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     The influence of impurities of the electrode material on the electrical conductivity of pulsed discharge plasma in 

water is considered. Experimental studies of electrical conductivity were conducted and calculations were performed 

based on the Grade method of moments. It is shown that a small amount of metal and carbon impurities can 

significantly change the value of the plasma electrical conductivity coefficient compared to the case of pure water 

vapor. It is found that metal and carbon impurities can cause both an increase and a decrease of the plasma electrical 

conductivity, which is related to the processes of interparticle collisions and the presence of clusters. 

PACS: 52.25.Fi, 52.25.Vy, 52.25.Ya, 52.27.Cm, 52.77.Fv, 52.50.Nr, 52.80.Mg 

 
INTRODUCTION   

 

Pulsed electric discharges are widely used in ener-

getics, metallurgy, oil and gas industry and shipbuilding 

[1-7]. At the same time, such discharges take place in 

electric technological processes, such as electric 

welding, stamping, casting cleaning and rock crushing. 

In addition, interest in studying such discharges is 

growing due to the development of new technologies 

related to waste processing, water purification and new 

directions of hydrogen energy researches [3-7]. 

The plasma of discharges in water contains not only 

dissolved substances, but also the material of the 

electrodes and conductors through which current is 

supplied to the plasma or which are used to initiate 

discharges. These impurities can significantly affect the 

properties of the hydrogen-oxygen plasma, causing 

changes in the current distribution and energy release in 

the discharge channels, as well as affecting the 

formation of the structure and dynamics of the discharge 

chanel development [7, 8]. 

In a multicomponent plasma medium, due to the 

large number of different types of interparticle interac-

tions and transport processes, the character of processes 

is significantly complicated. The properties of plasma 

with impurities of electrode materials significantly 

depend on its composition [8-12]. The characteristic 

features of the transport properties of thermal plasma of 

water vapor without impurities are considered in [8-10]. 

The appearance of impurities in the electrode material 

and evaporated conductors can lead to an increase in the 

conductivity and energy density in the plasma due to an 

increase in the density of charge carriers due to the 

significantly lower ionization potentials of metal atoms 

compared to atoms in the aqueous medium. On the other 

hand, for low-temperature plasma, the processes of 

interaction of electrons with neutral particles are 

important [11, 12]. After all, these processes can also 

affect the electrical conductivity, so it is necessary to 

pay special attention to such processes. 

The aim of this work is to study the influence of the 

physical characteristics of the multicomponent plasma 

of pulsed discharges in the aqueous mixture with vapors 

of the electrode material (metals and carbon) on the 

electrical conductivity of the plasma.  
 

ELECTRICAL CONDUCTIVITY OF 

MULTICOMPONENT WATER VAPOR 

PLASMA WITH IMPURITIES  
 

Consider a dense plasma in a state of local 

thermodynamic equilibrium (LTE) (see [10-12]). Due to 

the high concentrations of neutrals and electrons, 

collision processes in such a plasma are much more 

significant than particle transfer processes and radiation 

processes in the local volume. For a multicomponent 

low-temperature plasma in which LTE is maintained, 

the component composition can be calculated based on 

the law of effective masses, which also reflects the 

reaction processes. In particular, the electron concentra-

tion at a given discharge point is related to the 

concentrations of ions and neutral particles by the Saha 

equations. 

Determining the plasma composition allows us to 

calculate the transport properties of the plasma. In the 

calculations, we will use the Grad momentum method 

[12-14]. It should be noted that in [12] the applicability 

of the Grad method to problems of partially ionized 

plasma was shown and a comparison was made with the 

more common used the Chapman-Enskog method 

[15,16]. 

Both methods are based on the Chapman-Cowling 

integral formalism [14-16]: 
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where k is the Boltzmann constant, T is temperature, μαβ 

is the total mass of particles of varieties α and β, who 

are involved in the collision, ς=(μαβ/2kT)
(1/2)

g, g is the 

relative velocity. The transport cross section of order l is 

defined as    
 ( )    ∫    (   )(     

  )       
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where χ is an scattering angle, σαβ(g,χ) is the differential 

scattering cross section. 

In the thirteenth moment (13M) approximation of 

the Grade method, the translational transport coeff-

?cients are calculated as the sum of the effective 

coefficients for each type of particle. And the effective 

coefficients themselves are calculated based on a certain 

combination of Chapman-Cowling integrals (1). It 

should be noted that the electrical conductivity of a 

dense low-temperature plasma is determined mainly by 

electrons due to the high density of the plasma medium. 

The calculation of the electronic transport coefficients 

requires the use of higher approximations. Thus, the 

electrical conductivity σ can be written [12,14,16] as 
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where me is an electron mass, ne is the electron density 

in plasma, and the elements of the determinants q,q' are 

functions of the above Chapman-Cowling integrals (1) 

(see, for details [12, 14, 16]). 

From formula (2) it follows that the electrical 

conductivity of low-temperature plasma mainly depends 

on the plasma density (the number of charge carriers) 

and the processes of interparticle interaction (the 

frequency of collisions). Since metal atoms have a much 

lower ionization potential compared to the atoms of the 

aqueous medium, the invasion of metal atoms into the 

discharge channel causes an increase in the plasma 

density, which is a clear factor in the increase in 

electrical conductivity. On the other hand, the chara-

?teristics of interparticle collisions can be complex and 

these processes can generally cause both an increase and 

a decrease in the electrical conductivity of the plasma. 

The conditions for the latter will be considered in more 

detail below. 

The most detailed study of electron scattering at low 

energies was performed on a copper atom [17-19]. 

Various models of the electron-atom collision cross 

section for copper and the results of its usage in 

modeling gas-discharge plasma are discussed in [18]. 

The following models of the low-energy electron 

scattering cross section on a copper atom are that the 

most common and applicable resonance model [17], 

characterized by the presence of resonance near 0.1 eV, 

and the non-resonance model without such resonance 

[18]. However, later calculations were made using a 

new alternative model [19], which is also characterized 

by the presence of resonance, but with a shift towards 

higher energies. 

For calculations of the plasma of a mixture of water 

vapor and copper, we use the following set of 16 

particles: e
-
, H2O, H2O

+
, H2, H2

+
, OH, OH

+
, O2, O2

+
, H, 

H
+
, O, O

+
,Cu, Cu

+
,Cu2

+
. We also use a similar set of 

particles for other mixtures. The results of calculations 

for water vapor plasma with impurities are shown in 

Figs.1-4. 

It can be seen that the results of calculating the 

electrical conductivity of a water vapor plasma with 

copper impurities significantly depend on the e
-
+Cu 

cross-section model. Thus, in the case of using the non-

resonant scattering model [18] (relatively small cross-

section value), we have a continuous increase in 

electrical conductivity with increasing temperature due 

to an increase in the electron concentration due to 

thermal ionization. 
 

 
Fig. 1. Electrical conductivity of the plasma of a water-

vapor for equimolar mixture containing copper  

(pressure p=10 bar). Curves 1 denotes pure water 

vapor; 2  is H2O–Cu (90:10) (the resonant cross-section 

model e
-
+Cu [17]), 3 is H2O–Cu (90:10) (an alternative 

cross-section model e
-
+Cu [19]); 4 is H2O–Cu (90:10) 

(a non-resonant cross-section model e
-
+Cu [18]) 

 

 
Fig. 2. Plasma conductivity of a water-vapor equimolar 

mixture containing iron (pressure p=10 bar).  

Curves 1 denotes pure water vapor; 2 is H2O–Fe 

(99:1); 3 is H2O–Fe (90:10); 4 is H2O–Fe (70:30);  

5- H2O–Fe (50:50) 
  

 

Fig. 3. Plasma conductivity of a water-vapor equimolar 

mixture containing iron and carbon (pressure 

p=10 bar). Curves 1 denotes pure water vapor;  

2 is H2O–Fe–С (99.9:0.5:0.5);3 is H2O–Fe–С 

(95:2.5:2.5); 4 is H2O–Fe–С (90:5:5); 5 is H2O–Fe–С 

(70-20-10) (the mixture with the presence of clusters) 
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On the contrary, in the case of using the resonant 

scattering model [17] (relatively large cross-section 

value), the increase in electrical conductivity slows 

down and may even decrease due to an increase in the 

effective collision frequency due to the braking of 

electrons on copper atoms. In addition, we note that the 

use of an alternative cross-section model [19] gives an 

intermediate result between the specified cases. 

Therefore, there is a potential possibility of adding a 

sufficiently large amount of an impurity with certain 

properties to obtain a decrease in electrical conductivity 

in a multicomponent discharge plasma. 
 

 
Fig. 4. Plasma conductivity of a water-vapor equimolar 

mixture containing tungsten (pressure p=10 bar). 

Curves 1 denotes pure water vapor; 2 is H2O–W 

(90:10); 3 is H2O–W (90:10) (the mixture with the 

presence of clusters) 
 

The results of calculations for water vapor plasma 

with iron and carbon impurities are shown in Figs. 2, 3. 

With a similar plasma composition, we have results 

similar to the case of copper. However, it should be 

noted that carbon is characterized by the formation of 

clusters in the discharge plasma. The composition of the 

plasma due to the processes of association of carbon 

atoms into clusters С+Сn=С(n+1) are supplemented by 

particles that are larger in size than molecules and 

radicals of the water vapor medium. These can be 

simple clusters or complex formations (fullerenes), 

including those with metal inclusions. Accordingly, 

clusters have a larger scattering cross section for low-

energy electrons, which causes a change in the integral 

characteristics of interparticle interactions in the plasma. 

It should also be noted that for such a refractory 

metal as tungsten, the formation of clusters in the 

plasma is a characteristic feature. Taking into account 

the presence of clusters (n=236) gives a decrease in the 

electrical conductivity of the plasma (see Figs. 3, 4). 

Therefore, the presence of cluster in a multicomponent 

plasma can also be a factor into reducing the electrical 

conductivity. 
 

MEASUREMENT OF ELECTRICAL 

CONDUCTIVITY OF PULSED DISCHARGE 

PLASMA 
 

The influence of metal impurities on the properties 

of pulsed discharge plasma in water was experimentally 

investigated by initiating an electric explosion of a 

metal conductor when a high-density pulsed current was 

passed through it [20]. When using “thin” conductors 

with a diameter of up to 20 μm, the most intense lines in 

the plasma spectrum are hydrogen lines in the active 

phase of the discharge. With an increase in the diameter 

of the conductors, the lines of the conductor material 

become dominant in the radiation spectrum. 

The specific electrical conductivity of a dense 

plasma of an electric discharge in water was determined 

based on the time-dependent changes in the plasma 

resistance and the radius of the discharge channel. The 

electrical conductivity was calculated by averaging 

several measurements of the resistance and the radius of 

the channel. The volume-averaged conductivity was 

calculated for a relatively large interelectrode distance 

(l = 40 mm). Volume averaging was performed taking 

into account the fact that the difference in brightness 

temperatures is insignificant along the channel axis and 

does not exceed the value of (3…4)∙10³ K, and radiative 

heat conduction and high collision frequency should 

lead to temperature equalization across the discharge 

channel cross section. This phenomenon is facilitated by 

the so-called “the slit effect” that occurs in dense non-

ideal plasma [21-24]. 

In addition, there should be a redistribution of 

absorption energy in the spectra towards higher 

frequencies, which at temperatures T=(10…50)∙10³ K 

should lead to rapid temperature equalization across the 

channel cross section. Based on this, we will assume 

that the current is distributed almost uniformly across 

the discharge channel cross section with rapid energy 

input. Conductivity calculations will be performed for 

such regimes. 

 

 
Fig. 5. Electrical conductivity of pulsed discharge 

plasma in water as a function of time and conductor 

material (U=37 kV, l=40 mm, L=0.43 μH).  

Curves 1 denotes W (d=160 μm); 2 is Cu (d=180 μm) 

 

The results of calculations of the volume-averaged 

specific electrical conductivity of plasma channels 

depending on the discharge duration are shown in 

Figs. 5-7. It can be seen that the maximum value of 

electrical conductivity is observed in the first half-

period of the discharge, when there is intensive energy 

input into the channel and plasma heating to tempe-

?atures T=(10…50)∙10³ K. Over time, the electrical 

conductivity of the plasma decreases, which correlates 

with the behavior of the brightness temperature over 

time. 
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When studying the influence of copper and tungsten 

impurities on the properties of plasma initiated by an 

electric explosion of a conductor, conductors with a 

diameter of 160…180 μm were used. For a detailed 

study of the influence of tungsten impurities on 

electrical conductivity, conductors with a diameter of 20 

to 500 μm were used. This corresponds to the number of 

metal atoms per unit length of the channel Na = 

2∙10
17

…1.25∙10
20

 atom/cm. The interelectrode distance 

was l = 40 mm, the voltage U was chosen to be 20 and 

37 kV. The discharge period was t = 15.5 μs with a 

capacitance C = (14.6 ± 0.2) μF and an inductance L = 

0.43 μH of the discharge circuit. The current-voltage 

and space-time characteristics of the plasma channel 

were measured with reference to time. 
 

 
Fig. 6. Electrical conductivity of pulsed discharge 

plasma in water as a function of time for a tungsten 

conductor (U=20 kV, l=40 mm, L=0.43 μH).  

Curves 1 denotes W (d=20 μm), 2 is W (d=75 μm),  

3 is W (d=160 μm), 4 is W (d=300 μm),  

5 is W (d=500 μm) 
 

 
Fig. 7. Electrical conductivity of pulsed discharge 

plasma in water as a function of time and conductor 

material (U=37 kV, l=40 mm, L=0.43 μH). 

 Curves 1 denotes W (d=160 μm), 2 is Fe (d=160 μm),  

3 is Cu (d=180 μm), 4 is C (d=180 μm) 
 

The results of calculations of the volume-averaged 

specific electrical conductivity of the discharge plasma 

show that the electrical conductivity depends both on 

the type of metal impurity (see Fig. 5) and on its amount 

in the discharge channel (see Fig. 6). At the same time, 

a change in the amount of energy input does not affect 

the overall dynamics of electrical conductivity 

depending on the concentration of metal impurities in 

the plasma (see Fig. 7). We note that this is true for a 

relatively large interelectrode distance l = 40 mm. When 

this distance decreases, the role of near-electrode 

processes increases. It is also possible to introduce 

additional impurities into the discharge channel through 

erosion and evaporation of the electrodes, as well as the 

appearance of cathodic and anodic jets. 

Also from the presented results (see Figs. 5-7) it is 

clear that an increase in the concentration of certain 

impurities (tungsten or carbon) in the plasma of the 

discharge channel leads to a significant decrease in the 

value of electrical conductivity. At the same time, in the 

early stages of the discharge, the electrical conductivity 

is higher than in the later stages.. 
 

DISCUSSION  
 

The calculations and experimental results show that 

metal impurities can significantly affect the electrical 

conductivity of the plasma of pulsed discharges in water 

compared to the discharge in an aqueous medium 

without impurities. After all, metals have a much lower 

ionization potential compared to water molecules, 

therefore, the introduction of metal impurities leads to 

an increase in the degree of plasma ionization. In dense 

plasma, due to thermal ionization, this leads to an 

increase in the number of charge carriers, and if there 

are no other significant factors, a typical picture is 

observed: the introduction of metal impurities increases 

the density and electrical conductivity of the plasma. 

On the other hand, some impurities can reduce the 

electrical conductivity of the plasma. This may happen 

if the impurities have certain properties, in particular a 

large cross section for scattering low-energy electrons 

by atoms. Such properties are inherent only to 

individual elements. Therefore, a decrease in electrical 

conductivity when introducing impurities is occured 

only if the certain components are present in the 

mixture. 

It should be noted that there are significant 

discrepancies in the values of the transport properties of 

multicomponent plasma of electric discharges 

containing copper, which are calculated using different 

models of the transport cross section of electron 

scattering on copper atoms. These discrepancies 

complicate the accurate modeling and prediction of the 

behavior of such plasma. Therefore, for a better 

understanding and agreement of the results, additional 

studies are needed that would take into account various 

factors and experimental conditions. In particular, the 

influence of the concentration of copper impurities, 

temperature conditions and other parameters on the 

electrical conductivity and other transport properties of 

the plasma should be studied in more detail. Therefore, 

the characteristics of plasma of electric discharges 

containing copper vapors require further study, which 

will allow developing more accurate models and 

improving our knowledge of this process. 

The decrease in electrical conductivity can also be 

due to the presence of clusters in the plasma, which is a 

fairly common phenomenon for plasma media 

containing copper and tungsten [25-36]. Clusters are 

observed in both low-temperature and high-temperature 

plasma devices. Therefore, the effect of decreasing 

electrical conductivity can be used to change the 

properties of plasma over a wide temperature range. 
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It should also be noted that the properties of dense 

plasma can be affected by non-ideality effects, which 

are taken into account differently in different plasma 

models [21-25], which leads to divergent results 

depending on the plasma density. The approach used in 

this work [12, 14-16] in the limiting case of zero density 

reduces to the Spitzer formula for the plasma condu-

?tivity [37, 38]. In addition, there are certain features 

depending on the type and geometry of the discharge. 

Therefore, the electrical conductivity of the plasma 

of pulsed discharges in water can be both increased and 

decreased by introducing the certain impurities. This 

opens up possibilities for targeted control of the 

properties of such discharges. 
 

CONCLUSIONS 
 

The presented results of the study show that even 

small amounts of impurities can significantly change the 

electrical conductivity coefficient of pulsed discharge 

plasma compared to a discharge in an aqueous medium 

without impurities. The value of electrical conductivity 

in multicomponent plasmas containing impurities large-

ly depend on the value of electron scattering cross 

section on atoms, which determine the efficiency of the 

interaction of electrons with impurity atoms.  

The plasma-water vapor medium containing clusters 

has significantly different properties from that of a 

medium without impurities. Thus, impurities can both 

increase and decrease the electrical conductivity of the 

plasma, depending on their characteristics and 

concentration. This opens up opportunities for targeted 

control of plasma properties, which can be used in 

various application areas. 
 

REFERENCES 
 

1. P. Šunka. Pulse electrical discharges in water and 

their applications // Phys. Plasmas 2001, v. 8, No.5 

p. 2587-2591. 

2. B.R. Locke, S.M. Thagard. Analysis and Review of 

Chemical Reactions and Transport Processes in Pulsed 

Electrical Discharge Plasma Formed Directly in Liquid 

Water // Plasma Chemistry and Plasma Processing. 

2012, v. 32, No.5, p.875-884. 

3. V.A. Zhovtyansky et al. Efficiency of Renewable 

Organic Raw Materials Conversion Using Plasma 

Technology // IEEE Trans. Plasma Sci. 2013, v. 41, 

No.12, p. 3233-3237. 

4. I. Prysiazhnevych et al. Physical features of 

atmospheric pressure microdischarge system with 

vortex gas flows // The Journal Open Chemistry. 2015, 

v. 13.  p. 420-427.  

5. I. Hirka, O. Živný, M. Hrabovský. Numerical 

Modelling of Wood Gasification in Thermal Plasma 

Reactor // Plasma Chemistry and Plasma Processing. 

2017, v. 37, No.4,  p. 947-952. 

6. H. Akiyama, M. Akiyama. Pulsed Discharge Plasmas 

in Contact with Water and their Applications // IEEE 

Transactions on Electrical and Electronic Engineering. 

2021, v. 16, p. 6-15. 

7. Y. Chai et al. Free and Wire-Guided Spark 

Discharges in Water: Pre-Breakdown Energy Losses 

and Generated Pressure Impulses // Energies. 2023, 

v. 16, No.13, p. 4932-4937. 

8. P.V. Porytskyy, P.D. Starchyk. Influence of Metal 

Impurities on the transport properties of multicompo-

nent plasma of underwater discharges // Ukr. J. Phys. 

2016, v. 61, No.8, p. 709-716. 

9. P. Křenek. Thermophysical properties of H2O-Ar 

plasmas at temperatures 400–50,000 K and pressure 

0.1 MPa // Plasma Chem Plasma Process. 2008, v. 28, 

No.1, p. 107-116. 

10. J. Aubreton, M.F. Elchinger, J.M. Vinson. Transport 

Coefficients in Water Plasma: Part I: Equilibrium 

Plasma. // Plasma Chemistry and Plasma Processing 

2009, v. 29, No.2, p. 149-156. 

11. P. Porytsky et al. On the application of the theory of 

Lorentzian plasma to calculation of transport properties 

of multicomponent arc plasmas // The European 

Physical Journal D. 2010, v. 57, No.1, p. 12-17. 

12. P. Porytsky et al. Transport properties of 

multicomponent thermal plasmas: Grad method versus 

Chapman-Enskog method // Phys. Plasmas. 2013, v. 20, 

No.2, p. 023504. 

13. H. Grad. On the kinetic theory of rarefied gases // 

Comm. Pure Appl. Math. 1949, v. 2, No.4,  p. 331-337. 

14. V.M. Zhdanov. Transport Processes in Multicom-

ponent Plasma. CRC Press, New York, 2002, 

15. R.S. Devoto. Transport properties of ionized 

monoatomic gases // Phys Fluids. 1966, v. 9, No.6, 

p. 1230-1237. 

16. R.S. Devoto. Simplified expressions for the 

transport properties of ionized monoatomic gases // 

Phys Fluids. 1967, v. 10, No.10, p. 2105-2011. 

17. K.F. Scheibner, A.U. Hazi, and R.J.W. Henry. 

Electron-impact excitation cross sections for transitions 

in atomic copper // Phys. Rev. A. 1987, v. 35, No.11, 

p. 4869-4874(R). 

18. B. Chervy, O. Dupont, A. Gleizes, and P. Krenek. 

The influence of the cross section of the electron-copper 

atom collision on the electrical conductivity of Ar-Cu 

and SF6-Cu plasmas // J. Phys. D: Appl. Phys. 1995, 

v. 28, No.10, p. 2060-2070. 

19. O. Zatsarinny et al. Electron-impact excitation of the 

(3d
10

4s)
2
S1/2→(3d

9
4s

2
)2D5/2,3/2 transitions in copper 

atoms //  Phys. Rev. A 2010, v. 81, No.6, p. 062705.  

20. O.A. Fedorovich et al. Decay characteristics of 

dense high-voltage pulse plasma discharges in water 

initiated by the electric explosion of iron conductor // 

Nucl. Phys. At. Energy. 2023, v. 24, No.4, p. 351-357. 

21. H.E. Wilhelm. Electrical Conductivity of Nonideal 

Plasma // IEEE Transactions on plasma science. 1981, 

v. PS-9, No.2, p. 68-74. 

22. G. Norman, A. Valuev. Electrical conductivity of 

nonideal plasma // Plasma Physics. 1979, v. 21, No.6, 

p. 531-537. 

23. V.A Alekseev, I.T Iakubov. Non-ideal plasmas of 

metal vapours // Physics Reports. 1983, v. 96, No.1, 

p. 1-79. 

24. I.T. Iakubov, V.V. Pogosov. Towards a theory of 

self-compressed metallic clusters. Model of stabilized 

jellium // Physica A: Statistical Mechanics and its 

Applications. 1995, v. 14, No.2, p. 287-295.   

107 



106                                                                 ISSN 1562-6016. Problems of Atomic Science and Technology. 2025. №1(155) 

25. O. Coufal, O. Živný. Composition and termodyna-

mic properties of thermal plasma with condensed phases 

// Eur. Phys. J. D. 2011, v. 61, p. 131-137 

26. O. Coufal, P. Sezemský, O. Živný Database system 

of thermodynamic properties of individual substances at 

high temperature // J. Phys. D: Appl. Phys. 2005, v. 38, 

p. 1265-1273. 

27. S. Xue and M. Boulos Transient heating and 

evaporation of metallic particles under plasma 

conditions // J. Phys. D: Appl. Phys. 2019, v. 52, 

p. 454002 

28. G.D. Dhamale et al. Modelling and experimental 

investigations of composition-dependent heat and mass 

transfer during Cu–Ni alloy nanoparticle synthesis in a 

transferred arc helium plasma // J. Phys. D: Appl. Phys. 

2022, v. 55, p. 375203. 

29. M. Boselli, M. Gherardi, and V. Colombo. 3D 

modelling of the synthesis of copper nanoparticles by 

means of a DC transferred arc twin torch plasma system 

// J. Phys. D: Appl. Phys. 2019, v. 52, p. 444001. 

30. A.B. Murphy and D. Uhrlandt. Foundations of 

High-Pressure Thermal Plasmas // Plasma Sources Sci. 

Technol. 2018, v. 27, p. 063001. 

31. V. Aubrecht, M. Bartlova, and O. Coufal. Radiative 

emission from air thermal plasmas with vapour of Cu or 

W // J. Phys. D: Appl. Phys. 2010, v. 43, p. 434007-18. 

32. B. Chervy. The influence of the presence of tungsten 

on arc plasmas // J. Phys. D: Appl. Phys. 1996, v. 29, 

p. 2156-2162. 

33. S. Peillon et al. Dust sampling in WEST and tritium 

retention in tokamak-relevant tungsten particles // 

Nuclear Materials and Energy. 2020, v. 24, p. 100781. 

34. C. Arnas et al. Micron-sized dust and nanoparticles 

produced in the WEST tokamak // Nuclear Materials 

and Energy. 2023, v. 36, p. 101471.  

35. V.I. Vishnyakov. Ionization Balance in Low-

Temperature Plasmas with Nanosized Dust // Ukr. J. 

Phys. 2021, v. 66, No.4, p. 303-308. 

36. V. I. Vishnyakov et al. Formation of Particles in 

Welding Fume Plasmas: Numerical Modeling and 

Experiment // Ukr. J. Phys. 2019, v. 64, No.3,  p. 392-

397. 

37. R.S Cohen, L. Spitzer, Jr.P. McR. Routly. The 

Electrical Conductivity of an Ionized Gas // Physical 

Review. 1950, v. 80, No.2,  p. 230-237.  

38. L. Spitzer, Jr.R. Härm. Transport Phenomena in a 

completely ionized gas // Physical Review. 1953, v. 89, 

No.5, p. 977-985.   

 

Article received 09.12.2024 

Article accepted 15.01.2025 

 

 

 

ПРО ОСОБЛИВОСТІ ВПЛИВУ ДОМІШОК МАТЕРІАЛУ ЕЛЕКТРОДІВ  

НА ЕЛЕКТРОПРОВІДНІСТЬ ПЛАЗМИ ІМПУЛЬСНИХ ЕЛЕКТРИЧНИХ РОЗРЯДІВ У ВОДІ 
 

В.В. Гладковський, В.Г. Панченко, П.В. Порицький, О.А. Федорович, Л.М. Войтенко, Л.М. Свята  
 

Розглянуто вплив домішок матеріалу електродів на електропровідність плазми імпульсних розрядів у во-

ді. Проведенo експериментальні дослідження електропровідності та виконано розрахунки, що ґрунтувалися 

на методі моментів Ґреда. Показано, що невелика кількість домішок металів та вуглецю може суттєво зміни-

ти величину коефіцієнтa електропровідності плазми порівняно із випадком чистої водяної пари. Виявлено, 

що домішки металів та вуглецю можуть спричиняти як збільшення, так і зменшення електропровідності 

плазми, що пов’язано із процесами міжчастинкових зіткнень та наявністю кластерів.   
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