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Abstract 

The presented work examines physical processes in a thermal vacuum installation, which allow for the effective dispersion of 

heterogeneous materials within 15 seconds. An analysis of heat and mass transfer processes that affect the dispersion of heterogeneous 

materials been carried out. Calculations of the speed, frequency and wavelength in spiral heating element of the thermal vacuum 

installation been made for different angles of motion of material particles. It been established that the speed of motion of a material 

particle in the cavity of the heating element can be more than a thousand kilometers per second, and the temperature of a local pulsed 

steam explosion rises to tens of millions of degrees. The results of the study show that during thermal vacuum dispersion of 

heterogeneous materials, modified nanodispersed materials are formed, neutrinos and transparent glowing bubbles are observed, which 

appear unexpectedly and as if out of nowhere. The size of the bubbles is (4 ... 5) centimeter. The inner part of the bubble glows with a 

weak orange-violet color, and closer to the shell, blue color prevails. The reason for the formation of a transparent bubble, apparently, is a 

local powerful steam explosion with the appearance of a shock wave inside which there is a high temperature and pressure. At the same 

time, electrification of particles occurs. The voltage of static electrification can reach a value sufficient to tear electrons from atoms. 

Ionization occurs. At this time, a neutrino and a transparent bubble formed, a gas mixture arises. 
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1. Introduction 

There are many ways to obtain nanodispersed materials, 

including the method of electron beam evaporation and vac-

uum deposition [1]. This method is energy-intensive and 

time-consuming. The development of new functional materi-

als with individual structure and properties is one of the pro-

gressive directions of technological progress [2]. During the 

development of scientific and technological progress, the 

tasks of developing and mastering innovative types of instal-

lations, effective technologies for processing raw materials, 

obtaining new materials are set. The possibilities of creating 

a scalable reproductive process from laboratory research to 

industrial production are determined. As result of scientific 

and technical research, a significant amount of experimental 

material accumulated in the form of new technological pro-

cesses, characteristics of the resulting product, and device 

designs [3, 4]. The results of the study show that thermal 

vacuum dispersion of heterogeneous materials produces neu-

trinos and transparent glowing bubbles that visually observed 

in specially made trap. Hereinafter, we will call them Fermi 

bubbles. The nature of the appearance of neutrinos and Fermi 
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bubbles poorly understood. [5, 6]. Dr. Brian Mac Namara, an 

astronomer from the Ohio University in Athens, believes that 

the most likely cause of the appearance of Fermi bubbles is 

powerful explosions of matter based on data obtained from 

the orbital X-ray observatory "CHANDRA". The mysterious 

world of neutrinos and Fermi bubbles can tell us a lot about 

the physical processes that occur in the Universe. Only a 

detailed study of the process of formation of neutrinos, Fermi 

bubbles and related phenomena has undoubted scientific 

value, which will allow us to uncover the mysterious world 

and identify the physical processes occurring in the Uni-

verse. Studying the process of producing neutrinos and Fer-

mi bubbles in a thermal vacuum setup will provide additional 

information about their properties, interaction with the envi-

ronment and create new alternative energy sources. 

The aim of this work is to develop an efficient thermal 

vacuum energy-saving, environmentally friendly dispersion 

of heterogeneous materials and an empirical study of the 

resulting neutrinos and transparent bubble. 

2. Thermal Vacuum Process 

The experimental methodology of the thermal vacuum 

process is that for the effective and economical production of 

nanomaterials it is necessary to ensure a continuous flow of 

heterogeneous material inside spiral heating element, which 

has a temperature of 400°C. 

The thermal vacuum process based on the principle of com-

bining high-speed evacuation and instantaneous thermal heat-

ing of the material inside a hollow heater. [7]. Material enters 

the cavity of the heating element together with air. A two-

phase gas-solid particle system arises. The movement occurs 

in an upward flow in the heated space with a decrease in pres-

sure. From the results of the experiment established that for 

continuous operation of the installation and stable movement 

of particles along the spiral heating it is necessary to observe 

the condition. Тhe weight of solid particles in one liter of air at 

the inlet to the cavity of the heating element should be no 

more than (1.0 – 1.2) g, which should not exceed the standard 

value of air density. The air density is 1.2255 kg/m³, corre-

sponding to the density of dry air at 15°C and a pressure of 

101330 Pa. (Reference data). This due to the fact that the 

thermal vacuum process forms a significant number of nano-

dispersed and finely dispersed particles moving in a unit of 

volume, increasing their speed of movement and heating tem-

perature. Тhe composition and heat capacity of the environ-

ment changes, which leads to a change in the wave motion of 

the particles. It is necessary that during the process of thermal 

vacuum dispersion, a uniform density of the substance within 

the volume maintained, which allows nanodispersed particles 

to move freely without colliding with each other and allows 

them to overtake moving particles at a lower speed. 

 

3. Analysis of Heat and Mass Exchange 

Processes in Thermal Vacuum Unit 

The dispersed material moving in the cavity of the heating 

element along the spiral channel subjected to a centrifugal 

force F 

𝐹 =
𝑚·𝜐2

𝑅
                             (1) 

where m is the mass of a particle of dispersed material, kg; ʋ 

is the speed of movement of a particle of dispersed material, 

m/s; R is the radius of the spiral of the heating element, m. 

The centrifugal force presses the particles of the dispersed 

material against the wall of the heating element. Contact 

formed between the surface plane of the wet material and the 

wall of the heater, which allows for maximum use of the heat 

of the heating element. An instantaneous process of transfer-

ring thermal energy from the wall of the heater to the wet 

material occurs. [8]. Surface element dS (m2) of the wet ma-

terial receives a powerful flow of thermal energy dQ (J) with 

a temperature T (K) in a short period of time ∆τ (s) with a 

heat transfer coefficient of a, (W/m2 K). 

dQ = a ∙ T∙ d𝜏 ∙ dS                          (2) 

Thermal resistance Rс of the surface layer determines the 

thickness of thermal energy penetration into the wet material. 

l = k · Rc ·dS                             (3) 

where l is the thickness of thermal energy penetration into a 

wet body, m; k is the thermal conductivity coefficient of the 

material, W/m· K; Rс is the thermal resistance, K/W. 

Substituting the value dS from expression (2) into expres-

sion (3), we obtain the thickness of thermal energy penetra-

tion dQ into a wet body, over a certain of time dτ. 

𝑙 =
𝑘·𝑅𝑐·𝑑𝑄

𝑎·𝑇·𝑑𝜏
=  

𝑘·𝑅𝑐·𝑃

𝑎·𝑇
,                         (4) 

where P = dQ/dτ the thermal power received by the surface 

layer of the material from the wall of the heater during con-

tact, W. 

We determine the heating temperature of the surface layer 

of a material particle. 

𝑇 =
𝑘·𝑅𝑐·𝑑𝑄

𝑎·𝑙·𝑑𝜏
=  

𝑘·𝑅𝑐·𝑃

𝑎·𝑙
                         (5) 

It follows from expression (5) that the temperature (T) in-

side the surface layer of the wet material depends on the 

thermal conductivity coefficient (k) and thermal resistance of 

the material (Rc), thermal power (P) of the heating element, 

heat transfer coefficient (a) of the material, thickness (l) of 

the surface layer. The temperature (T) of the surface layer of 

the wet material at moment of contact with the wall of the 
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heater becomes significantly higher than the temperature (T1) 

of evaporation of moisture, which is in the surface layer 

(T >> T1). Instantaneous overheating of the liquid occurs. 

The process of intensive vaporization begins in the surface 

layer at the pressure (P1) of the environment. The pressure 

(P1) in the cavity of the heating element created by vacuum 

pump. As result of intensive vaporization, the pressure of 

saturated vapor (P2) inside the surface layer becomes signifi-

cantly higher than on the surface (P2 >> P1). Thus, in the 

surface layer, at the moment of contact of the wet material 

with the hot wall of the heating element, a concentration of 

thermal energy occurs, which leads to the formation of a 

local pulse steam explosion in a limited space [9]. A shock 

wave formed, inside which the temperature and pressure 

increase. [10]. Process of crushing the surface layer of the 

material occurs. At this moment, each particle detached from 

the main mass acquires kinetic energy. In the case under con-

sideration, the kinetic energy of the particle depends on the 

thermal energy (Q) it receives from the heating element in a 

short period time. 

Q = dm·c . (T3 –T4) = dm·c·ΔT = 
𝑑𝑚·𝜐2

2
,            (6) 

where c is the heat capacity material, J/kg · K; T3 the instan-

taneous heating temperature of the surface layer with a mass 

of dm when the body touches the heating element, K; T4 is 

the initial temperature of the surface layer of the body, K; ΔТ 

is the difference between the initial and final heating temper-

atures of the surface layer. That is, the kinetic energy of par-

ticle is equivalent to the thermal energy (Q) received by the 

surface layer or a separate particle with a mass of dm the 

moment of contact with the wall of the heating element. 

dm·c·ΔT = 
𝑑𝑚·𝜐2

2
                           (7) 

After transforming expression (7), we obtain 

ΔT = 
𝜐2

2𝑐
                                      (8) 

From expression (8) it follows that the temperature ob-

tained by the surface layer or a separate particle of the mate-

rial when touching the wall of the heating element is directly 

proportional to the square of the body velocity and inversely 

proportional to its heat capacity. The higher the temperature 

of the surface layer of the material body in a short period 

time, the more powerful the local pulsed steam explosion and 

the higher the speed of movement of small particles. When a 

particle of the material touches the wall of the heating ele-

ment, a shock wave front is formed, which is characterized 

by extremely high values of excess pressure and high tem-

perature. [11]. Duration of the shock wave is (2...10) 10-3 s. 

[12]. In pulsed shock wave, irreversible processes occur so 

quickly that polymorphic transformations vary within ex-

tremely wide limits. As a result, the particles that have bro-

ken away from the main mass will be in close proximity to 

the shock wave, and will receive a powerful force impact, 

which leads to an increase in their temperature, further frag-

mentation with the formation of numerous fragments of vari-

ous shapes and masses with an increase in the total surface 

area. [8]. New crystalline modifications arise, which affected 

by the force of traction (FT). 

FT = m·a1                               (9) 

where a1 acceleration of the body particles, m/s2. 

When a material particle moves towards the wall of the 

heating element in the opposite direction of the centrifugal 

force, then in this case the thrust force must be greater than 

the centrifugal force (FT > F). If the particle’s motion is di-

rected towards the centrifugal force, then the force 

Σ (FT + F) acts on it. Let’s assume that the thrust force at 

some point in time is equal to the centrifugal force (FT = F), 

then, 

m·a1 = 
𝑚·𝑣2

𝑅
;  

𝑚·𝑣

𝜏2 =  
𝑚·𝑣2

𝑅
,                  (10) 

where τ is the time of influence of the temperature of the 

heating element on the material particle during its contact 

with the heater wall, s. 

From expression (10) we obtain, 

τ = √
𝑅

𝑣
                                  (11) 

Therefore, the time of contact of a material particle with 

the wall of the heating element is equal to the square root of 

the radius of the heating element divided by the speed of 

movement. 

All this mass moves at different speeds in the heater cavi-

ty. At this time, the electrification of particles occurs, large 

and small particles acquire charges of opposite signs. [13]. 

Voltage of static electrification can reach a value sufficient to 

separate electrons from atoms, resulting in ionization. This 

contributes to the formation of a new crystalline modification 

of matter, neutrino flux and Fermi bubbles. At the same time, 

the rest of the material particles, which are located outside 

the shock wave, are in a metastable state. 

4. Determination of the Velocity of a 

Material in the Heating Element 

Cavity 

If the body moves linearly inside the heating element, then 

its speed is 6.7 m/s. However, during movement in the cavity 

of spiral heating element of the thermal vacuum installation, 

the material particle moves in a zigzag manner from one wall 

to the other. In connection with which the speed of its 

movement in the thermal vacuum installation will depend on 

http://www.sciencepg.com/journal/ajpa


American Journal of Physics and Applications http://www.sciencepg.com/journal/ajpa 

 

62 

the angle of movement to the opposite wall of the heater and 

on the length of the path traveled. 

Let us calculate the speed of movement of a body particle 

at different angles of movement to the opposite wall of the 

spiral heater. From the place (C), the supposed contact of the 

body with the heater wall, we will establish a perpendicular 

to the opposite wall of the heater (Figure 1). 

 
Figure 1. One of the possible movements of a particle of dispersed 

material from one wall to the opposite wall in the cavity of the heat-

ing element 

From point (C) draw a line at an angle (φ) to the opposite 

wall of the heater. We get a right triangle ABC. The side BC 

of the right-angled triangle ABC is equal to the inner diame-

ter of the heating element (d), and the side AB is equal to the 

part of the wall of the heating element. It assumed that at this 

moment the movement of the body in the cavity of the heat-

ing element from one wall to the other occurs along the hy-

potenuse AC at an angle of incidence (φ) to the opposite wall 

of the heater. In this case, the hypotenuse AC of the right-

angled triangle has the size 

АС = 
ВС

𝑆𝑖𝑛𝜑
 = 

𝑑

𝑆𝑖𝑛𝜑
.                           (12) 

Let's calculate side AB. 

АВ = √АС2 − ВС2 = √(
𝑑

𝑆𝑖𝑛𝜑
)

2

− 𝑑2 = √
𝑑2 · 𝐶𝑜𝑠 2𝜑

𝑆𝑖𝑛2𝜑
 = d·Ctgφ                                             (13) 

Will determine how many times segment AC is larger segment AB. The path traveled by a material particle will be that 

many times greater than in rectilinear motion, and the speed of its movement will be that many times greater. 

АС

АВ
 = 

𝑑

𝑆𝑖𝑛𝜑·𝑑·𝐶𝑡𝑔𝜑
 = 

1

𝑆𝑖𝑛𝜑·𝐶𝑡𝑔𝜑
 = 

𝑆𝑖𝑛𝜑

𝑆𝑖𝑛𝜑·𝐶𝑜𝑠𝜑
 = 

1

𝐶𝑜𝑠𝜑
                                                         (14) 

In our case 

λ = 2АВ = 2·d·Ctg𝜑                                                                                    (15) 

λ the wavelength, m. 

Then the velocity of the particle of the body will be accordingly 

𝜐 = 6,7 
1

𝐶𝑜𝑠𝜑
=  

6,7

𝐶𝑜𝑠𝜑
                                                                            (16) 

Let us determine the frequency of oscillation of a body particle depending on the angle of motion 

𝑓 =  
𝜐

𝜆
=  

6,7

2𝑑·𝐶𝑡𝑔𝜑·𝐶𝑜𝑠𝜑
                                                                               (17) 

where f is the frequency, Hz. 

The results of the calculations, within the permissible error, given in the table, in which: 

φ motion angle of the material particle; v velocity of motion particles, m/s; 

λ wavelength, m; f frequency of oscillations, Hz. 

Table 1. Calculation of the speed, frequency, wavelength in the heating element of a thermal vacuum installation for different angles of mo-

tion of material particles. 

φ 89°59ʹ59ʺ 89°59ʹ58ʺ 89°59ʹ57ʺ 89°59ʹ56ʺ 89°59ʹ55ʺ 89°59ʹ54ʺ 89°59ʹ53ʺ 89°59ʹ52ʺ 89°59ʹ51ʺ 

v, м/с 1,4·106 6,9·105 4,5·105 3,5·105 2,8·105 2,3·105 2,0·105 1,7·105 1,5·105 
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φ 89°59ʹ59ʺ 89°59ʹ58ʺ 89°59ʹ57ʺ 89°59ʹ56ʺ 89°59ʹ55ʺ 89°59ʹ54ʺ 89°59ʹ53ʺ 89°59ʹ52ʺ 89°59ʹ51ʺ 

λ, м 0.24·10-6 0.46·10-6 0.73.10-6 0.95.10-6 0.12.10-5 0.14.10-5 0.17.10-5 0.19.10-5 0.21.10-5 

f, Гц 5.8.1012 1.5.1012 6,2.1011 3,7.1011 2,3.1011 1,6.1011 1,2.1011 9,0 .1010 7,2.1010 

φ 89°59ʹ50ʺ 89°59ʹ49ʺ 89°59ʹ30ʺ 89°59ʹ 89°58ʹ59ʺ 89°57ʹ 89°56ʹ 89°55ʹ 89°54ʹ 

v, м/с 1,37·105 1,25·105 4,6·104 2,3·104 2,26·104 7,5·103 5,7·103 4,6·103 3,8·103 

λ, м 0.23.10-5 0.26.10-5 0.8.10-5 1.4.10-5 1.42.10-5 0.42.10-4 0.56.10-4 0.7.10-4 0.8.10-4 

f, Гц 5,9.1010 4,8.1010 5.7.109 1.6.109 1.59.109 1.8.108 1.0.108 6.6.107 4.8.107 

φ 89°53ʹ 89°52ʹ 89°50ʹ 89°47ʹ 89°45ʹ 89°30ʹ 89°25ʹ 89°21ʹ 88°59ʹ59ʺ 

v, м/с 3,2·103 2,8·103 2,3·103 1,8·103 1,5·103 7,7·102 6,6·102 5,9·102 3,8·102 

λ, м 0.98.10-4 0.11.10-3 0.14.10-3 0.18.10-3 0.2.10-3 0.42.10-3 0.48.10-3 0.54.10-3 0.84.10-3 

f, Гц 3,3.107 2,5.107 1,6.107 9.8.106 7.5.106 1.8.106 1.3.106 1.1.106 4,5.105 

φ 88 ° 87 ° 86° 85° 84° 83° 82° 81° 80° 

v, м/с 1,9·102 1,3·102 96 77 65 54 48 43 39 

λ, м 1.7.10-3 2.6 .10-3 3.4. 10-3 4.2 .10-3 5.0 .10-3 6.0 .10-3 6.8 .10-3 7.6 .10-3 8.5.10-3 

f, Гц 1,1·105 5,1.104 2,9.104 1,8.104 1,3.104 9.103 7.103 5.6.103 4.5.103 

φ 75° 70° 65° 60° 55° 50° 45° 40° 30° 

v, м/с 23,2 19,6 15,9 13,4 11,7 10,4 9,5 8,8 7,7 

λ, м 1,3·10-2 1,8·10-2 2,2·10-2 2,8·10-2 3,4·10-2 4,0·10-2 4,8·10-2 5,7·10-2 8,3·10-2 

f, Гц 1,8.103 1,1.103 7,1.102 4,8.102 3,5.102 2,6.102 2,0.102 1,5.102 93 

φ 20° 15° 10° 5° 4° 3° 2° 1° 0° 

v, м/с 7,1 6,9 6,8 6,73 6,72 6,71 6,7 6,7 6,7 

λ, м 0,13 0,18 0,27 0,55 0,69 0,92 1,4 2,8 - 

f, Гц 53,8 38,7 25,0 12,3 9,8 7,3 4,9 2,4 - 

 

From the calculation results it follows that when moving 

at an angle φ = 89o59ʹ59ʺ to the opposite wall of the heating 

element, the material particle moves with a speed of 1400 

km/s and a frequency of 5.8.1012 Hz. The wavelength is 

0.24·10-6 m. According to expression (11), the time of influ-

ence of the temperature of the heating element on the materi-

al particle during its contact with the wall at a speed of its 

movement of 1400 km/s is 6·10-4 s, and the local temperature 

of heating of microparticles in the pulse, according to ex-

pression (8), can reach 34 million degrees. 

If the blast wave is directed towards the opposite wall of 

the heating element at an angle of φ = 89o59ʹ58ʺ, then to-

gether with the blast wave moves a finely dispersed material, 

the size of which does not exceed the wavelength of  

0.48.10-6m with an oscillation frequency of 1.4 THz and a 

speed of 670 km/s. The time of influence of the temperature 

of the heating element on the material particle during its con-

tact with the wall is 8.6·10-4s. From the calculation results it 

follows that a change in the angle of the direction of move-

ment of a nanodispersed particle by one second in the range 

(89o59ʹ58ʺ… 89o59ʹ59ʺ) increases its speed by approximately 

2.0 times, and the oscillation frequency by 3.9 times. 

Changing the angle of the direction of movement of a ma-

terial particle to the opposite wall of the heating element in 

the range (89o58ʹ59ʺ… 89o59ʹ59ʺ) in one minute increases the 

speed of movement by 62 times, and the oscillation frequen-

cy by 3.6·103 Hz. 

Changing the direction of movement of a material particle 

to the opposite wall of the heating element by one degree in 

the range (88o59ʹ59ʺ…89o59ʹ59ʺ) increases its speed of 

movement by 3.6·103 times, and the oscillation frequency by 

1.3·107 Hz. Therefore, a material particle that has changed its 

speed of movement, mass, size can move from one frequen-

cy range to another frequency range and change the angle of 

movement, which ensures energy-efficient, high-

performance continuous dispersion of the material in a vacu-

um environment. 

According to expression (8), the two-phase flow is heated 

to 100oC at a speed of 590 m/s. and the angle of motion be-

tween the heater walls φ = 89o21ʹ. At this time, the specific 
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heat capacity of the two-phase flow is the sum of the heat 

capacities of carbon and air. The effect of the temperature of 

the heating element on a material particle during its contact 

with the wall is 3.0·10-2s. 

From the results given in the table, it follows that in the 

range of angles φ = (80o…50o) particles with a size of 8.5 

mm to 40 mm can move, and the speed of movement of 

these particles exceeds the acceleration of a freely falling 

body. 

In the range of angles from 21o and almost to 50o, the 

movement of material particles is chaotic. The speed of 

movement is lower than the acceleration of a freely falling 

body. The particles pass from laminar motion to turbulent 

motion. At this time, the temperature of the material particle 

increases due to partial contact with the wall of the heating 

element and the flow of thermal radiation coming from the 

wall of the heating element. 

In the range of angles φ = (20o...0o) the movement of het-

erogeneous material in the heating element occurs almost 

rectilinearly, i.e. the flow is laminar. Fine particles are not in 

the front of the shock wave at this time they only affected by 

the flow of thermal radiation, which comes from the wall of 

the heating element. 

If a nanodispersed particle moves to the opposite wall of 

the heater at an angle φ = 90o, then the route it has traveled in 

time will be the same, that is, the part is in a potential well. 

But this not happen because the phase shift for nanodis-

persed particles creates a flow of the environment, which is 

formed by a vacuum pump, which is an analogue of a black 

hole, where all material particles strive. Therefore, each new-

ly created material particle in the heating element of a ther-

mal vacuum installation moves along its trajectory at a strict-

ly defined angle has its own frequency of movement, speed, 

and mass. 

5. Carbon Dispersion Process 

We will conduct experimental studies of the thermal vacu-

um process of dispersing heterogeneous materials in a ther-

mal vacuum installation. Let us consider the process of pro-

cessing carbon grade C1. The initial size of carbon particles 

is 6 mm, humidity 5.8%. To obtain an image of the crystal 

structure and surface of the object with high spatial resolu-

tion, as well as for a detailed examination of the structure of 

nanographite obtained in a thermal vacuum installation, 

scanning and transmission electron microscopes used. 

In a thermal vacuum installation, nanodispersed single-

layer graphite with a size of (10…40) nm was obtained (Fig-

ure 2). 

 
Figure 2. Nanodispersed graphite, single-layer. 

During the thermal vacuum process, a locally pulsed car-

bon microexplosion occurs, leading to the modification of 

new carbon materials. The matter transitions from one form 

to another. Figure 3 Shows reciprocal lattice of a nanodis-

persed graphite particle of the C1 grade, which has a normal 

hexagonal shape with its reflection in the basic crystallo-

graphic plane. 

 
Figure 3. Hexagonal, graphite lattice. 

 
Figure 4. Monoclinic modification of the graphite lattice. 
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Based on graphite C1, processed in a thermal vacuum in-

stallation, a monoclinic modification of the reciprocal lattice 

with an angle β = 99o5ʹ was discovered. Figure 4. All this 

confirmed by the intensity diagram of X-ray reflections of 

graphite C1 in the initial and heat-treated state. Figure 5. 

Thus, the thermal vacuum process makes it possible to ob-

tain nanodispersed modifications of new carbon materials 

with minimal energy costs in 15 seconds. In the process of 

dispersing carbon in a specially made trap, neutrino fluxes 

and Fermi bubbles visually observed. Fermi bubbles appear 

unexpectedly and as if from nowhere. Their size is (4…5) 

cm. The inner part of the bubble glows with a weak orange-

violet color, and closer to the shell, the blue color prevails. 

All this observed visually. In the future, all this be studied 

more carefully and filmed a high-speed camera. In the pro-

cess of dispersing, it is also necessary to study gas evolution 

and determine their composition and quantity. For now, these 

are preliminary observations. 

 

 
Figure 5. Fragments of the X-ray diagram with designations of calculated prints from the components of graphite C1. Initial (a). Processed 

in a thermal vacuum installation (b). 

6. Thermal Vacuum Process for 

Obtaining Zirconium Dioxide 

As is known, one of the most common methods for obtain-

ing nanodispersed zirconium dioxide powders hydrothermal. 

[14]. However, the described method allows obtaining nano-

dispersed zirconium dioxide in aqueous, acidic and alcoholic 

solutions for a long time. 

The thermal vacuum process forms finely dispersed zirco-

nium dioxide directly from zirconium hydroxide, without 

aqueous, acidic and alcoholic additives. The residence time 

of the starting material in the thermal vacuum unit is 15 sec-

onds. [15]. 

To study the thermal vacuum process, zirconium hydrox-

ide with a particle size of the order of (10...2) mm and a hu-

midity of 12.5% was taken. As a result of the thermal vacu-

um process, pure zirconium dioxide is formed from zirconi-

um hydroxide in an amorphous state of randomly oriented 

crystallites with a humidity of 1.8%, with a porous structure 

with a size of (20...200) nm, a developed specific surface 

area and a large volume of sorption space. Figure 6. 

 
Figure 6. Amorphous zirconium dioxide. 
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Figure 7. Crystalline zirconium dioxide. 

Simultaneously with amorphous zirconium dioxide, finely 

dispersed crystalline zirconium dioxide also obtained in the 

thermal vacuum installation. Figure 7. Thus, the thermal 

vacuum process forms crystallographic modifications of the 

material. Amorphous zirconium dioxide retained by a fine 

filter. Crystalline fractions were retained a coarse filter. As a 

result, amorphous zirconium dioxide obtained with a yield of 

30% of the total mass, with a bulk density of 1.64 g/cm3, 

while the bulk density of zirconium hydroxide was 1.05 

g/cm3. Thus, by analyzing the obtained results of the thermal 

vacuum process of nanodispersed materials, it is possible to 

determine the mechanisms of influence on the object under 

study and create a highly efficient technological method for 

the formation of nanodispersed materials. 

7. Conclusions 

1) According to the results of the conducted research, it 

was established. The speed of movement of material 

particles in the cavity of spiral heating element of the 

thermal vacuum installation depends on the power of 

the local pulse steam explosion with the occurrence of 

a shock wave and due to the energy of thermal radia-

tion of the heater walls. The greater the speed of 

movement of a material particle, the smaller its mass, 

the greater the angle of incidence of the particle on the 

opposite wall of the heater. The speed of movement 

can reach more than a thousand kilometers per second. 

At same time, the pulse temperature of the medium 

increases, the kinetic energy of the material particles 

increases, the flows of electrons, protons and other 

charged particles significantly accelerated. Nanodis-

persed material formed, neutrino flow Fermi bubble 

arise. 

2) Heterogeneous materials in a thermal vacuum installa-

tion sequentially subjected to force, thermal, defor-

mation, and ionization effects in a short period of time, 

which significantly accelerates the process of obtaining 

nanodispersed materials with new physicochemical 

mechanical properties, and forms a neutrino flux and 

Fermi bubbles. Each physical process in the heating el-

ement has its own space-time continuum and it is nec-

essary to take into account only those parameters that 

correspond to a certain interaction. 

3) The thermal vacuum method creates the prerequisites 

for obtaining charged particles and a neutrino flux. 

Neutrinos move from the heating element of the ther-

mal vacuum installation to a specially made trap, where 

they currently recorded visually. Therefore, in the fu-

ture it is possible to study the appearance of neutrinos 

and Fermi bubbles using a small-sized energy-saving 

thermal vacuum installation without large financial 

costs and significant difficulties. 

4) Existing methods for constructing a new crystal lattice 

require complex rearrangements of atoms, energy costs, 

and a long time to overcome huge activation barriers 

from several eV to tens of eV. In a thermal vacuum in-

stallation, using thermal diffusion and a pulsed shock 

wave, crystalline modifications of materials with new 

properties arise in a few milliseconds with minimal en-

ergy costs. 

5) The thermal vacuum process is a progressive means of 

obtaining nanodispersed materials: it increases the effi-

ciency of thermotechnical equipment, reduces energy 

consumption, reduces the time of obtaining nanodis-

persed materials, and reduces the cost of the technolog-

ical process. The results of the study can used for the 

effective continuous production of new nanomaterials, 

detailed study of the process of obtaining neutrino flux 

and Fermi bubbles. 
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