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Abstract The dust removal performance of two types
of modified electrode electrostatic precipitator systems
was evaluated and compared with that of a conventional
aluminum plate electrode using laboratory-scale exper-
iments. In the novel electrode systems, the electrode
surface was coated with activated carbon using a mixed
slurry containing carbon black, polyvinyl acetate, and
methanol. The modification of the electrode surface
improved dust precipitation by increasing the specific
capacitance of the electrode. The modification also
lowered the electrode’s resistance and increased its spe-
cific surface area. The optimum electrode spacing and
electric voltage supply were determined using batch-
type tests. In addition, dielectric insulators were applied
as a partition between the oppositely charged electrodes
equipped with the modified electrode plates. Multi-
layered office paper cut to the same size as the electrodes
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was used as an insulating material. The addition of the
insulator resulted in excellent improvement in the dust
removal performance by minimizing the back-corona
discharge phenomenon as well as doubling the dust
collecting surface. Continuous dust removal tests with
the three electrode systems revealed that whereas the
conventional aluminum electrode exhibited 54 % dust
removal, the activated carbon (AC)-coated system
showed 85 % and AC-coated + insulator system showed
90 % and higher dust removal efficiency.

Keywords Electrostatic precipitator - Activated carbon -
Dielectric characteristics - Insulator - Dust removal

1 Introduction

Electrostatic precipitators (ESPs) are widely used in
particulate collection, especially in industrial complexes
that generate large volumes of contaminated air. In ESP
systems, dust particles are removed mainly by the force
of an induced electrostatic attraction as they flow
through the device in an air stream. Typical ESPs oper-
ate basically by three steps: corona discharge to dust
particles in flowing air, precipitation of charged particles
to the collecting electrodes, and cleaning of the particles
from the electrode (White 1963). In corona discharge,
the electrode emits a strong electrical field that charges
dust particles in the surrounding air. The charged parti-
cles are attracted and become attached to collecting
electrodes (Yamamoto and Velkoff 1981; Mizuno
2000). Problems associated with this process include
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high electrical power consumption and the production
of toxic ozone and NOy gases from the oxygen and
nitrogen in the air (Rehbein and Cooray 2001).
Additionally, as dust particles stack on the collecting
electrode, re-entrainment of the particles occurs, and
thus, the removal efficiency deteriorates with the pas-
sage of time. Particle re-entrainment is observed when
the gas velocity exceeds an acceptable level or when
uniform velocity and electrical power distribution are
lost. Problems also can be generated during the rapping
process or because of back corona. Back-corona dis-
charge is a well-known phenomenon aroused by a series
of micro-discharges in the air between the particles of
the dust layer deposited on the collecting plates. It is
initiated when the particle resistivity becomes quite high
and tends to neutralize the particle charge and change
the voltage—current characteristics of the system. All of
these processes result in significant deterioration in the
removal efficiency (Chang and Bai 1999; Bacchiega
et al. 2006). Another consequence of back corona is that
the corresponding lowering of spark-over voltage and
increased discharge current result in high energy con-
sumption (Jaworek et al. 2007).

Attempts to overcome the above concerns and asso-
ciated issues to improve dust collection efficiency have
been made in many studies, including control of opera-
tional temperature (Noda and Makino 2010), applica-
tion of bipolar corona discharge (Katatani et al. 2012;
Xiang et al. 2001), and changing the electrode configu-
ration and energization (Canadas et al. 1997; Mizuno
2000). Kearns (1979) enhanced particle charging in the
corona discharge field by adopting a high velocity ion-
ization stage, which provided operating field strengths
of 10-17 kV/cm, compared with 3—6 kV/cm in a con-
ventional ESP, and gas velocities 7-10 times higher than
those used in conventional ESP systems. Low and uni-
form current densities at the collecting electrodes were
achieved using small barb distances and small discharge
electrode distance by Miller et al. (1998), suggesting
that changing the electrode configuration can improve
fine dust removal efficiency as well as reduce negative
effects like the back-corona phenomenon. Kuroda et al.
(2003) observed an increased discharge current by mod-
ifying the shape of the electrodes with punched holes.
Comparing a typical plane electrode with punched elec-
trodes of three hole sizes, they found that the collection
efficiency was highest for the electrode with 3.1-mm-
sized holes. Recently, attempts to improve electric field
conditions have been made by changing the electrode
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material from typical metals to non-metal carbon sheets.
Kim et al. (2011) developed an anticorrosive ESP sys-
tem equipped with carbon graphite discharger and PVC
sheets with metal insert as collection plates and obtained
a strong collection performance of 95 % for ultrafine
particles with low energy consumption.

The present authors suggested (Kim et al. (2013))
the use of activated carbon as a coating for metal
electrode surfaces to make electrodes with improved
conductivity and electrosorption capacity. Activated
carbon (AC) has been used in electrode fabrication
in many ways, as a tool to increase specific capac-
itance, lower resistance, and increase specific sur-
face area. In the form of double layer capacitors, AC
has demonstrated excellent performance as a high
power density electrode in a variety of applications
(Osaka et al. 1999; Gamby et al. 2001; Portet et al.
2005; Zou et al. 2008). AC-coated electrodes (Kim
et al. 2013) applied to simultaneous removal of dust
and gaseous contaminants have exhibited as high as
90 % dust (3000-4000 pg/m’) and gas (NH; and
H,S) removal even with no corona discharge step,
attributed to the increased electrical charge density.
Thus, the desired dust collection efficiency was
achieved without corona discharge and with high
energy efficiency while preventing the generation
of ozone and NO,.

In this study, AC-coated electrodes were evaluat-
ed with laboratory-scale continuous dust removal
experiments and compared with a typical aluminum
electrode. Parallel electrode geometry was used to
enhance the dust plate contact surface to optimize
dust collection efficiency at relatively high air flow
rate. In addition, insulating panels were applied be-
tween oppositely charged electrodes to ease the in-
terference between the charged particles. The panels
act to separate the opposing electric fields so that the
charged particles are collected on the oppositely
charged electrode surface without the interference
of other particles or the adjacent oppositely charged
electrode, which should help minimize back dis-
charge effect. Therefore, this study aims to improve
conventional ESP systems by improving the capac-
itance, resistance, and surface area of the electrodes
using an AC coating to collect particulate matter at
higher efficiency. In addition, application of insulat-
ing panels between electrode plates was expected to
improve the dust collection efficiency by minimiz-
ing back discharge phenomena. Continuous lab-
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scale dust removal tests were conducted with a typ-
ical metal electrode system, AC-coated electrode
system, and AC-coated and insulating panel system
to evaluate the effects of the modifications on dust
removal performance.

2 Experimental Methods
2.1 Design of the AC-Coated ESP System

Electrode plates were coated with an activated carbon
powder paste containing AC, carbon black (CB), poly-
vinyl acetate (PVAc), and methanol. The AC powder
was washed with boiling water several times, with boil-
ing 1 N HCI, and then washed again with water and
dried before use. The acid-treated AC was mixed with
carbon black to reduce electrical resistance (Nadakatti
etal. 2011), and PVAc was added to bind the coating to
the electrode surface. Methanol was added to ensure
dispersion of the three ingredients and allow the appli-
cation of an even coating onto the electrode surface. The
optimum ratio of the components was found in previous
research (Kim et al. 2013) to be 10 g:2 g:3 g:20 mL of
AC/BC/PVA/MeOH. The AC mixture was spread on
the aluminum electrode surface, and the electrode was
placed in a 100 °C oven to remove the methanol. The
Brunauer—Emmett—Teller (BET) surface areas of the
coated AC and original powdered AC were determined
by nitrogen adsorption method at 77 K, using automatic
high-end volumetric gas adsorption instrument
(BELSORP-max, MicrotracBEL Corp, Osaka, Japan).
The obtained AC-coated electrode plates were then used
in continuous dust removal tests.

2.2 Determination of Optimum Electrode Distance
and Electric Voltage Supply

Using the AC-coated electrode, three different dis-
tances between clectrode plates were tested with a
fixed dust loading rate and electric voltage supply.
The electrodes were placed at 3-, 2-, and 1-cm inter-
vals. The dust concentrations in and out of the device
were monitored, and the amount of particulates col-
lected on the plate was weighed. The optimum elec-
tric voltage supply was investigated by applying 0, 3,
5, 7, and 9 kV to the AC-coated electrode system
under the fixed dust loading condition.

2.3 Application of Insulators Between AC Electrodes

Among the various potential insulating materials, com-
mon office paper was chosen to be used as the partition
between AC-coated electrodes. The paper was cut to the
same size as the electrodes and stiffened with PVAc in
the form of multiple adhered layers. The resulting paper
plates were then applied to the electrodes, and their
effect on dust removal was tested.

2.4 Continuous Dust Removal Experiment

The experiment was performed in a lab-scale dust
control chamber as shown in Fig. 1. The dust control
system was an electrode plate precipitator consisting
of a dust generator (fluidized bed dust generator,
Model 3211, Kanomax, Osaka, Japan), blower, dust
mixing tank, electrostatic precipitation chamber with
electrode plates, electric voltage supplier, and dust
counters (dust monitor, Model 3442, Kanomax). Air
containing dust from the dust generator at a fixed
relative humidity of approximately 25 % was made
to flow through a pressure regulator adjusted to a
fixed flow rate of 6.7 cm/s (90 L/min) for all exper-
iments. The dust collecting chamber consisted of
four sequential cells, each of which contained 11
electrodes installed at 10-mm intervals. The elec-
trodes were connected alternately to the anode and
cathode by an electric wire to the voltage supplier.

In advance to the artificial dust that was applied,
air flow distribution in the chamber was determined
using air velocity meter (TSI-9515 VelociCheck,
Naraetek, Pusan, Korea). Under 90 L/min air flow
condition, the flow rate was monitored at the center
and the four corners of the chamber, and the differ-
ence in the measured flow rates was found £0.4 %.
In this experiment, it was regarded that discrepancy
in the flow rate was not great; therefore, the moni-
toring of dust concentration was only conducted at
the center.

Reagent grade JIS test powder (Test Powder 1,
class 11) was used as a PM10 dust and supplied
through the dust generator. The particle size of the
powder was within 0.3—5 pum. The chemical compo-
sition of the powder was SiO, (34-40 %), Fe,O3
(1723 %), Al,O5 (26-32 %), CaO (0-3 %), MgO
(0-7 %), and TiO, (0—4 %). Dust counters were
equipped in the dust control chamber to monitor
the numbers of dust particles before and after
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Fig.1 Schematics of electrostatic precipitator system with electrode configuration and arrangement: a dust control chamber with AC-coated
electrodes, b aluminum electrode, ¢ AC-coated electrode, and d AC-coated electrode and stiffened paper plate as an insulator in turn

precipitation. All experiments were conducted at
room temperature, about 20 °C.

The continuous dust removal test was conducted
with three different electrode systems: one with typ-
ical aluminum electrode plates, one with AC-coated
electrode plates, and one with AC-coated electrode
plates and stiffened office paper plates. Figure 1
shows a schematic of the system with individual
electrodes installed (Fig. 1b—d), whereas Table 1
lists the specifications of the dust removal systems
and their operating conditions.

Table 1 Dust removal system specification and operational conditions

3 Results and Discussion
3.1 Comparison of BET Surface Area

Activated carbon powder was uniformly coated on the
aluminum electrode surface so that the resulting uniform
electric density would cause dust particles to evenly
precipitate on the electrode surface. Carbon black was
added to the coating material to improve electric con-
ductivity. To achieve the expected result, it was impor-
tant that the AC coating had a high porosity and that its

Typical metal electrode

Modified electrode

Electrode material Aluminum
Plate spacing (mm) 10

Plate size (H x L) (mm?) 145x45
Number of plate 44
Voltage supplied 5kV

Gas velocity 6.67 cm/s

Aluminum coated with AC

Aluminum coated with AC and
stiffened paper (insulator)

10 5 (electrodes and insulators in turn)
145x45 145x45

44 44 (electrode) + 44 (insulators)
5kV 5kV

6.67 ci/s 6.67 cr/s
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surface area was kept intact. Any material added as a
binder may block the pores of the AC. The optimal
mixing ratio of AC, CB, PVAc, and methanol and the
best drying method were found in our previous research
(Kim et al. 2013). The PVAc functioned as a glue to bind
the AC powder to the electrode surface, while methanol
was added to prevent the thickening of the mixture. A
prepared and dried AC coating was detached from an
electrode for BET surface area measurements, which
were compared with those of the original AC powder
(Table 2).

As listed in Table 2, the BET surface area of the
original AC powder was decreased by 54 % after it
was mixed with the other coating materials. The pore
volume also showed a similar decrease (0.33 to
0.19 cm’/g). It was found that PVAc had the greatest
effect on the surface area of the coating, whereas the CB
and methanol did not seem to significantly influence the
pore surface. The addition of methanol not only allowed
the AC paste to be coated uniformly on the electrode
surface but also helped to open the pores of the AC as it
evaporated from the inside of the pores when the coating
was dried in the oven. Figure 2 shows images of the
aluminum electrode plates before and after AC coating.

3.2 Optimum Electrode—FElectrode Distance and Electric
Voltage Supply

The patterns of dust collection and the dust removal
efficiency of the electrode system can differ depending
on the parameters of the system. Preliminary tests were
carried out to determine the most appropriate electrode
spacing and electric voltage supply to optimize dust
removal performance. For 30-mm electrode spacing,
four AC electrode plates were installed in the dust
collecting chamber and operated for 10 h, receiving a
total dust mount of approximately 10 mg/m’. Every 1 or
2 h, the electrode with the highest deposited dust density
was removed from the system and weighed and then

Table 2 BET surface area

Coating mixture BET surface

Activated carbon (AC) 1144 m%/g (0.33 cm®/g)
Carbon black (CB) 31 m?/g

AC + methanol 1128 m%g

AC +PVAc 481 m%/g

AC + BC + PVAc + MeOH 529 m*/g (0.19 cm/g)

Fig. 2 Aluminum electrode before and after AC coating

reinstalled to continue the experiment. For 20-mm elec-
trode spacing, six AC electrode plates were installed and
operated in the same manner. For 10-mm electrode
spacing, eight AC electrode plates were installed.
Figure 3 illustrates the results of the electrode spacing
experiment. Because the plot shows the amount of dust
collected by only one electrode plate in each test, it does
not necessarily show the efficiency of the entire system.
Dust removal increased proportionally with the passage
oftime only in the system with 10-mm spacing, whereas
for the other two spacings, the dust removal was unsta-
ble and showed a fluctuating pattern. It is understood
that the narrower the electrode spacing, the higher the
current density at the same supplied voltage. This is

160 -
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2 4
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Fig. 3 Time passage dust removal performance according to
electrode—electrode distance
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clearly shown by the result that the highest dust collec-
tion was obtained in the AC-coated electrode system
with an electrode spacing of 10 mm.

Figure 4 shows the results obtained with application
of increasing electric voltage. For each electrode spac-
ing condition, four levels of electric voltage were sup-
plied and without voltage supply (0 V) as a control were
tested for dust removal performance. At 20-mm elec-
trode spacing, dust precipitation increased with voltage
supply, but at wider electrode spacing, it seemed that the
dust layer became detached from the plate at high volt-
age supply, and at narrow spacing, little correlation was
found between voltage supply and dust removal at 5 kV
and above. As mentioned before, a back discharge effect
often occurs in systems with wider electrode spacing
and at high voltage conditions if the electrode—electrode
space is narrow. Overall, dust removal was best when
10-mm electrode spacing was used, and in this case, a
voltage supply of 5 kV was found to be most beneficial.
Following continuous dust removal tests were therefore
conducted with 10-mm electrode spacing and at 5 kV.

3.3 Continuous Dust Removal Tests

The continuous dust removal performance of the three
fabricated types of electrode systems was evaluated.
First, 11 typical aluminum plate electrodes were
equipped alongside in a cell, and four cells were con-
nected lengthwise. Therefore, the dust removal chamber
contained total 44 electrode plates and received airflow
containing particulate matter at 90 L/m (6.67 cm/s) flow
rate. The second system contained AC-coated electrodes
instead of aluminum electrodes, and the third system
contained 44 insulator plates, made of stiffened office

250 4

R

200

150

100

dust precipitated (mg)

50

e=f=3cm ==fll=2cm 1lcm

T 1

0 - T T
0 2 4 6 8 10
Electric voltage supplied (V)

Fig. 4 Dust removed by increasing electric voltage supplied at
different electrode—electrode distance
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paper with PVAc as glue, in addition to the 44 AC-
coated electrodes. In this case, the electrode spacing
became even narrower, 5 mm, whereas the former two
systems had an electrode spacing of 10 mm.

Dust concentrations were monitored in the dust
mixing tank for the influent, port 1 after the first set of
11 electrodes in the first cell, port 2 after the second set
of electrodes in the second cell, port 3 after the third set
of electrodes in the third sell, and port 4, the effluent
after treatment by the entire system. Besides the dust
concentration monitoring, each electrode plate was
weighed before and after the experiment to determine
the dust removal pattern within the chamber. The dust
monitoring results are shown in Fig. 5, in the order of
aluminum plate (a), AC coating (b), and AC coating +
insulator (c) systems. Although the influent dust con-
centration was controlled by the fluidized dust generator
(Model 3211, Kanomax) during the experiment, the
mean influent dust level in each experiment varied more
and less; as 7.31 mg/m3 (£1.67) in aluminum electrode
system (a), 10.80 mg/m? (+1.28) in AC-coated electrode
system (b), and 12.68 mg/m® (+2.43) in AC + insulator
system (c).

The tests were carried out for approximately 400 min.
In the case of the typical aluminum electrode cell, it was
observed that the entering particulate matter was col-
lected in an orderly fashion as the air stream moved
through the cells. For the first 200 min, cell 1 removed
the largest portion of dust but afterwards, cell 2 appeared
to collect more dust. Cells 3 and 4 did not contribute
much to the performance of the system. In this system,
dust precipitation became unstable as the deposited
particulates built up on the electrodes with time, and
the concentration of particulates in the effluent (port 4)
increased gradually.

The same experiment was conducted with AC-coated
electrodes instead of aluminum plate. The dust removal
performance started quite stable and satisfactory, with
all four cells contributing to the removal efficiency of
the system. It appeared that more than 40 % of entering
particulates were captured in the first cell, half of the
remaining particulates were captured in cell 2, and the
other two cells collected the last evenly. This pattern of
dust removal continued for a fairly long time during the
experiment, but the removal efficiency of cell 1 gradu-
ally deteriorated with particulate build up.

The dust removal efficiency of the system containing
AC-coated electrodes and insulating plates was even
better, and the system exhibited good and stable effluent



Water Air Soil Pollut (2015) 226: 367

Page 7 of 13

367

Dust concentration (mg/m3)

Dust concentration (mg/m3)

Dust concentration(mg/m?3)
0]

12 = Influent ====Port1l Port 2
e . Port 3 eesseeee Port 4

=
o
—
Q
=

8
6 / .
s
’5% N
prats —— §‘
_;all‘s\-”’ ...°/ .-'.'.""O'va..r.n-—" el
2 :}.:.M“'%.o.-_‘;
0
0 50 100 150 200 250 300 350 400
Time (min)
16 Influent === Port1 Port 2
=« Port3 = eeceeee. Port 4
14
(b)
12
10
i -=s LIRS -—_,4~\,'
6 I" N\s—" ’,
Io--~__\ ~o L/ .
4 in.~..-"d' = ! - . "—, ° '\\~ L -~ o
0
0 100 200 300 400 500 600 700 800 900 1000 1100
Time (min)
16 Influent =ee=Port 1 Port 2
= « Port 3 sececece Port 4 (C)
14 N—
‘\\J/r
12
10
6 P 2aiad X N -~ PR N —’,-

NN

Ty e AT

Tetee, Laeeses
.
t."

0 100 200 300 400 500 600 700 800 900 1000 1100
Time (min)

Fig.5 Comparison in dust removal performances between a conventional aluminum electrode, b AC-coated electrode, and ¢ AC + insulator

system

@ Springer



367 Page8ofl13

Water Air Soil Pollut (2015) 226: 367

quality. As expected, about half of the entering particu-
late matter was collected in cell 1, but the other three
cells also contributed evenly to the removal of the
remaining dust, especially during the last half of the
experiment. Unlike the other two systems, the dust
removal performance became better and constant with
time, likely the result of successful interruption of the
back discharge effect by the insulating plates applied
between the electrodes.

Figures 6, 7, and 8 show the mass of dust distribution
collected on the surfaces of the electrodes after operation
of each system. The electrode plates were removed from
the dust collection chamber and weighed for compari-
son with their weights before the experiment. Figure 6
shows the results obtained for the aluminum electrode
system after 383-min operation. Along with the air flow
shape, it is clear that more particulate matter was cap-
tured in the center of the cell and less was captured at the
outer sides. In cell 1, more dust was collected on the
electrodes at odd-numbered position, which were con-
nected to the anode (+). The systems in this study
remove dust particles without corona discharge but by
exploiting each the natural charge characteristics of each
particle. Thus, the greater amounts of dust collected by
the odd-numbered electrodes were because the dust
particles were more negatively (—) charged.
Nevertheless, a high number of particles also precipitat-
ed on the cathode electrodes, because dust particles
naturally have either (+) or (—) charge and this can be
casily switched by any external stimulation. Because
most (—) charged particles were removed in cell 1, more
(+) charged particles remained and collected on even-
numbered electrodes (connected to the cathode (—)) in
cell 2. This trend is clearly observed for cell 3 as well as
cell 4.

Figure 7 shows the results for the AC-coated elec-
trode system. This system was operated at high efficien-
cy for a long time, 1080 min. As observed in Fig. 6,
more dust was collected in the first cells and at the
central electrode positions. Reflecting the longer opera-
tion time as well as the modification of the electrode
surface, the maximum mass of dust collected by a single
electrode was 794 mg, compared with 222 mg for the Al
electrode system. It is notable that in cell 1, more dust
collection took place on the electrodes at even-
numbered positions which were connected to the cath-
ode (—), than on those at odd-numbered positions. As
mentioned above, dust particles naturally have either (-)
or (+) charges, and it seems that (—) charged particles are
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not always dominant in number. This time, more parti-
cles were collected on cathode first, and the opposite
was in the following cells.

Figure 8 shows the dust removal observed for
the system with alternately positioned AC-coated
electrodes and stiffened paper insulating material.
Like the previous tests, the entering particulates
were mostly precipitated in the front set of elec-
trodes (cell 1) and distributed more in the center.
More particulates were collected by the odd-
numbered electrodes, i.e., anodes, in cell 1, follow-
ing the same trend as that observed for the alumi-
num electrode system. Interestingly, a high mass of
particulate precipitated on the paper, which was
applied to diminish possible back discharge effects.
As electrodes become stacked with dust, back-
corona discharge can be formed between the dust
particles and the electrode, causing an increase in
the particle resistivity and finally particle re-entrain-
ment. Physically blocking between each pair of
electrodes with an insulating material was expected
to reduce charge interference between particles and
between particles stacked on the top of the layer
and the electrode next to it. Although the paper
plates physically blocked the electric field between
pairs of electrodes, they also functioned as a dielec-
tric dust collector despite not being directly con-
nected to the electric supply. Placed between the
high current density electrodes, the paper naturally
displayed dielectric properties and therefore con-
tributed to the dust collection even more than the
electrode plates. This effect is clearly shown in the
cells 2—4, in which the insulators had a greater part
in dust removal than the electrodes.

The efficiency of dust collection in ESPs can be
estimated by simple Deutsch—Anderson equation
(Eq. 1), which has been used widely to determine pre-
cipitator performance in ideal conditions. This was mod-
ified by Matts and Ohnfeldt (Eq. 2), to account for non-
ideal effects (Chang et al. 1995). In Deutsch—Anderson
equation, ESP efficiency is predicted with the assump-
tion that particle size and its migration velocity are
uniform, and so is the flow rate in the entire ESP system.
Because this is not true in a real precipitator condition,
the term “average migration velocity (Wy)” and the
constant “k” were added in the Matts and Ohnfeldt
equation. The three types of electrode system perfor-
mances were evaluated with the equations, and the
results are summarized in Table 3.
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in which 7 is the collection efficiency of the pre-
cipitator, W is the migration velocity (m/s), 4 is the

Cell 1

2 3 4 5 6 7 8 9 10 1

2 3 4 5 6 7 8 9 10 11

2 3 4 5 6 7 8 9 10 11

3 4 5 6 7 8 9 10 1

Plate position

effective collection area (m?), and Q is the gas
flow through the precipitator (m*/s). The term W
in Matts and Ohnfeldt equation is averaged migra-
tion velocity. The constant k is usually between 0.4
and 0.6, depending on the variation of particle size
and other dust properties. In this study, Metts—
Ohnfeldt equation was found best to simulate the
experimental result, especially when the constant &
was 0.5. In the aluminum electrode system
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Fig. 7 Dust removed in AC 900
electrode system
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however, k value of 0.4 was the best fit. The
equation should be used efficiently to estimate
collection surface area required to meet satisfactory
dust collection efficiency.

The mean dust removal efficiencies of the indi-
vidual systems measured at each sampling port are
illustrated in Fig. 9 and quantitatively summarized
in Table 3. Dust collection performance clearly
improved in the order typical aluminum electrode
system > AC-coated electrode > AC + insulator.
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Cell 3

Cell 4

2 3 4 5 6 7 8 9 10 11

Plate position

Coating the aluminum electrode surfaces with AC
increased the dust removal efficiency by 57 %, and
the efficiency was improved even more (65 %) with
insulator application. The application of insulating
material appeared to display a good synergistic
effect, improving the dust precipitation performance
by blocking back-corona discharge and themselves
collecting particulate matter. The dielectric charac-
teristics of the material should have an important
role in its efficiency, because the material
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Fig. 8 Dust removed in AC + 900
insulator system 800
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functioned as a collecting electrode without a pow-
er supply. Further study should investigate the use
of different dielectric materials which have both
high dielectric constant and safety in practical
application.

4 Conclusion

In this study, two laboratory-scale-modified electro-
static precipitators were designed and evaluated for
dust control. Excellent improvement in removal
efficiency was obtained compared with that of a

B AC electrode
HInsulator

Cell 2

Plate positions

conventional system. The surface of typical alumi-
num electrodes were coated with an activated car-
bon paste in the form of a mixture with carbon
black, PVAc, and methanol. The high specific sur-
face area AC coating increased the specific capac-
itance and lowered the resistance of the electrode.
This effect was clearly proven through the contin-
uous dust removal test, which showed a 31 %
increase in the removal efficiency compared with
that of the typical aluminum electrode system.
Back-corona discharge is a common phenomenon
that reduces collection efficiency, and it was suc-
cessfully controlled in this study by the application
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Table 3 Estimations of dust removal efficiency (%) using the Deutsch—Anderson and Metts—Ohnfeldt equations

Deutsch—Anderson eq. Metts—Ohnfeldt eq. This study
Distance from inlet k=1 k=0.4 k=0.5 k=0.6
Typical (Al) electrode 1 99.83 33.87 47.93 64.29 29.3 (£14.7)
2 99.99 42.05 60.26 79.00 46.0 (£8.6)
3 100 47.36 67.70 86.34 57.7 (£6.7)
4 100 51.32 72.88 90.61 54.4 (£11.2)
AC-coating electrode 1 99.83 33.87 47.93 64.29 46.6 (£11.3)
2 99.99 42.05 60.26 79.00 61.9 (£9.5)
3 100 47.36 67.70 86.34 73.8 (£7.5)
4 100 51.32 72.88 90.61 85.4 (+4.6)
AC coating + insulator 1 99.99 42.05 60.26 79.00 60.0 (£9.9)
2 100 51.32 72.88 90.61 73.3 (£6.7)
3 100 57.12 79.78 95.11 82.0 (£3.9)
4 100 61.33 84.21 97.23 89.8 (£2.8)

of insulating material between the electrode plates
in the dust collecting chamber. Multiple-layered
paper plates of the same size as the electrode plates
were used as a dielectric insulator. Placed in be-
tween the electrodes, the insulating material
blocked the interference of charged particles with
other particles and also with other electrode plates
of opposite charge. At the same time, the dielectric
property of the material allowed it to function as a
collecting electrode for dust entering the chamber.
Application of the modified Deutsch—Anderson
equation revealed that the dust removal efficiency

Fig. 9 Mean dust removal 100 -
efficiencies in individual systems 90
80 -
70 -

Mean removal efficiency (%)

@ Springer

= AC-coating

OAC + insulator

could be predicted by the Metts—Ohnfeldt equation
especially with the £ value of 0.5. The experimental
results showed that the insulator plates collected an
even greater mass of the particulate matter than the
collecting electrodes in the same cell. The total dust
mass collected by the AC-coated electrodes was
3502 mg, whereas the insulators collected
5377 mg. Unsurprisingly, this novel system with
AC electrode and insulating material exhibited the
best dust removal performance among the three
tested systems. Further studies should investigate
the application of insulating materials with higher

B Conventional (Al)

Port 1 Port 2 Port 3 Port 4
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dielectric properties but assured safety for practical
applications at the same time.
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