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CHARACTERISTICS AND PROPERTIES
OF PHYSICAL AND QUANTUM FIELDS OF NANOCARBON
AND THEIR APPLICATIONS

Abstract. It is theoretically justified, characteristics have been determined for physical (electric, magnetic) and
quantum (wave corpuscle) fields of surface nanocarbon electrons. Validity and preserving have been specified for
their numerical values of field characteristics for nanopowders of solid bodies. It has been proved that quantum-
dimensional effect of nanopowders is the surface activity of a substance, the essence of field actions. Actions of
physical and quantum fields and the proposed model of electron can influence considerably on the development of
nanotechnology and nanophase materials science.
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Introduction. A large number of qualitatively new indicators and properties of substance nano-
particles uncharacteristic of the macrostates of the latter have been experimentally discovered [1]. Nano-
particles of many solids significantly change their optical, electrical, magnetic and electromagnetic
properties, acquire high thermal and radiation stability, become ultra-light and super-strong, extremely
hard and wear-resistant, stand incredible impact forces and show flexibility to large loads without loss of
continuity. Nanoparticles made from nanoparticles significantly change Young's modulus, Poisson's ratio,
shear modulus, compressibility, and other properties.

The experimenters [1] note the unusually high “free valency” of nanoparticles, allowing them to form
new nanomaterials with unimaginable qualities for macro substances. For example, silicon and tantalum
nanoparticles form tantalum silicide (practically non-oxidizing in the open air) with a melting point of +
5500 °C, a record low electrical resistance. Nanopowders of aluminosilicate, iron or cobalt, magnesium or
manganese form an alloy with an anomalously high magnetocaloric effect, which made it possible to
create new cryogenic devices and revise the fundamentals of magnetic material science Free-valence
surface electrons occupy high energy levels with a large reserve of absorbed energy during crushing and
abrasion of a substance to a nanopowder, unattainable in ordinary ion-radical reactions and characteristic
only of extreme effects. As an example, let us note our experiments [2-4] of modifying road bitumen with
the addition of nanocarbon up to 200 nanometers in the amount of up to 2% of mass, where a new
phenomenon of low-energy transformation of bitumen resins into asphaltenes and oils, providing it with
high strength and growth, has been discovered low temperature stability. In nanocarbon a catalyst property
was observed that promoted the mutual transformations of the structural elements of bitumen and
increased their reaction rate up to phase transitions of solid nanoparticles into liquid hydrocarbon
molecules.

The main reason for nanoparticles to acquire the properties of surface active substances (SAS), a
catalyst, and a promoter is the quantum-dimensional effect (QDE), i.e. commensurability of nanoparticle
size and de Broglie wavelength Je of an electron [5]:
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Ao~hl fm E, (1)

where m,, — effective mass, £, — Fermi electron energy,s = 6,625 - 10*J-sec — Planck constant. Known
that m., may turn out to be by an order, sometimes two orders of magnitude, less than its real mass [6].
The Fermi electron energy also differs from its total energy by one or two orders of magnitude [6,7].
Consequently, the length calculated by (1) is a random variable, and the QDE is a doubtful factor in the
acquisition of the propertics of SAS, catalyst, and promoter by nanoparticles. In the theory of
nanomaterials and physical nanochemistry, the energy and wave parameters of a nanoparticle are
calculated using de Broglie relations|1-5]:

A=h/mu, 2

where m — mass, # — nanoparticle velocity. Formulas (1) and (2) are widely used in determining the energy
and wave parameters of a nanoparticle, the energy costs of producing nanomaterials, and the economic
benefits of their industrial application. Using (1) and (2), the experimental values of the de Broglie
wavelength from 0.1 to 10 nm for metals and from 10 to 100 nm for semiconductors, ssmimetals, and
alloys of refractory metals are substantiated [5,7]. In our opinion, the real physical meaning and the
physicochemical mechanism of the special qualities of nanoparticles and nanomaterials lie behind
CDE.The purpose of this article is to build an adequate theoretical understanding and justification of the
physical (field) and quantum-mechanical mechanisms of the quantum-dimensional effect. Considering the
vastness of the nanoparticles class, we focus on nanocarbon of coal rocks [2-5], and summarize the results
of'its study on nanoparticles of solids and their alloys.

Characteristics of the physical fields of surface electrons of nanocarbon. Each nanocarbon
particle is bounded by a surface in the form of a sphere of radius R of the order of 100 nm (107 m). It is
inhabited by electrons of carbon molecules C, with a surface density p, in the amount of 10" units per cm’
of the area: p.LI 10" e/cnm’ [2-4]. Sphere with the area SLI 477+ 107 cn’, is inhabited by about 10° electron
units p, LI 10°%/S[2-4]. The intensity £ (C2) and the density U (C2) of the electric field, the induction
B.and the strength of the H, magnetic field are defined in [2-4]:

E(C))=1,04-10" B/ M 10" B/cm, (3)
E,=1,442(10" +10"") B/cwm, (4)
U,=(10°+10") B, (5)
B,=(0,3+3-10") T, (6)
H,=(,6-10°+1,6-10") a/m. (7)
The kinematic energy 7,and the electron velocity ¥, are also determined [2-4]:
T,=(10°+10%) 5B, (8)
V., =(0,593+1,875) 10° m/c. (9)

Characteristics (3) - (9) of the electric and magnetic fields of the surface electron of nanocarbon have
experimental confirmation in the materials of the scientific discovery of the corresponding member of the
USSR Academy of Sciences B.V.Deryagin [8]. The tension (3) of an individual molecule C2 and the
tension (4) of a nanocarbon are sufficient for emission of surface electrons [2-4, 8]. Let us consider the
motion of the emission electron in the electric field with strength (5) and the magnetic field with the
induction (6). As its average speed in the interval (9) with average energy (8) we take the velocity
V,= 0,712-10°m/sec. The trajectory will be a helical orbit with a Larmor radius rL. Electron experiences
precession with angular velocityw;(cyclotron frequency) or Larmor frequencyv; [9]with the values
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r,=2:10"7; w, =3,52-10"I"y; v, =0,56-10" 'y, (10)

where I'u = (1/¢) — Hertz. The precession of a material point does not make sense. Academician of the
USSR Academy of Sciences M.A. Markov [10] said: "... the fundamental difficulty of the theory ... is
due to the fact that all particles in modern physics are regarded as point particles."”

Values (10) have no experimental evidence. Their reliability follows from the formulas for the
relationship between the characteristics of the magnetic field and reliable values of the electric field. In
addition, the academician of the USSR Academy of Sciences, Nobel Laureate V. L. Ginzburg, considering
the problem of creating super-powerful quantum generators, wrote [6]: ... the creation of x-ray and
gamma-ray analogs is one of the important fundamental physical problems ... All the proposals we
know regarding the sizes and grasers belong to the field of energies not exceeding 10 keV (10° eV) ...
”X-ray and y-ray laser systems are called Raser and Graser respectively. The values of the electric field
strength (5) and the coincidence of the Larmor radius (10) with the focusing radius of the field of existing
high-power lasers indicate the reliability of the characteristics of the physical fields of nanocarbon. We
determine the pressure Qe of the magnetic field with intensity He [9]:

2
0, :%:3,217-1012%, (11)

where H — Newton(power unit). Pressure (11) exerts a inhibitory effect on the motion and the electron
experiences magnetic bremsstrahlung with a length 4

A, =V, /v, =(0,712-10%):(0,56-10")=1,271-10"° . (12)

Comparing (12) with the de Brogliewaveleng the mitted by world-famous power full asersystems
[6, 7], we have their completecoincidence. This fact proves the reliability of the characteristics of the
magnetic field of nanocarbon and indicates that our device for the nanopowder production in a rotating
magnetoelectric field works as the powerfull asersystem. Its magnetoelectric field wave generator has a
power of 4 kW and deserves much attention from the point of view of quantum generators. We consider
the quantum field characteristics of nanocarbon.

Quantum field characteristics of surface electrons of nanocarbon. For a nonrelativistic electron,
we write down [9, 11] the law of equivalence of the total energy ¢, and Einstein mass #, and de Broglie
relation:

E, =mc®; ¢=2,99810° um/c, (13)
g,=hv,; P,=my,=hlA; Ay, =c. (14)

In the 2™ case, the common mass of electron is used. Takingitintoaccountusing (13) and (14) we determine
the electron frequency v,

v,=m,c’/h=1,236-10" Iy. (15)
With the help of (15), we calculate electron wave length /,
A, =clv,=2,426-10" m. (16)

The coincidence of the value (16) with the Compton wavelength of the electron expresses the essence
of the Compton effect [9, 11]. Value (15) coincides with a theoretically determined electron frequency
[12]. However, the method of calculating A, by the author [12] is very different from ours, which proves
the possibility of calculating v, and 4, in the classical way. In view of (16), we turn to the second formula
from (14) and calculate the electron velocity V.,

V =c. (17)
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An equality (17) contradicts the Special Theory of Relativity (STR) and all modemn physics based on
it. This means that the meaning of the pulse in (14) differs from that implied in quantum physics (QPh).
Therefore, abandoning the point model of the electron, we take its spatial model, where its arbitrary point
A has an absolute velocity u, from the sum of the translational velocity g of the center of massOand

rotation of the electron around this center with the angular velocity @, [13]:

_  — —  —

U, =u,+w,xr,, (18)

where a =0A. Integrally the (18) gives the absolute velocity uy:

—_ — — — — —

U,=u,+w,xXr,,u, =u, (19)

e’ e

With the free motion of the electron #, , @, are constant in space and time, 7;is rigidly connected with the

electron and constant in module.It is orthogonal to @, and changes a position in space according to the

law of rotation. The impulse P,= m,V, , included in (14), differs from the impulse Q_,; = M,U,, ie€.
m\V, # m,u, This is the main difference between the point model of the electron of modern physics
and its real spatial model.

The valuesu,, aTe , T,, in (19) are subject to determination. Referring to the QDE and the last equality
(14), we take

r,=A412m;, o, =2nv,; ro, =c, (20)

where r, — a radius of a minimal sphere centered at a point O, completely covering the electron. The
unknown form of the electron remains to be determined. A rotating electron has a kinematic momentum

J,0, , where J, - the main moment of inertia of the electron relative to the axis of its rotation, coinciding
with one of the dynamic axes. Let the electron spin express its kinematic momentum [9, 11]:

k,=0/2 wu Jow,=h/2. 21

The kinetic energy of the electron rotation 7, 1s equal to [9,11]
2
T%p=Jea);/2=(Jea)e)/2=ha)e/4. (22)

According to (20) Aw, = & .and according to (13) the right side of (22) is equal to
_ 2
l,,=mgc /4. (23)

e

The kinetic energy of translational (figurative) movement 7, of the electronis equal to

Ty = meuz/z =m,c*/2-T, =m,c’/4. (24)

esp
e

Theequalities (23) and (24) allow to determine the effective velocitiesu,grotational (relative) and .,
translational (figurative) movements of the electron

uaqb:c/\/z; ue:Ve:c/\/E (25)
From the equalities (22) and (23), taking into account the last relation (20), we get
J,=myr, /2. (26)
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The equality (26) indicates the cylindrical shape (disk) of the electron with a base radius #, and a

relatively small height, much smaller than .. We accept the vectors u,, @, as collinear, we fix an

arbitrary point A on the rim of the disk and follow its movement. If u,, @, are codirectional, then with
the translational-rotational movement of the electron, point A will move along a helical line winding

around a cylindrical surface with a radius 7, and an axis directed along the vectors u,, @, . In this case,

they speak of the right helicity of the electron [9-12]. If u,, aTehave opposite directions, then the

trajectory of point A will be a left-handed helix and speak of the left helicity of the electron. In both cases,
starting from (25), we have

2 2 1/2
u = (uaqb +u6) =@ (27)

Theelectron can be polarized u,, aTe mutually orthogonal, point A describe a cycloid with concavity
up or down and for a right- or left-polarized electron with conservation (27). For polarization, efforts are
needed and the most probable path will be a spiral with parameter a and pitch d-

a=2rxr,=4,, d=2rxr, =4, (28)

e

The surface point A of the electron, describing the helix with the parameter and pitch (28), passes a
distance of a length [, = ¢ - cex during translational movement with a velocity of (25) for v, rotations. The
pitch of the screw will be the de Broglie wavelength of the ¢lectron, and the number of rotations v,, for
which the electron travels a path of length [,, — frequency of this wave. These are the geometric and
physical meanings of the wave characteristics of the electron.

Such an electron model satisfies (13) the first and last expressions (14). The second of the de Broglie
relations (14) contradicted SRT and CF, regardless of the indicated electron model. Taking P,= m.u, as the
impulse, where u, - the absolute velocity of the spatial electron model, we will have

P,=mu, P =mc P =ho,/c. P =2rh/A,. P =mu,=h/A, (9

The equality (29) is the second relation from (4), refined and consistent with SRT and CF, expressing
the relationship of the total electron momentum with the characteristics of its de Broglie wave. This is
logical from the point of view of Einstein's law (13), the wave form (14) of this law. This implies the law
of conservation of the momentum of the total momentum

P A, =mu A =mch, =h (30)

From (30), there are consequences, which are important for the process of radiation and energy
absorption by the clectron. Radiating the energy, the clectron lengthens and vice versa, absorbs energy,
shortens the wavelength. According to (30), when the energy is emitted, the electron must lose a mass, and
when it absorbs energy, increase it. Therefore, particles with masses should act as energy carriers, i.e.
energy is inherent only in bodily and mass essence.Since the electron emits (absorbs) photons, x-ray and
y - ray, that they have mass. This contradicts SRT and CF, is not perceived by modern physics. However, it
is experimentally proved the presence of mass in the photon [14].

Note that u, - this is the group velocity of the electron. It is different from the velocity of the center
of mass, u#.<u,, shows the presence of electron rotation near the center of mass with a constant kinematic
momentum. A number of corollaries can be drawn from the law (21) established experimentally. When the
energy is radiated, the electron wavelength increases; therefore, the radiation frequency decreases
according to (14). In accordance with the choice of (20), the angular velocity of rotation of the clectron
decreases. Then the moment of inertia J. of the electron should increase. Tumning to the expression (26),
we see that

J,=my’ 2= (myr)r,/2=(mA, /2x)A,12x)/2=(h/c)A,/2x)/2=const-A,. (3])

From (31) the increase of J, with /, follows.
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In such a way, the clectron model satisfies the basic postulate of STR and CF, experimentally estab-
lished conservation laws and gives consistent results with the theory and experiments of radiation
(absorption) of energy. The electron along with the form must have a structure and all that it emits is
contained in its bowels. However, this is forbidden by modern physics and considers the electron to be the
only mass particle without an internal structure [14]. Based on the act of electron production during the
decay of a neutron that does not have an electron in the internal structure [14], we conclude that the
clectron is assembled from elements erupted from the bowels of the neutron during decay, has these
clements in its internal structure, emits (absorbs) these same elements - photons, x-rays andy - rays. Such
a vision does not contradict anything, with the exception of the statement of modern physics about the
absence of the internal structure of the electron. It should also be noted its electric charge and electron

magnetism, expressed by Bohr magneton 1 =9,274-10* Jluc /ma[11]. In view of (26), we consider
the expression (21) multiplied by the charge and transformed to the form:

er’w, _ he 3
T (32)

The left side of (32) can be called the electric kinematic momentum

—

g=i0, i=er /2. (33)

Accordingto (21) and (33) the kinematic momentum E and the electric kinematic momentum g, are
connected through the moment of inertia /, and the electric moment of inertia i,:

— ek, . ¢,
qe— 5 le— .
m m

e e

(34

The Expression (34) shows that the electric kinematic momentum and the electric moment of inertia
are very large quantities that differ from the mass of the kinematic momentum and the moment of inertia
by a constant value e/m,:

£ 1,759-10" xn/xe (35)
m

e

The equality (35) indicates that the charge mass is dispersed along the periphery of the electron, the
ordinary mass is concentrated in its center of mass like an atom.

We hypothesize: a Newtonian mass with a kg unit of measure is represented by a bipolar magnetic
mass with the property of a magnet and orientational attraction.

Combined field and quantum actions of nanocarbon on emission electrons. Each emission
electron is accelerated by the voltage (5) of the electric field of the nanocarbon and, according to (10),
makes a helical motion near the nanocarbon in its magnetic field with induction (6). We draw a plane
through the center of mass of the nanocarbon, the hole from where the electron is torn, and the center line
of the cylindrical surface (toroid) on which the helical trajectory of the center of mass of the electron is
wound. The electron and the hole for man exciton [6, 12]. The electron makes three kinds of motions in
space: helical motion with a portable velocity V,, main rotation with an angular velocity o,., and
precession. The precession is regular and is ensured by the moment of magnetic forces acting on the
electron. orders of magnitude of angular velocities o, (1014 Hz) and w, (1020 Hz) indicate the
applicability of the Zhukovsky rule [13] to them and the order of the moment of magnetic forces ensuring
regularity of the precession, from 10° J to 10™"* J. The motion along a helical path differs from the motion
in a circular orbit in that the interaction force of the electron and its hole, the centrifugal force of motion
along a helical path will be equally oriented and directed into the hole at least once on each turn. As a
result of the combined actions of these two forces, the electron falls on a nanocarbon and makes an
exciton impact, causing a further collapse of the nanocarbon into smaller particles of a smaller nanoscale.

This is a real mechanism for the development of nanoprocesses; it is unnoticed and unexplored by
anyone. Being an internal mechanism, it does not require large external energy forces and can explain the
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phase transition of solid nanocarbon particles added to the liquid state in bitumen. This fact is confirmed
by experiments conducted in the laboratory of Kazakhstan Highway Research Institute JSC [2-4].

Conclusions about the accepted electron model. Nanotechnology and processes for the production
of nanomaterials, like all other technological operations, are the result of ¢lectromagnetic interactions of
atoms, an atom and a molecule, a molecule with a molecule in a substance. The rupture of chemical and
physical bonds between the indicated structural elements of a substance, the formation of the necessary
bonds are chemical reactions. Connections form clectrons, thanks to them, the material world exists. The
surface electrons of a nanocarbon form its physical ficlds and determine their characteristics. Emission
clectrons, interacting with the physical fields of nanocarbon, decide its fate. These circumstances are
associated with the spatial model of the electron. In formulating the electron model, Einstein's law (13)
was substantially used, with an important clarification that the mass is constant and does not obey the
Einstein-Lorentz law, and de Broglie relation (14) with the refinement of the meaning of the pulse. The
Compton wavelength and spin of the electron, the laws of conservation of the kinematic momentum and
angular momentum of the electron, and the value of Bohr magneton were used. It is shown that the Bohr
magneton follows from the law of conservation of the kinematic momentum of the electron, as a deri-
vative, does not make much sense. Its reason lies in Maxwell's classical electrodynamics, which reduces
magnetism to electricity and excludes the independent essence of the clectron and the entire material
world.

The model revealed the essence of the wave properties of an electron, the propagation of which
required a carrier medium. It was established that it is not the wave that propagates, but the electron itself
moves and what is called the wavelength and frequency are the parameters of this movement. The model
explains the precession of the electron in the magnetic field under the action of a moment of magnetic
forces and establishes that due to the high angular velocity of rotation, the electron having a large gyro-
scopic moment obeys the Zhukovsky rule and uniquely determines the momentum of external forces
ensuring the regularity of the precession. The kinematic momentum of rotation of the electron, the spin, is
preserved.

It is proved that the surface activity of matter and nanocarbon is a consequence of the manifestation
of the properties of surface electrons with free valency in nanomaterials and their special characteristics.
These facts can serve the development of nanotechnology, nanoscience and nanomaterial science, which
are the basis of the cyclical economy and its digitalization using additive 3D printing. The role and place
of physical and quantum fields of nanocarbon and its surface electrons are shown, the basis of the theory
of electron in nanotechnology and nanomaterial science, developed in the direction of structural elements
and electron structure, is laid.

M. K. Kypomon', A, A. Katsi6aii', B. B. Tearaes®

HAHOKOMIPTEKTIH ®U3HKAJIBIK ’KOHE KBAHTTBIK OPICTEPIHIH
CHITATTAMAJIAPBIMEH KACHETTEPI /KOHE OJIAPJIbI KOJJAHY

L«J1. B. COKOJIbCKMI ATHIHIAFHI KAHAPMAH, KATAIH3 YKOHE SICKTPOXHMUSA HHCTHTYTED AK,
AmvaTsr, KazakcTan,
*«Ka3aKCTaH 5KO FRUTLIMH-3ePTTEY HHCTHTYTED> AK, AmMarsr, Kasakcran

AnnoTamust. HaHOKeMIpTEKTiH OCTTIK 3MEKTPOHIAPBIHBIH, (DH3HKANBIK (IIEKTPIIK, MATHUTTIK) KOHE KBAHTTHIK
(KOPITY CKY IIIPIIBIK-TOIKBIHABIK) OPICTCPIHIH CHIATTAMATAPHI TCOPWSUIBIK TYPFBIIAH HETI3ACIAL JKOHE AHBIKTAIIBL
KarTer aeHemepaiH HAHOYHTAKTAPH! VIIH 6PICTCPIiH CHIIATTAMATAPBIHBIH CAHABIK MOHACPIHIH AKHKATTHIFBI JKOHC
CaKTaJybl AHBIKTANABL. HaHOYHTAKTApABIH KBAHTTHIK Memmeprik 3(@exri 3aTThiH OETTIK OCICEHAINTi, SFHU
3JIEKTPOH OPICTEPIHIH dcepi eKeHi manenacHAl. OU3HKaNBIK KOHE KBAHTTHIK OPICTEPIiH dCepiIepi MEH 3ICKTPOHHBIH
YCBHIHBLIFAH MOJICTI HAHOTCXHOJIOTHAIAP MCH HAHOMATCPHATAHY TBIHAAMY BIHA CJICYJIL 9Cep TYi MYMKIH.

Tyiiin ce3aep: HAHOYHTAK, 37CKTP >KOHE MATHHTOPICTEPI, KOPILYCKYJLIPIBIK-TOJKBIHABIK CHIATTAMAmap,
KBAHTTBHIK 6JIIICY 3CEPi, KOMIITOH 9CEPi, TOIKBIH Y3bIH/IBIFbI.
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XAPAKTEPUCTHUKH A CBOMCTBA ®U3HUECKHUX U KBAHTOBBIX MOJEMR
HAHOYTJIEPOJA U UX TPHJIOKEHUA

Annoramus. TeopeTHueckn OOOCHOBAHO, OMPCSACIACHBI XApAaKTCPHCTHKH (DH3HUCCKHX (3JCKTPHUCCKOTO,
MATHHTHOTO) M KBAHTOBOTO (KOPIyCKYJIIPHO-BOJHOBOIO) IOJCH MOBEPXHOCTHBIX JICKTPOHOB HAHOYITIEPOIA.
YCTaHOBICHBICIPABEATUBOCT U COXPAHCHUE YMCIOBBIX 3HAYCHHH XAPAKTCPHCTHK MOJECH AMM HAHOMOPOIIKOB
TBEpABIX Tel. JI0Ka3aHO YTO KBAHTOBOPA3MEPHBIA 3(P(PEKT HAHOMOPOIIKOBECTh MOBEPXHOCTHAS AKTUBHOCTD BEIIC-
CTBA, CYTh ACHCTBHA MOJCH 3MeKTpoHA. JIeWCTBHA ()M3MMECKHX W KBAHTOBBIX MOJICH W IPEIJIO’KCHHASMOICITH
3JEKTPOHA MOTYT CYIIECTBCHHO BIMATH HA PA3BHTHEC HAHOTEXHOJIOTHH M HAHOMATEPHATIOBEACHHUA.

Kimo1ueBbie c10Ba: HAHOTIOPOIIOK, SMCKTPHUCCKOE M MATHHTHOE IIOJISI, KOPILYCKYJLIPHO-BOJHOBBIC XapaKTe-
PHUCTHKH, KBAHTOBOPa3MepHBIH 3 ek, 3¢ dexr Kommnrona, AmrHA BOTHBL
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