DESCRI PTI ON

Title of the Invention: DUST COLLECTI ON DEVI CE

Technical Field

[ 0001] The present inventionrelates to a dust col |l ection
device to elimnate dust in a gaseous body such as air.
Background Art

[ 0002] Conventional ly, as adust coll ectiondeviceof this
ki nd, f or exanpl e, atechnol ogyi sdescribedinPatent Literature
1.

This dust collection device is a technol ogy in which,
after dust iselectricallychargedbydischargeinanionization
unit in a preceding stage, an electric field is forned by
alternatelyapplyingdifferent voltagestol am nat edel ectrode
plates in a dust collection unit in a subsequent stage, and
thedust el ectricallychargedintheionizationunitiscollected
by this dust collection unit.

However, in this dust collection device, an ionization
unit that has a conplicated structure and easily mal functi ons
nmust be provided in a precedi ng stage of the dust collection
unit, so that the dust collection device |acks operation
reliability.

[ 0003] Therefore, |like thetechnol ogy descri bed i n Pat ent

Literature?2, adust coll ectiondevicewithreliabilityenhanced



by omtting the ionization unit has been proposed.

Thi s dust col | ection devi ce has a confi gurationin which
adust collectionunitisconstructedbyalternatelylam nating
a conplete insulation type earth el ectrode forned by coating
an entire earth el ectrode nade of a sheet-shaped conductor by
a sheet-shaped insulating |layer and a voltage application
el ectrode made of a sheet-shaped conduct or whil e sandw chi ng
an insul ative corrugated sheet, and a silicone polyner film
is provided on the entire dust collection unit.

Accordingly, by fl owi ng ai r containing dust i nto a space
bet ween the conplete insul ation type earth el ectrode and the
vol t age applicationel ectrode, dust intheair canbe attracted
by either of the el ectrodes.

Ctation List
Patent Literature
[ 0004]

Patent Literature 1: International Publication No.
2001/ 064349

Patent Literature 2: Japanese Application Lai d- Open No.
2010- 063964
Summary of the Invention
Techni cal Probl ens

[ 0005] However , t he above- descri bed conventi onal



t echnol ogi es have the foll ow ng probl ens.

The conventional dust collection device is structured
so that air containing dust is flowed into a space between a
conplete insulation type earth electrode and a voltage
applicationel ectrodeandattractedbyeither of theel ectrodes.
That i s, the conventional dust coll ectiondeviceis structured
to collect dust by suctioning it froma thickness direction
of the dust coll ectiondevice, sothatitisdifficulttoinstall
t he dust col |l ection device in accordance with a wi ndow, etc.,
in aroom Therefore, the dust collection device has to be
instal |l edinside an encl osed space, andit cleans only the air
inthe space. In addition, the sane air in the encl osed space
Is repeatedly circul ated inside the dust collection device,
so that oxygen inside the space nay decrease over tine.
[ 0006] The present invention was made to solve the
above- descri bed probl ens, and an obj ect thereof is to provide
a dust coll ection device that can be installed in accordance
with a window, etc., in aroomby being structured to suction
a gaseous body such as air fromone surface of t he sheet-shaped
devi ce and exhaust it fromthe other surface, and as aresult,
can clean not only air in a space to be cleaned but also air
out side the space while ventilating the air in the space to

be cl eaned.



Solution to the Probl ens
[ 0007] I norder tosol vethe above-descri bed probl ens, the
i nvention of claiml is a dust collection device constructed
by lamnating a first insulation type el ectrode including a
sheet -shaped first el ectrode at | east one surface of whichis
coated by afirst insulatinglayer andtowhichafirst voltage
is applied, and a second i nsul ati on type el ectrode i ncl udi ng
a sheet - shaped second el ectrode at | east one surface of which
is coated by a second insulating | ayer and to which a second
voltagedifferent fromthefirst voltageisapplied, alternately
via an insulating spacer, wherein a plurality of first
ventilation hol es penetrating fromthe first insulatingl ayer
tothefirst el ectrode and exposi ngapart of thefirst el ectrode
i nside, are provided in the first insulation type el ectrode,
a plurality of second ventilation holes penetrating fromthe
second i nsul ating | ayer to the second el ectrode and exposi ng
apart of thesecondel ectrodei nside, areprovidedinthesecond
I nsul ation type el ectrode, and the second ventilation hol es
are di sposed sothat their positions deviate by apredeterm ned
di stance frompositions of the first ventilation holes in a
pl anar vi ew.

Wththisconstruction, whenthefirst voltageis applied

tothe first electrode of the first insulationtype el ectrode



and the second voltage is applied to the second el ectrode of
the second i nsul ation type el ectrode, a potential difference
occurs between the first el ectrode and the second el ectrode,
andthefirst el ectrodeandthesecondel ectrodeareel ectrically
charged with polarities reverse to each other. In addition,
near the first el ectrode exposed inside the first ventilation
hol e and near the second el ectrode exposed i nside the second
ventilation hole, a high-density electric fieldis generated,
and so-cal | ed corona di scharge occurs near thefirst el ectrode
exposed inside the first ventilation hol e and near the second
el ect rode exposedinsi det hesecondventil ati onhol e. Theref ore,
when ai r cont ai ni ng dust passes t hrough, for exanple, thefirst
ventilation hole of thefirst insulationtype electrode onthe
front surface, the dust is electrically charged by corona
di scharge occurring near the first el ectrode exposed inside
the first ventilation hole.

The electrically charged dust flows into the dust
coll ection device together with air.

At this tinme, the second ventil ation hol es of the second
I nsul ation type el ectrode devi ate by a predeterm ned di stance
fromthefirst ventilationhol es, sothat theair anddust fl ow ng
into the portion between the first insulation type el ectrode

and the second insulation type electrode nove in a |ateral



direction fromthe first ventilation holes toward the second
ventilationholes, andflowintothe portionbetweenthe second
insulation type electrode and the first insulation type
el ectrode viathe second ventilation holes. At thistine, dust
that is not electrically charged by corona di scharge near the
first el ectrode exposed inside the first ventilation holeis
el ectrically charged by corona discharge near the second
el ectrode exposed inside the second ventilation hole.

Thereafter, in the sanme manner, air containing
el ectrically charged dust flows while nmeandering inside the
devi ce.

Thus, whenair containingel ectricallychargeddust fl ows
i nsi de the dust collection device, dust electrically charged
with a polarity reverse to the charging polarity of the first
el ectrodeiselectrostaticallyattractedtothefirst el ectrode
side, dust electrically chargedwthapolarityreversetothe
chargi ng pol arity of the secondel ectrodeiselectrostatically
attracted to the second el ectrode side, and only clean air is
fl owed out of the dust collection device. Further, since air
fl ows whil e neandering i nside the device as descri bed above,
atinmeof fl owi nsi det hedevi cebecones| onger, andaccordi ngly,
al arger anmount of dust isreliablyelectrostaticallyattracted

If the position of the first el ectrode exposed i nside



the first ventilation hole and the position of the second
el ectrode exposed i nsi de t he second ventil ation hole is close
to each other, spark discharge nmay occur between the first
el ectrode and the second el ectrode before corona di scharge
occurs. However, in the dust collection device according to
this invention, the first el ectrode exposed i nside the first
ventil ation hole and the second el ectrode exposed i nsi de the
second ventilation hole are positioned to deviate by a
predet ermi ned di st ance fromeach ot her, sothat spark di scharge
hardly occurs between these el ectrodes.

The dust collection device described above can be
constructed by lamnating a first insulation type el ectrode
I ncl udi ng asheet-shapedfirst el ectrodeandafirst insulating
| ayer coatingthe first el ectrode and a second i nsul ati on type
el ectrodei ncl udi ngasheet - shapedsecondel ectrodeandasecond
i nsul ating | ayer coating the second el ectrode alternately via
athinspacer, sothat thedust coll ectiondevicecanbeentirely
formed into a sheet shape that is |ightweight and thin, and
does not require a large space. As a result, maintenance of
t he devi ce, such as washi ng out contam nati on on the devi ce,
can be easily perforned.

Further, as descri bed above, the dust coll ection device

Isstructuredto collect dust by suctioning air containingthe



dust in a surface direction of the dust coll ection device, so
that the device can be installed in accordance with a w ndow,
etc., in a room

For exanple, it is possible that two dust collection
devices arefittedin accordance with a w ndowfranes provi ded
i naroomas an encl osed space, and after outside air is fl owed
into the roomspace via one dust collection device, the air
canbefl owedout of t heroomspace fromthe ot her dust col | ection
devicetotheoutside. That is, outsideair iscleanedandgui ded
into a roomspace by one dust collection device, and inside
air is cleaned and exhausted to t he outsi de by the ot her dust
col | ectiondevice, sothat thedust col |l ectiondevice can cl ean
airintheroomwhileventilatingit. Ceanedair is exhausted
to the outside, so that air outside the roomspace can al so
be cl eaned. In addition, since fresh air is suppliedinto the
room space, oxygen inside the room can be prevented from
decr easi ng.

Thi s dust col |l ecti on devi ce does not need an i oni zation
uni t that has a conplicatedstructure and easily mal functi ons,
so that the device has high operation reliability.

[ 0008] Thei nventionof cl ai m2i st hedust col | ecti ondevice
accordingto claiml, constructed so that the first el ectrode

inside the first ventilation hole is exposed in a donut shape



as viewed fromthe first insulating!layer side, and t he second
el ectrode inside the second ventilation hole is exposed in a
donut shape as viewed fromthe second i nsul ating | ayer side.

Wth this construction, by the donut-shaped exposed
portion, a contact area between air and the first and second
el ectrodes is enl arged, so that the capacity for electrically
char gi ng dust of the first el ectrode exposed i nside the first
ventil ation hole and the second el ectrode exposed i nsi de the
second ventilation hole is inproved.
[ 0009] Thei nventi onof cl ai m3i sthedust col | ecti ondevice
accordingto claiml, constructed so that the first el ectrode
insidethefirst ventilationholeisformedintoabrush-shaped
el ectrode made of conductive fibers directed toward a center
side fromaninner circunferenceof thefirst ventilationhole
and the second el ectrode inside the second ventilation hole
i sformedi ntoabrush-shapedel ectrodemade of conducti vefi bers
directed toward a center side froman i nner circunference of
the second ventilation hole.

Wththisconstruction, bytheexposureinthebrushshape
a contact area between air and the first and second el ectrodes
Is enlarged. In addition, the holes of the first and second
el ect rodes t hr ough whi ch air passes becone smal |, so that dust

with alarge di aneter cannot pass t hrough the first and second



ventilation hol es.

[ 0010] Thei nventionof cl ai m4i sthedust col | ecti ondevice
accordingtoclaiml, constructed sothat aplurality of small
hol es communi catingwi t hthe hol esof thefirst insulatinglayer
areformedinthefirst electrodeinsidethefirst ventilation
hole, and a plurality of small holes conmunicating with the
hol es of the second insulating | ayer are forned i n the second
el ectrode inside the second ventilation hole.

Wth this construction, dust with a large dianeter is
bl ocked by the smal | hol es of the first and second ventil ati on
hol es.

[ 0011] Thei nventionof cl ai mbi sthedust col | ecti ondevice
according to any of clains 1 to 4, constructed so that both
surfaces of the first el ectrode of the first insulation type
el ectrode are coated by the first insulating |layers, both
surfaces of the second el ectrode of the second insul ationtype
el ectrode are coated by t he second i nsul ating |l ayers, thefirst
ventil ation hol es penetrate acrossthefirst insulatinglayers
and the first electrode in a state that a part of the first
el ectrode i s exposed i nside, and the second ventil ati on hol es
penetrate across the second i nsul ating | ayers and t he second
el ectrode in a state that a part of the second electrode is

exposed i nsi de.
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[ 0012] Thei nventionof cl ai m6i st hedust col | ecti ondevi ce
accordingtoany of clains 1to5, constructed sothat thefirst
voltage with a positive potential or a negative potential is
applied to the first electrode, and the second voltage with
zero potential is applied to the second el ectrode.

[ 0013] Thei nventionof cl ai m7i sthedust col | ecti ondevi ce
according to any of clains 1 to 6, constructed so that each
of thesecondventilationhol esisdi sposedsoastobepositioned
at substantiallythecenter betweentwofirst ventilationholes
adj acent to each other provided in the first insulationtype
el ectrode in a planar view

Ef fects of the Invention

[ 0014] As descri bedindetail herei nbefore, sincethe dust
col l ection device of the present invention is structured to
col | ect dust by suctioningair containingthedust inasurface
di rection of the dust collection device, so that an excel | ent
effect of installingthe dust collection device in accordance
with a window, etc., in aroomis obtained. As a result, by
fittingaplurality of dust collection devicesto aplurality
of wi ndows provided in a roomas an encl osed space, an effect
of cleaning air inthe space while ventilatingit is obtained.
Since fresh air is supplied into the roomspace, an effect of

securingfreshoxygenintheroomspaceand preventi ngadecrease
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I n oxygeninthe roomspace is obtai ned. I naddition, unwant ed
contam nants, water vapor, and odors in a room space can be
el i m nat ed.

Further, the entire dust col |l ecti on devi ce can be forned
into a sheet shape that is |ightweight and thin, and does not
require a | arge space, so that an effect of easily performng
mai nt enance such as washing i s obtained.

In addition, since the first el ectrode exposed inside
the first ventilation hole and the second el ectrode exposed
i nsi de the second ventilation hole are di sposed to devi ate by
a predeterm ned di stance fromeach other, so that an effect
of preventing spark discharge between these electrodes is
obt ai ned.

Si nce the device does not need an ionization unit that
has a conplicated structure and easi |y mal functions, an ef f ect
of providi ng a downsi zed and t hi n dust col | ecti on device t hat
has hi gh operationreliability and includes a small nunber of
conponents i s obtained.

[ 0015] The i nvention of claim2 brings about an effect of
I nprovi ng dust attraction capacity of the device.

The i nventi on of cl ai m3 and cl ai m4 bri ngs about an ef f ect

of not onlyi nprovi ngthecapacityof thedeviceforelectrically

chargi ng dust but alsoreliably elimnating dust with alarge
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di anet er.
Brief Description of the Draw ngs
[ 0016]

Fig. 1is apartially cutaway perspective vi ewof a dust
col l ectiondeviceaccordingtoafirst enbodi nent of t he present
I nventi on.

Fig. 2 is an exploded perspective view of the dust
col l ection device according to the first enbodi nent.

Fig. 3is asectional viewof the dust collection devi ce.

Fig. 4i sanexpl odedperspecti vevi ewof afirstinsulation
type el ectrode.

Fig. 5 is an exploded perspective view of a second
i nsul ati on type el ectrode.

Fig. 6i sasectional viewdescribingoperationandeffects
of the dust collection device.

Fig. 7 is a schematic view show ng a usage exanpl e of
the dust collection device.

Fig. 8isasectional viewshow ngadust col |l ecti ondevice
according to a second enbodi nent of the present invention.

Figs. 9 are plan views of insulation type el ectrodes,
Fig. 9(a) shows afirst insulationtype el ectrode and Fi g. 9(b)
shows a second insul ation type el ectrode.

Fig. 10 is a partial enlarged view of first and second
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ventilation holes to be applied to the second enbodi nent.

Fig. 11 is a sectional view show ng a dust collection
devi ceaccordingtoathirdenbodi nent of the present i nventi on.

Figs. 12 are plan views of insulation type el ectrodes,
Fig. 12(a) shows a first insulation type electrode and Fig.
12(b) shows a second insulation type el ectrode.

Fig. 13 is a partial enlarged view of first and second
ventilation holes to be applied to the third enbodi nent.

Fig. 14 is a sectional view show ng a dust collection
devi ceaccordi ngtoafourthenbodi ment of t hepresent i nventi on

Figs. 15 are plan views of insulation type el ectrodes,
Fig. 15(a) shows a first insulation type electrode and Fig.
15(b) shows a second insulation type el ectrode.

Fig. 16isapartial sectional viewshow nganodification
relating to the ventilation holes of the insulation type
el ectrode.

Fig. 17 is a partial sectional view show ng another
nodi ficationrelatingtotheventilationhol esof theinsul ation
type el ectrode.

Figs. 18 are sectional views show ng nodifications
relatingtotheenbodi nentsof thepresent i nvention, Fig. 18(a)
shows a nodi fication of the first enbodi nent, Fig. 18(b) shows

a nodification of the second enbodi nent, Fig. 18(c) shows a
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nodi fi cation of the third enbodi nent, and Fig. 18(d) shows a
nodi fication of the fourth enbodi nment.

Figs. 19 are partial plan views show ng disposition
exanpl es of the first and second ventil ation holes, Fig. 19(a)
shows a di sposition exanple applied to the enbodi nents, Fig.
19(b) shows a nodi fi cati onof the di spositionexanple, andFi g.
19(c) shows anot her nodification of the di sposition exanple.
Description of the Enbodi nents
[0017] Herei nafter, best nodes of the present invention
will be described with reference to the draw ngs.

[ 0018] (Fi rst Enbodi nent)

Fig. 1is apartially cutaway perspective vi ewof a dust

col l ectiondeviceaccordingtoafirst enbodi nent of t he present
i nvention. Fig. 2 is an expl oded perspective view of the dust
col l ection device according to the first enbodinent. Fig. 3
Is a sectional view of the dust collection device.
[ 0019] As shown in Fig. 1, the dust collection device 1
Is structured by lamnating first insulation type el ectrodes
2 and a second insulation type electrode 3 alternately via
i nsul ating spacers 4.

Specifically, in this enbodi nent, as shown in Fig. 2,
twofirst insulationtypeel ectrodes2andonesecondinsul ation

type electrode 3 are lamnated alternately. In this case, by
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I nt er posi ngaspacer 4havi ngaquadri | ateral franmeshapebetween
the second insulation type electrode 3 and the upper first
i nsul ationtype el ectrode 2, and i nterposing a sim | ar spacer
4 bet ween t he second i nsul ati on type el ectrode 3 and t he | ower
first insulation type electrode 2, a space corresponding to
athi cknessof thespacer 4i sfornedbetweenthefirstinsulation
type el ectrode 2 and the second insul ati on type el ectrode 3,
and the space between the first insulation type el ectrode 2
and the second insul ation type electrode 3 is kept airtight.
[ 0020] The first insulation type electrode 2 is a
sheet - shaped el ectrode forned by coating both surfaces of a
sheet-shaped first el ectrode 21 by first i nsul atingl ayers 22.

Fig. 4 is an exploded perspective view of the first
i nsul ation type el ectrode 2.

As showmninFig. 4, inthefirst insulationtype el ectrode
2 of the present enbodi nent, the first el ectrode 21 is forned
on the lower first insulating |layer 22, and the upper first
insulating layer 22 is lamnated onthe first el ectrode 21 so
as to coat the entire first electrode 21. The first el ectrode
21 is made by form ng a conductive material such as a netal,
carbon, a conductive oxi de or a conductive organi ¢ substance
intoafoil shape or a fil mshape. The first insulating |ayer

22 is made by formng a flexible insulating material such as
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paper, nonwoven cloth, resin, or ceram c paper into a sheet
shape.

Then, anegativeterm nal of adirect current power supply
23 havingagroundedpositivetermnal i sconnectedtothefirst
el ectrode 21, andanegati vevoltageasafirst voltageisapplied
tothefirst el ectrode2l1. Inthisenbodinent, “-6kV’ isapplied
as the first voltage.
[ 0021] AsshowninFig. 3andFig. 4, inthisfirstinsulation
type electrode 2, first ventilation holes 24 are provided in
three rows so as to penetrate fromone first insulating |l ayer
22totheother first insulatinglayer 22viathefirst el ectrode
21.

Specifically, each first ventilation hole 24 consists
of a hol e 22a opened in the upper first insulating |ayer 22,
a hole 21a opened in the first electrode 21, and a hol e 22a
openedinthel ower first insulatinglayer 22, andboredi aneters
of the hol es 21aand 22a are set equal toeachot her. Accordi ngly,
i nside each first ventilation hole 24, a section 21b of the
first el ectrode2li sexposedonaninner circunferential surface
of the first ventilation hole 24.
[ 0022] On the other hand, the second insulation type
el ectrode 3 is a sheet-shaped el ectrode forned by coati ng both

surfaces of a sheet-shaped second el ectrode 31 by second
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I nsul ating | ayers 32.

Fig. 5 is an expl oded perspective view of the second
i nsul ation type el ectrode 3.

As shown in Fig. 5, alsointhis second insulationtype
el ectrode 3, asecondelectrode31lisfornmedonthel ower second
i nsul ating | ayer 32, and t he upper second i nsul ating | ayer 32
Islamnated onthe second el ectrode 31 soastocoat theentire
second el ectrode 31. The second el ectrode 31 i s obtained by
formng the sane material as the first electrode 21 into the
sanme shape as the first el ectrode 21, and t he second i nsul ati ng
| ayer 32isal soobtai nedbyform ngthesaneinsul ati ngnmateri al
as the first insulating |layer 22 into a sheet shape.

The second el ectrode 31 i s grounded, and a zero vol tage
as the second voltage is applied to the second el ectrode 31.
[ 0023] As shown in Fig. 3 and Fig. 5, 1in this second
i nsul ation type el ectrode 3, second ventil ation holes 34 are
provided in two rows so as to penetrate fromthe upper second
insulating layer 32 to the | ower second insulating | ayer 32
via the second el ectrode 31.

These second ventil ati on hol es 24 al so have t he sane si ze
and t he sane shape as those of the first ventilation hol es 24,
and each consi sts of a hol e 32a opened i n one second i nsul ati ng

| ayer 32, a hole 31a opened in the second el ectrode 31, and

18



a hol e 32a opened i n t he ot her second i nsul ati ng | ayer 32, and
a section 31b of the second el ectrode 31 is exposed on an i nner
circunferential surface of the second ventilation hole 34.
The secondventi |l ati on hol e 34 descri bed abovei s di sposed
sothat its position devi ates by a predeterm ned di stance from
the position of the first ventilation hole 24 of the first
i nsul ation type electrode 2 in a planar view. Specifically,
as shown in Fig. 3, aplurality of first ventilation holes 24
are provi ded adj acent to each ot her at a di stance d1, and each
second ventilationhol e34is providedat adistance d2 (=d1/2)
fromone first ventilation hole 24. Accordingly, each of the
second ventil ation hol es 34is positionedat substantiallythe
center betweentwo first ventilation hol es 24 adj acent to each
ot her.
[ 0024] Areas of the first insulationtype el ectrode 2 and
the second insulation type electrode 3 described above are
properly set accordingtoausesituationof thedust collection
device 1, and in this enbodinent, a thickness of each first
i nsul ating | ayer 22 (second insul ating | ayer 32) of the first
i nsul ation type el ectrode 2 (second i nsul ati on type el ectrode
3) isset to 20 umto 300 um a thickness of the spacer 4, that
I's, a distance between the first insulation type el ectrode 2

and t he second i nsul ation type el ectrode 3 is set between 0.3
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mmand 5 mm Adi anet er of eachfirst ventilationhol e 24 (second
ventilation hole 34) is set to a value between 0.1 mmand 5
mm and a di stance between first ventilation holes 24 and 24
(second ventilation holes 34 and 34) adjacent to each other
Is set to a value between 10 nmto 60 nm

[ 0025] Next, operation and effects of the dust coll ection
device 1 of this enbodi nent are descri bed.

Fig. 6i sasectional viewdescribi ngoperationandeffects
of the dust collection device 1.

In Fig. 6, when the direct current power supply 23 is
turned on, a potential of the first el ectrode 21 of the first
i nsul ation type el ectrode 2 reaches -6 kV, a potential of the
second el ectrode 31 of the second insul ation type el ectrode
3reaches O0kV, and apotenti al differenceof 6 kVoccurs between
thefirst el ectrode 21 andthe second el ectrode 31. Asaresult,
negati ve corona di scharge occurs near the section 21b of the
first electrode 21 of the first insulation type el ectrode 2,
and positive corona di scharge occurs near the section 31b of
t he second el ectrode 31 of the second i nsul ati ontype el ectrode
3.

In this state, when air A containing dust s is flowed
via the plurality of first ventilation holes 24 of the front

(left inFig. 6) first insulation type electrode 2-1, due to
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negati ve corona di scharge, the dust sis electrically charged
wi th negative polarity, and the air A containing the dust s
el ectrically charged with negative polarity enters the space
between the first insulationtype el ectrode 2-1 and t he second
i nsul ation type el ectrode 3.

Then, the dust s electrically charged with negative
polarityiselectrostaticallyattractedtoafront surface(left
surface in Fig. 6) of the second insulating layer 32 in the
second i nsul ation type el ectrode 3 electrically charged wth
positive polarity.

Thereafter, the air A passes through the plurality of
second ventilation holes 34 of the second insulation type
el ectrode 3, and at thistime, dust sthat was not electrically
char ged by negati ve corona di scharge inthe first ventilation
holes 24 is electrically charged with positive polarity by
positive corona di scharge in the second ventil ati on hol es 34,
andent erst hespacebet weent hesecondi nsul ati ontypeel ectrode
3 and the first insulation type electrode 2-2 together with
the air A

Then, the dust s electrically charged with positive
polarity is electrostatically attracted to the front surface
of the first insulatinglayer 22 inthe first insulationtype

el ectrode 2-2 el ectrically chargedw th negative polarity. The
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dust s with negative polarity that was not el ectrostatically
attracted to the front surface of the second insul ating | ayer
32 electrically chargedwthpositivepolarity but flowedinto
t he space between the second i nsul ation type el ectrode 3 and
the first insulation type electrode 2-2 is electrostatically
attracted to the rear surface of the second insulating | ayer
32.

Thereafter, the air Afromwhich dust s has been renoved
flowsout totheoutsidefromthepluralityof first ventilation
hol es 24 of the rear first insulation type el ectrode 2-2.

At this tinme, since the second ventilation hol es 34 of
the second i nsul ation type el ectrode 3 deviate fromthe first
ventilation holes 24 by a distance d2 (refer to Fig. 3), air
containing the dust s flows into the space between the first
i nsul ation type el ectrode 2-1 and t he second i nsul ati on type
el ectrode 3, and then noves in a lateral direction fromthe
first ventilation holes 24 towardthe second ventil ation hol es
34, and flows intothe space between the secondinsul ationtype
el ectrode 3 and the first insulation type electrode 2-2 via
the second ventil ation holes 34. That is, theair Aflows while
meanderi ng i nsi de t he dust col |l ection device 1, and fl ows out
of the device fromthe plurality of first ventilation holes

24 of therear first insulationtype el ectrode 2-2. Therefore,
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the air Acontaining the dust s fl ows whil e nmeanderi ng i nsi de
t he dust col l ectiondevicel, sothat thetineof stayinginside
t he dust coll ection device 11| engthens, and accordi ngly, nost
of thedust scontainedintheair Aisreliablyelectrostatically
attracted by the first insulation type electrodes 2 and the
second insulation type el ectrode 3.

If a position of a section 21b of the first el ectrode
21 exposed inside the first ventilation hole 24 and a position
of a section 31b of the second el ectrode 31 exposed i nsi de t he
secondventilationhole34areclosetoeachother, beforecorona
di schargeoccurs, sparkdi schar gemay occur bet weent hesecti ons
21b and 31b. However, in the dust collection device 1 of this
enbodi nent, the position of the section 21b of the first
el ectrode 21 and t he position of the section 31b of the second
el ectrode 31 devi ate fromeach ot her by a di stance d2, so t hat
spark di scharge hardly occurs between these el ectrodes.
[ 0026] In the dust collection device 1 that has such
operation and ef fects, as descri bed above, athickness of each
first insulatinglayer 22 (second insulating|ayer 32) of the
first insulationtype electrode 2 (the second i nsul ation type
el ectrode 3) can be set to 20 umto 300 um and a thickness
of the spacer 4 can be set between 0.3 mmand 5 nm so that

theentiredust coll ectiondevicelcanbefornedinto one sheet

23



shape that i s |ightweight and thinand does not require al arge
space. As aresult, when dust s adheres to the dust collection
device 1 and t he device i s contam nat ed, the contam nati on can
be washed out, and nai ntenance of the device can be easily
per f or ned.
[ 0027] Fig. 7is aschematic viewshow ng a usage exanpl e
of the dust collection device 1.

The dust col | ecti ondevice 1accordingtothis enbodi nent
Is structured to have one sheet shape, and suction air from
the front surface and exhaust the air fromthe rear surface,
sothat the devicecanbeinstalledinaccordance w th aw ndow,
etc., in aroom

Specifically, as shown in Fig. 7, two dust collection
devices 1-1 and 1-2 are fitted airtight totw> wi ndows 101 and
102 in arooml100 so as not to all owentrance of air fromot her
than the ventilation holes 24 (refer toFig. 1, etc.). Asthis
attachnent, thedust col | ectiondevicesl1l-1land1-2mybefitted
i nto sashes (not shown) of the w ndows 101 and 102, or as in
the case of a roller blind, the dust collection devices 1-1
and 1-2 nmay be fitted to wi ndow frames (not shown) so as to
be drawn out and rolled up.
[ 0028] When the dust collection devices 1-1 and 1-2 are

fitted tothe wi ndows 101 and 102 in the room100 as descri bed
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above, air A outside the room 100 passes through the dust
coll ection device 1-1 and nost of dust is renpoved by t he dust
coll ection device 1-1. Then, this air Aflows into the room
100, and then fl ows out of the room100 vi a the dust col | ection
device 1-2. At this tinme, the air A contains dust that could
not be renoved by t he dust col | ecti on devi ce 1-1 and dust t hat
originally existedinthe room however, this dust is renoved
by t he dust collection device 1-2, and clean air A fl ows out
of the room 100.

Therefore, air inside the room100 is al ways ventil ated
by t he dust coll ection devices 1-1 and 1-2. That is, fresh air
Ais continuously suppliedintotherooml1l00, sothat an oxygen
decrease in the room100 does not occur. Air intheentireroom
100 is cleaned by the dust collection device 1-2.

Further, air Acleaned by the dust coll ection device 1-2
flows out of the room 100, so that the air outside the room
100 is al so cl eaned.

[ 0029] (Second Enbodi nent)

Next, a second enbodi nent of the present invention is
descri bed.

Fig. 8isasectional viewshow ngadust col |l ecti ondevice
accordi ngtoasecondenbodi ment of t he present i nventi on. Fi gs.

9 are planviews of i nsul ationtype el ectrodes, Fig. 9(a) shows
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afirst insulationtypeel ectrode?2, andFig. 9(b) shows asecond
insulationtypeelectrode 3. Fig. 10is apartial enl arged vi ew
of the first and second ventilation holes 24 and 34.

As shown in Fig. 8, in the dust collection device 1 of
t hi s enbodi ment, structuresof thefirst andsecondventilation
hol es 24and 34 of thefirst andsecondi nsul ati ontypeel ectrodes
2 and 3 are different fromthose of the first enbodi nent.
[ 0030] Specifically, inthe first ventilation hole 24 of
each first insulationtype el ectrode 2, a bore di aneter of the
hol e 22a’ of the upper first insulatinglayer 22 inthe draw ng
is set to be larger than a bore dianeter of the hole 2la of
the first el ectrode 21 and a bore dianmeter of the hole 22a of
the lower first insulating layer 22 in the draw ng.

Accordi ngly, anexposedportion2lcof thefirst el ectrode
21 becones an upper surface, and as shown in Fig. 9(a) and Fi g.
10, the first electrode 21 inside the first ventilation hole
24 i s exposed in a donut shape as viewed fromthe upper first
insulating |ayer 22 side in the draw ng.
[ 0031] In addition, in the second ventilation hol e 34 of
each secondinsul ationtypeel ectrode 3aswell, abore di aneter
of the hole 32a’ of the upper second insulating layer 32 in
the drawing is also set to be | arger than a bore di aneter of

the hol e 31a of the second el ectrode 31 and a bore di aneter
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of the hol e 32a of the | ower second insul ating | ayer 32 inthe
dr awi ng.

Accordingly, an exposed portion 31lc of the second
el ectrode 31 becones an upper surface, and as shown in Fig.
9(b) and Fig. 10, the second el ectrode 31 inside the second
ventilation hole 34 is exposed in a donut shape as vi ewed from
t he upper second insulating |ayer 32 side in the draw ng.

[ 0032] Wththisconstruction, by the exposedportions 21c
and 31c exposed i n donut shapes, the capacity for electrically
chargi ng dust is increased, so that dust attraction capacity
IS 1 nproved.

[ 0033] In this enbodi nent, the exposed portions 21c and
31c are formed on the upper surfaces of the first el ectrode
21 and t he second el ectrode 31, however, as a matter of course,
it is also possible that the exposed portions 21c and 31c are
formed onl ower surfacesof thefirst el ectrode 21 andthe second
el ectrode 31 by setting the bore dianeters of the holes 22a
and 32a of the |l ower first and second i nsul ating | ayers 22 and
32 inthe drawing to be | arger than the bore dianeters of the
hol es 21a and 31a of the first and second el ectrodes 21 and
31 and the bore dianeters of the holes 22a’ and 32a’ of the
upper first andsecondi nsul ati ngl ayers22and32inthedraw ng.

O her constructions, operations, andeffects arethesane
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asthoseinthefirst enbodi nent descri bedabove, anddescri ption
thereof is omtted.
[ 0034] (Third Enbodi nent)

Next, a third enbodi nent of the present invention is
descri bed.

Fig. 11 is a sectional view show ng a dust collection
devi ceaccordingtoathirdenbodi nent of the present i nventi on.
Figs. 12 are plan views of insulation type el ectrodes, Fig.
12(a) shows afirst insulationtype electrode 2 and Fig. 12(b)
shows a secondinsul ationtypeelectrode 3. Fig. 13isaparti al
enl arged vi ewof first and second ventil ati on hol es 24 and 34.

As shown in Fig. 11, in the dust collection device 1 of

t hi s enbodi nent, structures of thefirst and second el ectrodes
21 and 31 exposed insidethe first and second ventil ation hol es
24 and 34 of the first and second i nsul ation type el ectrodes
2 and 3 are different fromthose in the first and second
enbodi nents descri bed above.
[ 0035] Specifically, a part of the first electrode 21 is
exposed inside the first ventilation hole 24 of the first
I nsul ation type el ectrode 2, and this exposed portion 21d is
formed of conductive fibers directedtoward a center side from
an inner circunference of the first ventilation hole 24.

Accordingly, the exposed portion 21d of the first
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el ectrode 21 f orns a brush- shaped el ect r ode havi ng a cl ear ance
21al as a small hole as shown in Fig. 12(a) and Fig. 13.

[ 0036] On the ot her hand, a part of the second el ectrode
31 is also exposed in the second ventilation hole 34 of the
second i nsul ation type el ectrode 3, and this exposed portion
31d is fornmed of conductive fibers directed toward a center
si de fromaninner circunference of the secondventilationhole
34.

Accordingly, the exposed portion 31d of the second

el ectrode 31 forns a brush-shaped el ect rode havi ng a cl earance
3lal as a small hole as shown in Fig. 12(b) and Fig. 13.
[ 0037] Wththisconstruction, bythebrush-shapedexposed
portions 21d and 31d, the capacity for electrically charging
dust can be inproved. In addition, only small dust of dust
containedinair pass through the small cl earances 21al of the
exposed portions 21d and 31d of the first and second el ectrodes
21 and 31, and entrance of large dust is blocked by the
brush- shaped exposed portions 21d and 31d.

O her constructions, operations, andeffects arethe sane
as those inthe first and second enbodi nents, and descri ption
thereof is omtted.

[ 0038] (Fourth Enbodi nent)

Next, a fourth enbodi nent of the present invention is
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descri bed.

Fig. 14 is a sectional view show ng a dust collection
devi ceaccordi ngtoafourthenbodi ment of t hepresent i nventi on
Figs. 15 are plan views of insulation type el ectrodes, Fig.
15(a) shows afirst insulationtype electrode 2 and Fi g. 15(b)
shows a second insul ation type el ectrode 3.

As shown in Fig. 14, in the dust collection device 1 of

t hi s enbodi ment, structuresof thefirst andsecondventilation
hol es 24and 34 of thefirst andsecondi nsul ati ontypeel ectrodes
2 and 3 and structures of the first and second el ectrodes 21
and 31 exposed inside the first and second ventil ation hol es
24 and 34 are different from those of the first to third
enbodi nents descri bed above.
[ 0039] Specifically, inthe first ventilation hole 24 of
each first insulation type electrode 2, by setting the bore
di aneter of the hole 22a of the upper first insulating | ayer
22inthedrawingtobelarge, thefirst el ectrode 21is exposed
i nside the hole 22a. In the exposed portion 21e of the first
el ectrode 21, a plurality of small hol es 21a2 are forned, and
apluralityof small hol es 22al comunicatingwiththeplurality
of small holes 21a2 are fornmed in the lower first insulating
| ayer 22 in the draw ng.

Accordingly, the exposed portion 2le of the first
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el ectrode21i s exposed, andasshowninFig. 15(a), theplurality
of smal | hol es 21a2inthe exposed portion 2le are opened i nsi de
the large hole 22a of the first insulating | ayer 22.

[ 0040] In the second ventil ation hole 34 of each second
i nsul ationtypeel ectrode3aswell, bysettingtheboredi aneter
of the hol e 32a of the upper second insulating layer 32 inthe
drawi ng to be | arge, the second el ectrode 31 is exposed i nside
t he hol e 32a. I nthe exposed portion 3le of the second el ectrode
31, aplurality of small holes 31a2 are forned, andaplurality
of small hol es 32al communi catingwth the plurality of small
hol es 31a2 are forned in the | ower second i nsul ati ng | ayer 32
in the draw ng.

Accordingly, the exposed portion 3le of the second
el ectrode31i s exposed, andasshowninFig. 15(b), theplurality
of smal | hol es 31a2inthe exposed portion 31le are opened i nsi de
the | arge hole 32a of the second insulating |ayer 32.

[ 0041] Wththisconstruction, bythe exposedportions 21e
and 3leof thefirst andsecondel ectrodes 21 and 31, thecapacity
for el ectrically chargi ng dust can be i nproved. Only smal | dust
of dust containedinair pass through the small hol es 21a2 and
31a2 of the first and second el ectrodes 21 and 31, and entrance
of large dust is blocked by the exposed portions 21le and 3le

of the first and second el ectrodes 21 and 31.
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[ 0042] Fig. 16 is a partial sectional view showing a
nodi ficationrelatingtothefirst ventilation hol e 24 (second
ventilation hole 34) of the first insulation type el ectrode
2 (secondinsulationtypeelectrode3), andFig. 17isaparti al
sectional view show ng another nodification relating to the
first ventilation hole 24 (second ventilation hole 34) of the
first insulation type electrode 2 (second insulation type
el ectrode 3).

I n t he enbodi nent descri bed above, as shown in Fig. 14,
aconstructioninwhichinthefirst ventilationhole 24 (second
ventilation hole 34) of the first insulation type el ectrode
2 (second insulation type el ectrode 3), the bore di aneter of
the hole 22a (hole 32a) of the upper first insulating | ayer
22 (second insulating layer 32) in the drawing is set to be
| arge, and the plurality of small hol es 22al (hol es 32al) are
formedinthel ower first insulatinglayer 22 (secondinsul ati ng
| ayer 32) inthe drawingis illustrated, however, as shown in
Fig. 16, as a matter of course, the sane operation and effects
can be obtai ned even in the case where hol es 22a (hol es 32a)
havi ng t he sane shapes as t he hol es 22a ( hol es 32a) of t he upper
first insulatinglayer 22 (second insulating!layer 32) inthe
drawi ng are al so provided in the lower first insulatinglayer

22 (second insulating layer 32) in the draw ng.
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As shown in Fig. 17, even in a case where the exposed
portion 2lel inside the hole 22a (32a) is fornmed in a neshed
pattern to forma nunber of snmall hol es 21a2 (31a2), the sane
operation and effects can be obtai ned.

O her constructions, operations, andeffects arethe sane
as those of the first to third enbodi nents descri bed above,
so that description thereof is omtted.

[ 0043] (Modi fication)

Next, nodifications of the first to fourth enbodi nents
descri bed above will be descri bed.

Figs. 18 are sectional views show ng nodifications
relating tothe enbodi nents of the present i nvention, and Fi g.
18(a) shows a nodi ficationof the first enbodi nent, Fig. 18(b)
shows a nodi fi cati on of t he second enbodi nent, Fig. 18(c) shows
a nodi fication of the third enbodi nent, and Fig. 18(d) shows
a nodification of the fourth enbodi nment.

In the first to fourth enbodi nents descri bed above, as
showninFig. 3, Fig. 8, Fig. 11, andFi g. 14, eachfirstinsul ation
type el ectrode 2 (secondinsulationtype el ectrode 3) i s forned
by coating both surfaces of the first electrode 21 (second
el ectrode 31) by the first insulating layers 22 (second
i nsul ating | ayers 32).

However, the structure of each first insulation type

33



el ectrode 2 (secondinsul ationtypeelectrode3) isnot limted
to that forned by coating both surfaces of the first el ectrode
21 (second electrode 31) by the first insulating |ayers 22
(second insulating |layers 32).

That is, inthe first to fourth enbodi nents, as shown
inFig. 18(a) toFig. 18(d), thefirst insulationtypeelectrode
2 (second insul ation type el ectrode 3) nmay be constructed by
coatingonlytheupper surfaceof thefirst el ectrode 21 (second
el ectrode 31) inthe drawing by the first insulating|ayer 22
(secondinsulatingl ayer 32), or coatingonlythel ower surface
of the first el ectrode 21 (second el ectrode 31) inthe draw ng
by the first insulatinglayer 22 (second insul ating |l ayer 32).
In Figs. 18, both surfaces of the first electrode 21 in the
| ower nost first insulationtypeel ectrode 2 are coated by first
i nsul ating |layers 22, however, also in this | owernost first
i nsul ationtype el ectrode 2, one surfaceof thefirst el ectrode
21 may be coated by the first insulating |ayer 22.

Q her constructions, operations, andeffects arethe sane
as those of the first to fourth enbodi nents, and descri ption
thereof is omtted.

[ 0044] The present invention is not limted to the
enbodi nent s descri bed above, and can be vari ously nodi fi ed and

changed within the spirit and scope of the present invention.
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For exanple, in the above-described enbodi nents, as a
first voltage, a negative voltage of -6 kVis applied to the
first electrodes 21, and as a second voltage, a voltage of O
kVis applied to the second el ectrode 31, however, the first
and second voltages are not limted to these. The first and
second voltages are arbitrary voltages as long as they are
different in potential fromeach other and cause a potentia
di fferencebetweenthefirst el ectrodeandt hesecondel ectrode.
[ 0045] In the enbodi nents descri bed above, each of the
second ventilation holes 34 is di sposed so as to be positioned
at substantiallythecenter betweentwofirst ventilationholes
24 adj acent to each other providedinthefirst insulationtype
el ectrode 2, however, each second ventilation hole 34 is only
requi red to devi ate by a predeterm ned di stance fromthe first
t hrough hole 24, and the deviation anmount is arbitrary.

[ 0046] The t ot al nunber of the first and second i nsul ati on
type el ectrodes 2 and 3 and the total nunber of the first and
second ventilation holes 24 and 34 are arbitrary.

[ 0047] The first enbodi nent described above shows an
exanpl e i n whi ch, as showmminFig. 6, the dust collectionunits
1l are fitted to the wi ndows 101 and 102 in the room 100 and
used, however, as anot her usage exanple, it is also possible

that the dust collection device 1is attached to or hung down
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froma flight vehicle so as to automatically clean air in a
desi redspacewhi |l eflying. Byf orm ngthedust col |l ecti ondevi ce
1 sothat it can be held by hand, it becones possible for the
dust collection device to clean air in a desired space while
bei ng carried around.

[ 0048] I nt he enbodi nent s descri bed above, as showninFig.
19(a), each of the second ventilation holes 34 of the second
i nsul ationtype el ectrode 3is disposed so as to be positioned
at substantiallythecenter betweentwofirst ventilationholes
24-1 and 24-2 adjacent to each other in a lateral direction
inthe drawing of the first insulation type electrode 2 in a
pl anar vi ew.

However, the term“adj acent to each ot her” nmeans not only
an adj acent stateinalateral directionin the drawi ng. That
I's, the term“adjacent to each other” al so i ncl udes adj acent
to each other in a diagonal direction and a vertical direction
inthe drawi ng. Therefore, as showmninFig. 19(b), a case where
each of the second ventilation holes 34 is disposed so as to
be positioned at substantially the center between two first
ventilation holes 24-1 and 24-2 adjacent to each other in a
di agonal direction in the drawing is al so incl uded.

Further, as showninFig. 19(c), it is al so possi bl e that

the first ventilation hole group 24-1, the second ventilation
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hol e group 34, and the first ventilation hole group 24-2 are
di sposed concentrically, and each of the second ventil ation
hol es 34 i s positioned at substantially the center between two
first ventilation holes 24-1 and 24-2 adj acent to each ot her
in a lateral direction or a vertical direction.

In the dust collection device according to the present
enbodi nent, as descri bed above, by di sposi ng each of t he second
ventil ation holes of the second i nsul ation type el ectrode so
as to be positioned at substantially the center between two
first ventilation holes adjacent to each other of the first
i nsul ation type electrode in a planar view, spark discharge
can be nore effectively prevented. However, the present
invention is not limted only to a dust collection device
including first and second ventilation holes disposed as
descri bed above, and a dust col |l ecti on device in which second
ventil ation hol es are di sposed so t hat positions of the second
ventilation holes deviate by a predeterm ned distance from
positions of the first ventilation holes in a planar viewis
al so included within the scope of the present invention.

I nt he enbodi nent s descri bed above, adirect current power
supply is illustrated as a power supply 23, however, an
al ternating current power supply or a pul sed power supply can

al so be used.
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Ref erence Signs Li st
[ 0049]

1, 1-1, 1-2 ...dust col |l ection device, 2, 2-1, 2-2 ..first
I nsul ationtypeel ectrode, 3..secondinsul ati ontypeel ectrode,
4 ..spacer, 21 ...first electrode, 2la, 2lal 21a2, 22a, 22a’,
22al, 31a, 31lal, 31a2, 32a, 32a’, 32al..hol e, 21b, 31b..secti on,
21c, 21d, 21e, 21el, 31c, 31d, 3le, 3lel ...exposed portion,
22 ..first insulatinglayer, 23 ...power supply, 24, 24-1, 24-2
...first ventilation hole, 31 ...second el ectrode, 32 ...second
i nsulating layer, 34 ...second ventilation hole, 100 ...room

101, 102 ..window, A ...air, s ...dust.
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CLAI M5
[Claim1] Adust collectiondeviceconstructedby|am nating
afirstinsulationtypeel ectrodeincl udi ngasheet-shapedfirst
el ectrode at | east one surface of which is coated by a first
i nsulating |l ayer and to which a first voltage is applied, and
a second insulation type el ectrode including a sheet-shaped
second el ectrode at | east one surface of which is coated by
asecondinsul ati ngl ayer andt owhi chasecondvol tagedi fferent
fromthefirst voltageisapplied, alternatelyviaaninsul ating
spacer, wherein

aplurality of first ventilation holes penetrating from
thefirst insulatinglayer tothe first el ectrode and exposi ng
apart of thefirst electrodeinside, are providedinthefirst
i nsul ation type el ectrode,

aplurality of secondventilation hol es penetratingfrom
thesecondinsul ati ngl ayer tothe secondel ectrode and exposi ng
apart of thesecondel ectrodei nside, areprovidedinthesecond
i nsul ati on type el ectrode, and

t he second ventil ati on hol es are di sposed so that their
positions deviate by a predeterm ned di stance frompositions
of the first ventilation holes in a planar view.
[Caim?2] The dust collection device according to claiml1,

wher ei n
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the first electrode inside the first ventilation hole
I s exposed i n adonut shape as viewed fromthe first insulating
| ayer side, and

t he second el ectrode i nside the second ventil ati on hol e
I s exposed i nadonut shape as vi ewed fromt he second i nsul ati ng
| ayer si de.
[Cdaim3] The dust collection device according to claiml1,
wherein

the first electrode inside the first ventilation hole
i sformedi ntoabrush-shapedel ectrodemade of conducti vefi bers
directed toward a center side froman i nner circunference of
the first ventilation hole, and

t he second el ectrode i nside the second ventil ati on hol e
i sformedi ntoabrush-shapedel ectrodemade of conducti vefi bers
directed toward a center side froman i nner circunference of
the second ventilation hole.
[Caim4] The dust collection device according to claiml1,
wherein

aplurality of small hol es conmuni cating with the hol es
of thefirst insulatinglayer areformedinthefirst el ectrode
inside the first ventilation hole, and

aplurality of small hol es conmuni cating with the hol es

of thesecondinsul atingl ayer arefornedint hesecondel ectrode
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I nside the second ventilation hole.
[Claim5] Thedust collectiondeviceaccordi ngtoanyof clains
1to 4, wherein

both surfaces of the first electrode of the first
I nsul ation type el ectrode are coated by the first insulating
| ayers,

both surfaces of the second electrode of the second
i nsul ation type el ectrode are coat ed by the second i nsul ati ng
| ayers,

the first ventilation holes penetrate across the first
insulating layers and the first electrode in a state that a
part of the first electrode is exposed inside, and

t he second ventil ati on hol es penetrate across t he second
insulating | ayers and the second el ectrode in a state that a
part of the second el ectrode is exposed inside.
[Claim6] Thedust collectiondeviceaccordi ngtoanyof clains
1to5, wherein

thefirst voltagew th a positive potential or anegative
potential is applied to the first electrode, and the second
voltagewi th zeropotential isappliedtothe secondel ectrode.
[Caim7] Thedust collectiondeviceaccordi ngtoanyof clains
1to 6, wherein

each of the second ventilation holes is disposed so as
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to be positioned at substantially the center between two first
ventil ation hol es adj acent to each other providedinthe first

I nsul ation type electrode in a planar view.
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