of quantum differences between water
molecules can be explained by states presence librational
undamped oscillations in water molecules [25]. Such
oscillations cause appearance of hydrogen proton rotation
on hydrogen bond line in the directions perpendicular to
hydrogen bond line.

The rotation of hydrogen proton around hydrogen
bond line has an elliptical trajectory (EPT) whose radius
also rotates, as shown in Figure 2.

hydrogen
oxygen

line of hydrogen bond

hydrogen bond

rotation of the radius EPT
around the hydrogen bond line

librational oscillations

Figure 2 — Rotate proton and electron orbitals of neighboring
water molecules connected by hydrogen bonds: w; — frequency
molecules libration vibrations; ¢ — angle of proton deviation
from hydrogen bond line; & — phase rotation radius EPT;

O —hydrogen bond line

Movement of positively charged hydrogen proton by
EPT causes appearance of magnetic and mechanical mo-
ment. Magnetic fields formed by rotation of hydrogen
protons of one molecule can both coincide in the direc-
tion and be opposite directed along molecule axis. In the
case of uniform direction of protons rotation, magnetic
fields formed and form magnetic field of entire molecule
and conversely. Consequently, presence of librational
oscillations water molecules is the reason for appearance
of quantum differences in water molecules isomers,
which mentioned in work [24].

Synchronization of libration oscillations for para-
isomers in supramolecular formations is carried out by
four hydrogen bonds, and their cooperative nature pro-
vides a redistribution of energy received from outside,
from collisions with thermal motion [25], which makes
possible existence of ice-like structures in aqueous solu-
tions, emergence heterogeneity of water density [26] and
the violation of equilibrium ortho/pair ratio in the direc-
tion of pair-isomers, more than 2 times [24]. Thus, aque-
ous solution is a nonequilibrium system that is sensitive
to external influences.

The prerequisite for establishing an equilibrium or-
tho/pair ratio is violation of synchrony librational oscilla-
tions in ice structures, where, first of all, weakest hydro-
gen bonds destroyed, and energy received from outside
goes to destruction of ice-like structures. Their destruc-
tion leads to “release” of pair-isomers, which, when fur-
ther collisions with other water molecules, become ortho-
isomers [24].

For explain mechanism of appearance pair-ortho con-
version under influence of non-uniform magnetic field on
aqueous solution, let’s consider loss synchronism of li-
bration oscillations under magnetic field influence on
hydrogen proton, rotating on EPT. The effect of non-
uniform magnetic field on the proton EPT results in pre-
cession of EPT radius around hydrogen bonds. Due to
structural stiffness of water molecule, appearance preces-
sion of one hydrogen proton leads to appearance a similar
precession of second proton. EPT precession is not the
same as that occurring with electrons orbits, because for
EPT precession required rotation the entire water mole-
cule, which is impossible due to presence other hydrogen
bonds. EPT precession becomes possible only for those
protons, in which plane of EPT is perpendicular to lines
of magnetic induction. Since, in case of oscillations, radi-
us proton EPT rotate around hydrogen bond line, appear-
ance of an additional precision with radius EPT changes
rotation phase 6 of radius EPT, which will be different for
two pair-isomers bound by one hydrogen bond due to
difference in angle slope plane EPT protons of neigh-
bouring molecules to lines of magnetic induction.

The result of the influence of a non-uniform magnetic
field on an aqueous solution is the shift of the phase of
rotation of the radius of the EPT of hydrogen protons for
neighbouring isomers of water molecules by £ A6. Such a
phase shift occurs non-uniformly with a certain angular
acceleration ¢ in the direction of the Lorentz force, where
the magnitude of the acceleration was found from the
second law of Newton:
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ma=F,, 1)

where m is proton weight, kg; a is acceleration of rota-
tion of the proton EPT radius around the hydrogen bond
line, m/s*; F ;. is Lorentz force, N.

ma =ev, ABsina , 2)

where e is proton charge, C; v, is the speed of
“movement” of the magnetic induction lines relative to
something (a circuit of EPT), m/s; AB is the magnitude
by which the magnetic induction changes, T; sina is the
angle between the velocity v, and the magnetic induction
vector B.

The additional motion of the radius of EPT around the
hydrogen bond line in a non-uniform magnetic field is
rotational motion with angular acceleration, which, by
means of standard transformations of expression (2), is
represented as

= ev,AB . 3)

mr

For find the velocity v,,, an expression was taken from
[28] and, having carried out the necessary transfor-
mations, we obtain

AD

O = 4
" AB-L-At @

where A® is magnetic flux, Wb; AB is change in mag-
netic induction, T; L is the length of EPT, m; Ar is the
time during which the magnetic induction lines intersect
the contour of EPT, s.

The magnetic flux A® can be expressed in terms of the
change in the magnetic induction AB and the area of the
EPT square S, which it intersects:

AB-S

v =———, 5
" AB-L-Ar ©)

The radius of EPT was taken equal to r for simplicity
of writing the formula (5) as:

r

v = . 6
"= AL (6)

Thus, the rate of “movement” of magnetic induction
lines relative to a proton depends only on the radius of
EPT and the time during which the magnetic induction B
changes and does not depend on how much the magnetic
induction changes. In turn, an increase or decrease in
induction affects only the direction of the effect of the F,
force. Having made the necessary transformations of
expressions (3) and (6):

e AB

E =, 7
2m At @

The change #-phase of radius EPT in a non-uniform
magnetic field is due to influence Lorentz force on proton

(Figure 3 a). It has two components, where the first com-
ponent F; arises from proton motion in a magnetic field
at velocity v, which is due by librations oscillations. The
component F;;, for each proton position on EPT, is ori-
ented perpendicularly to proton movement, and as can we
see from Figure 3 a (position 1 and 2), compensates for
itself and does not cause shift of turn phase 6. In addition,
hydrogen bond formed by electrostatic forces much larger
than F;;, so radius EPT remains “rigid” and angular ve-
locity of proton rotation remains unchanged.

Fi
b
Figure 3 — Displacement phase of EPT rotation hydrogen proton
in a non-uniform magnetic field (magnetic induction lines di-
rected from us): B — magnetic induction; F; — first component
of Lorentz force; F, — second component of Lorentz force;

v — proton speed movement by EPT; v,, — rate intersection of
contour EPT by magnetic induction lines; ¢; and ¢, — potentials;
1, 2 — position of hydrogen proton on EPT in plane rotation
radius EPT, in accordance before and after turning radius EPT;
r —radius EPT; o — angle between direction of force F; and
tangent to contour EPT; O — hydrogen bond line; 6 — phase of
radius EPT rotation; A@ — shift of turn phase radius EPT

The appearance of second component of Lorentz force
F1, becomes possible only in non-uniform magnetic field,
which is a prerequisite for MWT. Force F;, directed in
one direction at tangent to EPT (Figure 3 a, positions 1, 2,
and 3). The process of occurrence electromotive force
(EMF) in non-uniform magnetic field isn’t considered as
the result of appearance vertical electric field, but it’s the
result of increase in density of magnetic field due to
“flow” field lines from surrounding space into magnetic
flux through closed circuit. In process of “entering” lines
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of induction into the contour, they cross contour, causing
EMF induction by “mechanism of intersection” [28].

Supposed that closed circuit in Figure 3 a is the region
in which fluctuates radius EPT of the hydrogen proton
(Figure 2), on which proton moves and creates elemental
current in circuit. Conditionally divide contour into n
sections that “isolated” from each other. Each section
corresponds to certain position of proton and during its
movement there is a potential difference. With increase of
magnetic induction, its lines “penetrating” into contour,
intersect it with velocity v,, (expressions (6)) in direction
to the center. Otherwise, with decrease magnetic induc-
tion, its lines move from center to periphery, and Lorentz
force F, changes its direction.

The effect of Lorentz force F;, (further F;) is shown in
Figure 3 b, which depicts elementary act turning radius
EPT taken from Figure 2. Additionally, Figure 3 b clearly
shows that when v,, = const, the direction and value of
force F; stored for proton irrespective of its position on
EPT, only angle a between vector of force F; and tangent
to EPT changes. Thus, at p.1 angle a =0°, after turning
EPT (position 2) angle o #0°. That’s why, with coinci-
dence of basic direction rotation radius EPT and direction
of force Fj, it accelerates, and in opposite case, slows
rotation radius EPT around hydrogen bond line, changing
rotation phase EPT by value +A# and with prolonged
influence of F;, with each turn EPT displacement phase
of the rotation increases.

4.2 Development of a complex model of the
influence of a non-uniform magnetic field
on the properties of aqueous solutions

Figure 4 shows the formed model of the non-uniform
magnetic field impact on the kinetics of chemical reac-
tions in aqueous solutions, which takes into account
complex factors that reasoned by this influence.

Thus, influence of non-uniform magnetic field on ki-
netics chemical reactions in aqueous solutions does not
depend on whether induction of magnetic field increases
or decreases, result of effect remains the same, an im-
portant value becomes value at which magnetic induction
changes and time for which this change occurs. The Lo-
rentz force, caused by change in induction value, directed
at proton-tangent to EPT and its direction may coincide
with direction of rotation proton radius EPT, and be op-
posite directed. The effect of this force becomes possible
only when moving in non-uniform magnetic field, where
it shifts the phase of rotation radius EPT by a value of
+A0. In turn, because the water molecules in the volume
of solution oriented arbitrarily, phase displacement +46 is
not the same for adjacent water molecules in ice struc-
tures, which causes asymmetry of libration oscillations
pair-isomers and affects their synchronicity and coopera-
bility.

NON-UNIFORM

MAGNETIC FIELD

Formation of crystallization
centers in aqueous solution

The growth of mobility and the
restructuring of water molecules
around dissolved substances

y :

INFRINGES THE

F

SYNCHRONISM OF THE WATER
MOLECULES LIBRATIONAL
VIBRATIONS IN
SUPRAMOLECULAR

—>

INCREASING THE NUMBER OF
ORTHO-ISOMERS OF WATER MOLECULES |—
IN THE VOLUME OF SOLUTION

Growth of the structural
temperature
of the aqueous solution

FORMATIONS

l

Changes in:
- surface tension;

A4 - solubility;

Changes in hydration of
particles in aqueous solution

The growth of the number of water setting
molecules that are more active in the —»| - viscosity;
chemical and physical terms - etc.

- wetting ability;

- kinetics of chemical reactions;

Figure 4 — Complex model of non-uniform magnetic field influence on kinetics chemical reactions in aqueous solutions

Because water is a non-equilibrium system, violation
of synchronous oscillations in supramolecular formations,
which, due to collisions with other molecules, results in
excess energy and collapses, results in conversion of pair-
isomers, increase in number of ortho-isomers, causing
changes in density, viscosity, in infrared spectrum of
water, hydration of dissolved substances, registered after
MWT, etc.

5 Conclusions

The analysis of technical realization of MWT allowed
establish that one of the main structural parameters is
heterogeneity of distribution magnetic induction along
the pipe for passage aqueous solution. The groups of
MWT mechanisms were formed for interpretations of the
physicochemical effects of MWT.

The theoretical model of the complex mechanisms of
the influence non-uniform magnetic field was formed for
considering quantum differences between two types of
water molecule isomers and librational oscillations of
water molecules in supramolecular formations. Further
research will be directed to use the complex model of
magnetic field influence for regime parameters rationali-
zation of water preparation and purification processes.
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YTo4HeHHS OCTAHHIX HAYKOBHUX MiIX0AIiB 10 MarHiTHoi 00po0Ku BoaH
msiyk J1. J1.', Poit I O.', Yeprum €. FO.", Kosiii I. C.', T'ypeus JI. JI.', MycaGekos A. A.”

' Cymchknit neprxaBHuii yHiBepcHTeT, By PuMcbroro-Kopcakosa, 2, 40007, M. Cymu, Ykpaina;
? [liBnenno-Ka3axcTaHChKHil IepkaBHui yHiBepcHTeT iM. M. Aye3oBa,
npoct. Tayke Xana, 5, 486018, m. Illumkent, Kazaxcran

AHoTauisi. JlocnimkeHo MeXaHi3M BIUTUBY MarHiTHOI 00poOku Ha (hi3MKO-XiMiUHI BIaCTHBOCTI BOJAHUX PO3YUHIB
3 ypaxyBaHHSAM XapakTepy 3MiH KIHETUKM XIMIYHHUX peakuid. BukopucraHo TeopeTHYHHMH aHai3 TeoMeTpii
MarHiTHOTO HOJISI B alapaTHOMY OOJagHaHHI TEXHOJIOTIH OYMINEHHS BOJH. [IpoBeqeHO Orisi CyJacHHX JaHHX IIPO
(i3uKO-XIMIUHI Iporiecy, 0OyMOBIIEHI BIUIMBOM MarHiTHOI 0OpOOKH Ha BIACTHBOCTI Ta CTPYKTYPY BOJHUX PO3UYHHIB.
3niificHEeHO pO3MMpPEHHS KOHILENTYaJdbHUX 3acajl Teopil MeXaHi3My MAarHiTHOI OOpoOKM 3 ypaxXyBaHHSM BIUIHBY
HEOJHOPIHOTO MArHiTHOTO MOJsA Ha JdiOpamiiiHi KOJUBAHHSA MOJIEKYJN BOAM 3 MOJAIBIIAM iX PYHHYBaHHAM i
MOPYIICHHSAM OPTO-Tapa-BiIHOMIEHHS y Oik OLIBII XiMIYHO aKTHBHUX MOJeKyl Boau. OTpumana ¢opmaiizoBaHa
MOJIENb TOSICHIOE MPUPOAY €(EKTiB, IO CIIOCTEPiraloThcs Micisd BIUIMBY MarHiTHOTO MOJS Ha BOJHI PO3YHMHH Ta
Moxke OyTH BHKOpPHCTaHA JUIs ONTHMIi3amii pe)KUMHHX [apaMeTpiB MPOIECiB MiATOTOBKH Ta OYUILEHHS BOJIH.

Kiwuoi cioBa: MexaHi3M BIUIMBY, MarHiTHE MoJjie, XiMiuHa aKTHBHICTb, JIOpaIiifHi KOJMBAHHS MOJIEKYJ BOJH,
BOJIHUI po34MH, hopMaiizoBaHa MOJICIb.
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