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Abstract—The authors have been studying the electrostaticrgcipitator (ESP) which can
charge particles without using corona discharge. nl this method, we have tried to use “induc-
tion charging.” DC high-voltage lower than the cobna-starting-voltage is applied to the elec-
trostatic-flocked electrodes with carbon fibers. Rrticles are attracted to the fibers due to
gradient force. When the particles are attached tehe fibers, induction-charging takes place.
Then these particles eventually re-entrain with theinduction charge. Because of the
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strengthened electric field by converged electrici€ld-lines at the tip of the carbon fibers, the
particles should acquire larger induction charge cmpared to the case of flat plate electrodes
without flocked fibers. After these particles detah from the fibers, they are collected by the
following parallel plate electrode assembly. Evewithout corona discharge, the experimental
results in the last study showed that a certain vak of particle collection efficiency was ob-
served. The observed collection efficiency was bla for smaller particles (from 0.3 to 1.0um),
however, was unstable for larger particles (from 1 to 5.0um). In this study, when a weak
corona discharge was generated in the flocked eleatles with carbon fibers to drive the sus-
pended particles towards the tip of the fibers, thecollection efficiency of 80% or higher,
equivalent to conventional ESPs, was obtained inlahe diameter ranges using only 10% of the
electric power consumption compared with conventioal ESPs.

I.  INTRODUCTION

In our previous study, published as the refereftetie two stage electrostatic precipitator (ESP,
hereafter) was used, composed of a front stagertfghiaand a rear stage “Collector”. The outline
and subjects of this previous study are shownlasis. Carbon Fibers (CF, hereafter) were planted
on flat metal-plates by electrostatic flocking. 0Bk electrostatic flocked-plates (ESFP, hereafter
were arranged parallel in the charger. The dc hatage applied to the charger was set carefully
below the corona starting voltage. This is to giglient force to attract suspended particleseo th
converged intense electric field region at thedtfighe fibers of the charger. Once the suspende
particles attach to the tip of the conductive filibey are charged by induction. If they re-emttai
the space, they should carry the induction chaagd,they should be precipitated in the following
collector. The collection efficiency of this pexs was stable within the range of particle-diarsete
between 0.3 and 14dm. On the other hand, the collection efficiencyswat stable for larger par-
ticles with diameter-range between 1.0 andu®0

In ref.[2], we used a corona charger in the twget&SP. The collection efficiency with the co-
rona discharge was approx. 20% for 0.3 and@rbdiameter particles, and 86% for the diame-
ter-range of 2.0 and 5. In this case the efficiency was more stablee tiddught a weak corona
discharge is necessary to realize our idea of usithgction charging. In a weak corona discharge,
suspended particles are driven by Coulombic fartbé tip of the fibers, then are driven by gratdien
force to be collected at the tip. When the codidgbarticles re-entrain, they should carry the ghar
acquired by the induction charging. In this stualyutilizing the induction charging, we have set a
new target to reduce the power consumption to kbftpare to the conventional 2-stage ESPs.

Il. METHODOLOGY

In this study, a two-stage-ESP which can generaskworona-discharge at ESFP in the charge
is used. The details are as follows.

A. Manufacturing ESFP

We described the method to manufacture ESFP iflfef.Outline is as follows.

The electro-conductive glue (Three-Bond 3303G),ciwhs mainly made from silver-paste and
silicon-resin, was applied on one side of the stasisteel-plates (Stainless steel 304, 36 x 40 mn
thickness 0.4 mm). These base-plates were arrangeokelectrostatic-flocking device with a fan for
generating circulation-wind. Carbon fiber (CF, guotion code CO6343 made by TORAY, fiber
diameter : from 5 to 1Qim) was cut with the length from approx. 0.1 to 3 fynusing scissors to
make CF piles. The CF piles were thrown into thaatefor electrostatic flocking. The voltage of dc
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-5 kV was applied to the arranged base-plates gé@th25 mm in the device, under the condition of
generating circulation-wind. Then, some CF pilestacted to the adhesive glue on the plate-surfac
by the effect of circulation-wind in the device damere finally fixed to form the flocked-platesh&
base-plates took out from the device were set ineubator where the temperature was approx. 20(
deg. C for 1 h. After that, the base-plates weatunally cooled, to realize the electrostatic
flocked-plates as shown in Fig. 1 (a). Fig.1(ckishoto of ESFP with applying dc -7 kV. In the
photo, light spots from corona discharges can lsemved at edges of ESFP. Side view of the ESFI
is shown in Fig. 1 (b), whose magnified figured} (In (e) the CFs on the edge of the ESFP wetre cu
With CFs on the edge, as shown in (d), the elelitriés converge more than (e) and corona discharg
easily takes placén this study, we cut the CFs on the edge to trgenerate corona more evenly.

(a) ESFP. @ifle-view of ESFP.

-7kV

GND -7kV. GND -7kV GND -7kV GND

A0

(c) Cornadise SFP.

(d) CF at edge before cut. (e) CF gegtter cut.
Fig. 1. Pole-plate with electrostatic-flockingESFP: Electrostatic-flocked plate)

B. Layout of ESFP in the charger

The layout/electric-circuit of the flocked-platesthe charger is shown in Fig. 2 (the same as tha
in [1]). Twenty-four flocked-plates were set péghWith 10 mm gaps. Two plates at the end points
were not flocked. In addition, the surfaces of tieeflocked-plates at leeward of the gas flow were
facing to the opposite direction of the flockedfaoes at windward. Although the distance betweer
the windward plate and the leeward plate on adias 40 mm, the two plates on the same line were
electrically connected, which means those two stmothe same voltage. The electric circuit was
composed of the manner that each negative voltagexists on the center position between the nex
two grounded plates.
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In the previous study in [1], the authors notickdttthe emitted light by the corona discharge
weakened gradually with time transition of openati?Ve did not investigate the reason at that time
because we selected the condition with “no cordeeharge.” In this study, we used corona dis-
charge, therefore, the corona V-I characteristithke ESFP was studied to understand the causes
the time transition of the current change.
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Fig. 2. Layout of electrode-plates with electristiocking in the charger.

C. Wind velocity in the charger

In the test, the wind velocity in charger was fix® m/s. Cross section area of the charger wa
121 mm x 32 mm, therefore, the air flow rate wass0r?/min .

D. Determination of target power consumption for caalischarge

The determined air flow value was almost the saimftoav level of air cleaners with ESP in home
electric appliances. The target power consumpifahe corona discharge in this test, therefores, wa
to be determined by patent-information about traiseleaners.

An air cleaner whose air flow and power consump#mn0.3 ifmin and 3,500 mW respectively
is shown in [3]. The discharge current is estiats 50QuA because the applied voltage is 7 kV.
Ref. [4] describes an air cleaner with the dischangrrent of 50QA and the air flow of 3 fimin.
Although the applied voltage is not shown, the atgmotice that the discharge current in [4] is the
same as the current in [3] whereas the air floj4]ris ten times larger than the air flow in [3].

In order to determine a specification of a hypdtattconventional-air-cleaner (hereafter, hypo-
thetical-air-cleaner), the severer (lower) powarstanption is to be selected from [3] and [4]. Then
“the specification of applied voltage 7 kV, disahparcurrent 5@A, and power consumption 350 mwW
under the condition of air flow 0.3%min” can be estimated by taking both [3] and [dfoi con-
sideration. In order to match the air flow 0.48min of the ESP in this test, the abovementioned
specification can be transformed into “applied agk 7 kV, discharge current 7@\, and power
consumption 532 mW under the condition of air fl6w6 mi/min” as the specification of the hy-
pothetical-air-cleaner.

In addition, the reference [5] indicates that aditen efficiency of air cleaners are around 80%.
Then, the collection efficiency of the abovemengidmypothetical-air-cleaner is determined as 80%.
(Although this collection efficiency stands on tt@ndition of including not only charger but also
collector, it is natural that the collector is notconsume electric power.)
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E. Composition of the collector

The layout and electric-circuit of the collectorsisown in Fig. 3. The collector used 13 elec-
trode-plates with rectangular shape of 94 x 280(thiskness 0.4 mm) made of stainless-steel 304
There was no discharge-spike on these plates.nSgwended-plates and six energized plates wert
alternately arranged parallel with 10 mm separati®he applied voltage to the energized-collector
plates was -9 kV which did not generate coronakdisge. Therefore, the power consumption in the
collector was neglected.

I 1T
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Fig. 3. Layout of electrode-plates in the collecto

F. Composition of the test equipment and test method

Schematic diagram and specification of the tesipeent are shown in Fig. 4 and Table I, re-
spectively. The particles to be collected in gtisdy were those suspended in the air of the labor-
atory room. The inlet duct and the connection duetindicated as #1 and #2, respectively. The
charger duct, the connection duct, the collectat,dhe connection duct, the outlet duct and the
variable-speed fan are shown as #3, #4, #5, #&nt#8, respectively. All the ducts were made of
acrylic resin.

The ESP used in this test was composed by makinig #& be serially connected. The air con-
taining room-air particles were ventilated throtigis ESP. The high voltage power supplies (dc) are
indicated as #9 and #10, which were connectedehlarger duct and the collector duct, respec-
tively. The current and voltage in both high vgheircuits were measured by using the voltage
meters #13 and the current meters #14. Wind vglowter #12 was used at the inlet of the inletduc
The wind velocity in the charger duct was adjuste® m/s with a fan-speed-controller.

The number-concentration of particles in the rodmvas measured using the particle counter #11
whose two sampling tubes at the inlet-duct andbtitiet-duct were alternately switched to calculate
the collection efficiency as shown in (1).

Collection efficiency =[ 1= (outlet count / inlet count) ] x 100% (1)

This particle counter can measure number-concémréir each diameter-range from 0.3 to 0.5
um, 0.5 to 1.Qum, 1.0 to 2.Qum, 2.0 to 5.Qum and particles larger than Quéh at one time. Particle
concentration at the inlet and the outlet was meakfive times for each condition, and the obtained
five pairs of data were used to calculate the aestaollection efficiency. A series of this meas-
urement was to be implemented in one day. Betaréirsg the measurement, the test equipment witt
ESP was operated for 180 minutes with the maximpipfied voltage. Then after confirming the
collection efficiency being relatively stable, thieasurement for this study was started.
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Fig. 4. Schematic diagram of test equipment.

TABLE 1: SPECIFICATION OF TEST EQUIPMENT

Items

Details

Duct(#12,4,6,7

W 121, H 140, L 200 mm (Insic

Charger duct (#3)

Duct ; W 121, H 32, L 180 mm (Inside) with slots f
fixing electrod-plate:

Collector duct(#5)

Duct ; W 121, H 90, L 300 mm (Inside) with slots f
fixing electrode-plates

Fan (#8) MU1238A-11B (Oriental Motor Co., Ltd.)
Quantity ; 2 (tandem coupled)
With a variable frequency control

High voltage HVa-10K10N/OLTS/100 (Maxelec Co.,Ltd.)

power supply
(#9)

Max output voltage ; DC-10 kV
Max current ;10mA  Ripple ; 0.1%

High voltage
power supply
(#10;

APH-10K5N (Maxelec Co.,Ltd.)
Max output voltage ; DC-10 kV
Max current ; 30mA  Ripple ; 0.0Z

Particle counter
(#11)

KC-01E (RION), Light scattering method
Range ; 0.3, 0.5, 1, 2, 5 ovem

Sampling volume for individual measurement
; sample-mode of 283 mL (per 34 s)

Wind velocity
Meter (#12)

Climomaster MODEL6531 (Kanomax)
Mode;1 s measuring & 10 times ave.

Voltage meter
& Probe (#13)

Digital multi meter type73303 (Yokogawa)
Ratio;1/1000 (FLUKE), For high voltage

Current meter
(#14)

Type 201133 (Yokogawa)
Range; 0.1, 0.3, 1, 3mA
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Ill.  RESULTS AND DISCUSSION

A. Characteristics of discharge current in the charger

Characteristics of the discharge current were nredswith applying high voltage to ESFP in the
charger. A transition of the discharge-currentabigristic (short time) when -7.3 kV was applied t
ESFP is shown in Fig. 5. The ESFP was exposdteinodom-air for 3 months without applying high
voltage until this measurement. As soon as apglfigh voltage, the initial discharge current of
approx. 1,00QA quickly decreased to 38A at 30 minutes after the voltage application.

1200 | |
<:‘Ca_l()()() I lied —
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Fig. 5. Short time characteristic of dischargeenr (in case of ESFP of applying no-voltageforonths)

The further transition of the current (long timé&ea30 minutes is shown in Fig. 6. At around 120
min, the current reached a stable value of apgt@uA. When the applied voltage was reduced
from -7.3 to -7.0 kV at the time of 180 min, theremt was approx. pA. The power was therefore
approx. 35 mW, less than the target power consammti 53 m\W as described in sectidn

__40 : : : ‘ ‘

<35 X 735V applied i i

E 30 ] Decreased voltage at 180 min — |
o 25 S f

520 —— ied
1 o 7.0 kV applied

o 15 :

2 10 )

= )&

2 5

Ao

0 50 100 150 200 250 300 350
Time [min]
Fig. 6. Long time characteristic of dischargeentr(in case of ESFP of applying no-voltage forciths)

As the result of the abovementioned test, the hajtage -7 kV was applied to the ESFP several
times to investigate the time transition of disgjeacurrent. The discharge-current characteriaties
shown in Fig. 7 and Fig. 8. The discharge curdenteased to a stable value of approxASafter
180 minutes from the voltage application. The saoltage of -7 kV was applied to the ESFP on
different days as indicated in Fig. 7 and FigS@nilar tendency was obtained. Cause of the dserea
in the current with time might be absorption of store by CF from the room-air. Judging from
these observations, although the current of ESkRuUfte in the beginning of the voltage application
it became a stable value of severalafter approx. 180 minutes.



Proc. 2016 Electrostatics Joint Conference 8

300 ‘
< 250 & 3Apr
= A w3 14-Apr
§ 200 y — 15-Apr
g 150 \ --#x=- 16-Apr |
go \\\ --- 17-Apr
E 100 A \
Q N\
.4 Qe
A 50 L T yw
i R
0 1 2 3 4 5

Time [min]
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Fig. 8. Long time characteristics of dischargeenir (applied voltage -7 kV)

We implemented a test of how the discharge-chaiatits change by measuring discharge cur-
rent after making ESFP adsorb moisture intentignallhe test method was as follows. As soon as
the measurement of discharge current of “15-Aprs wampleted, all ESFP in the charger were taker
out. Those ESFP were immersed in a vessel fillit tap-water for 1 h. Then, those ESFP were
taken out and were naturally dried in the room-aphere (humidity approx. 40% Rh). After approx.
16 h passed, the visual check that the water osutfaces of ESFP disappeared was implementec
Then, the dried ESFP were inserted into the chargain to apply voltage for measuring discharge
current.  The characteristics of ESFP after mhftiryness process through immersion process ar
shown as “16-Apr” in Fig. 7 and Fig. 8. The iniitthscharge current immediately after the voltage
application was large (approx. 2p8), as indicated by “16-Apr” in Fig. 7. This reskles the ESFP
characteristic of “13-Apr” whose voltage had noebepplied for 11 days. Further current meas-
urement was made as shown by “17-Apr”. The autfmrad that this characteristic resembled to
those of “14-Apr” and “15-Apr” in which the voltagevere applied “one day after large current
discharge” and “two days after large current disghd

The authors described that the cause of the chaintiee discharge current lay in the absorbed
water on (in) CF. On the other hand, the ref.rg§jorts that tips of CF are particularly worn aqut i
case of generating corona discharge with largesotirr Since the flocked CFs were not uniformly
distributed (planted), current tends to be conwergely in limited tips. This could lead the large
initial-current and lead to worn the tip, causingdpal decrease in current.

The authors determined the applied-voltage to taeger on measuring the collection efficiency
of the ESP, judging from the abovementioned rexaflthe discharge-current measurement. The
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key-points for determining the applied voltage weescribed as follows.

1) The target value for power consumption of tharghr is less than 53 mW.

2) In case of applying -7 kV to the charger, “18Mhutes” is sufficient to reach the current to a
stable value.

3) At -7 kV, lowest current value was between 2 &npeh.

4) With the current of RA, the power consumption is 35 mW. This is lesstthe target value of
53 mW.

B. Collection efficiency of the two-stage-ESP

Although the applied voltage to the charger wasmained as -7 kV, other lower voltages were
also to be applied to grasp the effect of the galtan collection efficiency. i.e., the voltage 6kV
was applied at first for 180 minutes. Then aftarfeming that the discharge current was kept at th
lowest current value, the collection efficiency wasasured. Then the voltage was reduced step b
step (-6, -5, -4, -3 and 0 kV). All the measuretr@the collection efficiency (totally 5 times) wa
implemented in April. Ambient temperature of eacbasurement was in the range between 18 an
24 deg. C, and the humidity was between 36 and B5% As the concentration, counted particle
number which indicated the particle number in lak gas used. As the concentration of particles ir
room air (measured 5 times), size distributiorhefmumber concentration and the ratio to the cente
value were used inABLE 2.

Since very few particles were measured for “all plagticle-diameters of larger thanufn”, the
authors did not evaluate the collection efficienoythis diameter-range.

TABLE 2: THE RANGE OF COUNTED PARTICLE NUMBERABOUT THE MEASUREMENT FIVE TIME9

Size of Range of counted particle-number per 1 L (Range-f#4] to the center value of range)
particle 5] o Gl il i
[um] 1 2 3 4 5
measurement| measurement| measurement| measurement| measurement
2.0to5.( 22 -55 121 -172 8-35 5-18 13-42
(+42.9) (+17.4) (¢62.8) (¢56.5) (#52.7)
1.0to 2.( 95— 182 319 — 400 62 — 88 26 - 57 113 - 155
(£31.4) (+11.3) (¢17.3) (¢37.3) (¢15.7)
0.5to 1.( 682 - 830 759 — 885 434 -708 125 - 216 868 — 1,031
(£9.8) @7.7) (¢24.0) (¢26.7) (+8.6)
0.3t00.! 13,192-17,216 | 9,284-9,705 | 10,266-15,080| 1,666 — 3,109 15,547-17,891
(+13.2) (*2.2) (¢19.0) (¢30.2) (*7.0)
All over 0. 14,152-18,183 | 10,589-11,128 | 10,824-15,894 | 1,831 -3,370 16,605-18,979
(x12.5) (*2.5) (¢19.0) (¢29.6) (6.7)

C. Collection efficiency for particles of all the diaters of “larger than 0.3m”

The collection efficiency for particles of all thikameters of “larger than 048" on changing
voltage of the charger under the constant conddfapplied voltage -9 kV to the collector and wind
velocity 2 m/s is shown in Fig. 9. The collectifficiency between 0 and -4 kV is almost constant a
30% without showing the rise of efficiency with ieasing the voltage.
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Fig. 9. Collection efficiency. (all the diamettgyer than 0.3m)

Fig. 9 shows that the collection efficiency incre accordance with the voltage rise beyond -4
kV to attain approx. 85 % at -7 kV. The dischatgerent was recorded during the measurement fo
collection efficiency with changing voltage as skmoim Fig. 10 which indicates the current rise
beyond -5 kV. Since the smallest scale of theeminrmeter was {tA, some fluctuation might exist.
Furthermore, the dispersion of collection efficigrat -5 and -6 kV in Fig. 9 was remarkable. This
could be due to unstable corona characteristilsnadr voltages.
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Applied negative voltage [kV]
Fig. 10. V-l characteristics of the charger.

The relation between the discharge current (onyamplt7 kV) and humidity of the room air for
each measurement is shown in Fig. 11. The huméditile second measurement was 36% Rh (th
minimum value). The humidity values at the thirahe fourth measurement were 50% Rh anc
55% Rh (relatively high). The solid line in tHgure was obtained from linear approximation. As
indicated, the discharge current increased in a@egme with the humidity. The authors understanc
that there might be humidity change as a factotterdispersed values of discharge-current men
tioned above.
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Fig. 11. Characteristic of “humidity - current.”

The relation between the collection-efficiency dnel humidity for each voltage is shown in Fig.
12. At the voltages of 0, -3 and -4 kV, the cdilee efficiency was shown as “almost-flat charac-
teristics” of approx. 30% even in the case thattimidity changed within the range from 36 to 55%
Rh. Although it was natural that corona dischavge not generated at 0 kV, the three voltages of O
-3and -4 kV indicated the same kind of flat chagdstics, which implies that corona discharge also
might not be generated at -3 and -4 kV.

On the other hand, the tendency that the colledfficiency increased in accordance with the rise
of humidity was seen in case of -7 kV. The cadd¢b@increased collection efficiency might lie in
the rise of discharge current. However, the ctibecefficiency was slightly reduced in case of
humidity 55% Rh. The cause for this is unclear.
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Fig. 12. Characteristics of “humidity - collectiefficiency.”

The relation between the discharge current anddhection-efficiency at -7 kV is shown in Fig.
13. The relation between the power consumptionthadollection efficiency is shown in Fig. 14.
From Fig. 13 and/or 14, the collection efficienngrieased in accordance with the discharge currer
or the power consumption. However, this tendenoy&ud slightly-saturated. Judging from Fig. 14,
the collection efficiency of 84% was attained untlex condition of 14 mW power consumption
which was smaller than the target value of 53 mW.
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D. Collection efficiency for particle diameters fron8@o 0.5um

The collection efficiency for particle diametersrir 0.3 to 0.5um is shown in Fig. 15. Since the
counted number of particles in this diameter-rangaipied approx. 90% of all the counted number
in all the ranges, Fig. 15 indicated similar cheeeistic to the one for “particles of all the diaers
of larger than 0.3m” shown in Fig. 9.

The dispersion on the collection efficiency of #pplied voltage range from 0 to -4 kV was small.
The authors think that the small dispersion at O&ant that the dispersion was small even in cas
of no voltage to the charger (no operation of tharger) due to the stable collection efficiency of
“the collector only.” With -3 or -4 kV to the ctgar, no big difference was seen compared to the cas
of 0 kV. The authors think that the collectioni@éncy for -3 or -4 kV was almost governed by the
efficiency of “the collector only.” The collectiosfficiency for -5, -6 and -7 kV in the second
measurement indicated the minimum values, whictheamnderstood with the fact that the humidity
during the second measurement was the lowest 36%sRimown in Fig. 11 (low humidity might
make electric-discharge “throttle down”).
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Fig. 15. Collection efficiency. (diameters 0.35 fom)

E. Collection efficiency for “particle diameters frot5 to 1.0um”

The collection efficiency for “particle diameter®i 0.5 to 1.Qum” is shown in Fig. 16. Alt-
hough Fig. 16 indicated similar characteristichte bne for “particle diameters from 0.3 to Qrg”
shown in Fig. 15, the collection efficiency of theplied voltage range between 0 and -4 kV slightly
increased in accordance with the rise of appliditbge. The cause for the increasing collection
efficiency might lie in the possibility that somargs of the passing particles through the chargeew
induction-charged and collected at the collector.
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Fig. 16. Collection efficiency. (diameters 0.50 1m)

F. Collection efficiency for “particle diameters froin0 to 2.0um”

The collection efficiency for “particle diametersi 1.0 to 2.um” is shown in Fig. 17. The
figure 17 indicated similar characteristic to tiedor “particle diameters from 0.5 to uh” shown
in Fig. 16. The authors think that the voltagelapagion of -7 kV which made the current be acti-
vated might lead to the relatively-stable collestafficiency by considering the relatively-small
dispersion at the voltage, even in case of thestadg@ameters of particles from 1.0 to 2ud.
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Fig. 17. Collection efficiency. (diameters 1.00 2m)

G. Collection efficiency for “particle diameters frot0 to 5.0um”

The collection efficiency for “particle diametersiin 2.0 to 5.um” is shown in Fig. 18. Although
the figure 18 indicated similar characteristiclie bne for “particle diameters from 1.0 to gr@”
shown in Fig. 17, the collection efficiency at ¥ khowed the “segmental bottom.” The diameters
of CF are from 5 to 1Qim, and the particle diameters are almost halféoQR diameters. When the
discharge from CF starts, the “discharge just-dintight be the particles having been attached or
the surfaces of CF. As a result, the re-entraiimeght be accelerated. However, the detailsHis t
are unclear.
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Fig. 18. Collection efficiency. (diameters 2.0.68&m)

H. The summarization of collection efficiency (Cloging

In case of applying -7 kV, the discharge currens wpproximately pA, i.e., the power con-
sumption was 35 mW which was less than the targ@ep consumption 53 mW. At this condition,
the collection efficiency of 80% was attained inthé diameter ranges. The power consumption of
35 mW means “less than 10%” compared to the poaesumption of a typical ESP used in air
cleaners in market. This experimental result shibvasthe power consumption for generating
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charged particles can be reduced using the el¢atiofiocked electrode with CF. The assumed
factors are as follows.

(a) There is possibility that number of particlesdhed to the extremely-fine CF (especially the
tips of CF) may increase with the help of chargiffgct to the particles by weak corona-discharge.
(b)Since diameter of each CF is approxn?, electric field converges intensively and gratien

force is induced when particles close to the tips.

(c) As a result, the particles are driven towaldstips of the CF with the help of charging due to
weak corona-discharge, and then they are attraotigk tips of CF with strong gradient force to
contact to CF or be collected on CF.

(d)In case that the particles which contact tq@mwere collected on CF) with strong electricdiel
re-entrain, the particles may be induction-chargfeahgly. This could be more effective compare to
the corona charging, and these charged particlgsl t@ collected effectively at the following
parallel plate collector.

IV. CONCLUSION

Metal plates on which electrostatic flocking wasgassed with fine carbon fibers were prepared.
These plates were arranged in parallel with spaairi mm to compose the charger to which dc -7
kV to generate weak corona-discharge was appliBuk collector, placed after the charger, was
composed of parallel flat plates made of metal (@&pm, applied voltage dc -9 kV and no corona
discharge). Using this two-stage-ESP, room-aitaiaing particles was measured for the test with
the air flow velocity of 2 m/s. The collection iefency was measured, and the following results
were obtained.

(1) The collection efficiency of 80% was attainedall the diameter ranges from 0.3 to fr@
with the power consumption of “less than approX61@f that for typical ESPs used for conven-
tional air cleaners in the market. Suspendedgestare sufficiently-charged by induction charging
to be collected finally, even though the corona&hlésge was weak. However, the detailed charging
mechanism with electrostatic-flocked plates is aagland further investigation is necessary.

(2)When the humidity was within the range betw@8&mand 55% Rh, the collection efficiency did
not increase so much at the voltages of -3 and/-#ikere discharge current hardly flowed in the
charger, even in the case of humidity-rise.

(3)On the other hand, the tendency that the didiefficiency increased in accordance with
humidity-rise was seen in case of -7 kV where smhigitharge current flowed in the charger. The
cause of the increased collection efficiency mightn the rise of discharge current in accordance
with the humidity-rise, i.e., the charge-effecptarticles might increase.

(4)As for the electrodes being electrostatic-fleatkvith CF, the electrodes adsorbed water in the
air. On making corona-discharge generate underatité®rption condition, large initial discharge
current flowed at first. However, the current desed in the course of time transition to reach a
constant value finally.
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