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DI SCHARGE DEVI CE AND Al R PURI FI ER BACKG?(IJNI:‘)”—:T(]: THE:
I NVENTION (a) Field of the Invention 5 The present
invention relates to a discharge device which perforns
streanmer discharge and an air purifier. In
particular, it relates to a technology for reducing
noi se of str j o)l of
Rel ated Art ﬁﬁ%ﬁ%?@m%m&ﬁlﬂﬁ rge
devi ces have conventionally been used as a 10 neans
of deconposi ng and renovi ng odorous conponents and
I&?ﬂi’ﬁ COPRNE t i ng plasma generated by
B‘S?Skg%ar gep (g\m)ng \;n\]a—\r?'?gl{]réoglisschar ge- based air
A .St reamer discharge-based air purifier is
@2§%¥5fﬁ%§ gr‘ﬁ%ﬁonpos!tion of the hazardous
COWD?H@E;}@_;BQP ﬂl\%ﬁ&&? LRk @0, qﬁ’s%P&r%e' &eﬁfl&' %ich Perf?rms streamer
Itron e a ctric

deconpo Icrency at are rvely 1 ow ‘efe

R o B SRR, BTN 0 i i o

St@ﬁﬁé&gscﬁ%)i i ncl udes projecting discharge el ectrodes
(30) for dgenerating |low tenperature plasma and fl at

(bFOLNiBloChEREERESSt (31) opposed to the tips of the
di scharge electrodes (30). Discharge is caused

bet WepHutifiersehB¢ide@ Rt 83 har Weed hal© cORRELISARL TR Jised as a

| ow tenperature plasnma, and then a target gas Is

mdafé bPdeeaoLNEMHRGEMBOM o us QmpdReM@ g BPMSdous components by
conponents and odorous conponents contained in the
usih@r&mdd @énch@e€ Y Aithar@Ct I MBoSPREHAS dikashgebCl I purifiers, a
ions, radicals and other excited nolecul es) generated
strégmdrhéiscHagyy-baeP edintpikigieP i SuBabik Nfot NdeSopYsitibMesfethe hazardous
conponents are deconposed and renoved (for exanple,
compenchapmidetedbiiexian dvedo Rgthegh ddubipbsidbh effidincy at a relatively low
2002- 336689). However, streamer discharge nakes a
elecieicgiomeel y | oud di scharge sound due to 25 electrica
breakdown in the air. Since the frequency range of the
di sdiiér §eshoorndsdibemast gonfigwatidil yf bidehyrgeoddvice in an air purifier.
per cei ved by human hearing, the discharge sound caused
Thiydistherge device (29) includes projecting discharge electrodes (30) 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.



operation of a streamer discharge-based air purifier

may possi bly be recogni zed as a noise. 1 Therefore,

the streaner discharge-based air purifier is regarded

as unsuitable for places where certain silence is

required such as living space and small stores.

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

di scharge sound nade by streaner di scharge can be
Thereflueettle stredmeradischaciicstedsed gie pailfiler xeregpraled cahinsuitable for places

conpact air purifiers for consunmer use. That is, it
whgfe ¢ertpin gilesen islrequiredrakle af iving upaeahdtshallivtarhs. However, to put it

deconposi tion efficiency of streaner discharge in a
thepther waghijeuest, if the|dischargemmmvmeie HergapERiECloNge can be reduced,

Enbodi nents of .the present invention seek to reduce o
strepineg disgparge a‘flﬁ é’ﬁél?@]é“g CeMPAF MPUsHIerH foFSoRguITe) yag. That is, it

wil RERRBITe &6 s ] 8o oF FHE ki, IRRSFORATR pRgency of srcamer

. or of .t ir purifiers. Enbodi nents of the
d”%%%%@ﬁg%ﬁﬁgé F8EE§?% directed to reduce noise during

SE OF TRENRFEENTPION NCT easi ng the frequency of
sound nade by streaner discharge to a |evel higher

t han LG dft QBUSNGY pFRBAS VKGR sbek B3sdlcé &%Qﬁia\’cﬁggﬁgrge device

by human hearing. According to a first aspect of t

whitR eifdrnisie i bofiscHah®y © theketheiseRsgd deiiss g@ﬂﬂ:ﬁble to consumer
devi ce conprising: a discharge el ectrode (13); a

aicputifices, tedretot ingpaevidd the pebiincSohp ek @drifigs. t he
di scharge el ectrode (13); and a power source (18)
connBmbedintentsh of hthef predeat dnembian gee dir@tdd oal ereduicd) naind during
the counter electrode (14) to apply a discharge

strggineradjechargerst increasing thei feauanqyeofesbund made by s8%araerdlischerge to a
counter electrode (14) causing streaner discharge

leyqh bighpethap the, fregmency rangerehieh iseasibygreresivable ydwmandiearing,

the counter electrode (14) are so configured that the

fr eq‘g%‘iﬁ’é ngto aJirssperd O the eseahHyentien dhe gepioyided a discharge

oG rprstis: st o I3 Ra courteerior FltaLmLyBioh isgnposed to
the{j %12&%6832{3@%)%%33@? I%ﬁ gg}o%gﬁtlgfrg%[ 1;83 ﬁglﬁlr&g ?e%t tof’talo%l\l\li(){‘1 glei (ﬁscharge
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 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



Since the discharge sound actually made by di scharge

shows variations in frequency, its 2 center frequency

is the frequency at which the highest sound pressure

| evel of the discharge sound is obtained in the

measur enent on a frequency-by-frequency basis. Now, a
detail ed explanation is given of a relationship

bet ween the sensitivity of the human hearing and the
center)irenuynaf issthafekquthey sewhidch thetlyigbésttsoend poessure level of the
hearing to sound varies depending on the frequency of
disglargptpwad ismhiziaedindhe mepsugement on afigguank-birdiganensy basgs.

sound_usin our]d |l evel . nmeter or the like, in o

generd%: as‘fﬁt%%éa EXPIARAGER 1Ll et ¢lecielafianship befvesncihe sensitivity of the
hfor ach fr ua?c§ of .t he _sound so that_the

o ‘?ﬁ“ﬁganﬁi&ﬁ AHERSY 9h3 B4 ches t he magni t ude

' . h h i ng. . I

e LI il oL e IR DDA ial e BB B ey
of‘]tlh? sguﬂ@ Oﬁhé'réf?)'t’é] dfol' ﬁgfaehnﬂi%f Elfe ma?n&?c&;r SE édtu?lﬁ L{sﬁfgt f%Sound levei '

re st1¢ s added to or

erred to as A “character

m8tePbf BEURE, ff QiMefN GuR IO duRESS Sor&etioR Y€ barfie® S0l 82 frequency
the frequency thereof Thus, every sound | evel

ofapp keaRh&SthaekRteriiRdakshinduge S8MShéHY thd/mabnitdde®erceivable by
human hearing. Wien the frequency is in the range of

thaleurhard Hebbingr Fok glxample hespedifian i kHounl h@easurement method
correction factor is a positive value. This indicates

confermingdo HIBgh 1A62 " scmdr leeelgmietzes, hherrestiomdadtor tefidrged to as A
range as relatively strong sound. On the other hand,

charpeteristie i addpdenoy subtracted Apmothehsoghé pressime lewal rdependang on the
factor is a negative value, indicating that the human

frepugney, therqodc bl £eery spend leyaldanpioadhes neases) sheaudible sensitivity of
rEI atively weak sound. Thus, the frequency of the

the Brmap Pated has a great influence on the sound

R A0 8 el BufEh o s
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sl 15 141 890, e, DA ELAELRE B Pl Alhency

kHzr&QHﬁ{k‘f)é%e ;&grrgaﬁ)nsﬁ&ﬁfdis@&egaﬁ% $h10E ANB it ShROMHI Bubdin hearing

controll
recognizes the sound in this range as relatively weak sound. Thus, the frequency of the

sound generated has a great influence on the sound level perceived by human hearing. 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 an embodiment, the electrodes (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 exceeds 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.

| Disclosed herein is a discharge device comprising: a discharge
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kHz or higher. Accordingly, the frequency of the

di scharge sound exceeds the range of 1 kHz or higher
to less than 6 kHz which is easily perceivable by the
human hearing. Therefore, the noise during streaner
di scharge is reduced. Disclosed herein is a discharge

cleARMe G €3)C Q WREtS %814?1 ] 9&{112%191@ oppoli €5t e‘?ﬁ%hé{ég Lecflode (13);

counter’ electr ppose to t

andd seharsgerce (85 tomidetel 13both oRME cﬁsdﬂ@x‘ﬁ]% el Q6@ 3] df) the counter
connected to both of the discharge el ectrode (13) and

ele¢thmled ddntoerpplyed disthaeghev(ltha) thevetapthe isehstios eleatrgée (13) and the
vol tage thereto, the discharge electrode (13) and the
cougisy relestrode dEr epyeing Istipamerudiselras thesebetweadnsvhearcgethe discharge

ﬁ S wherein the dj scharge electrode (13
clegiigie fo d@BE ﬁ‘ﬂ%i")‘@l‘if‘é@ﬂficgege (h%)ar%ﬁfécgéig@sq@ffbwh@aea ge time of
chal QR UE 05 ste oy wreBnaBRe P Lmp onlpss

B OffelcC8fc ﬁﬁﬁﬁlon‘eﬁg fgﬁgﬂl AL h?e%hﬁlﬁsrgho\f%ﬂe%]elt g‘iﬁc(::hearge and the

mechani ém o st reane char

resﬁddﬁ@eﬁ&e%h@lﬁeﬂ%’&lﬂ&&[dlés@ (22) FIGS. 4A, 4B and 4G
are step-by-step views illustrating the novenent of

t he Fl&SediA, dBsar(dA(r apnstep-be-stinvigad iDastiatiak@be ndkment of the
(positive ions) during streaner discharge. During
clestrons@e} ardi th@ hlmrw panticlesd2R) fpositive fomkpduring strearas discharge.
' Ieader (23) generated fromthe discharge el ectrode
( 13) ‘%‘W@a@ﬁ’é ml@JSé%lﬁraaa@fqrr@aﬂ)to ang leager (23 )is generated
zed into the electro

fmt“z% (iiﬁ@lqa%?e&%%%? 3b£9wr o PP BiFCHOR @ﬁ‘ Atthe tip of the

T o P T P gy i
pot@l?&b[itg?ﬁdlgﬁtegt difge d s?:ﬂf)rge H%? 1?'0%1%@ %stﬁgrilf_h Q%ﬁtpeaﬁwles (22)

by the ionization nove charge electr

reatt Be.countehéle@rdde €1 harged particles (22) nove to the
count er electrodez?14) (see FIG 4A). Since the

c halThe degtaonis i(zl)@nér%@l by elneioaizatdobyotdhed the ﬂiszlaetr'g@éieafcﬁle (13).,
relatively larger in mass than the electrons (21),
whilchthehargsd dapimes (@2)5@10«229 theer epuntaneslectnodel (14)t(sespBlH 4A). Since
than the el ectrons g Therefore, after a single
the gharge(l payticles g?p’-) g@%ﬁ*&ﬁ ¥ deenopzation P@sl‘e](HEZ?IYﬂ@W@SS)iha“ the

elecrtr%ﬁsal(fl), 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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between the el ectrodes (13) and (14) (see FIG 4B). In
this case, tinme during which the charged particles
(22) remain between the electrodes (13) and (14) is
defined as the residence tinme. Wen every renaining
charged particle (22) reaches the counter electrode
(14), the electric field between the el ectrodes (13)
and (14) returns to the original state to start

haL9¢ . . ln wa treamner
FE AL AL @ﬁfﬁeneaﬂ;seﬁ 0l R Sk TR T puise form
1'1:1111%%1:: 4C. Due to the intermttent novenent
d t%ﬁer(ﬁarg d particles (22) generated inthis
cycl [ f}
e Ao RIS AL IS A B RSOy st

thel A&idRhes e of tﬁé-&ﬂna%%& pakfdlear(e2 %elfe%’cfed " Qlednhat dlscharge is
the residence tine t he charged particles (22)

cogeriied ab €d 7oyis st (88 M@Wing to the baefiduation tHel kleast dti@aPerl discharge
ms or less. Omng to the configuration, the cycle of

preseedsaqucklgiis charabeve-pesotbeti sydaiofKFLGS. AA, B and 4C, whereby the
above-descri bed cycle of FIGS. 4A, 4B and 4C, wher eby

frequracy fof dhriepenyd derived dienhel cmentvehich rimwst nethe ipulssnform during
which flows in the pulse formduring streaner

stregnics idischaes beewes %ﬁﬁ?@r Siehsr. QH@FefOWh@ﬁé?eﬁﬂ@lCYthéhe sound made
fre uen of the sou d nade %Hstrearrer di scharg

by sie %@fgﬂa%@eedéft q g oyl éﬁ’é highgt r«tekf'és thagrp fHz which is
eas?ﬁlpg’rce{\ﬁlgl A u qﬁ,@% lges%'igg.r 1?‘?9 e t he ygstpe%r%rer r(Hgscha:rg:,na is

redl ced. According to a second aspect of t he present
I'Avéntion, there is ErOVIded a discharge device
conpAiEPHE & @ swnad qepet vt thsdregan) inventiopy tese is provided a
. r ( i,C

d&!hﬁ (ﬂ:ggce (c_}lvégprf‘émr%dg didcha m%@peg%cgr%dé? §f8§ cginﬁt%g@t Iode (14) which

is bpp(h;edfto Mehhscﬁagemcm@de (&3 andle poda) sainck (1188 comedtedrto both of
el ect rode pply a dlscharge vol tage thereto,

the dischgrge ﬁlﬁFﬁ%‘%f‘e(]éé eRd de samiy qlssiede (b4) tog@plhagisgharge voltage
T T L Ny T
bealgestt coaadigurddohanstehmet dizdearge béage fr@fn 4 kip of ohindi®Eharge electrode

el e(itro e, erej rL the di scharge e| ectrode _has a
to an electrode surface of the counter electrode, wherein the discharge electrode has a

same cross section orthogonal to an axis of the discharge electrode from the tip to a base

end of the discharge electrode, the electrode surface of the counter electrode is a flat

surface parallel to the discharge electrode, and the distance (I.) between the discharge
~ electrode (13) and the counter electrode (14) is not more than 10 mm.

In a conventional technique 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.



same cross section orthogonal to an axis of the
di scharge electrode fromthe tip to a base end of the
di scharge el ectrode, the el ectrode surface of the
counter electrode is a flat surface parallel to the
di scharge el ectrode, and the distance (L) between the
di scharge electrode (13) and the counter el ectrode
(14) is not nore than 10 mm In a conventiona
techni que for causing streanmer discharge, the
el ectrodes are arranged to have a distance | onger
t hamckOrdiig Rehneaiboitiest, e difkandd 81) mﬁe&ﬁiﬁéeﬁﬁcﬁa@ electrode
el ectrodes is extended, the char ged partlcles (22
(13hauné tho cdmmetedsiecardd@r(ge)’ isth@traeeethb® 10636 whidle 1sC§iﬂzElId? fthan the
el ectrode (14), resulting in |onger residence time. As
coryvenaendlly, enipfleydd diguers ywhooébit the déstarnd thatdhe blyarged patieltes (22)
di scharge decreases. That is, the frequency of the
sound is prone to be within the range of 1 kHz or
hi gher to less than 6 kHz which is easily perceivable
by the human hearing. 5 According to an enbodi nent,
the distance (L) between the discharge el ectrode (13)
and the counter electrode (14) is not nore than 10 nm
which is smaller than the conventionally enployed
di stance, whereby the distance that the charged
particles (22) 5a generated by streamer discharge
have to travel is reduced. Therefore, the residence
time during which the charged particles (22) remain
bet ween the el ectrodes (13) and (14) is also reduced,
t hereby increasing the frequency of the sound. Thus,
the frequency (center frequency) of the sound nmade by
streanmer di scharge exceeds the range which is easily
percei vabl e by the human hearing, thereby reducing the
di scharge sound. In an enbodi nent, the discharge
el ectrode (13) may have two or nore projecting
di scharge ends (17), the counter electrode (14) is
flat,. and the tips of the discharge ends (17) of the
di scharge el ectrode (13) are opposed to an el ectrode
surface of the counter electrode (14).

Sa



The term "flat" which describes the shape of the

counter electrode (14) signifies that the counter

el ectrode (14) is small in thickness and planul ar. For

exanpl e, the counter electrode (14) may be in the

formof a flat plate, a punched pl ate having hol es or
mesh. As descrj bed above, two or nore projecting

BRI ET @SS d[seharen havaiogiavehis TeflceinEhere s heyessidence time
S H e bk EPaHES (S R b awasrpdred TS and (14) i also
refiiliy 58 BireSb P reseRe B e SO ToESOE Tephipoy (center
irdiueHER I BE Soditihide By SRBINE AAGIS ALedR, BELRRS siicn is easily
PRI e RéhaRRLIRE LSy (REhE IR Eh e oA, [ 1)

| eadpf ad ddbodiffent Bfelifchare®)el@b&NAS) GRFHRIE WS Y nfdr®Projecting
the discharge el ectrode (13) toward the counter

dighagt eade( 171 4he cdunta dl@@iodd (IM)EE ¢lat, had the Aps 6EHR dA¥darge ends
is generated (discharge region), active species (fast

(18) ef theodischargmslectraidi (18) are eppdsealt foean ebecirddedsurface of the counter
nol ecul es) for deconposing a target gas are generated.

elecirede(lépt r ode surface of the discharge end (17) is
relatively smaller in area than the electrode surface
of tHee teannflay" vehick dessaibeg the)shapehel e sownter plectrode (14) signifies

i scul e ak% extends. in a flared shape fromthe

thafj 8¢ KAPGET Elfgr0q7 Y | Dotiesraall i Uipkise g RleRH B oF sapmple, the
cople el B U] seasas inahe Beomadti At PG L e o gag holes or a

HH§§ a larger area. Since the discharge el ectrode (13)
'S provided with two or nore discharge ends (17), the

 Tho SPUERERHeNRo) Roft HRGTE SRR ERTAIERe Giridedon
e RALRL0L ) W8 ofl SR Sl SR BERERR, HBSptaree ncs

(17 14 10 CRRIRE i THEAT: d RAEAY, -strbABEC BN ISR BE bRl DeBvedn®hd Hischarge
amount of the active species.
ends (17) and the counter electrode (14).
As described above, streamer discharge is caused by the movement of the electrons
(21) and the charged particles (22) between 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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The di scharge ends (17) of the discharge el ectrode

(13) may be flat. The discharge ends (17) are nade

flat and thin, whereby the discharge surfaces of the

di scharge ends (17) are reduced. By reducing the

di scharge surfaces in this manner, nore non-uniform
“electric field is created in the discharge region. If

tth dLstjnce H} bet ween the di scharge el ectrode (13)

AFd HE Y&t 8P el ectrode (14) is reduced, spark

di sc b S dod : Q. ] -

Vol t agkditat Bischi gL U1 FEOH) is JBEI LY i of Afre dischaceo nds

(IMYthB Sisisthls € cRRNEs Pa PGFA' shaP® HlolE AHNGH 1B E&:il’%xa{gg &nds (17)

di scharge surface of the discharge el ectrode
tovesldl drctountef eleetdes( 14N MheR@tie b (ddcHirg8 k6564 betwkbelif discharge
in the discharge region. Accordingly, the distance (L)
cloettadedm3 ) drel thk eotmteddsctrodeI) 4)adomed e narger, Hegkhyotbnerating a
whil e the occurrence of spark discharge is prevented.
lapger among ofithe, activenspecieqjui red for the charged particles
(22) to reach the counter electrode (14) is reduced,
t her &by disehargeeida gl D leé therdésgharae glegfodel{@3)snapbe flaide by

stre r_dischg;ge. Thus, the discharge sound is
r edutBedisehases endphE7) s made flatand; thisy whereby dhe disehwsgersyrfaces of

o e RT3 e AR D et s
oS aARllE P BT (e
2ol oS TRSH L LGBk o ol R

(15 P&RcA) sP&TcQﬁ?c?ﬁréerls ‘iilﬁ(\%\}gtrtg ot%Elgxe q‘h@fef&%?if‘%ﬁ@?«?lg%g is raised too

particles (22) noving to counter’ elec

highl 4tableAtredne® Wlchargé thif pb&M1JHRARrE 18 c&lr. Uglztél‘é ?)?%?%nd, the

particles (22) remal ni ng  between the electro

diseliiige fulkfhke oS tHeadisthatbe eldbdde(139WSrdiiéddergehaic8As nofl-uniform
frequency of the sound nmade by streaner discharge,

elettierfield/inr thd dischage hegiomiAveodingdy, teaditantd dotREgEn thbelectrodes
di scharge el ectrode (13) nay be linear or rod-shaped

(133 a0d 414)anyg be reduded tvdnleithé bycup@ned dBipatio disckarge inpeivented. As a
el ectrode (14). The term"linear or rod-shaped" which
resglsiéme pegtiteddos Hrptharged hetides @B gy ecach dlot cader(cl@yrode (14) is
siqpifies a narrow shape whose
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 proportion 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 a result,



cross sectional area is substantially uniformat any
position. Further, the expression "the discharge

el ectrode (13) is arranged substantially parallel to
the counter electrode (14)" signifies that the

di scharge electrode (13) is arranged parallel to the
el ectrode surface of the counter electrode. (14). The

the residanee) Eme pf thaecehaged tpiadicles A2 )aemeining haeieen(tha pleptegdep £13) and
(13 3 repSeeioShisiaflms Bt ncctene Brassne A S0GRRLe by sireamer
iy PhRe B B ne i p S PR B Count o
countoe - Spatdnc, BLMs 1R P 8 4 AE%pRed M amanged
subét@afadly gsaraled] &6t the dRuhfksd el @@ dvQ 2). bihd Bmf Aflear or rod-shaped”

el ectrons and active species generated during
whiclk dbsribes thetshepabfthadizehdigs eleaifode@3 piigaifies gAarrow shape whose
el ectrode (13) and the counter electrode (14) is kept
Ccrefs sertingabiarpe tetrbetantied lydind foinar ayeng [pesitioo deur(lied) the sxpression "the
.arranged s bstgptially arallel to the counter .
diggharge, 8‘%?1'0?1?4)‘. iprraranges substapfially parallgl torthe seuni¢raglecgrode (14)
. di.schar l ectrod 1 .not change i hape eyen
sy 1B G S50 RS “Rrbod oo i Suiees pianel i BE Rl gaee Surtace of
thé Ic&ﬁﬁéro&i@ctgoé%.) (llélz. L Bec JH% sugfa?fg %?rt coggl%h%?%goldg Hﬁﬁ may be

e
IS malntaln usi ng streaner di schar

flaB labVeld] &in tRE RSB BalrGw Fink Bl § haaspect, there is
provided an air purifier provided with the above

di scAardgscribedi abevé, odtrebimendisoBarge loRE@S fr@ASh&¥ips of the discharge
i ntroduci ng the target gas between both the
cleetratst (130 emTangd) sebmthn(idlly) pavablelotadithey cumtanclectinddi (TN tgward the
the air purifier is provided with a di scharge device
clegode g%wfi%@e foli tbe i eowstes cleteideg (4. Evgn dfidheftipshef the discharge

to sixth inventigons, 8 Therefore, the air purifier is.
clegfrorsy{ L) 17 HRR e i Tk e tomS wed witive Pher ashaied diine discharge,

o SRR A b 505 BE LB S0 i b
S Bt 950478 SARLUPAT O o SRS sl 1
counter electrode (14).

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.

According to a third aspect, there is provided an air purifier provided with the
above discharge device for treating a target gas by introducing the target gas between both
the electrodes (13) and (14).

According to an embodiment, the air purifier is provided with a discharge device

having the functions according to any one of the first to sixth inventions.

8



controlled to 6 kHz or higher. Accordingly, the
frequency of the di scharge sound exceeds the range of
1 kHz or higher to less than 6 kHz which is easily
percei vabl e by the human hearing, thereby reducing
t he di scharge sound efficiently. Since the noise of
~ streaner discharge is reduced, the discharge device
[ ; A i e f.air . .
ThckHor & e B (piick °plven Syl ARG AR o lr el gischpiegand bish

déﬂﬁgp@ﬁﬁgdg%ﬂﬁyectrodes (13) and (14) are so configured
that the residence tinme of the charged particles (22)

I s cABtdr@inke e Arst lasPBetOkhd @fs%h:ggé | dSbtrHE QTP and the counter
di scharge. Accordingly, the charged particles (22)

electrade(14Y aiccl|cgnfigueed thaethd ifkgBedcgof s@indGhidedsy srbsher discharge is
the counter electrode (14), thereby increasing the

cofitr@dlpddn ®ykidf ort lghsoAncbrdinglye theyfrefuceanerthe i cimgg@undsxceeds

a result, the frequency of the sound is raised to 6

thaaange et 1 kgt highsr tdcesctian hdHzawhieh wheastly ipsrceivgble py the human
percej vabl e by the human hearing, thereby reducing

hegmng, fhsrely sgdusinghaulischingefappd effidiensivdiSmyet the migise of streamer
.second aspect,.the electrodes (13) .and (14) are so . )

GigERR oo FEBScd itae dRRBIES dPaRG &1 PLoHhet WeUiRd i wido ariey of ai
di.scharge gl ect r ode 13% and the counter el ectrode

pu%ﬁgys Sﬁ@Fe%HFan AU nun. Accordingly, the

5 et SRS B KL o e o
residBficChAL gfﬁileré g&%ﬁglgg@ﬁ%?sg?og?réﬁec} %;Uﬁ:h% of fesd val?'ng streamer

counter electro equency

dis%mﬁh? & ONBbrigly2ithE Shi@ed gﬁgﬁ’&@s t(%%ﬂﬁ%w}%@{l%é&g%r $ U %he discharge

efficiency. Wth the reduc stance

elefttodel@sy@ahe that&! &ciroas €51)( thddebd Mtbréabh th ﬁeg@gkﬂigg the sound

required for streaner discharge is |owered. | h

madoby ateama dishuaigeeds beesultd tiRcihagtcy oft the SoRRICS $Siséd/tol ®kHz or
ensure a certain distance between the discharge

highé¢retst exasted (lie3yanganwhithés easlyngerasivable beahahameh Hearigg thereby
fromthe aspect of electrical insulation. However, if

redpeing thsi nossgeofiseepmiar discharge.st r eamer di scharge is
| onered, the distance required for the 9 electrica

i nsdicaeidsng tosthg| ssepndeappeetd theTtleeteddss €13) dngd @) are so configured
that%ﬁé idIsita%E:e Pﬁ)oﬁ/e:ihgge% twe Eiir;clrtla?ge electrode (13) and the counter electrode (14) is
not more than 10 mm. Accordingly, the distance that the charged particles (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, it 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

9



di scharge device (11) is reduced in size. As described
above, a projecting discharge end (17) serves as the

di scharge electrode (13) and the counter el ectrode

(14) is flat and streamer discharge is caused between
them Accordingly, mniscule arc generated fromthe

di scharge end (17) extends in a flared shape toward
cliebieicab imsudatiodl BCdls@dedickd) ThEtufsregxipaadspurifeerdh®eRAgRith the
region, thereby generating the active species for
digedhargeplowice ) 1§ isgedwmedgtsizzas in a | arger area.

Therefore, the target gas is deconposed by streaner )

di schardpecrfiednabiovgherprerertieg alineharge; eﬁlée(lﬁﬁ senlies cliathgedischarge

I St et s o S

. f t i h 17). .t :
o RLSHRAE LB o b (s
in":28hed sREIBGArd iR chfeliQibde l@:la) Tﬂﬂdeﬁgggﬂas ﬂh? dischar\gg region,

further expanded, generating a ger anbunt orf actl

th&pIBC igeeratinEh@k edctit€ spédi@ for! @RbmPasing %&%gﬂ%eﬁﬁ MidrBer area.
much hi gher effici enic):y. As descllgﬂ?bedg above, the g

Theiedarieathg targat dss i€ §@Jongfosedisy stiemnteadigehaggenwitii higher(ctRdiency.

are flat. Therefore, the dischapge surface of the

di schiapgthedisbpigsaiediodo kb ismuovided withéiy orgeererdischarge ends
DR SR et S s s 17

1 i d .t hout '
o Sl oG Buorahate, Lol Ao FRETR S birebtee o Rween e
. iy Cald i i _

elegjlcr?&é% rﬁ:? @llﬂl)r(tl 4} RSudigle gé:ﬂl%ﬁ, P;E%ﬁ%lhggrel%gérgzﬁn?ﬁ% Ben&Ry species.

ow n her 1 ncrease I n

TheRfsr8ate Rasd: io8d 8 dedotdposed With midhGigHer effidtcy of the

sound made by streaner discharge 1S raised 1o reduce

t he Al dostréiiedabswe) it dischagzelents (19) ofthe didtchar¥¥ ElocttdtR (13) are flat.
increase in field intensity between the el ectrodes

Therefye, athd disehiprges surdaaeof thi slidcharge dediods dcoimehisyiedl; thereby
stability, whereby the target gas is nore stably |
SEISER Mg BOE naR-unHpign eéwtn@ii%ﬂnéyn the disshargeisgicabdhvea result, the
. the discharge el ectrode ) [ is linear or i
distppif &%ﬁs‘a‘wg% e, %ﬁ?@gas st fsyredusesh pithowty cqusing spark
dis&ﬁyég. %ﬂ%&f QP ﬂl% 1‘6211‘1" tionT(r:o]fe {h%f(ﬁgtgﬂceeeﬁ?),n thlef ﬁet:IE emttelngl% increases,
thereby allowing further increase in drift speed of the charged particles (22). 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.
As described above, 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



of the discharge electrode (13) are worn by the active
species or fast 10 el ectrons, the distance between the
el ectrodes (13) and (14) is kept unchanged. Since the
di stance between the el ectrodes (13) and (14) is kept
to the optimum the effect of reducing the noise as
descri bed above is exerted with stability. Further,

AP B L o SO0 U 1) SAFAERE e
distArlce BE®een HieIRAHER (DY) érﬁle(l@%ig T(gﬁlrtg ﬁled(g)\(i'rrﬁﬁn, (tﬂé-éfgect of reducing

Further, since the tips of t I scharge el ectrode
th¢ hdjse aisalcs@ifddgibond iPRkedt@d GANGSbilityd FaRBBe IR¥SMgithe optimum
they are worn, the inherent discharge characteristic
dijtancaetvean tledelecinbdes { 13¢ ane (14) iaowairgprov emem it edbilk bf streamer
_higher stability. This prevents the occurrence of
dissharek by theslisshargedemet @bhor mal di scharge derived from
the change_ in tip shape of the discharge electrode
( 13)Furthes singe fhy s afitlee discharzeselpatiode (13) @ra¢anfiguredfriobto change
. is provided with the discharge device as described
n -a%d\?e‘?‘fefrﬁ e Warmethgiphesert; discharge chgragtopisiip ishmaintained and
r educed. di schar ge. sound and L gh, . deconposi tion
Strefyar Hisheg® isrfryied Wg‘qagﬁefﬁ&ﬁbﬂft%e%l? Breygpisitig ogcrrence of spark

o SRS Ao SR e Qe85 5 S e e

dﬁaﬁﬁi _viewillustrating an air purifier according to
E gglpﬁ'ent 1 of the present invention. FIG 2A is an

ol oot raut @O0 SPE i pulcr I BEKIDRibe iscparee device

as dd3ciibedPablok OTheyd B, e Ar PRI iP8FVEn With4Sih@H di&h8rge sound and
di scharge electrode and FIG 2C is an enlarged vi‘ew

highfdegoiiippsition @fficiéddyl Thugt the Girtputer 3 hpilicaftotddBsumer use which
el ectrode configuration of the discharge device. FIG
reqBireslow mgisgph il lustrating a rel ati onship between the
di stance froma discharge electrode to a counter
el ectrode and the frequency of sound during streaner
~_di schar ge.
BRIEF DESCRIPTION OF THE DRAWINGS

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
¢lectrode configuration of the discharge device.

FIG. 3 is a graph illustrating a relationship between the distance from a discharge
electrode to a counter electrode and the frequency of sound during 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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FIGS. 4A, 4B and 4C are views illustrating the
nmechani sm of streaner discharge. FIG 5 is an

expl oded oblique view illustrating an air purifier
according to Enbodinent 2 of the present invention.

11 FIG 6 is a cutaway top view illustrating the
ur| fier according to Enbodinent 2

Io? Slt ﬁ]& pﬁtlété'gqittgtf%v RtV illusirafingy iheiBside obhie sigrsrifigr aggording to
Exgorgar it Bprestt nanianar ge devi ce and FIG 7B i's a

o LI PGl G BOReL obe Foplaprode onfigaon
OfF'erféEﬁ*B%aF b 0 T Br PBCBFATEAL s o b fivghirea e

10° B BETE sty iy Hhiiveie i entions! dcluns Goiss

oblique viewillustrating an air purifier (1)
according to Enbodinent 1 of the present invention.

DR R Fl o e RN GRIRHBR 5l "o 1 er (1)

a box-shaped casi ng body (2) having an open
En&%géH%(n?g 15 a front cover (3) to be fitted to the

- Dheabiner iRl | G TR TS a R f6& Fiastail with

Blehcdt i d he casing body (2) is further provided
e e?t an aglhgr%%lﬁﬁ-gfet (5) for emtting the target gas at

th f f
e 14 5, A0 e 98,k HOI) f lng  iprons

Enﬁﬁgnﬁéﬂ'ﬂ@to'f res: "%%Hﬁ&t S 'fl?e) g Bﬁn ru%ZH;ral (f,dn%?ttn}epélr purifier for

20 The functi conponents a preri

use(a%hom’e\%rhpﬁhgﬁiktb% part (9), a. dust collection filter
(10), a discharge device (11) and a catal yst part

(12)The Biygyueiet '(i)tﬁEluﬁ&)a P& §I% 3 cﬁ%ﬁ@@ (35 BhviRf ah¥en side and
target gas, 1.e., | ects re atIV

a front cover (3) to be fitted to the open side. Air inlets (4) are formed on both sides of

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 (%), 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

12
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| arge dust in the air. Then, the follow ng ionization
part (9) electrifies relatively small dust. The
electrified dust is collected by the dust collection
filter (10) (electrostatic filter). 25 The di scharge
device (11) for causing streaner discharge and the
tcatal st _part 1%) %re arranged behi nd the dust
CEHICTAAWE] BAstRe | genpraied oy dischargsiial thet dipehiarse( deyics 1B tay promote
KQ&H%{COHb structure, for exanple, and has the
{ "ytic function of enhancing the activity of |ow

12 t . I . t by .di sch in th

b SR E A GRS

0oL k85, DL RTALED I AL 000 AP, £00 €8 rion
o LSO S PR 2SS0 Sl o o o
! t ' ' t of di sch | ectrod
SRRyl o port O 2, 6 seharge el crlode
T T o R TR -

' ts.t I t
(19,5540 YRSl o MU0 (APRRELT, P SLSSEIER, same 15
I I t ithin th

w13, Sy 2 EipeS e 350 958 BMDASHIRS 15 and e

el ectrode frane

colftd1actrddat ?fdlj Al StocAtsd 34 YII’Ith%: %chr%e t;l;agrﬁ% ?@ aglg ’ai:rreugé:eﬁ alternately

of the discharge el ectrodes
at bR afiggagubstrate (16) which is supported by the
electrode frame (15) and two or nore projecting
di schaksye BTG Bl antep dladk E? Elg:edi%q]lsgg(ég&mﬁéseg% ¥ made of a
and triangular and 15 arranged at regular i1nterv on

flat Wiclklirse Ba&sﬁ@tesalagmﬁ&ﬁis( ortdd) %yfthékﬁigiriié“ﬂa&? gﬁ)d%%d two or

(17) are preferably about 0.1 nmmin thickness

mosd\ pittfedting Fdigoharde.entih @ 701 SThanBEnLAISHds(}T ;
t he discﬁa:geagﬁgﬁtrgfg (16) may %g bgA% I?%%F?ﬁgd%%mguhrand

arrahiged o tgels Usivall @ hd Gischabe 8ul@htea(1 B). aMHeSidt Mischarge ends (17)
hori zontal directions fromthe di scharge substrate

are (pt&fprablhebea Wit aim ¢ gedkresie@)( 14k RRASEFIGO2EN e discharge ends
di scharge el ectrodes (13) are flat and
(17) formed on the discharge substrate (16) may be bent from the discharge substrate (16)
at a certain angle in horizontal directions from the discharge 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. Inthe 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

i3
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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
incBUhter @respsmiiigzly 14)thiss coifpfuedtimbl Yhar@bum®y eletthede L0t) has the
mm More preferably, the distance (L) is in the range
eledtrode tsutfess ohttarh Sidesmhemofiot Wikhrtkistcoafigur@tidih therledtrodes (13) and
t he di scharge device (11) of the present enbodi nent,
(1#herrahget attemately in theleumode Aaarr@Bnglldvo stré@nmqrdisdnatge to occur at
enbodi nent, the discharge ends (17) are arranged on
bathsided eff dachnfitheidggoharge d@lestrodest(h®). di schar ge substrate
(16) of the discharge electrode (13) as viewed 13 in
FI G ZThe Aoschagpaledicaglly) furtieniisclodasf a gpowat source (b8 for applying a
counter electrode (14) has the electrode surfaces on
digebatgesiolfege tontbe diskhargé electrbdss (E3)ndridghe aviger, eledimdes (14).  In the
el ectrodes (13) and (14) arranged alternately in the
pregeat emnberimeniaaalifesbyoltgk dnemployadres thei distharggevaliegoepplied by the
- at both sides of each of the discharge el ectrodes
popvegpourse THB. diltsie pasfgrablietpi ecomtrol the Yaliegheprlicatpudedeep a constant
.power source (18) for applying a discharge voltage to
dl%"ﬁ%fgﬂi‘?%ﬁlﬁrv@@eel ectrodes (13) and the counter
el ectrodes (14). In the present enbodi nment, a direct
vol t HEe the opasstisy efithgain prsifier brvadlde explaingde appl i ed
e is preferahle to control

% t%@ power source (18). It | rab t ated
e pdbe agppiriticallbl s gizeh aglaaopiichds noyphavpgact to
S T O (R R —
e FoSiip dhe Tiabh 20k ar GED. WodenhEnEhdeyel dpigedust n the
ebloatool GRIeGAL PREMORE! PY O BEcthicr ¢ AR SHepRHngeD, relativly
smpll" Gt 7 st b e P AT spb et oo B R T Hipam. The
el R ggh Rl ool o 0 bt SefeRhctlandion. i
wefost PS5 Sl T RSOV STRIG s
treatment.

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

14
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way, nost of the dust in the target gas is collected
and renoved by two-stage physical treatnent. Then, in
the third step, the target gas which has gone through
the two-stage 20 physical treatnment is introduced to
the di scharge device (11). As |ow tenperature plasm
whi ch has been generated by streaner di scharge between
clbseetodhs disaliagge edvdéad (1adlabe (dcdmpdpidion tofiehec@tt @hs is promoted by the
el ectrodes (14) of the discharge device (11), the
ctayijefungdsn phteastdys eagh12)he Witlowis esqfaiugdtione thel lasn®@mperature
generating region. At this tinme, highly reactive
plagtd wed dpecitagtic (lasibn elxhititr ® sgnergistis effeadtheadby daedmposing and
ot her excited nol ecul es) derived fromthe | ow 25
reonperthe bezrghaswmpoasds bed ndgens cahpshehtst inehe tarpet gas with high
el ectrodes (13) and (14). Upon contact with the
effieienese speci es, hazardous conponents and odorous
conmponents in the target gas are deconposed and
r eno\bel tarEefr gasarurified yethe rboratietcyibed pancess( ik 2mitted outside in the
arranged 14 close to the discharge device (11), the
upfeEbdisessionifiom dfe aitatietfS) erovidas! inghqeasingtbedy 63). t he
catal ytic function of the catalyst part (12). Wth )
t hi sThoaffegjunfaedenng theesquod madeplyr streamesr dischsres wasdexamined by
the catalytic function exhibit a synergistic effect,
EXPHEPENy Eg%Eﬁ%]é%@rﬁ@xﬁhuledrbémi ng the hazardous
conmpgnent s and odorous conponents in the target gas
wi t P ghls asgraph iliystratns amgeparmpensatlygelyaiped relptianship between the

described process is emtted outside in the

.the aphove- h
' dlﬁ%r@gdﬁ?‘?@cﬂ‘i@oﬁs‘fﬁa&ﬁ ehestrede (Bt toethe eyunfsr oelpetensie 4) and the

frefqﬁ%g%rﬁs. g}%pagﬂémgggtge@g)g]? éigsfc&grge.eg{éh{hig g)g@l%ngn?,estﬁe%ﬁlgg discharge
A R TR T
w8 PSR ARHASST 0E o) S AR O 9. The
RS o SOHE e SO A AR SRR vt e
disﬁé:%ﬂe% ?fr)zbgegxgr‘re%%gg %Eeircﬁ'\glfl%fé(é%) :Ia.rp elﬂﬁj{fvg vetere%. diﬁl% I}raerq%gncy of the sound
shown in FIG. 3 is a measurement of the center frequency of the sound made by streamer
discharge. The center frequency mentioned herein is the frequency at which the highest
sound pressure level 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

15
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with the projecting discharge ends (17) and the fl at
counter electrodes (14). The 15 frequency of the sound
made by streaner di scharge was neasured precisely
while the distance (L) between the el ectrodes (13)
and (14) was varied. The frequency of the sound shown
in FIG 3 is a neasurenent of the center frequency of
di$chergs dyernormdeury aié%&aﬁﬁbw tHé Bokad Gge (ffhe center
frequency nentioned herein is the frequency at which
t he Abkghesi in FOGNS! whas terdstheeqll) dbtidea the disbharge electrode (13)
sound is obtained in the nmeasurenent on a 20
anflriee) vewmnst- dyctfode qUENByrebacids theReépiendngf the doluGid radeaby streamer
solid line (e) represents a relationship between the
disthsigann®eases.) Hiisgl id Baifedeforenioy faot thah éhesmdnciabofibretistance (1)
when a current value (current density) per discharge
beeleent thedeeiinles va3) sat (1d) 20oks Edudtioar in dner odquired i foe charged
(1) represents a relationship between the distance
pafticlesa@d) gérerdteceby sineamenfdigchargs oo nchcl Bica¢muatkr wivetrods (14), thereby
current was passed at a m ninumcurrent density
requsing thetestdsnestime afithe abiasge pageldsii22) esponse to the
di stance (L) between the el ectrodes (13) and (14).
That Referringetoi Fléd 3, stheaathe distinse {B) fetweay the eleetrpdesy(13) and (14)
regi on above the broken line (1), while streanmer 15

- duging slieangps disharzads 19 ouny the Areguensgiod thepsouad, expredp BdiEnon both of

line (f). As shown in FIG 3, when the distance (L) )
theyineseeh 20ch €) di Th hiraen dinedf) ipdisates that, when theedisigis dy) is 9 mm,
~electrode (14) is reduced, the frequency of the saund
Strepgers Giychergee BIREr ocolr §¢ RapgEent Hepaiys ek abayi 80 jiA g&highsy and the

fromthe fact that.  the reduction of the distanc ) 5
- freguentgett hRaescundet o ding 1nyaisddun fupbat %M&?%dff&‘gﬁﬁh when the

in ti .required for charged articles (22) generated ..

diwcgt(ﬁaﬁér misvhisRge the Poscline Ef@aﬁfr@i(’@dea tjgmbodiment,
14), .thereb reduci ng the residence. ti of the,.

srtabe i e SORI5 A 2 RBTERY STGT GTFISUL 3 o h higher and the

di st an (L etween the_.electrodes (1 14 . .
freiion gt Gre AL AL AL ImE S Y ssoadap ©ARORE B ElEn R ts wey, if the

the so exceeds Hz on, bot f .10 the li.nges (e .
freliod (9 SRS (R BrkT1 e R i Ctssharge e 'DRE hgrosived by
-hur%[agﬁl%gr?r?g.( I‘l)hel uspp%r Ballt of the frequency of the sound is substantially 20 kHz,
preferably 30 kHz, which are almost impossible for the human hearing to sense.

According to Embodiment 1 described above, the frequency of the sound made by

streamer discharge becomes 6 kIHz 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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streamer discharge may occur at a current density of
about 10 A or higher and the frequency of the sound
at that tinme is raised up to about 6.5 kHz. Further,
when the distance (L) is 5 min, which is the sane
val ue as that enployed in this enbodi nent, streamer
di scharge nmay occur at a current density of about 3 A
rafde Whigh & casifiglpdrbeivdifie by egurRbey hefriidle soardulitht haike of streamer
time is further raised up to about 8 kHz. In this way,
dischafgbés effdceigeloneduced. t he sound is 6 kHz or higher, the
di scharge sound is hardly perceived by human hearing.
The Inpiheprdsemd dmiafdihée, éach i eicyiscargdelestendesl (13 is provided with
substantially 20 kHz, preferably 30 kHz, which are
twal drmsdre ipagjectimighlischhge cnbie (1) aad sheanérijsdhargean sarried out between
According to Enbodi nent 1 descri bed above, the
thé diechaegecandqfl 7) frel the fiatcauntte eleytro®O(1d).r eBine comfiguitinngexpands the
becones 6 kHz or hi gher when the distance (L) between
digchargelregiom ¢ul gsnerdté e antive (shediestinr & hrgest aremrthereby decomposing the
di scharge is not nore than 10 mm On the other hand,
targhlegas veti gy effidiensyof t he charged particles (22)
between the el ectrodes (13) and (14) is a reciprocal
of t$iscd theqiisharge ohd (179 1sBaidd hakathickoesatBrastig as 0.1 mm, more
fre uenc is 6 kHz or higher, the residence tine i
noo-u_ngn” tricefeatd ispmnaatesl in shecdipeliangs negionteom Klé,fs@ﬁ‘thafge end (17).

enbodi msnt the electrodes (13) and (14) are_so

 Aceaidinghyirseark dahargeds flgse diliebycty aspur: h %@Wﬁ@a@%sﬁductmn of the

streaner discharge is controlled to 6 kHz or %
disfayee Ekbatweemherelestiodescy 3 band (). di %leﬁﬁaﬁh@ée%ﬂﬁﬁ o the distance (L)

exceeds the frequency 16, range which is si |

ingae ihEapiPersy 4l ankOris e SPATHED DABICIES 039 peréqssin drift speed,

noi se ,of, streaner djscharge, is ffec
- thereby; qqgucrﬂa% %@51@%&}%?\@ the change pagtﬁi;:sé?é)zhé[ﬁ@\@ tﬁe frequency of

et g Ss?iofggrgﬁyéﬁlﬁalgﬁ@? BisB ! sreamardjiharee to a

is carrjied out between 5 the discharge end (17) and
greafft exieqt counter el ectrode (14). This confl gur ation

poapetmphizien iodriaped Sbifre e i Her s IR S @ discharge

' Voftagegﬁ' %e 1\%\}\/& ch)l.gcr:]eer(l f(f)tl ﬁ{eeHlsXharge device (11). By so doing, the

operation cost of the 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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- di

Since the discharge end (17) is flat and has a
thickness (d) as thin as 0.1 mm nore non-uniform
electric field is generated in the discharge region
fromthe discharge end (17). 10 Accordingly, spark
di scharge is less likely to occur. This allows further
reduction of the distance (L) between the el ectrodes
(1)(d 8 roRehef 41 burifbrtePudehe ho@edve i analbétofebe di stance (L)
increases the electric field intensity, the charged
par tTiel @spurB) (1166108866 bok-shapéd cangeshdy (2)iesvélyan open side and
reduci ng the residence tine of the charged particles
a flod2dovel ()% b fified temvopaysi@d. Alrénleisgehme fanredwndoiissides and a
further raised, thereby reducing the noise of streamner _
frofli sqhar@er 6Othe frdift wreaBsto extaiice réom Bibada napet das into the air
described above, a direct voltage is applied as a
pusifi&c @i g gart wotHeage plteostithdensprpisdy(B)cloger (A Bl bafk side thereof, an
di scharge device (11). By so doing, the operation

airootét (Y istforenddi toallawgke thexti gieto fldy outsideeduced. 1f the

di scharge current value of the discharge voltage is )
continohd edirteobalyd@),taaflow lpethels) formssing qemmeyr thfoughét is provided
streanmer 20 discharge sound is stabilized and the .

betoeen treeric énlefs ($pandcthei ascditto €3)dudn thee Hpwaratha(6), various functional
di scharge is easily avoided. Thus, the reduction of,

companediss(@h forgar poifchtion 2ad hiwueifugal hesseri (4Bhforxirculating the room
Her ei nafter, Enbodinment 2 of the present invention .

airvist e fhew petic(6) reaiairanggd imihis arden from ther wnstrearp @i thproom air flow
drawings. 25 FIG 5 is an expl oded oblique view

(from theshottem WwgFlen6)ai r purifier (1) according to

Enbodi nent 2 of the present invention. FIG 6.is a

cut dhkeyfuneiional epmpopensy (B inglde e prefilier 48). gp opizalipy part (9), a

purifier (1). Simlar to the air purifier s

sEimsetorien (1), 2 st aollection Piipel0) ehd peptafist Bleerlay papneed in tis

air purifier for use_at hone in small stores. Th

ordaf iRrthe icMpseptrfo e FaBe SORTHON.- SRt BaR1%G BUMYF () for the

. having an open side d front cover.(3) to he .

disthargeodeice (Ho 1s pERVIds @ 2 Jower CEtI?ﬂ(aSﬁ'ﬁrCé‘S‘%ﬁWéé @) of the air
thT sides and a front center part of the front cover

puitsy (L i ntroduce roomair as a target gas into the air

The prefilter (8) collects relatively large dust in the room air. The ionization part
(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. Each of the corrugated members (15) is formed with a

plurality of front open areas (15a) and the ionization wires (9a) are arranged in the frgnt
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5 purifier. In a part of the top plate of the casing
body (2) closer to the back side thereof, an air
outlet (5) is formed to allow the roomair to flow
outside. In the casing body (2), a flow path (6) for
passing roomair through it is provided between the
air inlets (4) and the air outlet (5. In the flow

ofpatareas ) 5a)y mspatiselly usucds oredendcioomanenprer €#d td tre laver end of the
purification and a centrifugal blower (40) for

cocfugetetl ahémbert (18).r ot ddngdrr electradae ($9)ovorpapdndigy t@rtke ionization
arranged in this order fromthe upstream of the room

wiaks (%) ew fofhedhy phes bbtheawriugatell Gi@dbersT (k) fwinidt saymed as the walls
conmponents (7) include a prefilter (8), an ionization

dgfiamg §®)frond opeih shaf fa).deMiesle platek) (19pamiattaches] focrstiveand surfaces
filter (10) and a catalyst filter (12) arranged in

the porsugatedoreembers (1 ) se thoit &wsmre payali¢lgo theahust edlgetor (li;?r (10).
Further, a power source for the 15 discharg
devi d&e elnsml)ar'g@ dewiesv(1d ého urdea tWowe rm(badlécb@g@ el@f:tr@ch?é (13) and flat
casing body (2) of the air purifier

coypief Pllet’f@?deé 8;4)@@pq>f@étt@ theéhmxg@w;cqtraﬂ@eeglah g@sznpﬁl‘teme
roomair. The ionization part (9) electrifies
rel aifhe/éusyh@gmelecaaéfts UR) ere Hagupasiodhepadotsharsnged behind the
prefilter The electrified dust is collecgted, b

copygatgd ﬁeﬂ&@rq @8)i ohs shovenein aneanarerbeblituecif 0 &bre)d%%%ge device

afced at 20 the downstream of the ioniz %
<1f)99 Fli(ﬁemomez%zﬁﬁﬂargep%lfv‘%trwf ({13 ﬁ’ﬁd%lPBPft? Gibciippl holders (20)

l zati.on w.,r

exiteaawgéamfﬁacﬁ Jirttoni E?%%?ﬁ?ﬁ%r%%f 1555 of Gy contigied members (15).
e AT, L ARl gt o o
st 8 et Sr 3 ASE ocriear St PO bPHe PR gf%{ates (20a),
fe%P?btmeéx dotte g ’50@2%1%5%" AFRRRED FebE e AT inhePRtE by the cdee
ro BETal e b Ll BRLGE, Ty oot 12
e B Weha iR 9%%%%% ALFRESF EILTL, BEREREY, the upper and

- lower ends of the discharge electrode (13) protrude from the support plate (20a) in the

vertical direction. In the present embodiment, the discharge electrodes (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 sur‘fabes) (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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corrugated nmenber (15). The counter el ectrodes (9b)
corresponding to the ionization wres (9a) are forned
by parts of the corrugated nenbers (15) which serves
as the walls defining the front open areas (15a).
Mesh plates (19) are attached to rearward surfaces 5
the corrugated nenbers (15) so that they are paralle
are addeeofdusilatil }]Lcﬁ‘@élﬂh. f Thé epackrsO41) kb HicskdiArd@Rance (L) between
device (11) includes two or nore discharge el ectrodes
the 18ps afidtht| dischaegiilRtrogt qUBY Qalas tHel 4pumBPeiRdod® WL In this
di scharge el ectrodes (13), respectively. The discharge
emmbeiihemgd®s distalkce dLEbdtive@athe @lectrodesIAPad @Mris strtamged 0.3 mm.
behind the corrugated nenbers (15). As shown in an
enl alfedlectpbstaiceilwr§10)ds pbidosbidsat ey gevdevat of tHeQdi{chhpge device
of FIG 7A, the discharge electrodes (13) are
(13 ppldretedettioytatit iter (Adpcdikkbdaelati (&9 smal dastdlaegifiad Byhle ionization
vertical direction in rear open areas (15b) of the
pacio9) oy dheapsirearh snsfadelfmyl. supfartha photbéralestephatogbeiconductor) on the
hol ders (20) is substantially U shaped when viewed in
davawsirgaym satfaces e he photandalystoy ifuktiter aictivieed by Highbsienctivessubstances
wth forwardly bent support plates (20a),
(astigpmstiey shgh aFlstechrpns donwrozood-astapdidald] st hew gemperature plasma
el ectrode (13) is supported by the edge 15 portion of
gengrated upp dischaseatie the Gagchege olevics () ripqaomotehddodmplosition of the
di scharge el ectrode (13) (see a horizontal section of
‘haggydows campongatscandi edoroys. Fungporeits inproppy girwalhe phegocatalyst is, for
upper and |ower ends of the discharge el ectrode (13)
expmpler (jHEVRmO FiNoKEles Ao 10KIgs:, duBgstem aKiden of headmpant pelgide.  The
directiqgn. In the present enbodi nent, the discharge ) .
elesragipioider (H3)is 4r so-taligd Riated {iigs thichpdcdrrigated when viewed in

di aneter _.of about 0.2 mm 20 The counter el ectrodes

. hopgontalseetiqior ned by parts of the corrugated menbers

ot | TS e MEEL20 fofrrahden 2t e sbmmieaihp e g Osatl filtr (10),

LR AT BB L el 00l L
TR L 0 RS RR h fci
o AL LT A B B

il 5P RORES Rehony e Rbiorre el e dOY TapBrirur plasma

gez{e!rﬁte&) %tyvﬁgéhatrghee in the discharge device (11) to promote decomposition of the

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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counter electrode (14) and the el ectrode hol der (20).
In this enbodi nent, the spacers (41) 19 are nade of
i nsul ati on porcel ain. The spacers (41) keep a certain
di stance (L) between the tips of the discharge
el ectrode (13) and the counter electrode (14). In this
enbodi nent, the distance (L) between the el ectrodes
aif is3Jollacdd bI4he ipeefBet (8)0 Ghd roOmAifPassdd ehreh@cibeqstalidrc(8) flows
filter (10) is positioned at the downstream of the
todasicthaigdzatien ipae (95 Chik)to didtbagk @alided dbdidet thd loh&ation wires (9a)
(10) collects relatively small dust electrified by the
anddhe zatntarelecpadés (08) imthetibgizaist podD) stelatiaely samudl dust in the room
supports a photocat al yst (phot osem conductor) on the
aid osvedtateBed. suThaceomThe phwahindad ahey sdeci$fiddirdubte flows toward the
activated by highly reactive substances (active
elenrestats fikerofl 0 pandethe elecwified dushis colbadaicbyathel eleattostatisfilter (10).
in low tenperature plasma generated by discharge in
t he Wi dehdisgmrgievediee ((11), loer pangrendteredpleempdsist basm gdnerated by
the 10 hazardous conponents and odorous conponents in
stiegroen dipehargPhzetyenst the aisshyrge dlepirofler (13 amdrpieecounter stdctradles (14).
di xoxi de, zinc oxide, tungsten oxide or cadm um
Theulowi Wempemtae Masovt gowsrated dyf the tdischarpe)device (14 floays| dapnstream:
pl eated filter which is corrugated when viewed in
togedhar 76t the rapge giton. The catal yst filter (12) is |
arranged at the downstream of the electrostatic filter ‘
( 10) The lpsv tempepdprg|piasme contains highly reackirglsubstangeptpstive species).
materi al of a honeyconb structure and a pl asma
Unogt canfast vty sy £Qom 6, tthe haghly geective suhgansgs edecompose hazardous
material. Ljke the above-describhed photocatalyst, the

CORPARTRE Wik AW PRPERFRREPIAREH VRSO Ahe WhERIRE active species
rea{%ﬁ Eﬁ% %’1\6/?6@%%%? ?e% gi@n éiaeg{:?ldg %&gl%g %gysat?s%ugg H%Smwcatalyst supported

oS BRERS G IR 1o oG B oroRmbitpud b Bressfosqgd odorous

cofyBortita 1 chie bt e, Wi 8 achvs g cceh fu G Bier (12),
cat al ,__a _nobhl tal - based catal yst or ,a catal yst
e el el St EEbGriERe S BSRRR Shponens t0 o
[ ed carbon. During the operation of the air
gre%%trr#ﬁ%étr. (1), the centrigfugal EI ower (40) is working

In this manner, the room air is purified by removing the dust, hazardous
components and odorous components, and then emitted outside by the centrifugal blower
(40) 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, i.e., 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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and roomair as a target gas is passed through the
flow path (6) in the casing body (2). In 25 this
state, a high voltage is applied fromthe power source
(18) to the ionization part (9) and the discharge
device (11). Wien roomair is introduced into the
casing body (2), relatively large dust in the 20 air
i s dal Embbdghdny 2 héeprogfibbpat di8harg@hdeatodm @i3) psis thed counter
through the prefilter (8) flows toward the ionization
elepmode (1BY).arOuerahgedd parelielr geeadusiber. bdtharstoret been if the tips of the
ionization wires (9a) and the counter el ectrodes (9b)
dischergh electode 6i3) are pant bydthe actbatpasisisyandnfabi eldetsans the distance
the room air is electrified. The roomair containin
betinren thcedeatiddee (L3 wsd (14)owkepounshangede Singk dlot digtaneg (Jo) between
filter (10) and the electrified dust is collected by

- thetdhestrodec{l3psndilid} i kdpt &y thel@yimunn thhaboye slebrarhyd effiech efaeducing

(11), low tenperature plasma has been generated by

| thegtoﬂsé‘aﬁélﬁreﬁ’l axetied g ybendenping shedipsistiam @ta@psb@waléﬁle electrodes

35 and the counter electrodes (14). The |ow
(13) epgh S+ allpws pprokemerne siabdily plstreamcriliseliagyge devi ce

(11) flows downstream together with the roomair.

The Husther, énpmbadimest g) s s ob fhedllirharge ghefrofedsy |d9é10t change in

substances (active species). U on ntac th t E
shapgopiesi if theYe 2/ GHIT) r e e FIOEE, s 33‘6%&90& aracteristic s

hazardous conmponent s and odorous onent.s cont ai ne
majpipgh 2R SHFAPY Wﬁasgq e carer il @@%ésﬂa%lé%h%ﬁepmm‘fs the

el ectrostat| cfllter rth activat
OCqireRtss of BRARLS HIChAES %‘%HIF@E Gisgy G’QV@L?‘P&%F]&‘? Pﬁange in tip

filter (1 0, enh t he deconp05|t|on of the
Shaﬁ%?%&ﬁdﬂ%cg%e}?ﬁgpgﬁé%k conponents in the roomair.
t he en the active species reach the catal yst
Oﬂferhfgaﬂdt%%q

they are nmuch nore actlvated to

gr ei‘?ﬁ Gl thﬁ? @Wﬁocﬁﬁﬁgﬁma d O od' taﬁévegg Fen% 1 9eion may be

rifie renovi ng the dust hazar dous conponents
Congil% e&ﬁ‘?&%@%wsconponents and then enitted outside by

E g)e C%%broldfrﬁj&%ll ﬁxeodi\ﬁ:ﬁlarg%%nﬁd'@'i) fafrgﬁ'éedrb% tﬂ% rdls%HzrnJggtelectrode (13)
are flat and triangular. However, for example, the discharge ends (17) may be

prism-shaped or tapered down toward the distal end thereof.

In Embodiment 1, the discharge ends (17) are arranged on both sides of the

discharge substrate (16) to constitute the discharge electrode (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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I n Enbodi nent 2 descri bed above, the distance (L)
bet ween the di scharge electrode (13) and the counter
el ectrode (14) in the discharge device (11) is set to
6.1 0.3 mm i.e., not nore than 10 mMm As a result,
the frequency of the discharge sound nade by streaner
di scharge is controlled to 6 kHz or higher. That is,
voltge fimoar ien ppwet dohee2bl8)i s dHwweayer, sthundiscteatg: bypltage may be an
streaner di scharge exceeds the frequency range which
alterpatigsvdltage pea pelsy adlkageby t he human heari ng.
Therefore, also in Enbodi nent 2, the noise of
st r darfEmbadirsediadgeeribsd abaies ¢heb. calyst filEnti)j which i@ madhef a base
rod- shaped di scharge el ectrode (13) and the counter
maggret endd plasma)catal st anpramigd dhgyesrasuch| astaomenganesst-pesed catalyst or a
Therefore, even if the tips of the discharge ]
nobleauttelobhsed t@plyat, ds worngddyatt the dewnistveans pé dhe disghmtgd deyice (11).
el ectrons, the distance between the el ectrodes E;B& ]
Hoaygaer, for) exagpla phe aafelyanflier. (12) at hetdpevngirsanaraé dhg discharge device
between 5 the el ectrodes (13) and (14) is kept to the
(113 gamnberreplared angy an adsupliore pats fasetof of baseduetrigy andnan adsorbent
noi se is surely exerted. Further, keeping the optinmm
supposed Hieeeop stgioesadtivated cadopgaewlitg-13) and (14) al | ows
i nprovenent in stability of streamer discharge ) )
Fur thedescribedeahaygi thsrresent fveniionls weful ar aidischarggalevice which
| ectrode (13) do nqot change. in shape even if they
perigrms fgpgmer 1E58C¢ JE BREF-ent di schar ge
characteristic is 10 nmi ntai ned and streaner
di scharge is caused with higher stability. This
prevents the occurrence of spark di scharge and
abnormal di scharge derived fromthe change in tip
shape of the discharge electrode (13). O her
- Enbodi nents In addition to Enbodi nents descri bed
above, the present invention nmay be 15 configured as
follows. In Enbodiment 1, the discharge ends (17)
arranged on the discharge electrode (13) are flat and
triangul ar. However, for exanple, the discharge ends
(17) may be
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pri smshaped or tapered down toward the distal end
thereof. In Enbodinent 1, the discharge ends (17) are
arranged on both sides of the 20 discharge substrate
(16) to constitute the discharge el ectrode (13) and
the counter electrodes (14) are arranged on both
sides of the discharge electrode (13) to cause
streanmer discharge. However, the discharge ends (17)
vABisRehmberessarily provided on both sides of the

di scharge substrate (16). They may be arranged on one
side of the discharge substrate (16). In this case,

t he unter electrode. (14) is attached to the

Lelec ?%%émg?gﬁ%magnﬁf§§@Such that the counter

el eci rdidiargd AledtBdoppasvtiet @ldcheds iviIGERIOOpERES tblihd discharge
arranged on one side of the discharge substrate

16).
eleiradibdg; AR sawse Fomgeted fobeth o the diasheres sloctiods =§n§1 thé counter
clegRld.ad (z%g%)l Qﬁlﬁ&hﬁ%g Yolibge ARrid) &@gﬁschflg@etl&ﬁn@@\ﬁﬁ& the counter

source (1 wever, the discharge voltage may be ,
clg¢trasde sausingptreamendjechargeshqrebetwcanpivhergm. | n Enbodi ment s

descrlb il 2). which|
m(;z gﬁ]g f(ﬁgchg%g\elgle%%({hgr%rg\t %Jéeyn gs%nt%rl tg@{;g&aig a%ﬂlgl fl%ltc%nﬁéusred that the

frequppoyr dfsdunhmadoby ticcticaser disthaganeserbianias GREY ) Wpher.
or a 5 noble netal -based catalyst, is arranged at the
downst ream of the di scharge device (11). However, for
exanple, the catalyst filter (12) at the downstream of
the discharge device (11) may be replaced with an
2.ads ot gischigpdevicanamprismga base material and an

adso 0 ch as,.act.i vat ed,carbon,.
o pharpae® JRARAET KOGET BRI, I it EBhARY Rt R schuree
elegrods;sfndla foorer aoulcs chrmeged teboth ef i didthark® efeefrbdy 41| the counter

eligR g Py St ap Sty Rl e g e linear or rod
sp&t; BRd G dcBArkE BE\Bce Reigdy SoRligie@ Blat Of@mM ifsBhdrSe occurs from a

_opposed to the discharq
tip of the discharge electrode to an e

Sctrode surface of the counter electrode, wherein

the discharge electrode has a same cross section orthogonal to an axis of the
discharge electrode from the tip to a base end of the discharge electrode,

the electrode surface of the counter electrode is a flat surface parallel to the
discharge electrode, and

the distance (L) between the discharge electrode and the counter electrode is not

more than 10 mm.
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el ectrode; and a power source connected to both of the

di scharge el ectrode and the counter electrode to

apply a discharge voltage thereto, the discharge

el ectrode and the counter electrode causing streaner

di scharge therebetween, wherein the discharge

el ectrode and the counter electrode are so configured

that the frequency of sound made by the streaner

di scharge is controlled to 6kHZ or higher. 2. A

di scharge device c&;rrising: a di scharge el ectrode; a
3.counfieraitepwifiar gueviddsl withi s disgposedevice adverdiigs thelages 1 or 2 for
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apply a discharge voltage thereto, the discharge

el ectrode being |inear or rod- shaped, and the

di scharge devi ce being so configured that streaner

di scharge occurs froma tip of the discharge

el ectrode to an el ectrode surface of the counter

el ectrode, wherein the discharge el ectrode has a sane
cross section orthogonal to an axis of the discharge
electrode fromthe tip to a base end of the discharge
el ectrode, the electrode surface of the counter
electrode is a flat surface parallel to the discharge
el ectrode, and the distance (L) between the discharge
el ectrode and the counter electrode is not nore than
10 mMmm 24 3. An air purifier provided with a discharge
devi ce according to clains 1 or 2 for treating a
target gas by introducing the target gas between both
the el ectrodes. 25
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