ICESP 2016, Wroctaw, Poland, 19-23 September 2016

Non-ohmic properties of highly resistive dust layes — experimental studies
and numerical modelling under OpenFOAM®

U. Riebet, Y. Aleksirt, A. L. Vord
! Chair of Particle Technology, Brandenburg Technidaliversity, Postf. 101344, 03013 Cottbus, Germany
Corresponding authoriebel@b-tu.de

Keywords: ESP, Back Corona, Dust Resistivity, CRissistivity Measurement

1. Introduction mobile (conduction band) charge carriers, electric
Back corona and dust resistivity are well knownidep conduction through electrets is generally connetded
in electrostatic precipitation. Back corona restritsn  the injection of negative (electrons) or positihelés)
high dust resistivity and occurs when the fiel@ésgth charge carriers. Inversely, the detection of suwrge
in the dust layer surpasses a critical vadlidg, which  carriers (or excess charges) gives proof of electre
is typically found to be in the order of 15 to 3@&m  behavior.
[1-5]. The overall concentration of charge carriers in an

Besides the resistivity, the current density is the electret layer is generally limited to a maximumieth
main parameter. According to current understandingg derived from Maxwell's first equation and is kmo
the field E inside the dust cake is calculated usings the space charge limit. But, a lower limitatisn
Ohm’s law:E =i [p< E; (1). Hence, possible actions pos;ibl_e _for_ example due to the kinetics of charge
against back corona include a reductionhef specific Carrer injection. _
resistivity p by dust conditioning, or a reduction of the _Injection of charge carriers from an electrode re-
current density, for example by pulsed corona operadUirés an activation energy which is typically et
tion. Much work has been devoted to study the depef@nge from 0.5 to 5 eV, depending on the materials
dence ofp on dust composition, temperature, humig?hich make the contact to the electret layer whisch
ity, adsorption layers and dust layer porosity, and under investigation. As the work of injectiop is
variety of different set-ups for dust resistivityeas- duite high compared to the thermal enekgyof the
urements has been proposed. Even though soffarge carrierskl = 0,026 eV @ 300 K), the process
authors report a dependencepadn current density or Of charge injection is limited depending on the
field strength [4], dust resistivity is mostly seas a temperature or on the local field strength. Thiscess
material property. is known as “thermionic field emission” or “Schottk

In contrast, the literature provides clear hitatt emission”. Furtherg generally is differrent for
the occurrence of the back corona obviously depengectrons an holes. In combination with a non-
on the thickness of the dust layer on the collgctinSymmetric contact situation at the electret, this-p
electrode [2, 6, 7]. For thicker dust layers, traelp duces a polarity-dependent conductivity. Also, a-no
corona is observed much earlier, that is at lowe&ymmetric contact situation favors the accumulation
current densities. White [2] states that the ailtic Of @ unipolar excess charge in the electret.
current density for the onset of back corona is Injected charge carriers move through the electret
significantly higher for positive corona compared t layer from both sides towards the opposite eleetrod
negative corona. Clearly, all these effects in bhanf When free electrons and holes meet, they disagpear
with the statements of Eq. (1) and with the concdpt recombination.
the “critical field”, and they are not compatibléthv Further, both electrons and holes can lose their
the assumption of ohmic dust resistivity. mobility by trapping. Detrapping, the reverse psxe

Therefore, and for a better understanding of idect iS possible by thermal energy, and the Poole-Filenke
conduction through dust layers and of back corana fffect describes how the effective activation eperg
electrostatic precipitation, the authors have stiidhe for detrapping is lowered by strong fields. Trajgpis
mechanisms of current transport through highlystiesi  Very important. In combination with the space clearg
dust layers in detail. The result is, that highégistive limited charge carrier concentration,trapping le&da
dust layers must be seen as dielectrics or elevedta, Strong reduction of mobile charge carriers withetim

which will be discussed in the following. and to a strong dependence of resistivity on time.
Some important properties of electret layers can be
2. Basic properties of electret materials understood from a simple model just considering

Electrets [8] are dielectric materials which aréealo  SPace charge limited current [9-11]. The model as-
produce external electrostatic fields either due teumes that only mobile unipolar charge carrierstexi
electric charges which are caught inside the maferi Accordingly, the voltage dropU across the electret
or due to electric dipoles which are frozen in gaia  layer is linked to the (average) space charge tensi
orientation. As these materials do not contain arffe by
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AU = % B% s (1)

4. Measurements of dust resistivity

For the measurement of dust resistivity, mainly two
types of arrangement are used: In the corona-sample
electrode (CSE) arrangement (Fig. 2a) the dust liaye

whereAs is the layer thickness. Substituting this intqn contact with an electrode on one side, while the
the equation for space charge limited current byttMogther side is exposed to the corona discharge. This

and Gurney [9-11]

2
i, = 952aBY) @
8(As)
and combining with the definition of resistivipy
E_AU

Py =—=— 3)
Il s

(i current density] current,E field strengthA area)

gives the apparent resistivity for space chargédiin
current as:

p = i@ (4)
el,sclc 9£Ze| \/@

This result indicates that dust layer resistivity

should increase with layer thickness and decredse w

current density.

3. Dust layers in an ESP

For a dust layer in an ESP exposed to a corol
discharge, the injection situation is highly nonsym
metric, as the injection energy for charge carriers

from a corona discharge appears to be near to Asro.
a consequence, dust layers exposed to a corc
discharge generally show a strong excess charde w

a polarity equal to the polarity of the corona.
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gives a pretty good imitation of the situation bét
dust in a real ESP. Nevertheless, probably mogteof
measurements are made with an electrode-sample-
electrode (ESE) arrangement (Fig. 2b), as handling
and evaluation are more simple.

High voltage

High voltage b)

" Dust layer

Figure 2. Configurations for the measurement of dus
resistivity: Corona-Sample-Electrode (CSE) above,
Electrode-Sample-Electrode (ESE) below

A general problem with all measurements of dust
resistivity are the time effects originating maitfitgm
the immobilization of charges inside the highlyises
tive material. Not surprising, these time effects a
especially pronounced in the range of higher resis-
tivities. Additional time effects may originate fro

Figure 1. Space charge density measured (Faradaynemical reactions in gas discharges, namely the

cup method) on layers of Acrylat powders after
expositionto positive coronaU is the difference
to corona onset voltage

formation of NQ which is adsorbed to the surfaces
and can lead to a decrease of resistivity whenrakve
measurements are made on the same sample con-
secutively.

As an example, we show the charge density an example of time effects is given in Fig. 3,
measured on layers of Acrylat (a polymer powdernowing the current density measured on samples of
with different layer thicknesses after expositian t acrylat with different combinations of voltage dff

corona discharges with different voltages.

rence and layer thickness. Obviously, resistivigr
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ges by several orders of magnitude due to change calose to zero. As the potential drops producedhey t
rier immobilization, and this process continues lweltwo oppositely charged sublayers cancel out togela
beyond the 2000 s covered by this measuremert. Itdegree, the resistivities are much lower, and tihey
also evident that the time effect is more pronodrice not depend so much on the layer thickness.
the case of low field strength. With high fieldestgth,
the Poole-Frenkel-Effect [12] reduces the detragppin  10e:13
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_ _ N Both ESE and CSE results show pretty good
Figure 3. Time dependent current densities measureggreement to the theoretical expectation for space
on samples of Acrylat, various layer thicknessat an charge limited current, according to whioh ~(i)°is

voltages, ESE arangement expected.

Time effects superimpose on all measurements 1E+10 & 1omm
dust resistivity. Hence, a strict time scheduletoase & ISl o
kept in order to obtain reproducible results. Wken &, e smm
veral measurement points are taken from one samp 2 T~ o imm
for example when varying current density, the se é A
guence of and the time interval between the measul '3 1e+09
ment points has to be considered for a better unde = A
standing. o s

Fig. 4 shows resistivity measurements executed ¢ % 2
a Boehmite powder (PURAL N using the CSE
arrangement. The current density was varied by ir  #% ‘

1 10 100 1000 10000 100000

creasing the voltage applied to the samples step

step. The current readings were taken always 30 s .

ter applying the new voltage. The curves end justFigure 5. Resistivity measurement on PURAL®NF

before the electrical breakthrough occurs. Thdainit Conditions corresponding to the measurement shown

rise of resistivity with increasing current densigd in Fig. 4, but ESE arrangement

the maximum on the resistivity curves are mainlg du

to time effects and are not found when the curre® Simulations

density is measured with stepwise decreasing wltag~or a numerical simulation of charge transportuigio

Besides that, we see strong effects from laydrighly resistive dust layers, the kinetic equatidois

thickness and current density. injection, deterministic and diffusive motion, tpg,
Fig. 5 shows corresponding measurements takeéetrapping and recombination of charge carriersewer

with the ESE arrangement — all other conditionsewerestablished in analogy to previous approaches 311,1

identical to the measurements shown in Fig. &logether with Maxwell’'s 1 equation, these equations

However, the results obtained with both methods amgere introduced into the CFD software package

not at all comparable. The explanation is founthin OpenFOAN.

different conditions of charge injection into treeyér.

The CSE arrangement is non-symmetric and leads to a

high unipolar charging with the polarity of the ooa.

In contrast, the ESE arrangement is symmetricabec

that the work of injection is comparable for eleos

and holes (as it seems to be the case here), ithare

symmetric bipolar charging from both electrodes,

while the volume-averaged net space charge remains

Current density [pA/m?]
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Figure 6. Part of simulation results for 3 mm layer
with parameters adapted to measurements Figure 7. Temporal variation of electric field
for Acrylat, compare Fig. 3 distribution inside a 5 mm layer of Acrylat,

simulation result

In a first approach, we used a continuum approach,
that is, the dust layer including dust particless g
filled pores and contact points between the padics
modelled a homogeneous material with “effective”
parameters describing the charge carrier kinetics
[PowTechn.]. More detailed models are under
development, but not yet ready for use. In spitéhef
gross simplifications, the continuum model seems to
be able to reproduce complex measurement results in
a rather satisfactory way.

Fig. 6 gives simulation results for the time depen
dent current through layers of Acrylat, whereby the
kinetic data were optimized (by trial and error)oto-
tain a “best fit” to the experimental data showrFig.

3. The variation of slope with the field strengésults
from the Poole-Frenkel-effect.

Fig. 7 shows simulated data for the time dependent
field strength inside an Acrylat dust layer of 5 mm —

thickness during exposure to a given field strergjth _. . .
10 kV/cm. The simulation result shown uses kineti(]:FIgure 8. The mechanism of crater formation by dust

data adapted to ESE-measurements on Acrylat ayer space charge at back corona conditions, eleamp

compare Fig. 3 for the original measurement dath an for positive corona. From [11]
Fig. 6 for corresponding simulations of currentalat

It is seen very well how the field strength neae th
electrodes is reduced, which results from the tigec ey
of charge carriers of both polarities into the miate properties: L

and leads to a strong reduction of charge injection Most strikingly, resistivity may vary by several

with time. Simultaneously, the field strength ireth OrdZEOOftrTeagQIt:(rji;\(,ev:tgltgfén ement can chanae the
central part of the layer is increased, which might ' P 9 g

promote the migration and the detrapping in thig.pa resistivity results by orders of magnitude: Whesige

But it is also seen, that the charge carriers mate/et ;[:I\cl)lrtc))ln: é?segr?:rreg \(I:Irlrt::tatt?r? dtl;fet gi’f;tiiﬁp?ﬁeg trcéa?
reached the central part of the layer. 9 9

The charging of the dust layers during curren&sp)'pe! depends strongly on the layer thickness.
transport may also explain the mechanism how csatq eanwhl_le the same dust does not show the strong
are formed in a dust layer due to back corona.hks t ayer _thickness _dependence when electrodes are
sketch in Fig. 8 shows, the dust directly adjaterhe pllc?cetd on bothhslldes of th_e dutst layer, and alse ti
precipitation electrode is repelled from this elede etlects are much [ess prominent. .
and attracted by the corona electrode due toved fef The depen_dence of resistivity on current density
high space charge. The mechanical instability wigch agrees well with the theoretical expectation foacp

created in this way may lead to the formation & thcharge .Ii_mited qurr_ent. .
typical craters y may Additional findings include that dusts that have

been exposed to resistivity measurements showta hig

6. Conclusions
Highly resistive dust layers show strongly non-otimi
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level of electrostatic charging afterwards. Typdigah References
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