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DI SCHARGE DEVI CE AND Al R PURI FI ER BACKGROUND OF THE

I NVENTION (a) Field of the Invention 5 The present
invention relates to a discharge device which perfornmns
streanmer discharge and an air purifier. In

particular, it relates to a technol ogy for reducing

noi se of streaner discharge. (b) Description of

Rel ated Art A iRl [ pyt ' rge
devi ces haveA%gﬁgg%$?%§g&ﬁ?kgzé%ﬂgéégjggggﬁi§€ nmeans
of deconposi ng and renovi ng odorous conponents and
hazar dous conponents by using plasma generated by

BACKTROUORD AROME RAVERYSOM schar ge- based ai r
purifiers, a streamer discharge-based air purifier is

(apBicldadtl the fren@@conposi ti on of the hazardous
-conmponents and deodori zation due to its high

decoThO Prése ilehii6d @faKs ab 2 difhalh V@hvice! RMcheb&fdris Cstreamer
power. 15 FIG 8 shows a schematic configuration of a
disthagandan dR\Hueiiet. N TaHadichlaBUf tt8Y to a TR0 e§THAedEeing noise of
- device (29) includes projecting discharge el’éctrodes
stre@0yr disvhaggener ating | ow tenperature plasma and fl at
counter electrodes (31) opposed to the tips of the
(bDschiptigreof Rélertirsades (30). Discharge is caused
bet ween the el ectrodes (30) and (31) to generate the
| ow derpeifatuprevidkdsiit, diattdrdehdsvies hargesnvgasorally been used as a
i ntroduced t herebetween to allow 20 hazardous
mezssrpb Aetvnmpoaing and aemuting edprme RbmpomstaimElhZanioti eomponents by
target gas to contact active species (fast electrons,
usingrgasoa geecatted dnyddisthaege. exonomegl vandwecdibemygegieneat airepurifiers, a
by the |ow tenperature plasma. In this way, these
streggpgso Alsehasgeabesed eain ppufied iamsditadaofoe dlec¢hpositorawpltee hazardous
see Japanese Unexam ned Patent Publication No.
coppomentRgERdepdotigationaiue teits dighedecdinposition effivitaey aba relatively low
relatively |oud discharge sound due to 25 electrica
elegiricHoHin i n the air. Since the frequency range of the
disg@%{resoundis significantly likely to be ] )
per Sheyshau pebs At cprgeuretien of 8 cligshayac disuisd i a0 g purifier.
by.tFe gagra ion of a streaner discharge-based air ]
Thedischares drage o8 dnahdps peoipctingghischarge siecirogesi (38) for generating low

temperature plasma and flat counter electrodes (31) opposed to the tips of the discharge
electrodes (30). Discharge is caused between the electrodes (30) and (31) to generate the

low temperature plasma, and then a target gas is introduced therebetween to allow |
hazardous components and odorous components contained in the target gas to contact
active species (fast electrons, ions, radicals and other excited molecules) generated by the

low temperature plasma. In this way, these components are decomposed and removed

(for example, see Japanese Unexamined Patent Publication No. 2002-336689).

However, streamer discharge makes a relatively loud discharge sound due to
electrical breakdown in the air. Since the frequency range of the discharge sound is
significantly likely to be perceived by human hearing, the discharge sound caused by the

operation of a streamer discharge-based air purifier may possibly be recognized as a noise.
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Therefore, the streaner discharge-based air purifier

is regarded as unsuitable for places where certain

silence is required such as living space and smal |

stores. However, to put it the other way around, if

the di scharge sound made by streaner di scharge can be
reduced, streaner discharge will be applicable to
TRABRAS h@lstre P! il I uflsuitdble! —
SOTRRGLE Sl A P RGeSl Wil o places
WiSEQERARISILRR iSfhhF PN AQfivie! | e H i
W de rangse of 1f !egll S. SU%&@%&@%%S&@E&W& LI}]J&%%% fo put it
theREh R RPN CIGRL i e gis@ha[rgé’ Q&Inﬂr}ﬁﬁﬁAwt QRaREEER arge can be reduced,
_invention has been achieved. 10 Af object of the
StRABRE AlschPYEMAIl BE aplichBlet6 A@Bad? g;tli R r PerPeofl LS AY t%?]eé That is,

devi ce whi ch perforns streaner harge to nake
it i/ i3IC e p@ssible b GRalRPRIIl GRObE tHeOhiGANRLIRpoHion REHiddcS S streamer
t hereby inproving the perfornmance of the air
dipshatdd i6kSvidd RRgpbefeds. i nvention is directed to reduce
noi se during streaner discharge by increasing the
frequency of sound nade by streaner discharge to a
| evel higher than the 15 frequency range which is
SERNAR YOOF G& BOVENIDJONuman hearing. More
specifically, a first invention of the present
appl Undei the ab@leadegsibed circtinstahas Jle prieatit G&veaa 6P hhsShdag achieved.
a discharge electrode (13); a counter el ectrode (14)
Ankbpeht ofshe pposedntention etodedichanize ofhdischade dévid) whiththerforms
a power source (18) connected to both of the discharge
strehmet dipdearfd 39 neaket thhelisdhargeedevideesiplioalsie (td Aonswmeappik ypurifiers,
a di scharge voltage-thereto, the 20 di scharge
theteby imprawing 19 paafrdmuie adbmsie pusfigst r ode (14) causi ng
streamer discharge therebetween. A feature of the
di schhe geesdrivingention ishditectddetodiedutrangise divgny strelemdri@ycharge by
.and the counter electrode (14) are so configured that
ingrRgsing tgfernrpnar olswund matdcibsiresmee disehargel i g hetred dighsr than the
controlled to 6 kHz or higher. 25 The "frequency of
fregyemay rapesswhich iseanidy peraeivable b humen bearingequency of t he
di scharge sound caused by electric current flowing in,
t he MoreerecHically g fshinyentamel thejpecseni egalicatign gelates fea discharge
dj scharge sound actually nade by di scharge shows

deyise compHsHeg; q,]dlqu@fﬁﬁ:mr,odp {3)pa Counter electrode (14) which is opposed to
the discharge electrode (13); and a power source (18) connected to both of the discharge

electrode (13) and the counter electrode (14) to apply a discharge voltage thereto, the
discharge electrode (13) and the counter electrode (14) causing streamer discharge
therébetween.

A feature of the discharge device is that the discharge electrode (13) and the
counter electrode (14) are so configured that the frequency of sound made by streamer
discharge is controlled to 6 kHz or higher.

The “frequency of sound” described herein is the center frequency of the discharge

sound caused by electric current flowing in the pulse form during streamer discharge.

Since the discharge sound actually made by discharge shows variations in frequency, its
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center frequency is the frequency at which the highest
sound pressure |level of the discharge sound is
obtained in the neasurenent on a

frequency- by-frequency basis. Now, a detailed

expl anation is given of a relationship between the
sensitivity of the human hearing and the frequency of

cél?éfnﬂeq nJ s %E@%f'eh{l%{rkgy (Nhﬁéﬁeﬂﬁuﬁgﬁ %ﬁ%{lg@% %s%uis %gl of the

varies end requency

ditheE s%{lﬁd is gfe‘n‘fje%{t I+ 1%%&9117 t ﬁggrﬂehﬂgﬁy %fy ﬁ‘@qgl@gﬁ:y basis.

usiNng a soun eve meter or

sui t @mwe }g%\é&?é& %celﬁé}ga{tjlﬁgtli @%é@f{ sztaegeﬁ oggr{ gHétV\%glg t}{%as?:ﬁsmwty of the

frequend

mﬁﬂgﬂ&kﬁﬁgaﬁp@&q%%ggﬁy%QQ IRgni tude perceivable by . the

human heari ng r exanp "as specified in a sound

measgi,e @@rﬁﬁtlﬂ?@t drafe H0mae rlﬁfaél‘iﬂE %okfd ']r%ir%r : eeé %ﬁ l{Héj frequency

| evel neters"” a correction factor

ofcthar REhe" "?ﬁe'réfoifes (GI888hiRirQ the Hﬁﬁ%nﬁﬁ&@e dr fs&ﬁm Eﬁﬁg a sound level
sound pressure | evel depending on frequency

mERE be tHe. 1ikENIASgenBME itaY RelmleAY @brrafRh AR chieisd %ﬁﬁfcﬁ‘%fach frequency
the audible sensitivity of the human heari ng.

oft the sbtelste @y theSdetdinding ﬁl@élﬁﬁld@fafglk@)@éﬁes the kidg ni@l!ide percelvable by
hi gher to less than 6 kHz, the correction factor

the S@n@oHetdig VBbt@xarhbles dsndp&afis ik hatsob® MeddBfement method
hearing recognizes the sound in this range as

confirating e YIS 0502 Seaind. le@dl feerdl hetorfvatich fidienrdfbged to as A
frequency is 6 kHz or higher, the correction factor
chamcterigtg &t added vtal dresubiraaed dfonn thet ftaihd tptesstgniavel hdpendigg on the
recogni zes the sound in this range as relatively weak
frepend. theteas, Thus, éveeywenclyleod] dppmacleaurdregicthe ratibde kasitivity of
a great influence on the sound | evel perceived by
thvbwman hemingng. | f 20 the center frequency of the sound
generated can be raised to 6 kHz or higher, the sound
| eveWhghitshirequeacy sdhitye pageef abedt bitHzlve highemio lpssatham@ kHz, the
W ll be reduced with efficiency. In the first )
cornggiémt Yagler istdpositivectalusd e S'hislBylicaied that e hawnganghearing recognizes the
confugured that the frequency écenter fre uency) of
israngeergaclayvaly pleertesounils cRartlgeother h:a@ + Wher &g freguency is 6
kHz or higher, Accordingly, the freguency of the
kHﬁ dHghegeths saractionciesies 1t haegalivg ¥alye, ndmating ghap the human hearing
%?er to Iegs than 6 kHz which is easi|y perceivable
Zhe theuspand e dps mpee apHeleBY |y eveak maunhi gy the fgpquency of the

sow&%%%?% b e eica e G SePT eerve e %giﬁ%?agﬁnearing- If
the center frequency of the sound generated can be raised to 6 kHz or higher, the sound
level which is actually perceived by the human hearing will be reduced with efficiency.

In the first invention, the electredes (13) and (14) are so configured that the
frequency (center frequency) of the sound made by streamer.discharge is ‘controlled to 6
kHz or higher. Accordingly, the frequency of the discharge sound exceecis the range of 1
kHz or higher to less than 6 kHz which is easily perceivable by the human hearing.
Therefore, the noise during streamer discharge is reduced.

According to a second invention, a discharge device comprises: a discharge
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3 electrode (13); a counter electrode (14) which is
opposed to the discharge electrode (13); and a power
source (18) connected to both of the discharge

el ectrode (13) and the counter electrode (14) to apply
a di scharge voltage thereto, the discharge el ectrode
(13) and the counter el ectrode (14) causi ng streaner

elgétﬁf(‘igﬁﬁe Eﬁ{it%{)%%%ﬁéc%arQhLﬁ% 4 tc; Ex%cﬁéc%g%% & trode (13);

evi ce ge elec

arfdO4! \%r s@’.n%g Keﬂdc%nﬁ%cg%dggﬁgggf he '&Hcﬂ%gg gleﬁ@@&e ¢1I3? and %ne counter

resi dence ti rticles gener a

eléétfo%éfm i %E%c fr E%hé%é h@%t& PINY dﬁszhﬁg? g%cgﬁéé(m) and the

an ex ation i's gi ’he” nmec

[ of charged
s i

st epADYafilr& RFHE Véﬁschlltl e S&e‘iiﬁ:% 1i89hdthge rH:ié’c%H{%%t c10dtrdd@€13) and the
el ectrons (21) and the charged particles

cduRRS kefekitdd A Z)aredw b8dightdiaRimhbe Raifhas G of[&%fg@g particles (22)
streaner discharge, mnuscule are referred to as

gdneReRIy(sBBdmbSdig@Rgicat eshtfdilead he7 dissehaksge el ectr ode
(13) toward -the counter electrode (14). At the tip of

t he HepadarexpPdhtioid given io¥nhe etbchitisntdTestRbRef dRdBarge and the
(21) and the charged particles (22) by a high 15

refidées tingdl ofghaghiee phrctichs $22)gl e di scharge step is
conpl eted when the charged particles (22) reach the
counFEES.edecéBamd 40 4re stEhebyedtqc iiconsillpdigtingethe rmbwthent of the
by the ionization nove to the di scharge el ectrode

elécti®ps (2Iphind thetcherget angiekts () tpasitee 1623 duriny eiréamerldéscharge.
counter electrode (14) (see FIG 4A). Since the
char Bednp sir¢andresch2p, memscu¢ ed rbiertetido npailzalet @8)ds generated
relatively larger in mass than the 20 el ectrons (21),

fromh éhe Haehyege plctrodd 668) (t@R)rdathe coomter elentrodd fd)s pAeahe tip of the
than the electrons (21). Therefore, after a single

leafles (3% g isionjzed titfe thi alegeensai) insl the chaed rertisbesa@?) by a high
remain between the el ectrodes (13Lﬁ3nd (14) (see FIG

pofpyial gradient s A sivgle disoheraguitapg opmipttied Wben divaghgeaed particles (22)
particles (22) remain between the electrodes (13) and

reqeh ghe ?@n&éﬁquigld%@@ he residence tine. Wen ever y

remai ni ng charged particle (22) reaches the count
25, Iteeliam 1 gynergtpbby thedppization; rapp t@éh%\@é%hargf‘eelectrode (13),

WIgltea{J(%‘Ee rc]?%g% éq}l’?%la?&% (é]%(g/)@ téglgﬁuépql?l?té glefcpr%lg 7 (anglrﬂph A4). Since

thé/\ﬁ}/argesd pra%aqes (2% ggnrgz?z{tgc? bo %Lg)glzétlon are relatively larger in mass than the
electrons (21), the charged particles (22) are lower in drift speed than the electrons (21).
Therefore, after a single discharge step, the charged particles (22) temporarily remain
between the electrodes (13) and (14) (see FIG. 4B). In this case, time during which the
charged particles (22) remain between the electrodes (13) and (14) is defined as the
residence time. When every remaining charged particle (22) reaches the counter
electrode (14), the electric field between the electrodes (13) and (14) returns to the original
state to start discharge again (see FIG. 4C). In this way, streamer discharge occurs in

cycles in the order as shown in FIGS. 4A, 4B and 4C. Due to the intermittent movement
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cycles in the order as shown in FIGS. 4A, 4B and 4C.
Due to the intermttent novenent 4 of the charged
particles (22) generated in this cycle, electric
current flows in the pulse form during streaner

di scharge. According to the second invention, the

el ectrodes (13) and (14) are so configured that the

Eﬁé' ﬂﬁ@gﬁgéﬂngﬁs g%g Iggr?eri;l%@{ c&? lr%t?é gn%%at fg)%qﬁ AlSHhise form
dhgafgﬁgﬂkpgm&ﬁné@e conflguratlon the cycle of

streaner dis ge proceeds quickly in the

abov%&gﬁﬁﬁ lfbeﬁlle%)f&:L A i@benk é he %l%cgé& g(?ng)t ?Airﬁ g\ﬁ’? ﬁlreeslgyconﬁgured

t he reque cy O e sound ‘derive rent

tﬁM‘ 'tlféhrefsﬂdgﬁ\% in'ﬁetcﬂﬁcg@ %@E?ﬁ B%r‘@ﬂc% (tﬂ%%er I %?e rstrﬁamer discharge is

di schar ge becones

chHRALERSY. 19 md fl9esoU @% ﬂ)ethe *a%mg% TSR el Sfé:}ﬁfrsggagner discharge

exceeds the range of 1 er tole
pldcBedhiiékl Tt%n B0 2BE- Jléécﬂ[?erdc’@}}cl’@@f e18y. e 4@5&? 4C, whereby the

heari ng. t he sound made by streamer dischargé is
fleQUUEL Gf the @@mﬂl &&ive@ forh Rhe Burkdhi SARILR mo(“% i;ﬁ' e hals8eorm during

devi ce conprises a discharge el ectrode

stecatat BisciplreebéRaRs 6143z Whh@fér | STIRRHREE thel feduBley of the sound made
di scharge el ectrode (13); and a power source 8'18)

by etfeH@Edretischargd Gixbecdb thd)andé € NP o hipbtr fdRsd thah 63z which is
the counter 15 electrode (14) to apply a discharge

easlly pageiviablergtthe hdmbe atdiing. ofThtid)ehdi@miangk Westieaet Gischarge is
that the distance (L) between the discharge electrode
redd@)}d. and the counter electrode (14) is not nore than
10 mm In a conventional technique for causing
st r edweordiigsolrathiyd intdnéor) editchartesderice coarpraegedistlarge electrode
have a di stance |onger than 10 nm between them If the
(13);s2 apemebelevieade (Ide wiicth & eppasediés the dsxhape etbctrode (13); and a
charged particles (22) have to travel a |onger
peivest someee (18) revactrtecheo bothnoe theeHischargelelectrddle (13) and the counter
resulting |nllghg residence tine. As a result, the
Yt

elp¢tenga é byto app sokergedroltegicthingtost r eamer di schar ge

decreases. That is, the frequency of the sound is
proné festuse ofiithe tischange deviereisothat] thetdistarcen({Ighkateas the discharge

| ess than 6 kHz which is easily percelvable by the
eleiipds (WDand il comtenclesiredad 4] 5 nohmornthen 10m@nt i on,

the di stance (L) between the di scharge el ectrode
n a conventional fechnique for causing streamer discharge, the electrodes are

arranged to have a distance longer than 10 mm between them. If the distance between the
electrodes is extended, the charged particles (22) have to travel a longer distance to reach
the counter electrode (14), resulting in longer residence time. As a result, the frequency
of the sound made by streamer discharge decreases. That is, the frequency of the sound is
prone to be within the range of 1 kHz or higher to less than 6 kHz which is easily
perceivable by the human hearing.

According to the third invention, the distance (L) between the discharge electrode
(13) and the counter electrode (14) is not more than 10 mm, which is smaller fhan the

conventionally employed distance, whereby the distance that the charged particles (22)
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(13) and the counter electrode (14) is not nore than
10 mm which is smaller than the conventionally
enpl oyed di stance, whereby the distance that the"
charged particles (22) 5 generated by streaner

di scharge have to travel is reduced. Therefore,. the
residence tinme during which the charged particles

géﬂ%ﬁ%ed' W%ﬁg%?tdﬁﬁﬁgiﬁ&eeﬂo %tcatvélog %(?(%L%%&% ) ’ﬁ%qef{)fled')che' I%Flﬁlence time

I'nCreasin e frequency

d&ﬂ‘{?\ghicﬂ%&é %1&%8 ngﬁﬁfég Yerhf@Hefleen tﬁ@&%ﬁﬁb‘&%& gl%é ahd %14) is also

eaner SC arge exceeds

re! el tﬁ&e ?dckéﬁsm tﬁg ﬁeﬁgﬁfc&l & B QRN r}ﬁ@rﬂeg{gency (center

ereby r du0|ng ge sound. According t

ﬁ'&ﬁiéﬁ&ﬁ SENHLAD maﬁ@ grﬁregfnélc HREGE: éjg}\fé | sg{]ar gge which is easily

frrst,” second or i nventi on, the

p&b&%ﬁ@@ft&lﬁhaﬂ %%aﬁﬂ@o tt&Eebg%&cB{egothg ﬁfsbllﬁlﬂgéjéoﬁﬁﬁ arge

ends the counteéer eleéectrod [at, and

t he tAdBSrdMe thRGRHIS mRakER, 8IES d{SJ:Kf)I @He\h&eoﬂh§ ﬁﬁ@@&@ond or third

el ectrode (13) are opposed to an electrode surface of

invBRionOthet Bdchlg8 Cltsk® (I3 fhas th othork Pirdfectin 1sch¥1‘ﬂ'gle(é'ﬁds (17), the

descri bes the shape of the counter elecCtrode

cinfbhi ddcdSde (DB st s MHeelipLbe aler &@&a@é&%ndsﬁﬁ)’%&"th& Rischarge
t hi ckness and planular For exanple, the counter

cledt@et (18}ewrd dphosebts ddeldoollSurfRE 6F e uitchleftticg14)2
punched pl ate having holes or a mnesh. According to

t he fThenérm i‘fute mbidhndestiBesthe RRdpR (Y the @6tntBgelditariza g signifies
ends (17) are 15 provided on the discharge el ectrode

thetl 8 endtdrhdedmdat(@d) & emhli ddethickdgssopposraulhn the example, the
di scharge ends (17) is flat. Wth this configuration,

costhiee aleetrodt @dhaing be actherisrmb ef wélatplateh e pdhatel plagehevidg holes or a
(17) and the counter electrode (14). As described

methove, streamer di scharge is caused by the novenent of

the electrons (21) and the charged particles (22)
bet wéepording tdithe frarthéneindon tyaeor(ma) mnjctitpedischangecends (17) are
20 electrode (14). At this tine, a |eader (23)

provided oauhe dischyrge cleshidde CRtandubesbynter elsetrods (14) opposed to the
di scharge el ectrode (13) toward the counter electrode
1§cil.41)ge qq%s 41Ndgiflsh Wethethistronfiginatier. dtreamer disgharge occurs between
generated (discharge region), active species (fast

the fisehargmend S|(b??sandrﬂ%“r%‘ﬁge§ elegtiededdAlr exci t ed
nol ecul es) r deconp05|ng a target gas are generated.
The éﬁé&%ﬁ”@@‘g akqyier drcamet disehargs | s Chae &y dhgmeyepent of the electrons

rel ativel s ller in.a
(21) and the ch%rge part?cles &2) {)etween the discharge electrode (13) and the counter

electrode (14). At this time, a leader (23) (miniscule arc) extends continuously from the
discharge electrode (13) toward the counter electrode (14). In a region where the
miniscule arc is generated (discharge region), active species (fast electrons, ions, radicals
and other excited molecules) for decomposing a target gas are generated.

The electrode surface of the discharge end (17) is relatively smaller in area than
the electrode surface of the counter electrode (14). Therefore, the miniscule arc extends
in a flared shape from the discharge end (17) toward the counter electrode (14). This

expands the discharge region, thereby generating the active species for decomposing the
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25 the el ectrode surface of the counter el ectrode
(14). Therefore, the mniscule arc extends 1in a
flared shape fromthe discharge end (17) toward the
counter electrode (14). This expands the discharge
regi on, thereby generating the active species for
deconposing the 6 target gas in a |arger area. Since

m#%ﬁgg%ﬁgg‘ ggmgéectrode (13) is provided with two or

rge énds (17), the mniscule arc extends

0 o2 SN0 aRRRg. LM EAL) of phifudh SERB0% A0S didebhree onds

toward the count

(1?'}2?1@ %%%tcgggdrp %xiéﬁ& B A& gﬁﬁﬁ&g%a& %k ?ﬁ:et Hﬁgﬁarge ends (17)

counter ectrod ecomes nuc

tovREPEle colthef Qg&frf%g'ﬂﬂ)at RGrefore) t{ﬁé ?%Eh&g%}é%tonoget\gvg& the dlscharge

active specl es cordlng to a 1 on

elgétﬁﬁilae(‘flgfaxgﬂh'e Q:%uﬁ’t@:r El@&ré&“ﬂ&hs‘ bR A 1ab a8 th((erf%/ generating a

di scharge ends (17 ischarge e ctr

la e@a&baﬁtof@&c&m& C;eg' the fifth invention, the
I scharge ends (1 are made flat and thin, 10

wher elyoldi @i SEMRIHenS, ﬁ@ﬂ%sch@dhaigaede@ic%Q;lir@x&egfbuﬁﬁqgvennon the
(17) are reduced. By reducing the <discharge surf aces

dik¢hatd¥ hd BRI SF the WNcBarde BledRbd OB SlegRkric field is
created in the discharge region. If the distance (L)

bet werBoidig @i the MEhIRvehtRH] ﬁ:lﬁd@lsﬂ'k?e ad (1Meareadideflat and thin,
el ectrode (14) is reduced, spark discharge is likely -
wherelpe thgrdischage abfies dffthd Bgclvpbd agl (19) 4rairs@ited.00By Y8ducing the
hi gh, stable streaner discharge may possibly be hard
ditcharpec surface ih hilisoimheterhande maoaiifbimgelbatrit hgeldli it dreated in the
i nvention, the discharge surface of the discharge
diedhargerregien(13) is reduced to generate nore
non-uniformelectric field in the discharge region.
Accoliftihnglispnce {hebaivetm radifdhprdestlewtede (13 anklab¢ codesr electrode
(13) and (14) can be reduced while the occurrence of
(14pwriedetied csparkydis¢herge isikalye. octsr. a Thesafbre, iftthgreoltage is raised too
requi red for the charged particles (22) 20 to reach
highestallanitiepmer dischasde may possibly cbfubard, tof heqieby On the other hand,
i ncreasing the frequency of the sound nade by
acgprdignier the i ffin mvgetionT Wess disehvsgel setrarafethe @lmhar.gg electrode (13) is
reduced to a further __extent. Further, field intensity
regyced fe 2enestn Mogonotelib™ ¢letaa Sl indhadipdrgaregiont hdccordingly,

uction
the Sl%tance (L) between the electrodes (13) and (14) can be reduced while the occurrence

of spark discharge is prevented. As a result, time required for the charged particles (22)
to reach the counter electrode (14) is reduced, thereby increasing the frequency of the
sound made by streamer discharge. Thus, the discharge sound is reduced to a further
extent.

Further, field intensity in the discharge region increases as a result of the reduction
in discharge surface of the discharge electrode (13) and the reduction in distance (L)
between the electrodes (13) and (14). Since the drift speed of the charged particles (22) is
in pfoportion to the field intensity, an increase in field intensity causes an increase in drift

speed of the charged particles (22) moving toward the counter electrode (14). As aresult,
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in discharge surface of the discharge el ectrode (13)
and the reduction in distance (L) 25 between the

el ectrodes (13) and (14). Since the drift speed of the
charged particles (22) is in proportion to the field
intensity, an increase in field intensity causes an
increase in drift speed of the charged particles (22)

W00} R RIS @ ERGR (g PP R GBS (1) and

ar e

(IEIZ ﬁge CFQQTE?@@EW;WE hﬁ“}h&# ﬁ%l‘eragéjﬁlsfréqilgﬂcf&q e g(}lﬁd Ih§de l?y streamer

I NCrease "I n rrequency

: e th b
dltsghg{fgc%oﬁlg@%tbgggﬁ] H% tﬁé st r esgr?egll}lg%?lg{: g excgr ding to
a Si )Atcgoﬂdﬂlgecgta' 8{15‘13 1ﬁi ltﬁeC&l?JhQ e%\ﬂc‘é?lf gl%iqﬁg? second or third

first second or I nventio arge

inStRch ﬁféedlfclﬁl)ge' e?eéb{oﬁ@ #3395 1{1;16& GNRR&Haadfdr é’r?e[ﬁ%@@ substanhally

subst anti a ara tot counter el ectrode

pabhl&] 46 B cddnﬂa? Hechtbdd gﬂr)s hepe el SerfldHpst” \Rrﬁi%h describes
shape of the discharge électrode (13) signifies a

th® %hiﬁ%ﬁth@@@scﬁi@é @lelrB@S (ﬁ'ﬁ%‘énﬂ’i@' a nBF®R shépe whose cross sectional
substantially uniformat any position. Further, the

ar@X R Seisstafially Neifdia chade potli®rt TasBer, 1B éx%rs%élbﬁﬁﬂﬁ‘@ discharge
substantially parallel to the counter electrode (14)"

elsdt@de {13BSs b@iged Qubdiaidils phardeoahesdhmadeldctdle (18)” signifies that
arranged parallel to the el ectrode surface of the

the Gieharge eflcaolls 0L 6 dangddhpargll€icibribed elauoliiacerfade dhehe counter
counter electrode (14) may be flat, curved, or in the

elécrode 0f4)a hs elevirddermarface af the dourderadectkodg (14) hdiebesiiat burved, or.
i nvention, streaner discharge occurs fromthe tips of

inttheefordiod e marrge leleectarodle (13) arranged substantially
parallel to the counter electrode (14) toward 15 the
el ecAcontdingupfthe eixti inveatioy ireeneredisctargrdecquist fromEthertips of the
if the tips of the discharge electrode (13) are worn

diphatgeeldctrede @3¢ atranged subdamdietly peralgldoitescamteekicedde (14) toward
during discharge, the distance between the discharge

the lebastrodrl quifacg) ofathe tdvates cletrede dldct Foee if 1o tlps 0|f ¢ discharge
unchanged because the di scharge el ectrode (13)

elepirode (ledd asaitseindnt the fasy elsatrens| asd agidva spscieg gmﬂr@rﬂd durmg discharge,
eI ectrode (14). 20 The tips of the linear or

giftagea hetesn Shn disghargs éLeptfr@#e(l(Si 3nd dbe ﬁ@‘ﬂﬂt%lh‘élﬁ%}@qen(l“) is kept

shape even if they are worn, Therefore, even if th

unghagigRh Pgeer b Hislearect Sieotla gk is erenEed: SPRaRgaly parallel to the

charact erjstic is maintained, causing streamer
cognEEFgFERsleddh stability.

The tips of the linear or rod-shaped discharge electrode (13) do not change in
shape even if they are worn. Therefore, even if the discharge electrode (13) is worn, the
discharge characteristic is maintained, causing streamer discharge with stability.

A seventh invention relates to an air purifier provided with a discharge device
according to any one of the first to sixth inventions for treating a target gas by introducing
the target gas between both the electrodes (13) and (14).

According to the seventh invention, the air purifier is provided with a discharge

device having the functions according to any one of the first to sixth inventions.
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A seventh invention relates to an air purifier

provided with a di scharge device according to any one

of the first to sixth inventions for treating a target

gas by introducing 25 the target gas between both the

el ectrodes (13) and (14). According to the seventh

invention, the air purifier is provided with a _

arge. - iece . i.ans .

TR SGROTRE i IRMEES L BNE IR B0 BBkl and high
ddcB$: @gitriOIpé'fﬁliitgi er is given with reduced noi se of

streamer di'scharge and high deconposition ability.

Accondi ng; t i ' ' ' r

F‘igcl:(ggm%clltg) ﬁlgn%llsf Stivenf%E Nk ocﬁscihté%r %gg&?i? 4§1§%rareld Stlée counter

el ectro t he couriter e

' £ . .
ALY, A ANy ST e s
coRr8I&S to ﬁ&@éﬂﬁig@ry ' Ak@@rd}{n"gf}@ %ﬁé&u@ﬁcf MehdREIREGSund exceeds

sound exceeds the range o hi'gher to | ess

thé B@Be Of i HETMY 16Bhd S0 883 ithah PRES SINAP!sSaBYy bEeiMIBBy the human
heari ng, thereby reducing the discharge sound
hegfifg, Gh&aby YedudinsCel QhARSBuAd SAdISRARR! SikleShB U8 dfSstreamer
reduced, the discharge device (11) can be applied to a
diydhel@e M@ rédicYd,Othe aligchafddldekice (31 F N baspp S ® h GFide variety of air
consuner use. 10 According to the second invention,
putrifierssluéichy destot EgsuaReudel4) are so configured that
the residence tinme of the charged particles (22) is
cont Aeddréiglg tt® the defofih indenti@S shedlédtitgles $13)@AAEL4) are so configured
di scharge. Accordingly, the charged particles (22)
thitrihyeksidepdectithy of thenohhed pditkikq22)eisebrediicade O IBhs boless during
the counter electrode (14), thereby increasing the
stitaregudnchargd. Adverdioglyd thendbarbyd phartedese (22]i solehrggeklyAdrom: the
a result, the frequency of the sound is raised to 15 6
dischizrge elekirgde(13) o thecmadtet hlectradegd 4)thahby smceasing yhe frequency of
percei vabl e by the human hearing, thereby reducing
the $paind oiage byfsirsameratishargies c hargesultadediajuerrytd thhwound is raised to
third invention, the electrodes (13) and %14 are so )
6 kldnor gigher to exeeed tthe rafigs tvarele i ¢3silyaromesvablcny the human hearing,
di scharge el ectrode (13) and the counter el ectrode:
theraby) reflécing e nepee{ shapmerdlisshargaccor di ngl y, the
di stance _that the charged particles (ZZ%bhave to 20
t r avAFCoRding rhg the Fhdrhimwvertions he electredes dddcanfl (14 |agsnp gonfigured
the charged particles (22) tq nove uickly to the .
thet thirdigianes &g hetyeren theflischases degrade (i%)eaﬂflrtbﬁ GeHsr elgotrode (14) is

the sound is raised {o_ reduce the discharge sound
no{, IOOFE ilgirgwcy_Accordtingly, tﬁe distance that the charged parHches (22) have to

travel during streamer discharge is reduced, allowing the charged particles (22) to move

quickly to the counter electrode (14). Therefore, the frequency of the sound is raised to
reduce the discharge sound with efficiency.

With the reduction of the distance (L) between the electrodes (13) and (14), a
voltage required for streamer discharge is lowered. If a high voltage is _required for
discharge, 1t is necessary to ensure a certain distance between the discharge electrode (13)
and the casing or a creepage distance from the aspect of electrical insulation. HoWever, if

the voltage required for streamer discharge is lowered, the distance required for the
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Wth the reduction of the distance (L) between the

el ectrodes (13) and (14), a voltage required for
streamer discharge is lowered. If a high voltage is
required for 25 discharge, it is necessary to ensure
a certain distance between the discharge el ectrode
(13) and the casing or a creepage distance fromthe

el@c?tl‘?(feagt mQLfllat% s%akedlupédu' afﬁe?gforé_bt%\/ﬁf pd.rfﬁe\rléﬂgxaided with the

e requl re or sStr éaner s¢harge i's

d%@ﬁggkébﬁggﬁgé ﬁﬁ#%%qn gr the 9 electrlcal i nsul ati on

so redu eref ore, the air purifier provided

Wi thl g@&din%itﬁ @rfglﬁ't ﬁglleﬁt?on( %t]]? eﬁtnglﬁgié@ffg L B¢ '(lz’ﬁ serves as the

Accordi ng invé proj e t|n

d1§’d %s’ééaél&%roﬂg G1d)ldna B€ rc\S&ﬁtePélgEﬂ?? '4? Gh ?EQ%@L’E‘?&M&:?%Charge is

and the ‘counter electro

caﬁ?;é’d%'ﬁ%en%@rﬁhahggorﬂﬁlglﬁ nfifideqd ai:beééfﬁlea?ecf ﬁ@[ﬁ‘the discharge end (17)
Accordingly, mniscul é"arc generated fromthe

extHrd§ MRk FRr&Nshabd DwhY ttl?engoim'té} dectiodt @fh&s hapr dx@¥Rlsthe discharge
the counter electrode (14). This expands the discharge

| reglﬁﬁl @Brebl BeHeeRngIRA SRk IsPEids Br a&dolfRsinB ed Rbget B4s in a larger area.

deconposing the target gas in a |arger area.

ThERebR] teQargbthts il @6opeRd HySteeGenNTQsRebebyitls hicharafficiency.
dlscharge wi th higher efficiency. Since the discharge

el ecinoeehd a@&har%e Bledryddded 3Wid ProfviMed okithiewe o irssd alig@farge ends
ends 10 (17) e mniscule are extends in a flared

(13hake nfineanieaeh eokndshia difecddasigpe drms cbdly pf thoddeithridends (17)
counter electrode (14). Accordingly, the discharge

towed die betnmeeslectede élact raderdifdly) tlendischdei®gion between the
further expanded, generating a | arger amount of active

elepedesed@3) adh@4deiofiethet depahded) gbngaiing s lalgocmpostdf adtive species.
much hi gher efficiency. According to the fifth

Therafert therargetms i dechmpgedovitdsmtl higbér ¢ffieicdés char ge
el ectrode | 15 (13) are flat. Therefore, the discharge
sur f Aceordingttd thedfiftlc hwmge)retf@cdls@@egetr@d@fﬂﬁs) of theel digcharge electrode
t hereby generating nore non-uniformelectric field in

(13)hare dlat c hBregefores gheotischargeasuriase bt the dispharfiestleptiode begomes small,
bet ween the el ectrodes (13) and §14) i s reduced

thegelsh sencratingsnag rpawiions eledie @@ muthe (féschargp wpgiphe As a result,
reducti on_of the distance (L% e field |nten3|5§

the distange ék) betwesp dhg cleriredss {3 }end IG’e‘B i reduesd evithoul cpysing spark

Eeed of the charged particles é22) Thus, the
lﬁr: wgtenEyrthsr, vHE Bomdictiemiel B lts’iaé%@r) élilﬁ‘s@ﬁlélrlﬁ@nﬁ@’ increases,

ised to reduce the discharge sou fur
th eé ﬁlgowmg further increase n dri sgeed of tﬂe charge par%cles (52). Thus, the

frequency of the sound made by streamer discharge is raised to reduce the discharge sound
to a further extent.

With the increase in field intensity between the electrodes (13) and (14), streamer
discharge occurs with higher stability, whereby the target gas is more stably decomposed at
high efficiency.

According to the sixth invention, the discharge electrode (13) which is linear or
rod-shaped is arranged substantially parallel to the counter electrode (14). Therefore,

even if the tips of the discharge electrode (13) are worn by the active species or fast

10
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Wth the increase in field intensity between the

el ectrodes (13) and (14), streaner discharge occurs

with higher stability, whereby the target gas is nore

stably deconposed at high efficiency. 25 According to

the sixth invention, the discharge el ectrode (13)

which is linear or rod-shaped is arranged

| DAl s REpT BfBadotd) - Since th

oAHBRL A Llahik ALAL i clerbdR (PSYHI AP RELERGalE) - Since the
iGhRGt : | t loVifie SPEGLASHR A reduc
d@%&%lb%g?e‘:eg&%e?él% & 8%92%@%(1@2%\/\%& Ot % ect’rodgs (13)re Heine

th% nist 1) de%gtéril&%@%bo%@ 35‘ %&?ﬁ% wahn&shilife. FdfRi2 rlk%@pin%1 the optimum

et ween t el ectrodes and (14) is kept to the

diQRideBdechBe BkERses gfe?:)rzﬁﬁt{ﬁlﬂgloﬁsn&p?&jéﬁﬁnﬁﬁl stability of streamer

descri bed above Is exerted wth stability. Further,

dikBeREMY thd\Gs @Rt ¢l Bt ance between the el ectrodes
(13)" and (14) allows inprovenent in stability of

St r epififer, $ncditRENAY Qf_i‘th@)diskﬁ&ﬁg efehad0@a 3§ el coffifdrdd not to change
Further, since the tips of the discharge el ectrode

in(sh@pe v FQREY k¢ GO Qhe tkheedd@ MR hargd chh@prRristike s inbintained and
they are worn, the inherent discharge characteristic

stdeSmbPdifdhalgead candd vathriagharstailseharThe prereadube deotinehce of spark
hi gher stability. This prevents the occurrence of

dispargk andizbabaialdisehggaldativehiron the vhnge deip stewpe fof el discharge
the change in tip shape of the discharge 10 el ectrode

eldciddie (183cording to the seventh invention, the air
purifier is provided with the discharge device
accoAdiarding do #yseoorth dfivention fthe air udfist wstprovidedwithahes discharge
Therefore, the air purifier is given with reduced

dedlics henrdiag 30 unyl onn df Hiegffrstiecixthdsventions. effhiewifenscthe air purifier is
Thus, the air purifier is applied to consuner use

. givdni withrredusied eschargerroisd and ShigRdesonprRSTRNAicRNOF s, the air

DRAWNGS FIG 1 is an expl oded oblique view

purifieustappli¢dg cansuanar useiwihichgequitssdowinpiget o - Enbodi nent

1 of the present invention. FIG 2A is an enl arged
view of a mmjor part illustrating an el ectrode
configurati on 20 of a _discharge device, FIG 2B is a

BRIESIPESCRITIIPNORE I8 DFety WINGSust rati ng a di schar ge

FIG. 1 is an exploded oblique view illustrating an air purifier according to
Embodiment 1 of the present invention.

FIG. 2A is an enlarged view of a major part illustrating an electrode configuration
of a discharge device, FIG. 2B is a front view of a major part illustrating a discharge
electrode and FIG. 2C is an enlarged view of a major part illustrating a variation of the
electrode configuration of the discharge device.

FIG. 3 is a graph illustrating a relationship between the distance from a discharge
electrode to a counter elecirode and the frequency of sound duriné streamer discharge.

FIGS. 4A, 4B and 4C are views illustrating the mechanism of streamer discharge.

FIG. 5 is an exploded oblique view illustrating an air purifier according to

Embodiment 2 of the present invention.

11
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el ectrode and FIG 2C is an enlarged view of a major

part illustrating a variation of the electrode
configuration of the discharge device. FIG 3 is a
graph illustrating a relationship between the distance

froma discharge electrode to a counter el ectrode and
the frequency of sound during streaner discharge. 25
Fl : i | tl : :
o i s ARy 35, Al B BIRU Mlurit csoing o
: ' b :llustrating an air purifier
Erﬁ%ﬂuﬂgﬁﬂdz SHahd ﬂx\és%n\g glﬁ)r%’neﬁéd.

according to nt 2 of the present invention.

11 . X P . _
Ff’dle%. 079 1ssanaenfixlé&1’\ﬁ¥¥vi def ?& réﬁé]g%’)\?%# lr%lé!@tlrﬁotﬁfg‘é#%eg&aﬁ)de configuration

i nsi the air~purl _ diment 2
of@fdidcRer P HERENAnd LB 09 hofibSatal Gortiod AENSABRAN|BW
of a major part 1llustrating an el ectrode

conf pgiigat b QhenPiic il ﬁﬁﬁﬁétﬁfg ad&)‘ﬁiv&ﬁioﬁﬁpdi!;:dh@rsge7cﬁvic‘é. a
hori zontal section of the discharge device. FIG 8

Is a schematic view illustrating a conventiona
di scharge devi ce. DETAI LED DESCRI PTI ON OF THE
DETWEND ONSORTPPYIMN®H THEHevaENBfgNer , Enbodi ment 1 of
the present invention will be described in detail with
Endébdigémrience to the drawings. FIG 1 is an expl oded
oblique viewillustrating an air purifier (1)
ac c OHekichgfieQ Enfbakliradrna ndf tHe grbsdnvptittssenii]l b isbiibeanin detail with
The air purifier (1) is a consunmer air purifier for
refasmcato thedmwangs.n smal | stores. The air purifier (1)
i ncl udes a box-shaped casing body (2) having an open
si deFlghd islén axplodett obloyer vie®) illuatrdti@gfadant sieguridiet KB according to
open side. Air inlets (4) are formed on both sides of
Enptivelithera it ofdbe pres¢i8)intentipnt r Bokugie parifiar(@ris agamsumenait perifier for
air purifier. The casing body (2) is further provided
usevatt pnzerordi smellistoets. (5) for enmitting the target gas at
the top side thereof, a fan (not shown) for _
ci r clibcoaif puyifidrd1) melydes ghex-shaped cemng ) bavipaen ope) side and
and functional = conponents (7) for air purification. .
a fpgnt Theerf@ht bofitied tothsowentssle( 7A intdtutie age farated) angboth sides of

(8), an ionization part (9), a dust ) ) .
the front cover (3) to introduce a target gas into the air purifier. The casing body (2) is

further provided with an air outlet (5) for emitting the target gas at the top side thereof, a
fan (not shown) for circulating the target gas, a target gas flow path (6) and functional
components (7) for air purification.

The functional components (7) include a prefilter (8), an ionization part (9), a dust
collection filter (10), a discharge device (11) and a catalyst part (12).

The prefilter (8) performs pretreatment of the target gas, i.e., collects relatively
large dust in the air. Then, the following ionization part (9) electrifies relatively small
dust. The electrified dust is collected by the dust collection filter (10) (electrostatic filter).
The discharge device (11) for causing streamer discharge and the catalyst part (12) are
arranged behind the dust collection filter (10). The catalyst part (12) is of a honeycomb

structure, for example, and has the catalytic function of enhancing the activity of low
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collection filter (10), a discharge device (11) and a

catal yst part (12). The prefilter (8) perforns

pretreatment of the target gas, i.e., collects

relatively Jlarge dust in the air. Then, the follow ng

ioni zation part (9) electrifies relatively small

dust. The electrified dust is collected by the dust
tedifletRGt] PAsrha | deBErafed By @R t@Li bideClgvi

f}giqischar glg devigtge (11) 31[‘or g%%é?ﬁgﬁgtﬁsé%lhge g%vs{%eﬁglrlggﬁ promote
rabifbrd he catal yst part (12) are arranged behind the

dust collection filter (10). The catal yst part (12) is

of aTheneyeild esplalfioni§ oivbRbf B%AMRhAce a0d.hA).t he
catal ytic function of enhancing the acgl vity of "low 12

t enpeI@! BAGs ph aslaBed 9Rey ot £ehaldY pait SBRALERs b eleB®ode configuration
di scharge device (11) to pronbte reaction. Then, a

ofldicadiseithrgx pbdea(inn FEG.02BER Ofrohh it SRRBAGY dOMAEL part of a
(11). FIG 2A is an enlarged view of a mgjor part
dis¢Havget dlaxttiodg (E). el ect rode configuration 5 of the
di scharge device (11). FIG 2B is a front view
i 11 udhe atischerga dewicer(1painciudés aiscldirgec blacgriee |(E3), kodiRer electrodes
(13). The di scharge device (11) includes discharge
(1d) eppasedids tifc 8ischarga pleetrodel €E3); eebpsctivelld hnd ppogetkotl® frame (15)
the discharge electrodes (13), respectively, and an '
whickctuppetts theariecttddsy (13hiaod (34)ppdihesdisdtarg elettratteg(13) and the
(13) and (14). The discharge el ectrodes (13) and the
colptee plgpiredesél Bore bugatsd (ithin theeldetrods framwi( 1 Hiand tahrenged alternately
el ectrode frame (15) and arranged alternately at
atregilarantervialser val s. As shown in FIGS. 2A and 2B, each
of the di schar?e el ectrodes (13) is made of a flat

di schasBews ibEIGHt2A anbgBuick ofitlhe dsgharget detttvgles () is made of a
el ectrode franme (15) and two or nore projecting

flagidischangg substesge (167)whiginés sipperied § thglecirade) frame @Faend two or
and tri angﬁaj_l r and 15 arranged at regular intervals_ on

mpIR Prefretiy 1@‘2135%?0%1‘1? &40 (165 disthasey prgs @75 ansftagand fripngular and

réﬁ? are r.efer?bl y a(bﬂog%1 0.1 mmin_thickness (dL. As

TR Ehali RS ypantesvels o the flischprge gubwtairs(16). 1 75 he Patidisgherge ends (17)
t he .di.schar ge. subst.rat.e (16).my be bent fromthe .

ot P e SDR T PR b gl csad® A halh 18 g2 n ihe discharge ends

orizontal, di.rections fro he di schar.ge substrate

(1@_1{85“?6 8 e iRTIRr e BRTAS GLo Toy.A)e h OBLINe ligehares substrate (16)

at Qlcg‘r?agfr{l rarcx’gele %Il ﬁgrﬁzro%ga? airfgc]t? s Hom tille ggscﬁaqge substrate (16).

The counter electrodes (14) opposed to the discharge electrodes (13) are flat and
attached to the electrode frame (15) such that electrode surfaces of the counter electrodes
(14) are substantially orthogonal to the tips of the discharge ends (17). In this case, the
distance (L) between the tip of the discharge end (17) of the discharge electrode (13) and
the electrode surface of the counter electrode (14) is preferably not more than 10 mm.
More preferably, the distance (L) is in the range of not less than 3 mm to not more than 10
mm. In the discharge device (11) of the present embodiment, the distance (L) is 5 mm.

According to the present embodiment, the discharge ends (17) are arranged on the

left and right sides of the discharge substrate (16) of the discharge electrode (13) as viewed
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20 attached to the el ectrode franme (15) such that
el ectrode surfaces of the counter electrodes (14) are
substantially orthogonal to the tips of the discharge
ends. (17). In this case, the distance (L) between
the tip of the discharge end (17) of the discharge

el ectrode (13) and the el ectrode surface of the

i LT TShORRT 10t o EERDE: Yod Sl SetsB () bas the
el?(%reo i‘gghﬁée% AN §idgsmt(h§;%f£°t i rtﬁistrcggfi%t%]fgtéZS j ”{%%%c:#’des (13) and

charge device of e

ORI RD) i e oos SG6% 5T U0 A B Bl 10 occur
o Gtet ol ofie fba e SRR LD, 15 ae Viewed 13 11

11 e ot 83000 ) U681 UL WSl L o ooty o
aS0eRldeEe 1D etloall Shokbis (OTLIHE iR allibaes (19, 1n e

predcBf bmBH&infehatRdifekp holflgk qy\’eﬁbfog_@&rﬁﬁ il GEHAFRS Qe O8pHed by the
at both sides of each of the discharge el ectrodes

pdwed)sourze (08). A8 GhAEQRLALN &hitbl dhe $3HabB@PplidaRbN @8 Redd a constant

power source (18) for applying a discharge voltage to

dikdh@rgdi cnelar @gueel ectrodes (13) and the counter
el ectrodes (14). In the present enbodi nent, a direct

vol t alget, ise speRltRyeA sl fieifitr SDRAIAR pldmde applied
by the power source (18). It is preferable to control

the Wiehagie aapphrifiat(ilpis &rkeal) aaf2@0RBicANs nodsimeRalsggctivated to
current value. 10 Next, the operation of the air

inhale aftarget dat)from ke deinttp{daifneted ihenirbmecorer (3puhérebeintroducing
(1) is energized, a fan which is not shown is

thatdrpatagas dntoothe ifflvabethd6). arfeh, gateffisnstepaehiively nhrge slust in the
(4) formed in the front cover (3), thereby introducing

tatghe gtaisgatlleged andt emiolied bly ahe padfiitef 88). Thehsg secentlhsep, relatively
first step, relatively large dust in the target gas

smadl ddt|ie ctledrified] byettrovieviziyort pact (P fantitthen ((Bns downdeam. The
second step, relatively 15 smal|l dust is electrified

clgpyrifiesedishns teeni enlepiad tand 9ymaved! bnére duswellemiandiltee k). In this
The electrified dust is then collected and renoved by )

wayhanest of teodrddnithe targdtigas ip Tollected andhremovedyby hssstage physical
the dust in the target gas is collected and renoved by

trepiRedt age physical treatnent.

Then, in the third step, the target gas which has gone through the two-stage
physical treatment is introduced to the discharge device (11). As low temperature plasma
which has been generated by streamer discharge between the discharge electrodes (13) and
the counter electrodes (14) of the discharge device (11), the target gas passes through the
low temperature plasma generating region. At this time, highly reactive active species
(fast electrons, ions, radicals and other excited molecules) derived from the low
temperature plasma have been generated between the electrodes (13) and (14). Upon
contact with the active species, hazardous components and odorous components in the

target gas are decomposed and removed. Further, since the catalyst part (12) is arranged
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Then, in the third step, the target gas which has gone
t hrough the two-stage 20 physical treatnent is

i ntroduced to the discharge device (11). As |ow
tenperature plasma which has been generated by
streamer di scharge between the di scharge el ectrodes
(13) and the counter electrodes (14) of the discharge

oB5Fe gt Sl IRR SBRABRPRE0 R DR i o b e
o KeBBE b U ABNY B BEFS o et HEE oo i S Lppperature
P 2 RUBAE0N SESLAS R Y R OBRRE 3 S Yoo and
Rk RSBk e SAPAIRY B AEREC SRty AT o it o
offifdR%ed. Further, since the catalyst part (12) is

arrariged 14 close to the discharge device (11), the

g T . _ o

oo i Qs B8 P ShodRed 8ol Ml o i e

iz dEORIdnGHITAIHeOh outIBE(S) BAIRAMA A Wsihg bBLARNT. and
the catalytic function exhibit a synergrstic effect,

t her qhy cHR6:0MPRAIAG: #dsound TRYdNSy SRANRAZNHRYS was examined by
conponents and odorous conponents in the target gas

exbefileRd. 9/The %esaftf hreicRplained DBRwWE ar get gas purified by
the above-described process is enitted outside in the
UPWaFIG.M (o€ biagh illuseftihd 8n akferdikinkBly-diRdind RYAtdBship between the
the casing body (2). The effect of reducing the sound

digage 1Y) sbiedredistiasedaleg@odn sl B x@dNihaesbuBier electrode (14) and the
experinment. The results are explained below 10 FIG 3

frégeacygvapbund duriier aitdangr alischaper | hetiakiperiatehei swedmer discharge
rel ati onship between the distance (L) fromthe

wehl cmbal gethe ldeschargel deit3) 1 )dnélbding antisehaegeelbstosties (13)) provided
and the frequency of sound during streamer discharge.

withn théi sojestpey idivelrge sindeait@y adilsthhaflgle comes elavsatbsi (14). The
t he di scharge device (11) including the discharge

fregjuendtyr otigs $ou8Y madsvby steamirt dischaczepwos echsured precisely while the
di scharge ends (17) and the flat counter el ectrodes

dlﬁtasxp)%.(LTg@twgn thealpstindss @8) ak(14pwasivariede Be Steqesnsyof the sound
di scharge was neasured precisely while the distance

showi ip Eiae%w a4 peassireeent od dle ¢engy Teaquericyf thiasoupdrheds by streamer
.The frequency of the sound shown in FIG 3 is a . )

dispaagar e%b%ﬁel“éﬁf frqpuepahmentioned dissaie ys B foguencyatdvhigghe highest

soggd Sp}rer:sgl?rgelrevel of the discharge sound is obtained in the measurement on a

frequency-by-frequency basis.

Referring to FIG. 3, a solid line (e) represents a relationship between the distance
(L) and the frequency of the sound obtained when a current value (current density) per
discharge electrode (13)' was set to 20 pA. Further, a broken line (f) represents a
relationship between the distance (L) and the frequency of the sound obtained when
current was passed at a minimum current density required for streamer discharge in
response to the distance (L) between the electrodes (13) and (14). That is, desired

streamer discharge may occur in a region above the broken line (f), while streamer
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di scharge. The center frequency nentioned herein is
the frequency at which the highest sound pressure
| evel of the discharge sound is obtained in the
measurenent on a 20 frequency-by-frequency basis.
Referring to FIG 3, a solid line (e) represents a
rel ati onship between the distance (L) and the

L R L
0 _A. '
T e A AN e EE D
o GHYSIRY: Lobdie GRUNGARLAT R IEN, 25 GTHE RS by srcomer

rrent’ density require

SRR O DRI kbt o
SR LR G Y FSE P SRR ABRLR AR for e
5O a7yl 40 50 B A B B Sk sl st

reflctd the dRidehdd ﬁm@%@tﬁefbﬁagagﬁsﬁia&:@t rode (14) is

reduced, the frequency o e sound 'made by streaner

di schafgfhd RCFRASE SvheAths distand@ (LY 88wLER ML ABcttRRE (13) and (14)
that the reduction of the distance (L) 5 between the

A8t B GlrEARRidchAe 3090 (k) tha gl 86 Mt doRAd kRedel$T® KHz on both of
required for charged particles (22) generated by

th& Lh&PW andl (5 C hTRGBriken NRBQH hiiRaes itk ekhdl Betdiqdee (L) is 9 mm,
(14), thereby reducing the residence tine of the

stieftasgedcagd ntlyescctied) a Refar rdefgtyt 6f Hbdat B) pwhen hidgher and the
di stance ~L) between the el ectrodes (13) and (14)

freduendygoStheesimd adillsa anges taiselOuprio abdie &5 &dfirenEyrthér, when the
the sound exceeds 6 kHz on both of 10 the lines (e)

distmcte () . is Bhennlr wkieh ikithe sbh} viah@i ssathas etphiyed whethist rebodiment,
di stance (L) is 9 mm streaner discharge may occur at

straamnerr dischargie msiyt yeak abowturd@ ddnditprofhibgherd pAdot hegher and the
frequency of the sound at that tine is raised up to

fregbendy o .the dcind aFthat Heve,is further rdited updp sbautcekHe.L ) Inj thissvay, if the
mm which is the same value as that enployed in this

fragirtrodi ofetht sousd e énidiz di bighar, gbe disphayge soumt isahardlyr pargeived by
density of about 3 Ii A or higher and the 15 fr equen_cH

hugfantHearieg untheatpneh dimit pfrthe Sedugneshef theajoyad iy pubsgantially 20 kHz,
about 8 kHz. In this way, if _the frequency of the

preforhty 305Kz rpichyarelal g mpessibleifos dhedrieandeagrBE fa sense.
har dzlﬁu):/coegi;lg %{i) \éren%o?lyment 1 described above, the frequency of the sound made by
streamer discharge becomes 6 kHz or higher when the distance (L) between the electrodes
(13) and (14) during streamer discharge is not more than 10 mm. On the other hand, the
residence time of the charged particles (22) between the electrodes (13) and (14) is a
reciprocal of the frequency of the sound. That is, when the frequency is 6 kHz or higher,
the residence time is 0.17 ms or less.
Thus, according to the present embodiment, the electrodes (13) and (14) are so

configured that the frequency of the sound made by streamer discharge is controlled to 6

kHz or higher. Therefore, the frequency of the discharge sound exceeds the frequency
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human hearing. The upper limt of the frequency of the
sound is substantially 20 kHz, preferably 30 kHz,
whi ch are al nost inpossible for the human hearing to
sense. According to Enbodi nent | descri bed above, the
frequency of the sound nmade by 20 streaner discharge
becones 6 kHz or higher when the distance (L) between

SR LR Rl e B bbb TR ARG i ofscame
1h .eSi-0 ' f th h d ticl 22
dl%%‘?@\ﬁgéié#tf%cgﬂe er‘(g: urrgg%{gs (12) Caﬁtrjg((aml)oéirsl ; e?e((:i p?r ocal
O cul IR LRI Btk e Bk HhBDs [ povicedwit

frequenc resi dence

. T ' t
o 3R e AR 7 R gy 90 o e
i i
OSSP 26 ok b o COUERSH 10 oMy o e
. f.ar: -he: di .
s ooey S IndEenayeohedhen seherd, s domposig

taRRf SRIWiaPhisnderilienduman hearing. As a result, the
noi Se of streaner I scharge is effectively reduced.

I'n t RRcR RSB HhaRRRAA (1B 1298 ha®h thibnedi &DRBKIR as 0.1 mm, more
el ectrodes (13) 1s provided with two or nore

ndRiRethi el trfl SADH %eﬁt'ﬂéiﬁn&ﬂgais@ﬂﬁ%ei‘égﬁﬁﬁﬁfm @iesdiﬁt@lﬁ%% end (17).
is carried out between 5 the discharge end (17) an

AéDdelihylat spaadikeHar® ©aédstely(tdDecurl NIThiCaMwsofuithéd Rduction of the
expands the discharge region to generate the active

distpeei (B3 betvedn R dastrodéL@d) dienahy Siacoipesduegot bethe distance (L)
target gas with higher efficiency. Since the discharge

inevgkef 19 elestric! Atldainttnkias the tchirgkd gaficlat) (223 ihdreaseain drift speed,
1 mm nore non-uniformelectric field is generated in

thétaey eidacina tigeresidgna@ntirie ofithe hhaged phaictps (22)d  (Ib¥,.the fidquency of
Accordingly, spark discharge is less likely to occur.

thd Hisshaapd sowmd fisifrther raiseduihereby rafucingehel nsisant strgain)er discharge to a
bet ween the el ectrodes (13) and (14). Since the

gregehiaxtanbn of the distance (L) increases the electric
field intensity, the charged particles (22) increase
i n dii Embodiesht 1 dheribby abevucd diyectheoltagsi ideanplied jagea discharge
of the charged particles (22). Thus, the frequency of

voltage difost Itker gewsbaeice $18)upf Hr diseliasgel deviser@by By so doing, the

reduci ng the noi se of streamer discharge tog a 15
opgraign epsteftthp discharge device (11) is reduced.  IF the discharge current value of

the discharge voltage is controlled to a certain level, the frequency of the streamer
discharge sound is stabilized and the occurrence of spark discharge due to abnormal
discharge is easily avoided. Thus, the reduction of the discharge sound is achieved.
Embodiment 2

Hereinafter, Embodiment 2 of the present invention will be described in detail with
reference to the drawings.

FIG. 5 is an exploded oblique view illustrating an air purifier (1) according to
Embodiment 2 of the present invention. FIG. 6 is a cutaway top view illustrating the

inside of the air purifier (1). Similar to the air purifier of Embodiment 1, the air purifier
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In Enbodi nent | described above, a direct voltage is
applied as a discharge voltage fromthe power source
(18) of the discharge device (11). By so doing, the
operation cost of the discharge device (11) is
reduced. If the discharge current value of the

di scharge voltage is controlled to a certain |evel,

(1)t SBPIFIER oS R FODRE A FRREST Ot SHESRRYY cchar g6 due

o cHIOETL LS| 6o PUARY g s e s
o L ESTER B R B TR RS pRSSRE s o
o, B ST o A I e
PoBEBESITER 1l BRI o L 0 e ot o
S e Pl St eyl

1 G5 e (8 4 B IRl ARt T v
beﬁae;é{l 26 a9 iﬂgﬁ"(g’giaﬂ?ﬂéghgr_ o%lefrt f(S’)'.‘lt 16 W ot Patt gs),bearious functional

to the en si I'mlets (4) are fornmed on

col?lggyﬁl}ngé eﬁt%?lggg gﬁriﬁéa{ﬁ%fitan& QN cRirifad thl Hert (20) for QcuRANE Ehe room

e roomalr as a target gas into the air
irdn RS BbWSath (6} e BREdge@lin HRE ok @R RInAtIR §strbdi o€ @sd RQm air flow
alrggdy (2) cal ogégr to thgg kﬁck si de ther eo]g an air

(frOttch€botfon irl B gy.med to al low the roomair to flow
outside. In the casing body (2), a flow path (6) for

pas STIRg flrRAAl dondfdhengh7) inclifleps Prdfded (8hehwerizatidre part (9), a
air inlets (4) and the air outlet (5). In the flow

difeBdrBe (6Yice VAN Hsst boMetibe fidder (109 an® B@atalys{ Hterf (d2) airanged in this
purification and a centrifugal blower (40) for

orddr ' oh afhi NgJodeBe t¢ AlMbAt abveri (3)1 hBufthewapatvrer (®)yrer €18) for the

arranged in this order fromthe upstream of the room )
disthargé Idewvicé f(1 Dnistpgrevibat tromlowerrbaakeart Thihefaasiogibodsl(2) of the air

conmponents (7) include a prefilter (8), an ionization
pupified (1§.9), a discharge device (11), a dust collection

filter (10) and a catalyst filter ('Hﬂ arranged in . |

t hi sTheoprefitted (B molidets relativelytlange dublanftheormoncgier Tiesipnization part

Further, a power source (18) for the
(9) electrifies relatively small dust which has passed through the prefilter (8). The
electrified dust is collected by the dust collection filter (electrostatic filter) (10) placed at
the downstream of the ionization part (9). The ionization part (9) is made of two or more
ionization wires (9a) and counter electrodes (9b) corresponding to the ionization wires
(9a).

The ionization wires (9a) are arranged in front of a corrugated member (15) which

is in a corrugated configuration or in connected substantially U shapes when viewed in
horizontal section. In the present embodiment, two corrugated members (15) are

arranged from side to side. FEach of the corrugated members (15) is formed with a

plurality of front open areas (15a) and the ionization wires (9a) are arranged in the frqnt
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15 di scharge device (11) is provided in a | ower back
part of the casing body (2) of the air purifier (1).
The prefilter (8) collects relatively large dust in
the roomair. The ionization part (9) electrifies
relatively small dust which has passed through the
prefilter (8). The electrified dust is coll ected by

_ oﬂepacegs(i§ac) B:l ei%{llvgg Io st t%rex (%11{1% Igd Jcot teﬁlé)l?\(véroénd of the

reamo IOﬂ

REEHIE Gl e
wited { ZBR!%'nHQd Bg % ﬁﬁ'c%ﬁh?&@d ‘Pﬁdér@o%rs él%i‘%vhl §erves as the walls

I on tron wre are arrange In f

d%ﬁ#%‘ﬂ@tfﬁ% gﬁé‘ip%reag 8‘155)21 Whiebh pla@esé?ﬁ‘ar@%lﬁ&%tt%q'earward surfaces

conti gurat | In"co nect ed substantially U shapes

th%@r?ud%’dt%gmb&s B5) RO filof Y g%!re ﬁ%—&ﬁél%‘the'dﬂsﬁé&ﬁe&&@ﬁﬁé}t(m)

two ¢ rrugate ers are arranged

fromrpi ‘aﬁscﬁeﬁgcs H&gee @ ﬂhc‘ﬂjdeg R&o &P Eﬂdﬂ@@&@?ﬂrﬁ@@f@&f&iﬁ:@ %ﬁ) and flat

is formed w urality of front open areas (1

c(ﬁtﬁﬂzr ERBrbRR I(pﬁ)tobg&ewms 8% difRhrgdlRchbd NS résﬁedtﬁ@ly

front 18 open areas (15a), respectively, so as to

ext enye fdi RAAkH 14BHEs @Bﬁg atD1ihde drovershard £l dddheed behind the
corrugat ed nenber (15) he counter el ectrodes (9b)

cERiphed m%e?@ﬁlsp t Aestiow hddnl @ilargddd sltRjué Yedw af thelfdidcivge device
by parts of the corrugated nenbers (15) which serves

(1ap of FEGWAM| she dietHantanelettheich (@3 avpRppoteinby (eldapde holders (20)
Mesh plates (19) are attached to rearward surfaces 5

extdilirgoin thigedreich] dradinhsin (ddrJopsw atehai(15bheftharcerrpgated treinbers (15).
to the dust collector filter (10). The discharge

Eabhvofcthe (eletbjroda bbldeas(20Wis substmtiallyd Usshaped) evheh ed¢waltl s horizontal
(13) and flat counter electrodes (14) opposed to the

sediiec had geroeided tat otbssed I®fitione spidictiowelrdly Bére slippotiaplges (20a),
el ectrodes (13) are linear or rod-shaped and arranged

rebyehiivalyt hBhe bunar ogatdeshapedrisclargd Slectrods (éﬁbmuppomd by the edge
enl ar%d obl i que view of the discharge device 10 (11)
cmﬂon:p he7syppetelate iharvduckeiseimpebty ald)thadischarge elecirode (13)

pEorted by el ectrode hol ders (20% extending in the

(seﬁe¢ pzantalispesion) arthe dlsphsage dpdpe it BKs 7BL5bln s Wi the upper and
corrugat ed nenber Skﬁg Each of the el ectrode

loper eredssof( the)dischargaslecaide 413y protryie Som m@ewwpmae.(ma) in the
horizontal section and ErOVIded at desired positi

vefiqah dirggtingr oy thsemeseat ppbedinsih tls dischgge electrodes s (13) are made of

tungsten and have a diameter of about 0.2 mm.

The counter electrodes (14) are formed by parts of the corrugated members (15)
which have first surfaces (rear surfaces) (15¢) defining the rear open areas (15b) in which
the discharge electrodes (13) are thus arranged. The first surfaces (15¢) function as
electrode surfaces opposing to the discharge electrodes (13). Thus, the discharge
electrodes (13) protruding from the support plates (13a) are arranged substantially parallel
to the electrode surfaces of the counter electrodes (14). Further, spacers (41) are arranged
at the upper and lower ends of each of the counter electrodes (14) to fit between the

counter electrode (14) and the electrode holder (20). In this embodiment, the spacers (41)
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respectively. The linear or rod-shaped discharge

el ectrode (13) is supported by the edge 15 portion of
the support plate (20a) which is crinped to hold the
di scharge el ectrode (13) (see a horizontal section of
the di scharge device in FIG7B). In this way, the
upper and |ower ends of the discharge el ectrode (13)

AR SR LB O o
o LIRS, Gl BN S MR MR o, 1 o
of im0, s LB PP IR 84 0 o

def i FH]Q gle&tpcfstag cefﬂf rif’@'}& 53%‘&16%1]&?31)6 do&m‘@ﬁéagllﬂ oﬁ_ﬁlg%fscharlge device

di scharge ele are thus arrang
(lﬁg[)g@%?ecfraég% figl Jd &ll%t?té lr%% g%t e ﬁﬁied bty the ionization

Bﬁ‘ﬁl%euéoaéleagﬁ tesﬁggt%z;a#gésgfyg(ﬁt 10t aﬁl{/src S@l&%@nﬁ&%@%’cbr} on the
ddvﬁ%tr@zhﬁ stFRde FHE ﬁgt%éatﬁ’i stti6 GurBRY AL iR at lﬁgﬁlgﬁgﬁ"éa({tljvg)substances

Further, spacers (41) aré arranged at t
(al:t%@e§pe§1@9§u&f aS 3t uBhs, libss, CRBRE §hd ?chﬁ@il:g)ogleﬁm( Mﬂpeﬁ'ﬁure plasma

fit between the counter électrode (14)

geRbREddr Ig)d disbRdrgerin (1RO )chschﬁ}fgte hie$ice @yl 'tcmia%motte hrfec§ﬁ’1§6§f1§n of the

(41) are made of insulation porcelain. The spacers

hazdlipuk eRfphef®r 4odl SHdib St eigsonehts iRebY@EAr. t"ﬂﬁ: hd@@caﬁﬂ St is, for
the di scharge el ectrode (1 and the counter ectro

extibple, timnithi SixoRHe diike xidel NEnghtel ARRR 61'—)06.5@1‘11&&@ eihlﬁde The
the el ectrodes (13) and (14) is set to 6.1 0.3 mm
elddnestatie filieostttis & fd-tdiRd dldfyd FikePasidhi Qr@(ﬂn@hteﬂ Réhen viewed in
downstream of the discharge device 5 (11). The
hoeizenthirsesticat i ¢ filter (10) collects relatively snal
dust electrified by the ionization part (9) on the
upst Thacatdyst ffaee (B ds swpnged tistha dptvastesaat af ths eleCpbstitic filter (10).
sem conductor) on the downstream surface. The
Thetratabeafiltby@2) ismbde bhebaschatedtled dloreyghhy strecdote and a plasma
substances (active species such as el ectrons, ions,

- caphisheuppitedadii ctiesyurfase | ofivtheebper anajeréalpl dske the above-described

generated by discharge in the discharge device (11) to
phgtogafalyet, deec plapos i atabypt ¢ fiurther Potivaiedbsiohe hightp aerstitve substances

and odorous conponents in roomair. The photocat al yst
(aglye spegyies sHgh 8 electrpps, agmisy m@emﬂ.r@{@calﬂ imcthe YW ésmperature plasma
tungsten oxide or cadmumsulfide. The electrostatic
gemrﬁfteé rby( diggharge in dh: dichasge slewise ddI1¥ 14 PEomOlR| degomposition of the

corrugated when viewed in
hazardous components and odorous components in room air. The plasma catalyst may be

a manganese-based catalyst, a noble metal-based catalyst or a catalyst of these kinds added
with an adsorbent such as activated carbon.

During the operation of the air purifier (1), the centrifugal blower (40) is working
and room air as a target gas is passed through the flow path (6) in the casing body (2). In

this state, a high voltage is applied from the power source (18) to the ionization part (9)

‘and the discharge device (11).

When room air is introduced into the casing body (2), relatively large dust in the
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hori zontal section. The catalyst filter (12) is
arranged at the downstream of the electrostatic filter
(10). 15 The catalyst filter (12) is made of a base
mat eri al of a honeyconb structure and a plasma
cat al yst supported on the surface of the base
material. Like the above descri bed photocatalyst t he

ail ksa(‘?omct%ﬁ'tb t¥1$: é’ﬁl ilter lé{) et ggér!g\e{aalt ea(,jsse tél%gl%lhtlhg ré(ﬁlter (8) flows

Feactive s

to%Ja?CFtIhE (ﬂgﬁza‘uog 'b%n 4@2 o@ﬁle%cr)] gg %‘%ﬁ'ls?ed hgtwtelgg e} 10leat10n wires (9a)

ure p as genera e alr ge
f
o 5520588 458 A1)y 00 OIS FESTTRRRL 01 e o

2ifli§ - lJcRﬁﬁQi as ng? Cl%tn%l ﬁftt B&Héﬁgﬁ?a 1‘?&1 ARG AHLGS %ugaﬁggvs toward the

cat a yst e net al - base yst or a cataly

el&dtrosfARS B dtgﬂ g@z %glecﬂ‘f A 435 18ESR-RAYy ‘c?éJ gﬁcﬁ‘&tauc ﬂlter (10).

activate ng the operation

puri ff eke ﬁi's):hargg Qie@i%@t(ﬁlf uga/ te%ﬁ%%ﬁre dﬁlg%]mésh EDJe%h "Enerated by

and roomair as$ a target”gas Is passe roug

sthehiQ¥ &E@éﬂ?ﬁré@l}et{?\r@eﬂ 1€ ERbhRY eﬁ%&%dész()m) Jnﬁl tHeoulMe® electrodes (14).

state, a high voltage is applied fromthe power source
THelBlw tetngeRfuicOflhgAd boitritad by (8} diRAsket hﬁvg:'es(‘i!l‘ﬁﬂgﬁls downstream

device (11). en roomair is introduced into the

togaBdriaitth@gYodrd kir, r €l atively large dust in the 20 air
I's collected by the prefilter (8). The roomair passed
t hr oUgh 1dv eereeitintel slasniBorfthiayhighl O YREEvd Athstapbdsz@tii@species).
part (9). Due to discharge caused between the

Up@antcaaidt onitthe sod@ajir, thadhidhhe retitt anbahees rdxdespéLblazardous
in the ionization part (9), relatively small dust in

cotipenermoand edarouscoet@atiits toddined etheaodmaiir. (Whémtheiatgve species
the electrified dust flows toward the 5 electrostatic

reddhl the ele¢ttdBtatanfiltéri@0)e legtare furder dustatddsbc tiel photedtabyst supported
the electrostatic filter (10). In the discharge device

on(thd lectrontaticefriterr(20 Utoeenphmethe Heniymsitiogarfehahazirdops and odorous
streaner discharge between the di scharge el ectrodes

cognpgherdhih thieoan aimt eFulﬁhee,cwh@dﬂas attivg) specithecacloihe catalyst filter (12),
tenperature plasma generated by the di scharge device

thgyiary mychvimortosgtivated dendecasapmish éhe hazardouh @nd edaraais components to a
The | ow tenperature plasma contains highly reactive

sl srEERbes (active speC| es). Upon contact with the

room a| r, the hi %] reactive substances deconpose
hazafd#iig manner, the Toom air is purified by removing the dust, hazardous

components and odorous components, and then emitted outside by the centrifugal blower
(490) from the air outlet (5).

In Embodiment 2 described above, the distance (L) between the discharge

electrode (13) and the counter electrode (14) in the discharge device (11) is set to 6.1 =

0.3 mm, ie., not more than 10 mm. As a result, the frequency of the discharge sound
made by streamer discharge is controlled to 6 kHz or higher. That is, the frequency of the
discharge sound made by streamer discharge exceeds the frequency range which is easily
perceivable by the human hearing. Therefore, also in Embodiment 2, -the noise of

streamer discharge is reduced.
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conmponents and odorous conponents contained in the

roomair. Wien the active species reach the

el ectrostatic filter (10), they are further activated

by the photocatal yst supported on the electrostatic

filter (10) to enhance the deconposition of the

hazar dous and odorous 15 conponents in the roomair.

Fur tihe ACH | [ C c | gt

i1 oy Eppn 18 BE LR e P oo (7 i the counter

elegﬁ'&? P Cark rﬁraﬁ@%cﬁﬁatgﬁﬂél %ngacﬂd&h?ﬁs THRSEE @@tircnsﬁfoth@ tips of the

reater “extent. I'S manner, e roomalr

dieg#%rlgé &t BYe Egﬁg&gg %rﬁhﬁf e %HVJ‘ @ﬁe%[é%%ﬁ {2SONPARRKL the disténce

odor ous nents, "and then emtted outside by

belt(v!éb)%n eRDEEEE MR 1D RWRT4) i%‘keéf‘@ﬂchﬁﬁg%m t RecRithe Gidlah&d ((Ll_))between

I n Enbodi nent 2 described above, the distance

thdQEMRRIRS 118 ol 864138 Bt 18 HRUpkiRHS, (ABIboABUebdibe QEBERIT reducing
el ectrode (14) 'in the discharge device (11) is set to

thdnckse islourely Skefed. Further, W38hinFHeLortindlin UfdtaHee béSean the electrodes
result, the frequency of the di scharge sound nmade by

(1@%@@1@@11%@%9&@@@& i8abIRY bedrdamepdistitargs. hi gher .
hat is, the frequency of the 25 discharge sound nade

by sku-gREEH Bhisdlasge, 8xepe s tHehiisdhaggebnapds A3y do not change in
which is. easily perceivable by the human heari ng.

shadeeeediorie, they Sae | WomrboTherefdtie, 2thet hthereni sdsadbrge characteristic is
streamer discharge is reduced. 21 In Enbodi nent 2, the
mdimeinsd ame dstetiaseh aigharge d¢ tenastd ikl )higrd stdbélityoulhisrprevents the
el ectrode (14) are arranged parallel to each other.
ocdiramed @f espaxky dischaiged hwd wbpsmal didsebargeidedhead dwm the change in tip
el ectrode (13) are worn by the active species and fast
shajeed thodischat feeeleitotlafl3®. bet ween t he el ectrodes (13)
and (14) is kept unchanged. Since the distance (L)
OtbathmbodiBentse el ectrodes (13) and (14) is kept to the
opti mum the above-described effect of reducing the
noi sle kddiom ebyEmpedimsats Rescrihed abRes pihagprepilt opYeHighH may be
di stance between the el ectrodes (13) and (14) all ows
copfpgpred an@HowEn stability of streamer discharge.
Furt her, in Enbodinment 2, the tips of the discharge
el edorfyaodiment |y shadischarserrpgs (1) azmagsd @/ibg discharggglectrode (13)
are worn. Therefore, the inherent, discharge
arce il e TaERIar o HION VR £ P FgkPlen s thisipige ends (17) may be

prigl%rls hardgc?rtt%éarg éldc’\aerg to\/‘%atrﬁt{I thtv.]ei d%)cglrenat e?‘iacl ty. This

In Embodiment 1, the discharge ends (17) are arranged on both sides of the
discharge substrate (16) to constituté the discharge elecirode (13) and the counter
electrodes (14) are arranged on both sides of the discharge electrode (13) to cause streamer
discharge. However, the discharge ends (17) are not necessarily provided on both sides
of the discharge substrate (16). They may be arranged on one side of the discharge
substrate (16). In this case, the counter electrode (14) is attached to the electrode frame
(15) such that the counter electrode (14) is opposed to the discharge ends (17) arranged on
one side of the discharge substrate (16).

In Embodiments described above, a direct voltage is applied as the discharge
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occurrence of spark di scharge and abnormal di scharge
derived fromthe change in tip shape of the discharge
el ectrode (13). OQther Enbodinments In addition to
Enbodi ments descri bed above, the present invention may
be 15 configured as follows. 20 In Enbodi nent 1, the
di scharge ends (17) arranged on the discharge

a I an ' 4l an: f
OB AR S o e, 0 el Bl U VBl My b am
: t he di st al dth fol
Em% a%%?ﬁ@%%e%?wﬁﬁggg?%%ﬁarSe gﬁdg (ig) ar:rggranged on
bot hInsEﬂﬁédiﬁ'{?n{s scrflled GREY S %hesé’eﬁﬂg& ge)r Q%ﬁr‘%wﬂ%}é is made of a base

constitute the discharge el'ectro ]! .
m&ASHAEH o RhSE ERSSS b e@ltBer@bk ARNICH PHhabOInbBseShAES cRhlyst or a

the discharge el ectrode (13) to cause streaner

noBicSEBAI-Ifed HAWBME is AfABedl SCHRI BRvRREEN OF fhe AfsEhARRS device (11).
necessarily provided on both sides of the discharge

HSwhst ot exdrlfi}; thmawyaaﬁnaeg)@q RABEGEEL W RAE ofitiedREharge device

t he discharge substrate (1 In this case, the

(1008} & replecdd KR ah dyorpSo@ bhAGheR §0a bR BhieilrHdean adsorbent
frame 25 (15) such that the counter electrode (14) is

supirRaekkrbeh §uth adhabhrdgarteads 6. arranged on  one
side of the discharge substrate (16). In Enbodi nents :
descAk destribbduboven tith presdnt Vidlehege id Ssedifipor @ dlistharghalevice which
di scharge 22 voltage fromthe power source (18).

petomey @reamiehdischasghardgm anopdrdgpe. nay be an al ternating
vol tage or a pul se voltage. |In Enbodi nents descri bed
above, the catalyst filter (12), which is nade of a
base material and a plasma catal yst supported thereon
such as a nmanganese-based catalyst or a S noble
net al - based catal yst, is arranged at the downstream of
the di scharge device (11). However, for exanple, the
catalyst filter (12) at the downstream of the
di scharge device (11) may be replaced wth an
adsorption part nade of a base material and an
adsorbent supported thereon such as activated carbon
or zeolite.
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As described above, the present invention is useful
for a discharge device which 10 perforns streaner
di scharge and an air purifier. 23 CLAIMS Wiat is
Clained is: 5 1. A discharge device conprising: a
di scharge el ectrode (13); a counter electrode (14)
which is opposed to the discharge electrode (13); and
Cﬁﬁﬂﬁﬁ@r source (18) connected to both of the discharge
el ectrode (13) and the counter electrode (14) to apply
a di scharge voltage thereto, the discharge el ectrode
(13) and the counter el ectrode (14) causing streaner
' .10 t her ebet ween, wherein the discharge
“g#g%??g%%ﬁf%g) and the counter electrode (14) are so
configured that the frequency of sound nade by the
streaner discharge is controlled to 6 kHz or higher.

12. Axdis é}@ev%\ébﬁ%ﬂgﬁ rising: 15 a discharge
el ectrode (13); a counter electrode (14) which is

Oppoéeﬁsélﬁréeh@lec@éc&cgﬁggﬁ &uffel T@%rolid 314) AREHAIPOYRSsed to the

source (18) connecte 0 both of the di'scharge

disteedd slderddb3)13anshdt HgoGRY %bﬁxtrc‘?] g'lgjé_&&rﬁhﬁ@ce& JE&)bloHP o@rﬂgé Mischarge

a di scharge vol tage thereto, i scharge el ectrode

elédi@lde ANG) bAE thObRirRsr QbarIdeqdR) (ol4 19839&1'5:&%%4 KSRARS thereto, the
a

di scharge therebetween, wherein 20 the di scharge

diedhagder eldeirdde3X1BHnand hBe GOURtErel@0at r@ale chishlg atrearfiér discharge
configured that the residence tinme of charged

thp@abétivebesviie2dh generated by the streanmer discharge is
controlled to 0.17 ns or less. 3. A discharge device
conptliesdingharg2Celactide ¢ioyrae tht ecuntaddedibdy (14) Ko Waicofifigured that
el ectrode (14) which is opposed to the discharge

the freqtanog ef 6B ;male byahpsaivenmes discicegd k8pntcadhdeac badi# e higher.
both of the discharge electrode (13) and the counter
el ectrode (14) to apply a discharge vol tage thereto,
the 24

2. A discharge device comprising:

a discharge electrode (13); a counter electrode (14) which is opposed to the
discharge electrode (13); and a power source (18) connected to both of the discharge
electrode (13) and the counter electrode (14) to apply a discharge voltage thereto, the
discharge electrode (13) and the counter electrode (14) causing streamer discharge
therebetween, wherein

the discharge electrode (13) and the counter electrode (14) are so configured that
the residence time of charged particles (22) generated by the streamer discharge is

controlled to 0.17 ms or. less.

3. A discharge device comprising:
a discharge electrode (13); a counter electrode (14) which is opposed to the
discharge electrode (13); and a power source (18) connected to both of the discharge

electrode (13) and the counter electrode (14) to apply a discharge voltage thereto, the
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di scharge el ectrode (13) and the counter el ectrode
(14) causing streaner discharge therebetween, wherein
the distance (L) between the discharge el ectrode (13)
and the counter electrode (14) is not nore than 10
mm 5 4. A discharge device according to claiml1, 2 or
3, wherein the discharge electrode (13) has two or

e T

end 17)., of. the di scharge el ectrode (13) are opposed
ﬂk?%wiﬁ 0 9hEE®ct r ode surface of the counter el ectrode

(R0 e RS 5 55 G, b SRR Boumer e

(hﬁLec%rodeﬂil%@ are flat. 15 6. A discharge device
é%%?d?%ﬁ %3 18 1, 2 or 3, wherein the discharge
el ectrode (13) is linear or rod-shaped and arranged
substantially parallel to the counter el ectrode (14).

4.7 A g?ﬁiﬁféar?%a%‘{i&eee[ccgfdg%’é deghid £ ? oft Ed{wﬁ&}éﬁf ge device

accor one clains 0O to 6 for treating
a t Yotk PRULL Do bPRolANEREHSRSisBRINESHIs (17),
botﬁhgﬁéce f%?r%}es(?%g%' a%g %?i@é %%1§£ ® 1n

the counter electrode (14) is flat, and

the tips of the discharge ends (17) of the discharge electrode (13) are opposed to an

electrode surface of the counter electrode (14).

5. A discharge device according to claim 4, wherein

the discharge ends (17) of the discharge electrode (13) are flat.

6. A discharge device according to claim 1, 2 or 3, wherein
the discharge electrode (13) is linear or rod-shaped and arranged substantially

parallel to the counter electrode (14).

7. An air purifier provided with a discharge device according to any one of claims 1
to 6 for treating a target gas by introducing the target gas between both the electrodes (13)

and (14).
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