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Abstract 

In this paper, the charge-balance, the energy-balance and the moment equations and Poisson’s equation have been used to 
describe the charging process for a dust particle in the undisturbed plasma taking into account the emission variety (secondary 
electron, electron-ion, thermal-field electron and photoelectron types) in the intermediate regime of ion motion. Such an 
approach was associated with the fact that the dust-particle charge specified by the parameters of the above-mentioned plasma 
depends heavily on electron emission from the particle surface. Collisions between ions and atoms as well as ionization also 
essentially affect the formation of the ion flux onto the surface of dust particles. The computational procedure we propose has 
allowed solving the chosen set of equations for an arbitrary relationship between the ion mean free path, the particle radius 
and the Debye length. The electron emission was shown to decrease the absolute value of the dust-particle charge. Moreover, 
the collisions with atoms lead to the ion flux deceleration onto the particle surface whereas the depth of the disturbance space 
of plasma increased with decreasing the ionization frequency. 
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Introduction 

Dusty plasma is an ionized gas containing charged 

particles of condensed matter. This type of plasma 
can be used to fabricate fundamentally new nanos- 
tructured and composite materials. The electric charge 
that dust particles can acquire in the discharge plasma 
is one of the major problems in dusty plasma physics 
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[1] . Despite the fact that a number of works take 
into account the effects of collisions and of ionization 

of the gas atoms in calculating the ion current onto 

the surface of particles [2,3] , no theory has been 

developed for describing the charging of dust parti- 
cles under transient conditions that cannot be fully 

explained by either the drift-diffusion approximation 

[4] or the orbital-motion-limited approximation [5] . 
The rapidly evolving methods of molecular dynamics 
[6–8] or the particle-in-cell Monte Carlo collision 

method [9] prove to be too difficult for modeling real 
problems. Solving such problems is complicated by 

http://dx.doi.org/10.1016/j.spjpm.2016.08.006 
2405-7223/Copyright © 2016, St. Petersburg Polytechnic University. Production and hosting by Elsevier B.V. This is an open access article 
under the CC BY-NC-ND license. ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
(Peer review under responsibility of St. Petersburg Polytechnic University). 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.spjpm.2016.08.006&domain=pdf
http://www.sciencedirect.com
http://dx.doi.org/10.1016/j.spjpm.2016.08.006
http://www.elsevier.com/locate/spjpm
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:moped@onego.ru
mailto:tandem@onego.ru
http://dx.doi.org/10.1016/j.spjpm.2016.08.006
http://creativecommons.org/licenses/by-nc-nd/4.0/


V.N. Savin, S.I. Mol’kov / St. Petersburg Polytechnical University Journal: Physics and Mathematics 2 (2016) 224–230 225 

the presence of various types of electron emission pro- 
cesses (secondary and electron-ion types, photo and 

thermal-field types) from the surface of dust particles. 
This study considers the regime of ion migration 

onto the surface of the dust particle using the mo- 
ment equations and Poisson’s equation. This approach 

makes it relatively easy to take into account the pro- 
cesses of electron emission from the surface of a dust 
particle. 

The system of moment equations and Poisson’s 
equation 

To describe the charging process of a spherical dust 
particle of radius a under transient conditions, we shall 
use the particle balance equations, the equations of 
motion and Poisson’s equation [10] in spherical coor- 
dinates: 
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where r is the coordinate, n i(e) is the ion (electron) 
concentration, u i(e)r is the radial directed velocity of 
ions (electrons), z e is the ionization frequency, E r is 
the electric field intensity, T i(e) is the temperature of 
ions (electrons) in energy units, m i(e) is the mass of 
ions (electrons), ν i(e)a is the frequency of ion (electron) 
collisions with atoms, e is the elementary charge, ε 0 
is the dielectric constant. 

As the radial directed velocity of electrons is slow 

compared to the random one, neglecting the inertial 
term and bulk friction forces (( νea =0) allows to obtain 

a simple equation for the motion of electrons ( 2 ) with 

the temperature T e . In this case, the electrons obey 

the Boltzmann distribution regardless of the regime of 
ion motion onto the surface of the dust particle. Thus, 
the density of the electron current onto the particle 
follows the expression 
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)
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where n e 0 is the electron concentration at the boundary 

of the perturbed region, ϕ w 

is the potential of the dust 
particle surface. 

Let us introduce the dimensionless quantities: 

s = r/a, N i = n i / n e 0 , N e = n e / n e 0 , U i = u ir / u 0 , 

η = −eϕ / T e , Z = ea E r / T e , 

where u 0 = 

√ 

T e / m i . 
Then Eqs. (1) –( 4 ) take the following form: 
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The dimensionless similarity parameters α = 

λd /a , δc = a νia / 2 u 0 , δi = a z e / u 0 are determined by 

the charging regimes of the dust particles; λd = √ 

ε 0 T e / e 2 n e 0 is the electron Debye length [11] ; τ =T e 

/ T a is the normalized electron temperature used in the 
calculations of atom (ion) temperature, with 

T a ≈ T i = 0. 026 eV ( 300 K ) . 

The quasi-neutrality of the plasma is violated near 
the dust particle. The characteristic scale of the per- 
turbed region of the plasma is the electron Debye 
length λd . The ratios between the characteristic lengths 
of the problem, namely a , λd and λia , describe a par- 
ticular charging regime of the dust particles in the dis- 
charge plasma. Here λia = 1 / 

√ 

2 n a σtr is the free path 

of the ion, n a is the atom concentration, σ tr is the av- 
eraged transport cross-section of the ion-electron col- 
lisions [12] , νia = 

√ 

8 T a / πm a / λia . 
The potential, the electric field and the radial di- 

rected velocity are equal to zero at the boundary of 
the perturbed region (let us denote it as r 0 ), while the 
ion and electron concentrations may differ [1] , i.e., 

u ir ( r 0 ) = 0, ϕ ( r 0 ) = 0, E r ( r 0 ) = 0, 

n i ( r 0 ) = n i 0 , n e ( r 0 ) = n e 0 . 

For an isolated particle, n i 0 = n e 0 = n 0 , where n 0 is 
the concentration of charged particles in unperturbed 

plasma; besides, the thickness r 0 of the perturbed re- 
gion for that particle is not known in advance. 

The charge (the potential) of the particle in the 
steady-state case is determined by the charge balance 
equation [1] : 

J iw 

− J ew 

+ J em 

= 0, 

where J em 

is the total current density of the emitted 

electrons. 
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