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ABSTRACT

The electrical resistance of a dust cake formed on a filter cloth from a pre-
charged limestone powder has been measured. the cake samples were
filtered off the gaseous suspension in a separate test rig at a number of
filtration speeds and levels of particle charging. Charging of the particles
prior to filtratior. was found to lead to the formation of a cake which has a
higher electrical resistance compared to the one filtered from unchange
particles. This is in agreement with pressure drop measurements reported
in the literature which showed a lower aerodynamic resistance for cakes
of charged particles. Resistance of cakes of charged particles obtained at
different filtration speeds indicated a possible presence of a critical speed
below which the resistance remained more or less constant and beyond
which it increased continuously.

INTRODUCTION

The principles of particle separation from a gaseous stream are generally
classified according to the nature of the forces involved. These forces
may be external forces due to fields of acceleration which are external to
the gaseous suspension, such as gravity, electrostatic or magnetic forces,
or internal forces due to fields or effects which take place within the sus-
pension itself, such as inertial or centrifugal forces, diffusion, coagulation
electrostatic effeci of charged particles, etc. A gas cleaning equipment of-
ter, combines two or more of these principles in one unit and the classifi-
cation of the equipment does not necessarily follow the same pattern. The
ost common classification falls into the following four groups [1]. first
are aero-mechanical dry separators in which gravity or inertial effects pre-
vail, e.g. settling chambers, cyclones, etc... Second are aero-rnechanical
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wet separators which make use of ditfusional and inertial effects, e.g. scrub-
ber. Third are electrostatic precipitators which utilize electrostatic and
gravity forces. And lastly, are {ilters which use inertial and diffusional
effects, e.g. sand filters, inertial fibrous filters, fabric filters, etc.

In the recent past a lot of attention has been directed at the enhancement of
fabric filters by the use of electrostutic forces [2,3,4]. This is due to the
need of developing a combination type filter which incorporates the ad-
vantageous aspects of conventional electrostatic precipitators and the con-
ventional fabric filters thereby producing a hybrid device with perform-
ance characteristics superior to those of either one alone. Successful sepa-
ration in electrostatic filters occurs only for particles having moderate elec-
trical respectivities [5,6]. For a resistivity of less than abcut 106 Qm,
depending on the particle size, the particles discharge on contact with the
ground electrode, acquire a charge or the opposite sign and are repelled
from the surface. Though a drawback in this aspect, the effect can be used
advantageously in the mining, industry to separate high resistivity rock
from the low resistivity one. On the other hand, if the resistivity is greater
than typically 1017Qm a localised electrical breakdown known as back
discharge or back corona occurs in the precipitated layer. This acis as a
source of ions to the main discharge space of opposite polarity to those
normally present, leading to charge neutralisation which degrade collec-
tion efficiency and waste electrical power.

The method of electrical enhancement of fabric filtration has been in the
form of charging the particles prior to filtration or applying an external
electrical field on the particles and fabric or in some instances combining
both. Fabric filter s are less sensitive to changes in the type of dust han-
dled and no evidence yet exists of the type of resistivity effect of the sort
described for electrostatic precipitators above {2]. They also have an ad-
ditional advantage in the control of toxic emissions when combined with
suitable pre-coatings.

The chief manifestation of the improve performance of a fabric filter at-
tributable to electrical charge deliberately added to the dust by a corona
charger is [3,7] a reduced pressure drop across the fabric for a given dust
load collected on the fabric. This means, therefore, extended filtering pe-
riods before dust clean-off are attained. The reduced therefore, extended
fiitering periods before dust load collected on the fabric. This means,
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therefore, extended filtering periods before dust clean-off are attained. The
reduced pressure drop is due to at least two mechanisms. First is a dust
cake porosity effect in which the charged dust forms a layer of reduced
aerodynamic resistance compared to that of an equal mass of an uncharged
dust forms a layer of reduced aerodynamic resistance compared to that of
an equal mass of an uncharged dust layer. The second is a pre-filter dust
removal by the corona charger similar to the action in an actual electro-
static filter that reduced the total mass reaching the fabric filter. Accom-
panying this pre-filter action is a charged particle size distribution of the
dust reaching the fabric because some or all of the bigger particles are
removed at the corona charger. This means that only the smaller particles
are reaching the fabric. In normal filtration it would be expected that these
particles would build a more dense cake on the filter and therefore a higher
pressure drop. This is, however, not the case for charged particles. In
experiments where the pre-filtering effect was minimised by modifying
the charger design [7] a lower pressure drop was also observed. It is most
probable, therefore, that the presence of charge on the particles leads to
the build-up of a dust layer with altered properties in comparison (¢ neu-
tral particles. The charged dust either forms a more porous layer (a depth
effect) or deposits in non-uniform clumps (surface effect). the later was
found to be the case in the case in the results of Linoya et al. [8] on the
surface appearance of calcium carbonate deposits.

The influence of the amount of charge on particles on the pressure drop
has indicated that {9] the aerodynamic resistance of a given total dust mass
on the fabric is reduced when that dust is deposited with a higher electrical
charge. However, this influence becomes negligible when filtration takes
place at a high relative humidity. This loss of electrical enhancement at
high relative humidity cannot be attributed to the back corona degradation
since moisture presence decreases the dust resistivity and thus wiil correct
rather than aggravate back corona problems. The most plausible explana-
tion [9] is that an electric filed must exist at the fabric surface in order for
a reduced aerodynamic resistance to be realised. In other words, these
charges, once deposited on the fabric surface along with the collected dust,
must accumulate in sutficient quantities to influence the properties of sub-
sequently arriving charged particles. The value of the accumulated charge
and consequently, the electric field on the fabric depends not only on the
dust feed rate and dust charge but also on the electrical resistance of the
dust layer. In an effort to obtain more insight into the phenomenon of
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electrical enhancement of fabric filtration, this work investigates the in-
fluence of charging the particles p.ior to filtration on the electrical resist-
ance of the dust Jayer formed on the fabric surface. The influence of filtra-
tion speed on resistance is aiso determined.

EXPERIMENTAL

Fig. 1 shows schematically the experimental apparatus which consists of a
resistance measurement cell connected to an air conditioning apparatus.
the cell consists of two hollow cylindrical aluminium parts and a filter
element. the filter medium made of needled polyester material has an
effective area of 154 cm2., Two parallel wire electrodes (1 mm diam, 70
mm long) are fastened 700 mm apart on the filter cloth using a cotton
thread. To obtain a dust deposit, the filter element was initially installed in
the filtration pilot unit shown schematically in fig. 2 and filtration carried
out at pre-set operating conditions. A number of other studies are also
conducted on the test rig. These include, among others, influences of gas
velocity, filration time, charging of particles prior to filfration, applying
of an external electric field on the particles and fibre, etc. on the cleaning
efficiency and pressure drop. The air conditioning apparatus consists of a
tube heater {a flexible tube surrounded by an electrical heating coil) and a
water flash bottle immersed in a water bath. A stepwise increase in the -
water bath temperature regulates the relative humidity of the conditioning
air. Additionally, the cell is covered with a heating mat. For cases requir-
ing a dry atmosphere a silica gel bed was used in place of the water bath.
After forming the dust cake on the filter medium the filter is transferred to
the cell which is thereafter connected to the air supply line. the tempera-
ture and relative humidity of air were measured simultaneously by a prob-
lem inserted in the cell. After the cell had attained thermal equilibria, the
electrodes were connected to a high DC voltage source and the resulting
current measured with a high sensitivity electrometer (Keithley 610C -
measures as low as 10-13 A). Resistance is then calculated as the ratio of
voltage to current. Most dusts and fumes handled in industrial filter appli-
cations originate from smelters, furnaces, dryers, calcines, etc. and are
bound to be composed of other chemical components such as oxides, sili-
cates, etc. and not water vapour alone [11,12,13,14]. The apparatus de-
scribed above is therefore expected to be suitable for measurements which
may involve chemical conditioning of the dust. This paper reports the
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results obtained in a dry atmosphere for limestone powders of mean sizes
2.2. and 4.2 um, denoted here as F1 and F2, respectively.
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Fig. 1 Schematic diagram of the resistance measurement apparaius
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Fig. 2 Schematic diagram of the filtration test rig
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The resistance measured here is the combined resistance of the dust cake
and filter medium holding it between the two electrodes. The evaluation
of the resistivity of the dust cake requires its thickness to be known. direct
measurement of the thickness was, however, found to be complicated.
Assuming that ali the separated dust layer lies only on the surface of the
filter medium its thickness h could be obtained as

|
s

h:nq_ = (1

Fcl\
where W is the areal mass density of dust, g the priority of the cake P.

and p are the densities of air and the dust particles, respectively. This

may not be a bad assumption in fabric tiltration because the initial dust
layers actually serve as the primary filtration medium for the subsequent
filtratior,, the role of the fabric, being primarily that of initiating a support
structure for the build up of the layer [3].

Equation 1 includes porosity as one of the parameters. Porosity is how-
ever, not uniform over the cake thickness {3] and typical values range
from about 0.79 near the filter medium to about 0.89 in the higher regions
of the cake. With these difficulties of specifying the resistance rather than
the resistivity itself. One way of isolating the cake resistance would be to
lcok for a suitable calibration procedure of the cell to eliminate the cloth.”
resistance.

RESULTS AND DISCUSSION

Inflaence of filtration velocity

Dust cake samples of equal mass areal density (about 525 gmy) were ob-
tained at three different filtration velocities; 69, 165 and 223 m/h. Their
electrical resistance together with thar of a clean filter cloth were meas-
ured at different temperatures in relatively dry conditions and are plotied
in Fig. 3. In all instances resistance decreases with temperature which is
typical of all dielectric materiais [14,16]. It is also observed that the elec-
trical resistance of a clean filter medium is much higher (of the order of
103 higher) that of a loaded filter under similar conditions, which means
therefore, that no significant error is expected by neglecting the contribu-
tion of the fabric resistance in the total resistance. As regards filtration
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speed, the resistance of the cake obtained at the highest superficial air
velocity is about 50% lower than that of the other two cake types. this
indicates a build up of a more compact cake at higher velocities. the simi-
larity in the resistance of the samples filtered at the lower velocities. The
similarity in the resistance of the samples filtered at the lower velocities
indicates a possible existence of a range of filtration speeds in which the
cake porosity remains unaffected by the velocity. More data re required to
confirm this occurrence.
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Fig. 3 Resistance of cakes collected at different filtration velocities
Influence of charging the particles prior to filtration

To determine this effect the resistance of cakes from dusts which had been
pre-treated as described below were measured.

Notation Treatment

00 Normal powder without any pre treatment

QO The Natural charge existing normal powder was
neutralised by a Kr - 85 radioactive source

KO The powder was electrically charge by a

corona charger (-25 kV)
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Filtration was done at a gas velocity of 128 m/h and electrical resistance
measurements were made in a dry atmosphere at a number of different
temperatures. Results are plotted in Fig. 4 and Fig. 5 where it can be seen
that, whereas the electrical resistance of cakes of the neutralised samples
(QO0) is lower than thar of the normal/untreated particles (O0), that of cakes
of charged particles is much higher than that of the other two. In other
words, the cake from the least charged dust possesses the least electrical
resistance and vice versa. although the mass deposited per until area is not
exactly the same for all the samples under comparison the charge influ-
ence s vividly observed if resistance is plotted against dust loading for the
three charge level scenarios (Fig. 6).
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Fig 4. Influence of charging particles prior to filtration on cake re-
sistance (Limestone F1 loading; 290(Q0), 372(00) and 340 (K0)
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Fig. 5 'nfluence of charging particles prior to filtration on cake re-
sistance (Limestone F2)
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Fig. 6 Influence on cake resistance of charge levels present on parti-
cles prior to filtration at 39 oC

The higher electrical resistance of the cakes filtered from charged parti-
cles indicates that they are less compact compared to those from uncharged
or less charged dusts and consequently will have a lower aerodynamic
resistance. this observation is in agreement with the results quoted above
which indicated that the presence of charge on the particles leads to the
formation of a dust cake of altered properties compared to neutral dusts.
Since the physical structure of the cake was not studied in this work it is
not readily evident that the lower electrical resistance was a result of the
build up of a uniform, more porous cake or the particies agglomerated to
form isolated [ non - uniformn clumps.

CONCLUSION

Resistance measurement for dust cakes formed at a number of filtration
velocities indicate a possible existence of a critical speed below which the
cake resistance remains unaffected by the filtration speed.

Both the resistance of the filter medium and the limestone powder de-
crease continuously with temperature, a characteristic property of dielec-

tric materials.

Charging of particles prior to filtration leads to the formation of a cake
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with a higher electrical resistance compared to that from uncharged parti-
cles, a fact which supports other observations of reduced pressure drop
across cakes filtered from 1 charged particles.

Father work 1o characterise the structure of the cake is recommended so
that a more fundamental understanding, prediction and control of electri-
cally enhanced fabric filters can be achieved.
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NOMENCLATURE

q charge Coulomb

t time s

h cake thickness m

W dust loading kg/m2

p density - lg/m3
porosity (-]

Ap pressure drop N/mz2

Subscripts

a air

3 dust cake
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