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AKIRA MIZUNO

Recent progress in electrostatic precipitation

Department of Ecological Engineering, Toyohashi [Jniversity of Technologł,
Tempaku- cho, Toyohashi, Aichi, J ap an 44 1 - 8580

Abstract
:_żation of ionic wind and suppression of dust re-entrainment are important for performance of

,,+".:trostatic precipitators (ESPs). Use of fibrous col]ection electrode is one of promising method.
l.r..c wind enhances dust migration towards collecting electrode, and fibers planted vertically
n the collecting electrode decelerate ionic wind to prevent backward air flow that causes re-

-ąi:ainment. In addition, gradient force at the fiber tip also works to prevent re-rentrainment.
,Tler effective method, such as Ac energization and wet ESPs have also been used for cleaning

"u.pended particles in tunnel, or for achieving very high efficiency together with simultaneous
.-r:olal of gaseous pollutants. For indoor air, suppression of ozone production associated with
,r';na discharge can be made using silver or titanium for positive discharge electrode. These

rł:,=nt deveiopments wii] expand application field of ESPs.

fevwords: Electrostatic Precipitation; Ionic wind; Dust re-entrainment; Ozone

Introduction

!.ectrostatic plecipitators have been widely used to remove fine particles because
t high efficiency with low plessure drop. In these days, submicron palticles in

{;e gas or exhaust from vehicles have been of conceln. To improve collection
,Ęciency for submicron particles, following points are important.

1. Suppression of backward gas flow caused by ionic wind, as well as utilisation
of ionic wind to transport paTticles towards collecting electrode.

2. Minimization of abnormal reentrainment.
-E-mail a,ddress: mizuno@eco.tut.ac.jp
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In addition, improvement of lifetime, especia]ly that of discharge electrode har
been required. ESPs have been used for factories and indoor air control, andi

suppression of ozone generation has also been important, ESPs can be used to
Iemove gaseous pollutants such as NOr, SOr, volatile organic compounds, odos
etc., by incorporating plasma chemical reactions.

2 ESP M/ith fibrous/porous electrode

In order to slow down the ionic wind near the collection electrode and to minimise
back flow, fibrous collection electrode has been proposed. Electrostatic flocking
n,as used for fibrous collection electrode as shown in Fig. 1. Fine nylon fibers were
attached on the electrode surface. Observed migration velocity becomes about 2
tinres higher compare with plate type electrode [1]. Particles are trapped at the
tip of the fibers.

Figure 1, Electrostatic flocking electrode: (a) electrostatic flocking electrode (nylon fibers o:
metal mesh), (b) surface. 

;

Figure 2 is the velocity of ionic wind measured by group of Prof. Mizerr
cz5,k |2]. The wind velocity along the surface of the collecting electrode, directing
r-ertical to the wire corona electrode, was clearly slower than that of conventional
plate electrode (data not shown).

Smoke eliminators are very important for subway stations or buildings to keep
r-isibility for evacuation. More than 90% collection efficiency is required for typicd
inlet dust concentration of 2 gl^3, for at least 15 minutes. Mitsubishi HeavyI_r
dustries has developed a smoke eliminator, that is an ESP equipped with
materials as the collecting electrode to reduce back flow of ionic wind and
achieve high efficiency with reduced size for installation on ceilings [3].
nesh was attached on the surface of the polous material. Using this elec
configuration, size of the smoke eliminator was reduced to about a half to
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Figure 2. Velocity of ionic wind along the electrode surface vertical to the wire discharge elec-
trode (Z-direction) (measured by group of Prof. Mizeraczyk): (a) flocking electrode,
(b) plate electrode,
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ventional electrode system. In the experimental condition with the inlet dust
concentration of about 3.B g/m3, 90%o or higher collection efficiency was obtained
n,ith the gas flow velocity of 1 m/sec.

3 Collection of low resistivity particles

3.1 Two stage ESP with AC collector

Abnormal re-entrainment is a major problem in electrostatic precipitation of
resistivity dusts such as carbon soot from vehicle exhaust.

The two-stage ESP with AC collection part, as shown in Fig. 3, has
developed and commercially used for cleaning air inside tunnels [4]. Conducti
particles form pearl chain in electric field, and when collected, they are
to the same polarity as the electrode. If the electric field is large enough, t
particles are pulled into the space, and abnormal re-entrainment takes p
With AC voltage to the collector, the pearl chains are pushed back to the pla
electrode as the direction of the electric field changes.

DC H.V.

l|-

AC H,V.

_ !
Charyed particle

o-->

r--lh (

DCH.V. 
l

-=-

_L
Pre-chmger 

-=-

Pańicle

§-->

Gąs flow

t)

Figure 3. T\ło stage ESP with AC col]ector (F\ji Electric Systems).

Figure 4 shows the different configuration of collected particles on the
trode. In the DC energized collector, agglomerated particles formed pearl
This result indicates that the pearl chains are pulled into the space by the elec
force. In the AC collector, on the other hand, configuration of the agg
particles was spherical, indicating that these particles were not pulled back to
SpaCe.
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DC Collector AC Collector

.-.:e -l. Agglomerated particles collected on the collector electrode (Fuji Electric Systenrs).

Figure 5 strorł,s an exarrrple of variation witłr tinre of tlre partial col]ectiorr ef-
,-]lCv of the two stage trSP. As tirne elapsed, tlre collectiorr efficiency of the DC
".ctor decreased due to begirrtring of abn<lrrnai re-entrainrrrerrt of cotrductive
:-_cles collected on tlre electrocle. Due to re-errtlairrrrlent, agglotneration took

e. and co]lection efficiency of larger particles drop slrarply, and after 607 lr
- :'ation, the partial collection ellicierrcy becanre lregative. This rł,as due to ag-

. :_teratiolr. Wlren the collector was enelgized by AC voltage. on the otlrer hand,
l-,ollection efficiettcy clid rrot drop slrarplv. Frrji Electric Systettt, Nlatsrrslrita

' -Sl'sterrr and several otlrer cornparries lrave beerr trrarlufacturitlg two stage ESPs
: :rtnnels.

It slror,rld also be noted tlrat. particles are agglornerated irrsicle an ESP due to
rtortlral re-eritra,irrrnent. and dianreter llecotnes large. This agglorrreration can

'Llsed for collectilrg sub-tnicron particles [5]. On a fibrous collectirrg electrode.
:.glorrreration ta,kes place effectively beca,use particles are attaclrirrg at tlre tip of

,_re fibers as showll in Fig. 6 [5].

:].2 Wet ESP
,\-et ESP carr so]ve the re-elntrainntent problenr. Dust resisitivity does not affect
,lllection efficierrcy. Due to lriglr efliciency, wet trsps lrave beelr used in varioils

_ąctories srtch as steel plant and boiler plant. etc.
Figrrre 7 slrows a wet trSP (WESP) rrlarrufactrrred by N,,iitsrrbislri Heavy Inclrn-

-ries 
[6]. Flue gas is introcluced lrorizontalty. The discharge eiectrocles lrave lorrg

tpikes for stable rregative coTona disclrarge. Irr t}re first section, lrrost of tlre Jlartic-
rlate rtratters (PN{) are collected. The second section is indepenclently errelrgized
.t'oin tlre first section. Renaining P\,I is ftrrtłrer separated frorrr the gas. Atonr-
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Figure 5. Time change of partial collection efficiency of the two stage ESP (F\rji Electric
tems),
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Figure 6. Collected
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tip of fibers of flocking electrode.



Recent progress in electrostatic precipitation

:zecl water is continttously sprayed (under energized condition) into tlre collecting
: ::e to wash out the separatecl PN,{ as slurry, Ph-value of water is monitored and
\: -.:er tlea,tnrent is made if necessary,
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] .rrre 7. Wet trSP with holizonta1 gas flo.,ł, ancl continuous spraying (Nlitsrrbishi Heavy Inclrrs-
t ries).

If wet FDG (DeSOx systern) is ernployed, the flue gas tenlperature is quenclred
- 

-, saturated Water condition, and gaseous SO3 is condensecl as srtlfirric acid łrist
i{2SOa), or SO3 nlist. Diarneter of SO3 rnist was founcl to be very fine (arourrcl30

-:rr). being too fine to be removed irr FGD. Sirb-miclon particles are quite visible,
::rcl often result in a bluis}r pltime fron snroke stack. \\rESP is one of the best
._,ltrtions for relnoving firre SO3 rnists.

3.3 ESP for removal of soot

łPPlication of ESP to diesel exlrarnt cleanilrg is currently a, challengirrg subject.
3e-entrainment Can be used for a,gglorrreratiolr of cliesel soot. After agglornera-
-:rltr, coarse mechatrical Iilters can be rrsed for separation. Oxidation or 1ernova]
f collected soot is necessary, Barrier discharges or sparking may be usec] fol

.ridatiorr of soot.
Another atterrrpt is to apply ESPs for roacl. Figure B slrows tłre test site,

Fltrt ESPs (total tlrickness: 300 nrm) are used for separation of tlre roacl, vehi-
.,les and pedestriarr. Wet or seni-wet trSP has been tested to rernove PM and
\O" simultaneously. The collection electrocle is r,vet-tl,pe, ancl at 1 m/s gas flow
:ondition irrside the trSP. 80% collection efficiency for sub-micron particles can
be obtained. The colol}a discharge oxiclize No. arrd absorbed by cataiyst set on
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botlr sicles of the trSP, Paticles are irrtrorluced to the ESP bv natural wincl an:
air floli- getterated by velricles.

Figrrle 8. Field test of rvet trSP for road separation (Etrvironnrental R.enrediation arid Conser.
r,atiorr Agency, Nlatsuslrita }lco-Systenrs).

Suppression of ozone generation

Esps have been wiciely used frlr cleaning of f'actories. especialiy for rnachinirrg
F,-,t, itrcloor air clearring, suppression of ozone drre to corol}a disclrarge is ver1

_]:]i]Oftallt, N,Iaterial of discłrarge electrocle affects the ozone gerreration [7] ,

\-ehia et a,1., rrrea,surecl the ozotre generation of corona disilharge witlr differerrt
]]lateliai of the discłrarge e]ectrode. Ag is effective to reclrtce tlte ozone forrlration
A: is. lrorvevet, too fragile to be rrsed for cororra disclrarge electrode and tlrerelbrt
Tl iras beerr proposed for tlre corona electrode. Figrire 9 slrows the conparison o

,z,.,lle genel,atiou itt lł,ire-cylirrder corona electrode. Witlr positive cororra, effec1

: _łg is apparent. Horł.ever, witłr negative colol]a. effect of Ag is not apparent.

_łrr AC voltage was superposed to DC voltage fbt,a trł,o stage ESP. As showr.

irl tlre Tab, 1, the srrperpositiorr of t]re AC voltage redlrces tlte ozone generation
rr-hile tnaintaining tlie collection elficiency alurost cotrstrrtrt. Use of silver electrodt
is effective for suppression of ozone genelatiott. Tlrese l,esults ale vely importarr1

to reclrtce the powel consurllption.
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conclusion

have been used for more than 100 years, however, new applications have
expanding, Novel development of Esps will contribute to improve our living

. one of important applications to be developed is to suppress airborne
tion, and ESPs will also contribute to control bio-particles.

Table 1. Ozone generation and col]ection efficiency of an ESP for factory.
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Ozone
concentr.
(pp-)

oollection
efficiency

v/a

Silver
+DLr 12 0 0 0.013 99-.42
+UU+AU 12 2.4 20.0 0.010 99.5:j
+DC+AC l2 6.2 51.7 0.009 99.35

Tungsten
+DLr I2 0 0 0.035 99.47
+IJU+AU 12 2.4 20.0 0.033 99.4tJ
+lJU+AU 12 6.3 52.5 0.030 99.25
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