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Abstract. The particles charging models are studied. The dust particles
charging are described by two processes. The first process, the field charging
relates to the ions produced by the electric field. The diffusion charging is the
second process that is produced by the ions random thermal motion. To simulate
the charge process was used Matlab environment with real parameters from
plate-type electrostatic precipitators of thermal power station S.C.
Electrocentrale Deva S.A.
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1. Introduction

The basic concepts of the operation of plate-type electrostatic
precipitators (ESPs) are usually known. A dusty gas flow from fields of plate-
type electrostatic precipitators must be clean when the dust passes along the
duct. Along the middle of the duct are placed discharge wires to which a
negative high electric potential is applied. The collecting plates, that form the
duct, are connected to positive high electric potential and are earthed. An
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electric field and a flow of electric charge are produced between the electrodes
(discharge wires and collecting plates). The ionic charge moving in the duct and
charge contacts dusts particles and for a period of time, the dust particles
become electrically charged. This charge of dust particles interacts with electric
field between the electrodes and occurs a force on the particles, perpendicular
on the flow direction, which moving the dust particles to the collecting plates.
The dust particles form layers on the collecting plates which are removed
periodically from the collecting plates, outside of electrostatic precipitators
(Lawless & Sparks, 1988; Medlin, 1998).

Knowing the phenomena from electrostatic precipitators is useful for
their design and modeling. The dust particle has a limit of charge (at saturation).
Electrostatic precipitators are significant devices of the cost in many types of
industrial plants were a lot of dust particles are produced, like for coal-fired
power stations. Through improving the efficiency of precipitator will reduce the
cost of industrial utility (Zhang et al., 2010; Parker, 1997).

2. Dust Particles Charging Process

It is considered a spherical particle suspended in gas, in which exist
ions generated by the Corona discharge (Lawless & Sparks, 1988; Medlin,
1998; Zhang et al., 2010; Parker, 1997). Because the dust particles have the
characteristics of a dielectric (due to the surface resistance and volume of very
high values), the field lines are passing aside and through the dust particle is
deviated. Because a part of the field lines will pass through the dust particle,
will pass also a flux of ions towards the particles’ surfaces. The ions are
considered to move on the field lines. This description is valid as long as the
particle’s diameter is much larger than the ions’ diameter. The free way passed
by the ions is given by the relation

kT
A= 1
Tl .

where k = 1.38054 x 102 J/K is the Boltzmann’s constant, 7, , [m] — ion’s
radius, p, [N/m?] — fluid’s pressure. The radius of an ion is approximated to the
value of 2 x 10" m, and 4; ~ 0.1 um.

The ions’ impact on the particles’ surface can determine the adherence
to their surface without having transfer of electric charge, or the ions could be
neutralized by transferring the charge to the dust particles. Anyway, the ions
flux transfers the electric charge to the particles. The particles develop their own
field by attaching the ions having electric charge. The particles’ electric field
distorts the electric field created by the electrons that produce the ions flux, and
the component normal to the dust particle’s surface becomes null and no ion
doesn’t attach anymore to the dust particle’s surface. Thus, the dust particle is
charging electrically up to a certain limit value.
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For a spherical particle of radius r, and constant dielectric ¢, the
charging rate with electric charge is calculated with relation (Ammer &
Woschitz, 2006; Fjeld ei al., 1990; Jaworek et al., 1998; Castle et al., 1988)

d k ’
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In these relations p;, [C/m’], is the ions’ charging density, k;, [m*/(Vs)]
— the ions’ mobility, g, [C] — the saturation electric charge, g, , [C] — the dust
particle’s electric charge, &, [F/m] — the void’s electric permittivity, &= 1/4x x
x 9 x 10° F/m, and &, — the environment’s relative permittivity.

Were adopted the following simplifications:

a) the dust particles are spherical;

b) the space between particles is much higher than the particles’
diameter;

¢) the ions concentration and the electric field are invariant in the
particles’ neighborhood.

The saturation electric charging is the limit charging obtained by the
particle by charging the electric field and depends on the local intensity of the
electric field £, [V/m], and the particle of radius r,, [m]. In general, the electric
charge is obtained by integrating the relation (2) as function of time

t
qp(f)—qsmma (4)
4e, 4s,E
T= =1, §
pik, J )

where: 7, [s], is the time constant of the charging and represents the time
necessary to reach at 50% from the saturation charging, £ — electric field
strength, j — current density. The magnitude order is of few hundredths of
seconds for particles of small dimensions (7, 1 pm), and from practical
viewpoint these particles can be considered that are charging instantaneously at
saturation. The particles’ charging at saturation is directly proportional with the
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(local) intensity of the electric field, £, and the square of the particle’s radius, 7,
according to the relation (3). If # — oo, then g, — g for perfectly conductive
environment & — oo, and for vacuum &. — 1. So, it can be written that

~ (’Isatconductor ( 6)

Dsatvacuum ~
satvacuum 3

Charging by diffusion is similar with the electrostatic charging, the
charging rate increasing with the particles’ surface (Lawless & Sparks, 1988;
Zhang et al., 2010; Ammer & Woschitz, 2006; Fjeld ei al., 1990). Making the
assumption that the ions’ density is much smaller than the gas molecules’
density, the charging by diffusion depends mainly by the thermal energy of the
ions during the exposure time. Charging by diffusion was determined by means
of the relation

dg,
dt

_ 2 —q el (4megr,kT)
- ﬂrp Vinea Oi€ P (7)

where: Vieq , [M/s], is the ions’ medium speed, p; , [C/m3] — the ions’ charging
density, e = 1.6 x 10" C - the electric charge of one electron, k£ — Boltzmann’s
constant, and 7, [K] — environment’s temperature.

The medium speed of an ion is given by

f3kT
vmed = m_ > (8)

in which m,,, [kg], is the ion’s mass.
By integrating the relation (7) for a constant charge density (p; = ct.) it
results

() =q ln(l +L), ©)
T difr
where
. 472'801"ka
qg =——, [s], (10)
e
is a constant charge, and
_ Ae kT
Tgite —W, [s], (11)

represents a time constant at charging by diffusion.
Eq. (7) has no limit at  — oo. Charging depends on the particle’s radius,
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r, , and environment’s temperature, 7, being independent on the intensity, E, of
the exterior electric field.

The Cochet’s charging model is presented further (Lawless & Sparks,
1988; Medlin, 1998). After an infinite time is considered that the particle’s
saturation charge is given by

1 r

2
Q;O: [1+£j +%8r—;; 47ZEOI’;E, (12)
1

where: 4;, [m], is the molecules’ free way, r, , [m] — the particles’ radius, & —
the molecules’ relative permittivity, &, [F/m] — the void’s absolute permittivity,
and E, [V/m] — the electric field’s intensity.

3. Simulations of the Electrostatic Charging Process

Based on the Cochet’s charging model (12) and by means of the
MatLab program were drawn-up graphics (Figs. 1,...,3) of the particle’s charge
at saturation depending on different parameters (d, , [um], E, [V/m], j, [A/m?],

&, t,[s]).
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Fig. 1 — Particles’ charge at saturation vs. the electric field’s intensity, when & = 5 and
the dust particles’ diameter is: a — d,, € [0.01...10] um; b — d,, € [10...1,000] um.

For drawing-up the graphics from Figs. 1,...,5, were used domains
within the parameters are framing in (d,, [um], E, [V/m], j, [A/m’]) determined
at the ESPs from S.C. Electrocentrale, Deva S.A. (ICPET, 2006, 2008). The

domain in which can be modified the relative permittivity &, of the dust particles
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was taken from literature (Medlin, 1998; Parker, 1997; Ammer & Woschitz,
2006).
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Fig. 2 — Particles’ charge at saturation vs. the environment’s relative permittivity,
when £ = 3 kV/cm and the dust particles’ diameter is:

a-d, €[0.01...10] um; b —d, € [10...1,000] pm.

The particles’ electric charging in time is described by eq. (4) using the
time constant, 7, [s], for the charging process. If is considered that the electric
field’s intensity is constant, then the particles’ electric charging is independent
on the particles’ dimensions. By MatLab program were drawn-up two graphics
(Figs. 4 and 5) of the particles’ electric charge variation in time.
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Fig. 3 — Particles’ charge at saturation vs. the environment’s relative permittivity and
the electric field’s intensity, when: a —d, =1 um; b —d, = 10 um.

The dust particles’ saturation charge increases with the square of the
dust particles’ diameter, and increases linearly by the electric field’s intensity

and increases non-linearly with &. The dust particles resulted further burning
has diameters from the order of um up to tenths and hundredths of um. The
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electric charge is higher and higher as time passes for a dust particle of a certain
diameter and for a certain intensity of the electric field.
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Fig. 4 — Modification of the electric charge in time vs. & =5, E=3 kV/cm,

j=0.24 mA/m?, and the particles’ diameter are: a — d, € [0.01...10] um;
b—d, € [10...1,000] pm.
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Fig. 5 — Modification of the electric charge vs. time depending on the electric field’s
intensity, when & =35, and j = 0.24 mA/m*: a — d,=1pm; b—d,=10 um.

Collecting of dust particles below 10 um is still a problem. Some
researches (Medlin, 1998; Ammer & Woschitz, 2006; Lackowski, 2001) shown
that charging of dust particles in a zone with alternate electric field and
collecting of particles in another zone with continuous electric field (bipolar
charging of dust particles), represents a solution for improving the collection of
these particles. The dust particles with diameters smaller than 10 wm appear
further the coal burning, which is fine crushed.
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4. Conclusions

The dust particles’ electrostatic charging is better achieved in
conditions of increasing the electric field’s intensity and in case when the dust
particles are less conductive of electricity (a higher &,). A higher intensity of the
electric field can be achieved in conditions of a neater mechanical construction
of the discharge wires and the collecting plates (keeping the parallelism and the
distance between electrodes). Utilization of some supply sources to ensure a
voltage level as higher possible is another important condition. The dust
particles with smaller diameters are charging electrostatically much harder.
Further the coal’s crushing in case of thermal power plants and the burning
process is important to obtain dust particles of diameters as large possible or to
obtain agglomeration of dust particles of smaller diameters (to be with a higher
equivalent diameter).
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ASUPRA MODELELOR DE INCARCARE ELECTROSTATICA ALE 5
PARTICULELOR DE PRAF DE LA ELECTROFILTRELE USCATE CU PLACI

(Rezumat)

Se studiaza procesul de incarcare electrostatica a particulelor de praf rezultate
in urma arderii combustibilului. Incarcarea electrici se realizeaza prin doua procese
distincte. Primul proces se referd la incércarea electrostatica prin ionii produsi de
campul electric. Incircarea prin difuzie reprezinti al doilea proces care este datorat
agitatiei termice. Pentru simularea procesului de Incarcare s-a utilizat procedeul Matlab
cu parametrii reali de la electrofiltrele uscate cu placi de la termocentrala S.C.
Electrocentrale Deva S.A.



