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ABSTRACT

Current electrostatic precipitators (ESPs) for removing
small particles from semiconductor industries, which emit
corrosive gases such as HCI and HF etc, have used costly
anti-corrosive metallic materials to maintain the particle
removal performance. Due to the economical demand of the
industries, we have developed a novel anti-corrosive ESP
that uses carbon fiber ionizers and dielectric collection
plates of PET sheets into which aluminum films are
inserted. The collection performance of the ESP for
ultrafine particles was evaluated by changing applied

voltages to chargers and collection plates, and flow rates etc.

KCI particles with the mean diameter of 0.1 um and the
concentration of 10%~ 10° particles/m® were used as test
particles, and a scanning mobility particle sizer was used to
measure the changes in particle number concentrations
before and after the ESP. The experimental results showed
that more than 90 % of ultrafine particles at 1,200 CMH (2
m/s) were removed by the ESP (400 mm x 400 mm) with
16 carbon fiber ionizers and collection plates (185 mm x
400 mm) with a 10 mm gap by consuming only 5
watts/1,200 CMH and producing negligible ozone of 2 ppb,
when (-) 10 kV and 15 kV were applied to the ionizers and
collection plates, respectively.
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1 INTRODUCTIOIN

Semiconductor manufacturing processes emit various
harmful gases and particulates such as acidic and corrosive
HF, HCI etc and white smokes. Wet scrubbers have been
widely used for the pollutant removal but have had
technical limitations for particle removal because the sizes

of the particles ranged from 0.1 to 1.0 um [1]. Jaworek et al.

(2006) have applied electrostatic spray to a wet scrubber
and showed high removal performance for micrometer
particles [2]. Tsai et al.(1997) have applied electrostatic
precipitator(ESP) behind a wet scrubber for ultrafine
particle removal [1]. However, the ESPs for removing the
particles from semiconductor industries have used costly
anti-corrosive metallic materials to maintain the particle
removal performance. Due to the economical demand of the
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industries, a novel anti-corrosive ESP has been developed
whose charger was made of carbon fibers and dielectric
collection plates of PET films in which an aluminum sheet
was inserted. In this study, the ESP with 16 channels of the
ionizers and 31 collection plates was evaluated by changing
general operational conditions such as applied voltages to
ionizers and collection plates, and air flow rates.

2 EXPERIMENTAL SET UP

Figure 1 shows the experimental setup for this study.
Potassium chloride (KCl) aerosol particles with diameters
in the range of 0.01-0.5 pm were generated by nebulizing
KCI solution (w/w 0.1% in water) with a constant output
atomizer (Model 3076, TSI Inc., US) and passed through a
Kr-85 neutralizer and a diffusion dryer. The mean diameter,
number concentration and geometric standard deviation of
the generated particles were approximately 0.1 pum, 6.0 x
10° particles/cm® and 1.7. The charged fractions of the test
particles were removed by a plate condenser (where a high
voltage of 10 kV is applied) and then non-charged particles
were introduced into the test duct (of the cross section of
400 x 400 mm?) upstream of the carbon brush pre-charger.
HEPA filtered clean air was mixed with the introduced
particles and then the air was passed through the carbon
fiber ioniers and collection plates which are shown in
Figure 2. Gas flow rate in the duct was controlled by an
orifice type flow meter and inverter which were connected
to a fan located at the end of the duct. The size distributions
of the test particles at the upstream and downstream of the
collection plates were measured by a scanning mobility
particle sizer (SMPS, Model 3081, TSI Inc., US) system
coupled with a condensation particle counter (CPC, Model
3076, TSI Inc., US) for the submicron particles. Diffusion
losses of particles in the ESP were negligible. The ozone
concentration from the pre-charger were measured with an
ozone monitor (Model API 400E, Teledyne Technologies
Inc., US) during particle collection of the ESP.

In this study, applied voltages to the carbon ionization
and collection parts, flow rates of the test air were changed
in order to understand how the parameters affect the
performances of the novel ESP. The particle removal
performance of the ESP in this study was expressed by the
particle collection efficiency (1) which can be obtained by
the following equation:
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Figure 1: Experimental set up for the performance test of
the ESP in this study.
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Figure 2: Schematic of the carbon fiber ionizers and
collection plates of the ESP in this study.

n:(l'cdown/cup)x 100 (1)

where 1) is the collection efficiency, Cyowy 1S the particle
number concentration of downstream of the ESP, and C,, is
the particle number concentration of upstream of the ESP.

3 RESULTS AND DISCUSSION

3.1 Collection performance of the ESP

Figure 3 shows the collection efficiency of 0.3 pm
particles as a function of air face velocity through the ESP
at different applied voltages to the ionizers (a) and
collection plates (b). The velocities were varied from 1 to 2
m/s (600 to 1,200 CMH) at various applied voltage to the
ionizers and collection plates. The applied voltages to the
ionizers were varied from 2 to 10 kV at a constant applied
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Figure 3: The collection efficiencies of 0.3 um particles as
a function of air face velocities through the ESP with
different applied voltages to (a) ionizers and (b) collection
plates.

voltage to the collection plates, 10 kV, and those to the
collection plates were from 7 to 15 kV at a constant voltage
to the ionizer, 7 kV, respectively. The collection
efficiencies of the ultrafine particles were proportionally
decreased as the velocities were increased. This could be
result from the decreased residence time in the ESP for both
of the charging and electrostatic collection. However,
increasing applied voltages to the ionizers and collection
plates enhanced the collection efficiency up to over 80%,
even at 2.0 m/s (1,200 CMH).

Figure 4 shows the collection efficiencies of the
ultrafine particles as a function of the applied voltages to
the ionizers and collection plates for different air flow rates.
Shown in Figure 4, there is a linear correlation between the
applied voltages and collection efficiencies. The increase in
the collection efficiencies of the particles resulted from the
increased electrical migration velocity of the particles in the
ESP as the applied voltages to it was increased [3].
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Figure 4: The collection efficiencies of 0.3 pum particles as
a function of applied voltages to (a) ionizers and (b)
collection plates at different flow rates.
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Figure 5: Collection efficiency of the ESP against the
particle diameter at 1,200 CMH (2.0 m/s).

Figure 5 shows the variation in collection efficiency
plotted against particle diameter for a constant air flow rate
through the ESP, 1,200 CMH (2 m/s). From the
experimental results shown in the Figure 3 and 4, (-) 10 kV
applied to the ionizers and 15 kV to the collection plates
were chosen in order to achieve over 90 % collection
efficiency of ultrafine particles less than 1 um at 1,200
CMH corresponding to 2.0 m/s of a face velocity through
the ESP. The collection efficiencies of the particles were
much higher than 90 % at 1,200 CMH for all particle size
ranges less than 1 um. This result indicated that the
decrease in collection efficiency of the ESP at high air flow
rates could be avoided by simply changing applied voltage
to ionizers and collection plates of the ESP.

3.2 Power consumption of the ESP

Figure 6 shows the variation in power consumed at the
ionizers against voltages applied to the ionizers of 16 ea.
The power consumption was calculated by multiplying an
applied voltage and current to the ionizers. The applied
voltage was varied from 5 to 10 kV, while the air flow rate
was kept at 1,200 CMH. The power consumption was less
than 5 watt/1,200 CMH even when the applied voltage to
the ionizers increased to 10 kV with which the ESP
achieved over 90 % collection efficiency of the ultrafine
particles. The power consumption of the novel ESP was
significantly lower than about 50~300 watt that is generally
required by ESPs to clean flue gases at a flow rate of about
1,000 CMH [4]. Theoretically, the electrical field for the
ionization of gas molecules is reversely proportional to the
square root of the diameter of the wires or pin used for
ionizers. In this study, the diameters of the carbon fibers
used for the ionizers of the novel ESP are several
micrometers, which are much smaller than those of the
wires in millimeter range used for the ionizers of the
general ESP [3].
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Figure 6: Changes in the power consumed by the ESP, as a
function of applied voltages to the ionizers at 1,200 CMH.
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3.3 Ozone emission from the ESP

Figure 7 shows the ozone concentration emitted from
the ESP for 80 minutes when the applied voltages to the
ionizer and the collection plates were (-) 10 kV and 15 kV,
respectively, and air flow rate was maintained at 1,200
CMH. The ozone from the ESP was less than 3 ppb and in
particular, the average concentration was approximately 2
ppb which was significantly lower than 60~80 ppb, the
ozone limit in EPA and WHO regulation. This result,
40,000 ppb-L/min (2 ppb x 1,200 CMH), was much lower
than 500, 000 ppb-L/min for the same power consumption,
reported in the previous research [5]. This could be resulted
from the fact that the diameters of the fibers are much
smaller than those of the wire and pins in the previous
studies thus the fiber ionizers with low applied voltages
could generate enough unipolar ions for particle charging,
generating the significant low concentration of ozone.
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Figure 7: Changes in the concentration of ozone from the
ESP during particle collection of 80 minutes at 1,200 CMH
with (-) 10 kV to the ionizers.

4 CONCLUTION

We developed a novel ESP using ant-corrosive carbon
fiber ionizers and PET collection plates with metallic films.
The collection performance of the ESP for the particles less
than 1 pm was higher than 90 % at 1,200 CMH (2.0 m/s).
The ESP could also compensate the decrease in the
collection efficiency of the particles at high air flow rates
simply increasing applied voltages to ionizers and
collection plates. In particular, the power consumption and
the ozone concentration of the ESP with over 90 %
collection efficiency of ultrafine particles were only 5
watt/1,200 CMH and 40,000 ppb-L/min, which were
significantly lower than the previous result.

Therefore, the ESP in this study is a promising
environmental-friendly postr-treatment system for the
removal of ultrafine particles, particularly in the
semiconductor industries which emit the submicron
particulates with acidic and corrosive gases which could

lower the collection performance of the conventional post-
treatment systems.
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