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present invention relates to a sterilization nmethod wh zation

is achieved by generating negative and positive ions, to amvisen generating
device for generating negative and pdsitive ions, to an ion generating
apparatus, and to an air conditioning 10 apparatus (any apparatus that
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fan heater (using, for exanple, kerosene or electricity a%®?heat source),
or refrigerator. Background art 15 In recent years, as honmes and buil dings

are increasingl bU|It air-ti nmore and nore have been seeki ng
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devel opPPARATYSaANIP ATRI CONDITIONINGVAPPARATUSs types of filter. However,
these air purifiers work by sucking the air in and then filtering it so
tha 20 contami nants are absorbed or deconposed. Thus, as such air
purifiers are used for an extended period, they inperatively requires

mai nt e C as the exchanging of filters. Moreover, such air
purifigaglI gﬂﬁgﬁroffer satisfactory performnce because of their

| nsuffici entl'he present invention relates to a sterilization method whereby sterilization is
achieved by generating negative and positive ions, to an ion generating device for generating
negative and positive ions, to an ion generating apparatus, and to an air conditioning

10 apparatus (any apparatus that produces the desired ehvironmental conditions by altering the
properties of air, such as an air purifier, air conditioner, dehumidifier, humidifier, fan heater

(using, for example, kerosene or electricity as a heat source), or refrigerator.

Background art
15 In recent years, as homes and buildings are increasingly built air-tight, more and more
people have been seeking healthy and comfortable life by removing airborne germs that are
hazardous to human health from the air. In response to this trend, there have been developed
many air purifiers fitted with various types of filter.
However, these air purifiers work by sucking the air in and then filtering it so that
20 contaminants are absorbed or decomposed. Thus, as such air purifiers are used for an
extended period, they imperatively requires maintenance, such as the exchanging of filters.
Moreover, such air purifiers do not offer satisfactory performance because of their insufficient
filtering characteristics.

On the other hand, there have also been developed air purifiers and air conditioners



filtering characteristics. On the other hand, there have al so been

devel oped air purifiers and air conditioners -2- that work by increasing
the ion concentration in the air by the use of an ion generating
apparatus. However, the nodels that have been put on the market to date is
of a type that generates negative ions alone. Al though negative ions are
expected to have sone effect of relaxihg humans, they have been found to
have al nost no effect of actively renoving airborne 5 gernms fromthe air.
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provide an ion generating apparatus and an air conditioning apparatus
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i nventiqn, erili;zati.on method invol ve i.schargl.ng negati.ve and ..
posi t i Vé:aﬁlsggsd%%%fooc?lﬁegi i Jargg apjpupnts o) Bcﬁrﬂi‘fc(gd'écroﬁ%orgﬁ”égg sicit'an 'ion generating
10 apparatus and on an appliance or other object placed nearby. Moreover, to secure

satisfactory safety against the use of a high voltage, such a product needs to be provided with

some safety measure, as by being equipped with a safety circuit.

Disclosure of the invention
15 An object of the present invention is to provide a sterilization method that permits
efficient sterilization of airborne germs by the action of negative and positive ions discharged
into the air. Another object of the present invention is to provide an ion generating device
used to carry out such a sterilization method. Another object of the present invention is to
provide an ion generating apparatus and an air conditioning apparatus that employ such an ion
20  generating device to realize a comfortable and clean living environment.
To achieve the above objects, according to the present invention, a sterilization
method involves discharging negative and positive ions into the air so that airborne germs are
killed by the action of those ions.

Here, as the negative and positive ions, O; (H;0), (where » is a natural number) and



killed by the action of those ions. Here, as the negative and positive
ions, @ (H2O" (where n is a natural nunber) and -3- H-(H20),,, (where m
is a natural nunber), respectively, are generated, and these ions are

di scharged into the air so that airborne gerns are killed through an

oxi di zation reaction by hydrogen peroxide H202 or radical hydroxyl OH
generated as an active species through-3. chem cal reaction between the
negative and positive ions. 5 Moreover, according to the present invention,
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10 positive ions and kills airborne germs by the action of those ions.

Here, as the negative and positive ions, O;"(H,0), (where 7 is a natural number) and
H'(H;0). (where m is a natural number), respectively, are generated, and these ions are
discharged into the air so that airborne germs are killed through an oxidization reaction by
hydrogen peroxide H;O; or radical hydroxyl OH generated as an active species through a

15 chemical reaction between the negative and positive ions that takes place after the generation
of those ions.

Specifically, the ion generating device is provided with a dielectric, a first electrode,
and a second electrode, and the first and second electrodes are arranged so as to face each
other with the dielectric disposed in between. The ion generating device generates negative

20 and positive ions by applying an alternating-current voltage between the first and second
electrodes.

Here, sufficient concentrations of the negative and positive ions to achieve satisfactory
sterilization are secured by the application of a comparatively low alternating-current voltage

of 2.0 kV rms or lower. The concentrations of the negative and positive ions thus secured



Here, sufficient concentrations of the negative and positive ions to

achi eve satisfactory sterilization are secured by the application of a
conparatively |low alternating-current voltage of 2.0 kV rns or |ower. The
concentrations of the negative and positive ions thus secured -4- are both
10, 000 ions/cc or higher at a distance of 10 cmfromthe point at which the
ions are generated. More specifically;4i-n one arrangenent, the ion
generating device is provided with a dielectric that is cylindrical in

shape, afle bBiKe10,60ENERERr hiphkr hSa HRIABE 0A$0 mBSH. th@pdint At RMlchthe Pons are
electrode that is forned as a nesh, and the inner and outer el ectrodes are

arranged,.50,a3 to face each other with the dielectric disposed in between.
The ion Yenerating device generates negative and positive ions by applying
an alternati NOCHLT & I L age bet ween %Qﬁ? L nne uter. el ectr
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dielectric easily and reliably. Here, if it is assuned that the external

di anmet erfaoé eddheottereligle thel dielesirie disposed inlbeaseent hThe idbgéreeatingi dekive penérars eof
is 1.6 mmor less, that the inner electrode has 40 nmeshes/i nch, and that
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10 thereof'in such a way that, when the inner electrode is fitted along the inner surface of the
cylindrical dielectric, opposite side edges of the rolled material overlap. This makes it
possible to put the inner electrode into contact with the inner surface of the cylindrical
dielectric easily and reliably.

Here, if it is assumed that the external diameter of the dielectric is 20 mm or less, that

15 the thickness thereof is 1.6 mm or less, that the inner electrode has 40 meshes/inch, and that
the outer electrode has 16 meshes/inch, then sufficient concentrations of the negative and
positive ions to achieve satisfactory sterilization with minimum generation of ozone are
secured by the application of a comparatively low alternating-current voltage of 2.0 kV rms or
lower. The concentrations of the negative and positive ions thus secured are both 10,000

20 ions/cc or higher at a distance of 10 cm from the point at which the ions are generated.

The dielectric may be stopped at both ends with elastic rubber members so that the
inner and outer electrodes do not move relative to each other along the axis of the dielectric.

This helps stabilize the performance of the ion generating device so that it generates negative

and positive ions with better reproducibility.



The dielectric my be stopped at both ends with elastic rubber nenbers so
that the inner and outer el ectrodes do not nove relative to each other
along the axis of the dielectric. This helps stabilize the performance of
the ion generating device so that it generates negative and positive ions
with better reproducibility. -5- In this case, the elastic rubber nenbers
are preferably made of ethyl ene-propyl edfe rubber, which is resistant to
ozone. Moreover, as the leads that are connected to the inner and outer

el ectrodes ar g (1§ Rh& I ¥lastseAibbeAiehdefs @Hegﬂ&fevujbrysmaa@aifaadhmﬁénp@pylene
pol yet hyl ene fluoride resin, which also is resistant to ozone. In this

case, thﬁ*e“ggp%‘i ig%%%%gé@tgﬁ%'to be at least thick enough to permt one

of the sto ereto. The inner or outer electrode nay be
provi ded with nmeans f I, mproying the contact. thereqgf w
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concentration of ozone generated as a byproduct when the ion generating
devi c@ geessstantgsordng. i ons. Instead, the inner or outer el ectrode may be
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I nst ead, an oZnmiks desep thRoinnér eectode akydst toi beyat dastathéd enenpleto peqmiegmabfthe
with a catalyst for pronoting deconposition of ozone. may be provided at a

di st ance 1§44 béBonddi@h&etor i . This makes it possible to use as the
alternating-current voltage a voltage of 2.5 kV rns or | ower.

The inner or outer electrode may be provided with a means for improving the contact
thereof with the dielectric. This helps further stabilize the performance of the ion generating

10 device.

The surface of the dielectric may be impregnated with a catalyst for promoting
decomposition of ozone. This helps reduce the concentration of ozone generated as a
byproduct when the ion generating device generates the ions.

Instead, the inner or outer electrode may be imbrcgnated with a catalyst for promoting

15 decomposition of ozone.

Instead, an ozone decomposition catalyst impregnated member impregnated with a
catalyst for promoting decomposition of ozone may be provided at a distance from the
dielectric. This makes it possible to use as the alternating-current voltage a voltage of 2.5
kV rms or lower.

20 In another arrangement, the ion generating device according to the present invention is
provided with a dielectric that is cylindrical in shape, an inner electrode that is formed as a
sheet, and an outer electrode that is formed as a mesh, and the inner and outer electrodes are
arranged so as to face each other with the dielectric disposed in between. The ion generating

device generates negative and positive ions by applying an alternating-current voltage




20 In anot her arrangenent, the ion generating device according to the
present invention is provided with a dielectric that is cylindrical in
shape, an inner electrode that is formed as a sheet, and an outer

el ectrode that is formed as a nesh, and the inner and outer el ectrodes are
arranged so as to face each other with the dielectric disposed in between.
The ion generating device generates ne@gative and positive ions by applying
an alternating-current voltage 6 between the inner and outer electrodes. In

t hi s ar rRpg&sBAS innet &5d duter degedas ge t akes pl ace between el ectrodes of
whi ch one acts as an aggregate of |lines and the other a surface. This
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cylinder with trimmed ends.

The inner electrode may have a plurality of holes formed therein, with projections
formed around the holes so as to protrude toward the dielectric. This makes the electric field
more likely to concentrate on the side surface of the cylinder as well, and thus helps electric

15 discharge occur stably and uniformly over the entire side surface of the inner electrode.
| According to the present invention, an ion generating apparatus is provided with, in
addition to an ion generating device as described above, a high alternating-current voltage
source for feeding the ion generating device with the alternating-current voltage with which
the ion generating device generates the negative and positive ions, and a blower for producing

20 aforced flow of the negative and positive ions generated by the ion generating device.

With this ion generating apparatus, the negative and positive ions generated by the ion
generating device fed with the alternating-current voltage from the high alternating-current
voltage source can be discharged into a large expanse of air by the action of the blower so that

airborne germs are killed by the action of those ions.




the ion generating device generates the negative and positive ions, and a
bl ower for producing 20 a forced flow of the negative and positive ions
generated by the ion generating device. Wth this ion generating apparatus,
the negative and positive ions generated by the ion generating device fed
with the alternating-current voltage fromthe high alternating-current
vol tage source can be discharged into a.yarge expanse of air by the action
of the blower so that airborne gerns are killed by the action of those
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a high alternating-
ion generating device fed with the alternating-current voltage from the high alternating-
current voltage source can be discharged into a large expanse of air by the action of the
blower so that airborne germs are killed by the action of those ions. Moreover, while the air
is circulated, the filter removes dust and other foreign particles as well as odors from the air.
15 This helps realize a comfortable and clean living environment.

Alternatively, according to the present invention, an air conditioning apparatus is
provided with, in addition to an ion generating device as described above, a high alternating-
current voltage source for feeding the ion generating device with the alternating-current
voltage with which the ion generating device generates the negative and positive ions, a

20  blower for producing a forced flow of the negative and positive ions generated by the ion
generating device, an inlet through which air is sucked in, an outlet through which, by the
action of the blower, the negative and positive ions generated by the ion generating device is

blown out together with the air sucked in through the inlet, a filter, disposed in the air flow

passage leading from the inlet to the outlet, for removing foreign particles from the air, and a




current voltage source for feeding the ion generating device with the
alternating-current voltage with which the ion generating device generates
t he negative and positive ions, a 20 bl ower for producing a forced fl ow of
the negative and positive ions generated by the ion generating device, an
inlet through which air is sucked in, an outlet through which, by the
action of the blower, the negative and pqgsitive ions generated by the ion
generating device is blown out together With the air sucked in through the
inlet, a {] isposed,in the air now passage leading fromthe inlet to
t he out | e}Eé,ak %%;Hapg%(@?pﬁéeq Bthe g7 flow Rassages fromthe air, and a -8- heat
exchanger disp d.in the air flow passage. Wth this air conditioning
appar at us, t he%gbg’c? ¥ conditignisigtapparatusn thegeagetivg entl pysitiveionks QRnEANATHY iHRY
device fed with the alternating-current voltage fromthe high alternating-
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i on gener'§tliz5d cpsviortable gnd glear iving eevitrodienent of the invention. Fig. 4 is a
sectional view showi ng an outline of the structure of the air conditioner,

10 Brief description of drawings

Fig. 1is a diagram showing an outline of the structure of the ion generating device of

a first embodiment of the invention.

Fig. 2 is a plan view showing the ion generating electrode member used in the jon

generating device.

15 Fig. 3 is a sectional view showing an outline of the structure of the air purifier

incorporating an ion generating device, of a second embodiment of the invention.

Fig. 4 is a sectional view showing an outline of the structure of the air conditioner,
incorporating an ion generating device, of a third embodiment of the invention.

Fig. 5 is a sectional view showing an outline of the structure of the ion generating

20 device 101 of a fourth embodiment of the invention.

Fig. 6 is a sectional view showing an outline of the structure of the air purifier,
incorporating an ion generating device, of a fifth embodiment of the invention.

Fig. 7 is a sectional view showing an outline of the structure of the air conditioner,

Incorporating an ion generating device, of a sixth embodiment of the invention.



i ncorporating an ion generating device, of a third enbodi nent of the
invention. Fig. 5is a sectional view showing an outline of the structure
of the ion generating 20 device 101 of a fourth enbodi ment of the
invention. Fig. 6 is a sectional view showing an outline of the structure

of the air purifier, incorporating an ion generating device, of a fifth
enbodi nent of the invention. Fig. 7 is qgs_ecti onal view show ng an outline
of the structure of the air conditioner, ~ i ncorporating an ion generating

device, of a sgxth;: iment of the inventjion. -9- Fig. 8 is a diagram
showi ng an outﬁéhg 'gm%é%tsbﬁ‘&%raé’ ?H‘lr‘]'ieh t#‘%ﬁ"b‘éh@rcgttgﬁgmmiewngfdev'ae of
seventh e j f the.invention. Fig, 9 is a sectional view of the ion
generat i ngaggg@%%bﬁ MR BEthe javeRtion + he i on generating device. 5 Fig. 10
is a perspective viewillustrating an exanple of how the wre-nesh outer
el ectrode is fo8nEdissd sesional wiewpof thenionrgeanemtiag cdertrade érhbert i¥d GHL@E jon
surface of the glass tube of the ion generating el ectrode nenber. Fig. 11
i s a per sisBetatiog devieey i | | ustrating another exanple of how the outer
electrode is formed. 10 Fig. 12 is a perspective view illustrating an
exanpl® of hovFighdOvisr £ peRséttiveNGEw SlIEG R0 Esrd SQv 3. L9 be gut in
intimate contact with the aner sur face %‘?gﬁ?‘eé’aﬁgg%?&?@’ %ief V\fllﬁémpghouter
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view il ystpdid Lspl.acenent between the inner and outer el ectrodes
that are arraﬁé‘gngrgqg&tegr? cBBAh other with the glass tube disposed in

bet ween in Fig 11i ., .
18. 111s a perspective view illustrating another example of how the outer electrode is

formed.

10 Fig. 12 is a perspective view illustrating an example of how the wire-mesh inner
electrode is formed so as to be put in intimate contact with the inner surface of the glass tube
of the ion generating electrode member,

Fig. 13 is a perspective view illustrating another example of how the inner electrode is
formed.

15 Fig. 14 is a plan view illustrating a displacement between the inner and outer

electrodes that are arranged so as to face each other with the glass tube disposed in between in
the ion generating electrode member.
Fig. 15 is a graph showing the concentrations of negative and positive ions, as
measured at a measurement point located 10 cm away from the side surface of the glass tube
20  when an alternating-current voltage of 1.3 to 1.8 kV rms having a frequency of 22 kHz was
applied to the inner electrode, with the outer electrode kept at the ground potential, in the ion
generating device.
Fig. 16 is a graph showing the relationship between the concentrations of negative and

positive i0ns, as measured at a measurement point located 10 cm away from the side surface



the ion generating el ectrode menber. Fig. 15 is a graph show ng the
concentrations of negative and positive ions, as neasured at a neasurenent
point located 10 cmaway fromthe side surface of the glass tube 20 when
an alternating-current voltage of 1.3 to 1.8 kV rns having a frequency of
22 kHz was applied to the inner electrode, with the outer electrode kept at
the ground potential, in the ion generapi.ng device. Fig. 16 is a graph
showi ng the rel ationship betmeen t he concentratlons of negative and

: t ated 10.cm away from
Phe. si deCh R eladtubB AR livht AR LCRIPBLcIR ARt ot Gourainstuine 1o Eedprasine

dev| installed in a
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d ul ture nedi ym bef orehand were sprayed in the test
2 Sgcgeggt‘fﬁﬁ?ﬁgﬂb&ﬂt%ﬁﬁﬁe@ Atcuiurednedigm befsehangogere @pmyagm thertest/spage sovhat
the ion generating device was put 5 into operation, and then the bl ow ng

fan was Hr qaBgeriEationavas: ahoubiSPO tndjsae gbhns/caa,shersqhaam gerreratity detiedwasper
17 is a graph showing the variation with tinme of the survival rate of colon

baci | Pi irde ogefation.cantd them ticobloesvig fini wasSstaftédso 3 HeSaiRindidRRAe ?&@‘Q‘t}zﬂ% Wil
rel ati onship between the concentration of negative 10 ions genera nd

the di st agicsged.r om t he side surface of the glass tube when an alternating-
current ?/%lltage of 1.1 kV or 1.4 kV having a frequency of 15 kHz was

applied to thegid neg 5 ﬁﬁ[ﬂf'ﬁl{cﬁgﬁ Y \;arf'lailgr? (\ﬁtlﬁtt?rﬁe k %\tléq?\gﬁalzr%g cgfe (g)i%n

ground pot entia int I on generatin evi ce

e rex gl ass haV|ng an internal dianeter of 10
Vn\%s 1 cyH aﬁ#eﬁﬁlon cﬁﬁ efgﬁt Iong, the inner electrode was a wire nesh, 80

ngd. havi ng 60 neshes/inch, produced by plai n-weavi ng wre of
i'tS am nggsfl egFg 3BH 95 a graph showing the re?atlonshlp between the concentration of negative

10  ions generated and the distance from the side surface of the glass tube when an alternating-
current voltage of 1.1 kV or 1.4 kV having a frequency of 15 kHz was applied to the inner
electrode, with the outer electrode 205 kept at the ground potential, in the ion generating
device, in which the glass tube was a cylindrical tube of Pyrex glass having an internal
diameter of 10 mm, 1.0 mm thick, and 100 mm long, the inner electrode was a wire mesh, 80

15 mm long and having 60 meshes/inch, produced by plain-weaving wire of stainless steel 304,
0.15 mm across, and the outer electrode was a wire mesh, 80 mm long and having 30
meshes/inch, produced by plain-weaving wire of stainless steel 304, 0.22 across.

Fig. 18B is a graph showing the relationship between the concentration of positive
ions generated and the distance from the side surface of the glass tube when the ion

20  generating device was put into operation under the same conditions.

Fig. 19 is a graph showing the relationship between the meshes/inch number of the
inner electrode and the amounts of negative and positive ions and of ozone generated, as
measured at a measurement point located 10 cm away from the side surface of the glass tube

when an alternating-current voltage of about 1.8 kV rms was applied to the ion generating



0.15 mm across, and the outer electrode was a wire nmesh, 80 nmm | ong and
havi ng 30 neshes/inch, produced by plain-weaving wire of stainless steel
304, 0.22 across. Fig. 18B is a graph showing the relationship between the
concentration of positive ions generated and the distance fromthe side
surface of the glass tube when the ion 20 generating device was put into
operation under the sanme conditions. Fig.,;19 is a graph show ng the

rel ati onshi p between the nmeshes/inch nunber of the inner electrode and the

amount s ofjAeSfd 1\ pesi:tive ions and of ozone generated, as mneasured
at a nmeasur err(g%{ lmﬁ%llb?\eg qf‘o@gtlga EFGCRHNSLY I Cfr hieh Eiedalass tubec badbfant éxgernal

gl ass tubg: al ternating-current voltage of about 1.8 kV rnms was
appl i ed t g‘a{‘h\@ge?%ﬁﬂ’é'gﬂe‘f"a? gi&“g lpng, and wast -6 @um whisk dhe immer klectrode g@as@0ahinng

devi ce, ig)whi%gg %ﬂe gl ass tube had an external dianeter of 20nm was 63
mm | ong, S8 HReshed Bvardngnumber of meshasénclelaed theooltervatet e Was wevRg fra dhifkad
a varyi ng nunber of neshes/inch, and the outer el ectrode was woven from
wire O. 40-ﬂﬁmra@cmhwm@06mlmy anddhad d6dndyhek/ihéh meshes/inch. 5 Fig. 20 is a
graph showi ng the relationship between the neshes/inch nunber of the outer

el ectrbde and Fige 20nisungephfshoapt th¥ GeBROnARS bliwken itl?egﬁmfgt'\’]egmc\)éhﬁé%groﬂf thea

generated, as neasured at a measurenent point locate

si de surf ag@er efectrbe h@s n al ternating-current voltage of
about 1.8 kV rms was appll%f ng,BF %‘smﬁ&#g‘ Veg@?fgrpgf‘f' ?ggonélaé@t? gEoneeatEratet ashe
ion gener gLl Vi ' ich the s tube had an external 10 dianeter
of 20mm wg%&g%djgnﬁﬁ ﬁ‘%ﬁsgd,’grg R 'Rc.”éeq‘lrﬁ £miaway from theside serifacet oftie gleas tube
woven fr&&gviareto. §8 nm across, was 60 mm | ong, and had 40 neshes/i nch,
and the ou B altetnatige-cuiteat valtagenaf sheut hAdkVhamis avas applied to tnbiin fdnerating
meshes/ i nch. (Q?g. 21 is a graph showing the relationship between. the

vol tage afIpftreds, mgmbexk in dbedon generating devive| ine whithdthe Nela SORBRMdd@hh WtPhal

negative ions, as neasured at a neasurenent point
diameter of 20mm, was 63 mm long, and was 1.6 mm thick, the inner electrode was woven
from wire 0.18 mm across, was 60 mm long, and had 40 meshes/inch, and the outer electrode
was 60 mm long, and had a varying number of meshes/inch.

Fig. 21 is a graph showing the relationship between the voltage applied, as expressed

In an rms value, and the concentration of negative ions, as measured at a measurement point

15 located 10 cm away from the side surface of the glass tube when the inner electrode was
woven from wire 0.18 mm across, was 60 mm long, and had 40 meshes/inch, the outer
electrode was woven from wire 0.4 mm across, was 60 mm long, and had 16 meshes/inch,
and the glass tube was 63 mm long, was 1.2 mm thick, and had a varying external diameter,
specifically 17 mm, 20 mm, or 24 mm in the ion generating device.

20

Fig. 22 is a graph showing the relationship between the voltage applied, as expressed
In an rms value, and the concentration of positive ions, as measured at a measurement point
located 10 cm away from the side surface of the glass tube when the ion generating device

was put into operation under the same conditions,

Fig. 23 is a graph showing the relationship between the voltage applied, as expressed




i de surface of the glass tube when the

o IC)Calt 2gt rlgdgmw:\éva\{ot/(ragn}f'g;\?\ﬁ re 0. 18 nm across, was 60 nmm | ong, and
Ihngezfoeneshes/i nch, the outer electrode was woven fromw re 0.4 mm acr 0ss,
V\gs 60 mm | ong ana had 16 neshes/inch, and the glass tube was 63 mm | ong,
was 1.2 nmthié:k and had a varying external diameter, specifically 17 mm
20 mn or 24 mnin the ion generating d_e}/i'pe. 20 Fig. 22 is a graph show ng
the rel ationship between the voltage applTed, as expressed in an rns
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i g. (25 110 YRGrIshirER She AGeTHER P Bl it o he ongenatingdedpphisdh s
expressed -12- in an rne value, and the concentration of ozone, as nmeasu
at Ioa measUiPREFRIGHAINGer thésame gonditionsm away fromthe side surface of the
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poi nt | ol d@ meshesinchagnd therglash tubsi wies Gumhatomgphad AieexgbAsBdiaMREr of 20 mm,
10 and was 1.2 mm thick in the ion generating device.

Fig. 25 is a graph showing the relationship between the voltage applied, as expressed
in an rms value, and the concentrations of negative and positive ions and of ozone, as
measured at a measurement point located 10 ¢m away from the side surface of the glass tube
when the inner electrode was woven from wire 0.18 mm across, was 60 mm long, and had 40

15 meshes/inch, the outer electrode was woven from wire 0.4 mm across, was 60 mm long, and

had 16 meshes/inch, and the glass tube was 63 mm long, had an external diameter of 20 mm,
and was 1.6 mm thick in the ion generating device.
Fig. 26A is a perspective view showing an example of the ion generating electrode
member provided with a catalyst impregnated member impregnated with an ozone
20 decomposition catalyst.
Fig. 26B is a sectional view of the ion generating electrode member.
Fig. 27 is a perspective view illustrating an example of how the sheet-form inner

electrode is put in intimate contact with the inner surface of the glass tube in the ion

generating device.



when the inner electrode was woven fromwre 0. 18 nm across, was 60 nm

| ong, and had 40 15 nmeshes/inch, the outer el ectrode was woven fromwre
0.4 mm across, was 60 nmmlong, and had 16 neshes/inch, and the glass tube
was 63 mmlong, had an external dianmeter of 20 nm and was 1.6 mmthick in
the ion generating device. Fig. 26A is a perspective view show ng an

exanpl e of the ion generating el ectrode jzmenber provided with a catalyst

i npregnat ed nmenber inpregnated with an ozone 20 deconposition catalyst.

Fig. 26Bis a i ' of. ' eneratin | ect rode nber. Fig.
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view illustrating another exanple of how the sheet-forminner electrode is
put in iﬁF’i“ﬂg‘l"kg Otct with the inner surface of the glass tube in the ion
generating device. Fig. 29 is a perspective view illustrating anot her-
exanpl e of hoWighe® istaeperspeotive viewegHustftie @obthedexangpleof hdw thehesrigencimneact
with the inner surface of the glass tube in the ion generating device.

Fig. 30 ielectrode apipustiovintimateheormamunith thé inp&akiriRe ATdthROShLs Hibel RN she ior}1
generated, as neasured at a neasurenent point |located 10 cmaway fromthe

si de surfgag@atig digced! ass tube when an alternating-current voltage of
about 1.5 KV rms was applied to the ion generating 10 el ectrode nmenber of
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when an alternating-current voltage of about 1.8 kV rms was applied to the ion generating

10 electrode member of the ion generating device, in which the glass tube had an external
diameter of 20 mm, was 63 mm long, and was 1.6 mm thick, the inner electrode, here a sheet
formed into a cylindrical shape, was 45 mm long, and was 0.08 mm thick, and the outer
electrode, here a mesh formed into a cylindrical shape, was 60 mm long, and had a varying
number of meshes/inch.

15 Fig. 31 is a graph showing the amounts of negative and positive ions generated, as
measured at a measurement point located 10 cm away from the side surface of the glass tube
when an alternating-current voltage of about 1.8 kV rms was applied to the ion generating
electrode member of the ion generating device, in which the glass tube had an external
diameter of 20 mm, was 63 mm long, and was 1.6 mm thick, the inner electrode, here a sheet

20 formed into a cylindrical shape, was 0.08 mm thick, and had a varying length, and the outer

| electrode, here a mesh formed into a cylindrical shape, was woven from wire 0.22 mm across,
was 60 mm long, and had 16 meshes/inch.
Fig. 32 is a graph showing the amounts of negative and positive ions generated, as

measured at a measurement point located 10 cm away from the side surface of the glass tube



el ectrode, here a nesh fornmed into a cylindrical shape, was 60 mm | ong, and
had a varying nunber of nmeshes/inch. 15 Fig. 31 is a graph show ng the
anounts of negative and positive ions generated, as neasured at a

measur enent point |located 10 cmaway fromthe side surface of the glass
tube when an alternating-current voltage of about 1.8 kV rns was applied
to the ion generating electrode nenber1f the ion generating device, in
whi ch the gl ass tube had an external dianmeter of 20 nmm was 63 mm | ong,

and was ick t ' I rad re a sheet 20 fornmed into a
cyl i ndri ‘3:”2% 5&1“3&%*,“%%*856@%&%%ioié?mﬁnﬁ** H‘Sﬁ"ﬁs \”/Véﬁﬁﬂbeqz EhHienon Begerating
out er elle t rode, Eere 3hmesh formed i,nto a cy jgdri cal shape, was woven
from wi r&cgi%%s REMREr S5 dhe 1op sengsating devige: Wnihichdthe celasssivee Hadcan exiegnals)
is a graph showi.ng the ampunts of negative and positive ions generated, as
measur eddiameter RE&E JRBnPas %Gifﬁtloﬂg@éa‘?élés 16 om thigky therionartalestrodecheseafshess of
the glass tube -14- when an alternating-current voltage of about 1.8 kV rns
was appl fosaed dntohe cybindrigahshaptei mgs 0% oim abiek membems 60 mhe longn agé nke autérg
device, in which the glass tube had an external dianeter of 20 mm was 63

mm | 0fig, elasicbdspBert atmesh folhedkintd heylintirRel $Haps waRAPoveAFFdin it B3 mrh QE/RY
into a cylindrical shape, was 0.08 mmthick, and was 50 mm | ong, and the

outer S5 RidLVAronle leddeh Gind HAB 8 nleQk jnto a cylindrical shape, was woven
fromwre 0. 221—91%1%1 ar{cg?ﬁo’sg, qﬁad é:gv‘g&gclﬂhg | ength, and had 16 meshes/i nch.
Fig. 33A is agplan of the mesh-form

vi ew, ,partially. cutawa of. an exanpl
outer el ectrome thal® F LAY Yiedy p&ﬁlﬁi’ﬁd""{%‘}é’dyglogﬁ TWH@T%PFFWEW%}F\'f@%é}“&W ng
el ectrod er so as to be kept in intimate contact with the outer
sur f ace ?elﬁg%g%ft.i’a’i'é tﬁfeél arS%’B’eﬁhg ggasg e frthe ion genesaiing ahertiode nerebes foeas to
electrode js fitted around the glass tube so as to be kept in intinmate
cont act PHESPER intimate contact with the outer surface thereof.

10 Fig. 33B is a sectional view showing how the outer electrode is fitted around the glass
tube so as to be kept in intimate contact therewith.

Fig. 34A is a plan view, partially cutaway, of another example of the mesh-form outer
electrode that is fitted around the glass tube of the ion generating electrode member so as to
be kept in intimate contact with the outer surface thereof.

15 Fig. 34B is a sectional view showing how the outer electrode is fitted around the glass
tube so as to be kept in intimate contact therewith.

Fig. 35 is a sectional view showing an example of the ion generating device of an
eighth embodiment of the invention.

Fig. 36 is an exploded perspective view showing an example of the air purifier,

20  incorporating an ion generating device, of a ninth embodiment of the invention.

Fig. 37 is a perspective view of the body of the air purifier.

Fig. 38 is a side sectional view of the air purifier.

Fig. 39 is a back perspective view of the air purifier.

Fig. 40 is a conceptual diagram illustrating the air flow passage formed inside the air



ig. 34Ais a plan view, partially cutaway, of another exanple of the
Eegh-formoutelro el ectrodg that is fitted around the glass tube of the ion
generating el ectrode nenber so as to be kept in intimte contact with the
outer surface thereof. 15 Fig. 34B is a sectional view show ng how the
outer electrode is fitted around the glass tube so as to be kept in
intimate contact therewith. Fig. 35 is_gssectional view showi ng an exanple
of the ion generating device of an eighth enbodinent of the invention.
Fig. 36 bgrifid} expl oded perspective view showi ng an exanple of the air
purifier, 20 incorporating an ion generating dev:c cte,h OLogan()PtthhgngiO(rjl ment
invention. K g 37 is a perspective view o e _ .
BLr ;[ P ieer. Fi 3:? g4y lis%naergz}ra%d §‘€f§'t? Hq’r_“ﬁ?_f‘é’\f/tlaﬁ bYRiss Bssagsuanick therion Beeeratdes i s
a back perspective view of the air purifier. Fig. 40 is a conceptual
di agram F{eFﬁ%&rﬁ‘FF‘Hﬁr? e girpurifigiy passage formed inside the air -15
purifier. Fig, 41 is an enlarged view of a portion of the bypass passage
and the ion g%ﬁ@r@ﬁ ifga gedpbohowite therbletiomshig berwabn theucdntemrationi &F thd 2Pohé @
graph showing the relationship between the concentration of the ozone 5

gener &t egetwyateticby ohe demaientranify @le2erode dfeBFDAT ﬂreddis&%cé“fﬁélxﬁ?‘ﬁgﬂtf#g) &gg

outlet, as observed when an alternating-current voltage of

appl i ed ©bsdrh@l Whén 8§ _aﬁmatim%cur?énggg&&%ﬂ?ﬂp@rmﬁ%éJg)gug’ég]ga"ﬂhgﬁgﬂi gg?]e\é\ﬁt?%

driven in the air purifier. g. I's a graph show

ol cot 08 e R FEAL LA Bl R PR PP RERuTe’ 20’ observed wihen an
al ternating- C'l"'rigr.eé{.ﬁtB \1/50.'-!1 tg?a%ﬁ s%fowilh'gdfthiéYe]gt%nsvlﬁsbg&gLA ?hde éo?lcgrnSatilo?lnof%ﬁg %rzg;[lel "
generated by the ion generating electrode member and the distance from the outlet, as
10 observed when an alternating-current voltage of 1.4 kV rms was applied to the ion generating
electrode member and the blowing fan was driven in the air purifier.
Fig. 43 is a sectional view showing the outline of the structure of the air conditioner,
incorporating an ion generating electrode member, of a tenth embodiment of the invention.
Fig. 44 is a block diagram showing the basic configuration of the controller of the > air
15 conditioner, incorporating an ion generating device, of an eleventh embodiment of the
invention.
Fig. 45 is a block diagram showing the basic configuration of the controller of the air
conditioner, incorporating an ion generating device, of a twelfth embodiment of the invention,
Fig. 46 is a block diagram showing the basic configuration of the controller of the air
20 conditioner, incorporating an ion generating device, of a thirteenth embodiment of the

invention,

Fig. 47 is an exploded perspective view of the ion generating device unit of a

fourteenth embodiment of the invention.

Fig. 48 is a perspective view of the front member of the ion generating device unit.



el ectrode nenber and the blowing fan was driven in the air purifier. Fig.
43 is a sectional view showing the outline of the structure of the air
conditioner, incorporating an ion generating el ectrode nenber, of a tenth
enbodi nent of the invention. Fig. 44 is a bl ock diagram showi ng the basic
configuration of the controller of the air 15 conditioner, incorporating
an ion generating device, of an el eventpgenbodi nent of the invention. Fig.
45 is a bl ock di agram showi ng the basic configuration of the controller of

enbodi ment of The nienttaoret ey Sydfing MnERRTHA gl efSuiof Pt o

enbodi mrent of the invention. agra

confi gurgtd : l.er of the air 20 conditioner, incorporating an
ion genei?tg%dﬁﬁgtﬁég)vr%él?‘%géé gé\flﬁqlfl}lteenth enbodi ment of the invention. Fig.

47 is an explnﬁideg%ger sgecti vg fvi ew of the i gn gen,er ating device unit of a
fourteenth enb&dirert *BEXRHET TAREKieMoSowing howghe iongeneratipe elqctredg membsr
the front .nenber of the ion generating device unit. -16- Fig. 49A is a
sect i onaf fitedw showi ng how the ion generating electrode nmenber is fitted
in the ion generating device unit. Fig. 49B is an exposed front view

showi fig how tFig. 501is yperspetivayiest eftthe oche lefehdrel meinber ofttheibn genbiafing Wevice a
perspective view of the rear |eft-hand nenber of the ion generating device
unit. Fiwnit.51 is a perspective view of the rear right-hand nmenber of the
ion generating device unit. Fig. 52 is a perspective view of the sub

bllower unit ofigl bq {500 pBRPEL L il BVth€ GediMidht-hand member of the ion generating
device unit.
Fig. 52 is a perspective view of the sub blower unit of the ion generating device unit.

10 Fig. 53 is a front perspective view showing an outline of the structure of the air
conditioner, incorporating an ion generating device unit, of a fifteenth embodiment of the
invention,

Fig. 54 is a front perspective view of the air conditioner, with its front panel opened.

Fig. 55 is an enlarged front view of the display device provided on the body of the air

15 conditioner.
Fig. 56 is a perspective view of the remote control unit of the air conditioner.
Fig. 57 is a side sectional view of the indoor unit of the air conditioner.

Fig. 58 is a side sectional view of the indoor unit as taken where the ion generating

electrode member is located.

20 Fig. 59 is a side sectional view of the indoor unit as taken on the left side of where the

ion generating device unit is located.

Fig. 60 is a side sectional view of the indoor unit as taken on the right side of where

the ion generating device unit is located.

Fig. 61 is a diagram showing an outline of the overall configuration of the air



10 Fig. 53 is a front perspective view show ng an outline of the structure
of the air conditioner, incorporating an ion generating device unit, of a
fifteenth enbodi ment of the invention. Fig. 54 is a front perspective view
of the air conditioner, with its front panel opened. Fig. 55 is an

enl arged front view of the display device provided on the body of the air
15 conditioner. Fig. 56 is a perspectiveyview of the renote control unit of
the air conditioner. Fig. 57 is a side sectional view of the indoor unit

of the aidhdfmgitioner. Fig. 58 is a side sectional view of the indoor unit
as taken where the ion generating electrode nenber is |ocated. 20 Fig. 59
is a side sectiopal view of. the indoor unit as.t.aken on.the left side of
where the i ohZoEnds LPRRREHES Ve BERE ndSlr hndRELE F eohdistones iGcarpirating an
sectional view of éhe i ndoor, unit as taken on_the right side of where the
i on gendPREFHYALRE fOece It © %S‘P‘%ﬁtséﬁ!mﬁ%‘?m Bﬁtheén‘énngagr am showi ng an
outline of the overall configuration of the air -17 conditioner. Fig. 62

i s a perspectFige6¥ischpasspectiee viewsd thaindeoramit withaisfranb patiel ppered,

i ncorporating an ion generating device unit, of a sixteenth enbodi nent of

t he ifiventi onFigFi6g is63n i enlanggak fiope vidw oftheviiquid tohystdl ndigniy Weivice of the birs
front panel opened. 5 Fig. 64 is an enlarged front view of the liquid
crystal ¢indplongr.device of the air conditioner. Fig. 65 is an enlarged view
of the renote control unit of the air conditioner. Fig. 66 is a side

sectional Vi ewgoks i i vikt It ¥ rehidfe @rtrof BRE OF K83 conditioner,

Fig. 66 is a side sectional view of the indoor unit of the air conditioner.
Fig. 67 is a diagram showing an outline of the overall configuration of the air
10  conditioner.
Fig. 68 is a sectional view of the ion generating device unit incorporated in the air
conditioner.
Fig. 69A is a sectional view of the ion generating device unit, with its first outlet
closed and its second outlet opened.
15 Fig. 69B is a sectional view of the ion generating device unit, with its first outlet
opened and its second outlet closed.
Fig. 70 is a block diagram of the controller of the air conditioner.
Fig. 71 is a sectional view of another example of the ion generating device unit.
Fig. 72 is a sectional view of yet another example of the ion generating device unit.
20 Fig. 73 is a perspective view of the indoor unit of an air conditioner provided with a
connector for connection with the ion generating device unit, with its front panel opened.
Fig. 74 is a diagram showing an outline of the configuration of the ion generating
device of a seventeenth embodiment of the invention.

Fig. 75 is a graph showing the variation of ozone concentration observed using the ion



Fig. 67 is a diagramshow ng an outline of the overall configuration of the
air 10 conditioner. Fig. 68 is a sectional view of the ion generating
device unit incorporated in the air conditioner. Fig. 69A is a sectional
view of the ion generating device unit, with its first outlet closed and
its second outlet opened. 15 Fig. 69B is a sectional view of the ion
generating device unit, with its first_gutlet opened and its second outl et
closed. Fig. 70 is a block diagramof the controller of the air
conditioner. Fig, 71 is a.sectional, view of ,anqgt.her, ex | e.of the ion
gener at | ¥R deviss ‘fvﬁe"’lfp Gn agosghege é"eg?'ll%'ﬁtgle '\r}?lg{/vc%'}%ggté?“oé’nﬁ K& eXahpl e
of the ion eneratliggl% devi ce unit Fig. 73.i asgers ective view of the
[

20 (13 S,
i ndoor uhPPT BPMAQ loWer. dESRAWEr SHatCh SYaskepicld the o1 aPOSEIORHOE b mirwites.dnbER i on
with the ion generating device unit, with its front panel opened. Fig. 74
is a di areadtoRbo'ef§’ BeSitta | i ne of the configuration of the ion generating
devi ce of a seventeenth enbodi nent of the invention. Fig. 75 is a graph
showi ng t he vErg. d6iionside sectional \dewskowing tan ontlolesd itheestrugtiire gf theai purifier ®f
generating device when, in an atnosphere in which the initial concentration

of ozgneameightetntl@inbodiment of eGsiventibs power switch was kept in the "on"
position for six mnutes and then turned to the "off' position. Fig. 76 is

pur et of B L6t SR RAIAM MY S I 0RUATRRRE RAuchliE ot the ol
. g. is a side
5P ok DR SR g it e of the @it conci i onr
Fig. 78 is a side sectional view showing an outline of the structure of the air purifier of
a twentieth embodiment of the invention.

10 | Fig. 79 is a graph showing the concentrations of negative and positive ions, as
measured at a measurement point located 20 cm away from the side surface of the glass tube
when an alternating-current voltage of 1.1 to 1.4 kV rms having a frequency of 15 kHz was
applied to the inner electrode, with the outer electrode at the ground potential, in the ion
generating electrode member of the air purifier, in which the glass tube was a cylindrical tube

15 of Pyrex glass, having an internal diameter of 12 mm, 1.0 mm thick, and 150 mm long, the
inner electrode was a wire mesh, 80 mm long, having 48 meshes/inch, and produced by plain-
weaving wire of stainless steel 304, 0.23 mm across, and the outer electrode was a metal mesh,
80 mm long, having 9 to 100 meshes/inch, and produced by plain-weaving wire of stainless
steel 304, 0.15 to 0.22 mm across.

20 Fig. 80 is a graph showing the concentration of ozone, as measured at a measurerﬁent
point located 20 cm away from the side surlface of the glass tube when an alternating-current
voltage was applied to the ion generating electrode member of the air purifier under the same

conditions.

Fig. 81 is a side sectional view showing an outline of the structure of the air



Fig. 78 is a side sectional view showi ng an outline of the structure of the
air purifier of a twentieth enbodinent of the invention. 10 Fig. 79 is a
graph showi ng the concentrations of negative and positive ions, as
measured at a neasurenent point |ocated 20 cmaway fromthe side surface of
the glass tube when an alternating-current voltage of 1.1 to 1.4 kV rns
havi ng a frequency of 15 kHz was appligd to the inner electrode, with the
outer electrode at the ground potential, in the ion generating el ectrode
menber : i e i i . tube was a cylindrical tube
15 of P&FgglhgP?sif,agﬁgb{#ngsgﬁ%%\%Fﬁgfg%elgrgréerﬁ%?‘ of 12 mMmm 1.0 mmthick, and
150 mm | ong, d#:heq4i nner,.el ectr,ode was .a wire nesh,, 80 nm |l ong, having 48
nmeshes/ i nch, Iie{g'd S%r{(%d%cde'%grﬁv Bﬁ‘éﬁ’ﬁ‘-‘“%‘h“visﬁ&ctwer BP(S}FG Jeggtivecand posisive Jgns
0.23 mm across,, and the,outfer el ectrode was a netal mesh, 80 nmlong,
havi ng §epgra$§d>ynt5g RRYAIPR AL anyiRp BERGAtingtevisy epibarningshainvientianr e of
stainless steel 304, 0.15 to 0.22 mmacross. 20 Fig. 80 is a graph show ng
t he concent r dtlBof3 d§ aodiagrem Hiusiratingihew aitbonengersur eitesds, ogoi ntolécnixa} end 20
cmaway fromthe side surface of the glass tube when an alternating-current
vol t aye atber fareign paiticles aradecampaped by did attior benégdatide amepdsntivedbnd he air
purifier under the sanme conditions. Fig. 81 is a side sectional view
showi ng an outline of the structure of the air - 19- conditioner of a
twenty-first enbodiment of the invention, Fig. 82 is a diagramillustrating
the str f i itive ions generated by the operation
of an i?\ésgre'ﬁ)gragﬁg’g"ge |cdé%§ﬁ§{(}§9?§g the invention. Fig. 83 is a diagram
illustrating W akrbarne .ger s i ruses,, odor no)ecules, and, 5 other
forei gn part illg‘?r ;Snaggre eﬂ@ggﬁﬁb‘?%seﬁf%‘? pf?f@"‘a‘ét"?'ﬁ'r?"o‘?"ln%%SFVEGCQWGhFSé@FQﬁC%O
i ons. Beﬁt node for_.car r,syi tag out the invention '

the drawings. = Fig. 1 is a diagram showing an outline of the structure of the ion generating

10 device of a first embodiment of the invention. Fig. 2 is a plan view showing the ion
generating electrode member used in this ion generating device 1.
As shown in Fig. 1, the ion generating device 1 of this embodiment is composed of an
ion generating electrode member 2 having a first electrode 4 and a second electrode 5
arranged so as to face each other with a glass plate 3, acting as a dielectric, disposed in
15 between, and a high alternating-current voltage source 6 connected to the first and second
electrodes 4 and 5 in such a way that the first electrode 4 serves as a voltage application
electrode and the second electrode 5 serves as a grounding electrode.
As shown in Figs. 1 and 2, the ion generating electrode member 2 has the first
electrode 4 kept in intimate contact with one side of the glass plate 3, which is shaped like a
20 flat plate, and has the second electrode 5 kept in intimate contact with the other side of the
glass plate 3.
In the ion generating electrode member 2 shown in Fig. 2, a glass plate 3 is used as a
dielectric; however, any other insulating material formed into any other shape may be used

instead according to the shape and structure of the apparatus in which the ion generating



Herei nafter, enbodi ments of the present invention will be described with
reference to the drawings. Fig. | is a diagramshow ng an outline of the
structure of the ion generating 10 device of a first enbodi nent of the
invention, Fig. 2 is a plan view showing the ion generating el ectrode
menber used in this ion generating device 1. As shown in Fig. 1, the ion
generating device | of this enbodi nent. 4¢s. conposed of an ion generating
el ectrode nenber 2 having a first electrode 4 and a second el ectrode 5

arranged S ach other with a glass plate 3, acting as a
dielectrqéﬁw?fégggg%ﬁ%ﬁ315 bet ween, and a high alternating-current voltage

source 6 connected (o t i gst and se d, .electrades 4 and. 5 in such, a
wey that the RErG slapbiEfedeloh exERtlect S8 Qb et of A5F BAR irisei Bt bR
and the second electrode 5 serves as a groundi ng el ectrode., As shown in
Figs. | BieHapd seepnd; electepdse Aagndngy 1oF s¥thbige WisnBethes produced byt plpigrweaving
el ectrode 4 kept in intimate contact with one side of the glass plate 3,
whi ch i swirhafetdinlésk eteel 318@rf304arqisede, and has the second el ectrode 5 kept
inintimte contact with the other side of the glass plate 3. In the ion

gener ati ng el B6it entth@cet fvegendrasionfficiondy, ghe Brst angdlsassndpdladteodds idsanisediras a
dielectric; however, any other insulating material formed into any ot her

shape mayefén mﬁﬁ%teicﬁﬁﬁa&a@itﬁ%@éﬂisﬁﬂaﬁe@.t heheSHiaPEnPRoRd EREOIR Phnd HRan

apparatus in ich the ion generating -20 device | 1s incorporated. As the
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the firs econd electro uced
by pl ai n-weavi wire of stainless steel 316 or 304 are used. 5 For
enhancedPIEGH Qfores NoPBHSTENFS DY HES PRI PF BY SR RINSIUGNE RIPESSr odes 4 and 5
are kept in intimte contact with the glass plate 3. The first and second
el ectrodes 4 Neyv,homgthe ion generating device I structured as described above operates will be
10 described in terms of practical examples. It is to be understood, however, that the ion
generating device 1 of this embodiment is not limited to any of the examples specifically

described below, but may be implemented with modifications made in operating conditions

and other factors as required.

15 Example 1
As the glass plate 3, a flat plate of Pyrex glass, 55 mm x 55 mm and 1.0 mm thick,
was used. As the first and second electrodes 4 and 5, wire meshes, each 33 mm x 33 mm
and having 48 meshes/inch, produced by plain-weaving wire of stainless steel 304, 0.23 mm
across, were used. It is to be noted that “meshes/inch” used here as a unit describing how
20 fine the meshes of a mesh are denotes the number of holes (meshes) found along a length of
one inch; that is, the greater the meshes/inch number of a mesh, the finer its meshes.
By activating the high alternating-current voltage source 6, an alternating-current
voltage of 3.0 kV rms having a frequency of 20 kHz was applied to the first electrode 4, with

the second electrode 5 at the ground potential. Then, using an airborne ion counter, model



easily be put into intinmate contact with the glass plate 3 by bondi ng, by
press-fitting with pieces of wire wound around, by screen printing, or by
any ot her known process. Now, how the ion generating device 1 structured as
descri bed above operates will be 10 described in terns of practical
exanples. It is to be understood, however, that the ion generating device
| of this enbodinent is not l[imted te2any of the exanples specifically
descri bed bel ow, but nmay be inplenmented with nodifications made in

oper at | %@_ﬁj&gﬁi ég,ﬂ}gﬁtu,%p;t[ygé%fk&éﬁ&t G5S188, J’aggh‘,ith@‘éonckﬁtrm&egatﬂ% i

gl ass plate rex glass, 55 mmx 55 mmand 1.0 nmmthi ck,

was used. As the first and cond, el ectrodes 4 and 5 i ) 33
T x 33 PSR RISHAUR RO AEaREe/ Vet or rern ctset BypeRirel ot FRE R ER
stainl ess steel 304, 0.23 mm across, were used. It is to %e not ed t hat
"meshes/locatéd’ 10sml awayefram the side ofidke glass miptedwepovich ghe fisstpdlegiadest is
mesh are denotes the nunber of holes (nmeshes) found along a | ength of one
i nch; thatanged. tThe greesiremetthshoweshthe/ prassnce ofbabout 50H0Retoh70,0A@ ipnsies of t s
meshes. By activating the high alternating-current voltage source 6, an

al terfﬂatdeggﬁ&elwd%itiv&%dsagerh@t:o&eﬁtrkﬂémsfsozbﬂymgoa)1fto@oﬂﬁepmay. of 20 kHz was
applied to the first electrode 4, with the second electrode 5 at the

ground pot ent%,;{%%*@gggﬂéﬁ%gt@ 11 'ic%ho%&?erit QOHE ar witho8 edompatativeR 14018

manuf act ur ed u Ltd. apan, the concentrations of negative

and positive ions wth nmobility,of 1 \V se r. hi . at
a measurdiFERRLINGRURRENt Y%@&F@hgfd&ém’%\%ﬁ%%’réfﬁQ%gb&tggegé}a{e}%\ﬁg &ss pl%l‘ﬁg 3
on which the first electrode 4 is arranged. The neasurenent showed the

pr esenceofpfegativaandawsihivg ions I thedo i ons/ cc of 5 negative and positive ions.
The concentration of ozone was 0.01 to 0.06 ppm In this way, by operating
the ion generating device | wth a conparatively | ow

10 Example 2

As the glass plate 3, a flat plate of Pyrex glass, 55 mm x 55 mm and 0.23 mm thick,

was used. As the first and second electrodes 4 and 5, wire meshes, each 33 mm x 33 mm
and having 48 meshes/inch, produced by plain-weaving wire of stainless steel 304, 0.23 mm
across, were used.

15 By activating the high alternating-current voltage source 6, an alternating-current
voltage of 1.5 kV rms having a frequency of 30 kHz was applied to the second electrode 5,
with the first electrode 4 at the ground potential. Then, using an airborne ion counter, model
83-1001B manufactured by Dan Kagaku Co., Ltd., Japan, the concentrations of negative and
positive ions with mobility of lem? /V- sec or higher were measured at a measurement point

20 located 10 cm away from the side of the glass plate 3 on which the first electrode 4 is

- arranged. The measurement showed that the concentration of negative ions was 14,998
ions/cc, and that the concentration of positive ions was 19,686 ions/cc.  The concentration of
ozone was 0.05 ppm.

In this way, by operating the ion generating device 1 with a comparatively low




ing-current voltage of 3.0 kV rns applied, it is possible to
SL;:;Q?EI agsuffi ci ent am)gnt of negative and positive ions in the air. 10
Exanple 2 As the glass plate 3, a flat plate of Pyrex glass, 55 nmmx 355nm
and 0.23 mmthick, was used. As the first and second el ectrodes 4 an :
wi re neshes, each 33 mmx 33 mm and having 48 neshes/inch, produced by15
pl ai n-weavi ng wire of stainless steel 3(_)5?_0. 23 mMm across, were used.
By activating the high alternating-current voltage source 6, an

I 0o e .qf 5 kV rs, having. a frequency of 30 kHz was
oot oo 8% ATEE Bl AARRAT By b b o e Sonen
gr ound POL & tial, Then..using. an airborne ion counter, nodel 83- 10913 .
manuf acture%gﬁﬁvm'r‘fp?@a% ophin theay.  Meygeysr, thtrEequamey of thet vadtage epplivdgaBdve
and positjve ions with mobility of lcnR /V sec or hi ghe.r wer e rr.easured at
a measur eﬁéﬁt 1§ 0Pgyong ghe gapgeeaf homem headig f amdimietefori the ioh ééin@r&ﬂngs&evﬁﬂeﬁtle
3 on which the first electrode 4 is arranged. The neasurenent showed t hat

the concePREIES quietly, witlyno invise postmicwdisy fhé,hfric digdhafgetthattakest 1ade HedGeen the
concentration of positive ions was 19,686 ions/cc. 'I%@et concentration onf

g ] [ [ ting device |
ozone HasfiBt & gmoond électiddes 4vud,5 by operating the ion genera
vm'zth a conpar at?qeel y low -22- alternating-current voltage of 1.5 kV rms
applied, it is possible to generate a sufficient amount of negative and
positive ions in the air. Mreover, the frequency of the voltage applied is

i i he ion
kHz, i.e. I of h n_hearing, and therefore t
Sgner ating devgg)\étc’)lque%%gdr sﬁgg‘%mbf’w‘% iRveriongvitlohes dessriber it tgferemns to the
electric discharge.that takes place between the 5 first and second .
el ect r odeS ¥ " Hid ?}g. &ei@t‘? sectigngloiew shpwingnemouttine pfichd stmemireaf the lir faeifier
i ith reference to the
descri bed3(\)/& tmcorporating an ion generating device 1, of a second embodiment of the invention.

10 In a rear portion inside the body 301 of the air purifier 300, a blowing fan 302 is
provided. In the front face of the body 301, an air inlet 303 is formed that consists of a
number of holes or slits. On the downstream side of the inlet 303, various filters 304 for
dust removal_ and deodorization are provided. In the top face of the body 301, an air outlet
305 is formed that consists of a number of holes or slits. In this way, an air flow passage

15 that leads from the inlet 303 to the filters 304 and then to the outlet 305 is formed inside the
body 301.

Moreover, the ion generating device 1 (see Fig. 1) of the first embodiment described
earlier is arranged with its ion generating electrode member 2 placed in the air flow passage,
in the vicinity of the outlet 305. Here, the high alternating-current voltage source 6 (see Fig.

20 1) may be provided separately from a power source for driving the blowing fan 302, or may
be shared for this purpose also. In the latter case, a controller (not shown) is additionally
provided so that the driving of the blowing fan 302 and the operation of the ion generating
device 1 can be controlled independently. This permits the ion generating device 1 to be

turned on and off as required while the air purifier 300 is operating, and thus enhances the



drawings. Fig. 3 is a sectional view show ng an outline of the structure of
the air purifier 300, incorporating an ion generating device 1, of a
second enbodi nent of the invention. 10 In a rear portion inside the body
301 of the air purifier 300, a blowing fan 302 is provided. In the front
face of the body 301, an air inlet 303 is forned that consists of a nunber
of holes or slits. On the downstream sidg of the inlet 303, various filters
304 for dust renpoval and deodorization are provided. In the top face of

t he body a i outde 305 is forned that consists of a nunber of

hol es or usa}%{t%.c’?fh% %‘%P‘glf]{ﬁé;,oo'an air flow passage 15 that |eads fromthe
inlet 303 to wﬁﬂ{i[ters 3&4 and then to the outlet 305 is formed inside
the body 301. thin aF putifer 309y sigestaied or descaibed akove, stapeopergtingl thablowing
first enbodi nent described earlier is arranged with its ion generating

el ect r od&2mBPdatarts rptatinsd Aa a rrsulsi thefdinsucked slirgegh theninldie3 03i it itkeyaiofflohe
outlet 305, Here, the high alternating-current voltage source 6 (see Fig.
20 1) nmypatsagpisopdsdedittsepglr tiecilyers 8040 whiphwermnosotiist einfl Wdoy frinGietaie and is
bl owi ng fan 302, or nmay be shared for this purpose also. In the latter

case, 5a clwntblowhat (Hrougiihewilled 3052dNrtdnWhlk! if thdioR GeHadti i
driving of the bl ow ng %an 3026and t he operat | (t)ndOlgf \gteﬂgq}lggdg\ggéerlg%]?ﬂ)é on,

device | igaRedfive AN’ Hs; ' t Thi rmts the ion generatin
device 1 to %ée)ﬁwt ur ne@égéﬁ%amg%gﬁ EHIaagéar @ébﬁerﬁaéﬁﬁu@dttﬁ% ey lgeB‘EfPﬁ?g 8[“'%66% s
operatin nd 4 hus,enhanc the -23 sapilit f the air purifier 300,
Waen t hi gneé?%rerp%lair? i W’h@&ﬁ%&% t‘ﬁP}édH%§Pe8Bs’é’¥ i ﬁédE%bW\?b, itgis gpqsgible to kill
operating, the blown fan 302 starts rotating. As a result, the air
sucked t RHBYGE &eras bnihstactiomof ragstivéandapasitiviedons. passage i s passed t hrough
the filters 304, which renove dust and odors fromthe air, and is 5 then
bl own out thrd¥ew, how athdree ga0Bs ahdkilledi 4rel, rénfovieieby oife geti@r af inegatthavhse |
is kept on, the negative and positive ions generated in the space around
the ildnh gesievationg will et dedeibed briefly. As the ion generating device 1 operates, plasma
discharge occurs between the first and second electrodes 4 and 5 that are arranged so as to
face each other with the glass plate 3 disposed in between. This plasma discharge ionizes
the molecules of water vapor contained in the air into negative and positive ions.
Here, as shown in Fig. 82, as the positive ions, hydrated hydrogen ions H'(H,0),, are
15 generated, and, as the negative ions, hydrated oxygen ions O,"(H,0), are generated. Here, m
and n represent natural numbers.
When these ions attach to the surface of airborne germs, they immediately produce
radical hydroxyl (OH:) as an active species, which robs the germ cells of hydrogen and
thereby kills them. This chemical reaction is an oxidation reaction, and the radial hydroxyl

20 (OH:) achieves not only sterilization but also deodorization by oxidizing various airborne

molecules that produce odors.
Now, how efficiently the air purifier 300 of this embodiment kills airborne germs will

be described in terms of a practical example. It is to be understood, however, that the air

purifier 300 of this embodiment is not limited to the example specifically described below,



menber 2 are blown out together with the clean air. In this way, it is
possible to kill airborne gerns by the action of negative and positive
ions. Now, how airborne gerns are killed and renoved by the action of
negative and 10 positive ions will be described briefly. As the ion
generating device | operates, plasma discharge occurs between the first
and second el ectrodes 4 and 5 that are2arranged so as to face each other
with the gI ass plate 3 disposed in between. This plasma discharge ionizes
the nol f; ‘rﬁ?én? ngicBh@itidROAMd ¥BePfbtors as
posi ti vg&l:ljon b% eg‘st&gﬁgém@nnﬁ%hgﬁgg%& ;ggteqe?dg ;g)om ive ions, hydrated
hydrogen ians H (H20),, are 15 generated, and, as the negative ions,
hydr at ed®8%fen i ons 02- (H20), are generated. Here, M and n represent

nat ural nunbers. Wien these ions attach to the surface of airborne gerns,
they i medi ately produce radical hydroxyl (OH) as an active species,

whi ch robs the germcells of hydrogen and thereby kills them This

cheni cal Exsmpleidon i s an oxidation reaction, and the radial hydr oxyl 20
(OH) achieves not only sterilization but aI so deodori zation by oxidizing
vari ofis ai r boThe airnphréfoarl 309 inbatpopatindutbe iod geseratiigvdetioey lefisedcineExanyplent
air purifier 300 of this enbodinent kills airborne gernms will be descri bed
in ter msyQbriBedéRféd WA m@téﬂémlnea tekttsphe 2.0 nbRNENZIS Ms ndde] and QViemdtigh.t HEltert, he
air purifier 300 of this enbodinment is not |inted to the exanple

speci fi C?zgrln)ﬁog g{elngezgxdbﬁl Wehat 44d r?%‘:’ﬁ c{]ﬁ%eﬁ’ | MRLRIRME&uW b&forehand were

nodi fi cations ma I'n oper t| ng conditions an other factors as required.
ased i n BRYEH B 1Fe tea@sﬁoé'ﬁé peimaiipoRs T B8 kPG oo RO Ak 18 SHEHER,
ong. 2. gnégrvrhg %amg rc]:gngxtIZnsmash:ngExarIQle 1" described earlier, and the blowing fan 302 was

10 started, so that the air purifier 300 started operating.

Then, at predetermined time intervals, using an air sampler, model RCS manufactured
by Biotest AG, Germany, the air inside the test space was extracted at a rate of 40L/min and
sampled for four minutes to measure the number of germs contained in the air. The results
are shown in Table 1.

15 In three hours after the air purifier 300 started operating, of the common bacteria and
fungi that had originally been present in the test space, 72% and 75%, respectively, were
removed. This proves that the air purifier 300 of this embodiment, incorporating thel ion
generating device 1, is capable of satisfactorily killing most airborne germs by the action of
the negative and positive ions that it blows out.

20

Next, a third embodiment of the invention will be described with reference to the
drawings. Fig. 4 is a sectional view showing an outline of the structure of the air conditioner

400, incorporating an ion generating device 1, of a third embodiment of the invention.

In a rear portion inside the body 401 of the air conditioner 400, a blowing fan 402 is



common bacteria and fungi that had been cultured on a culture nmedium

bef orehand were sprayed in the test space. Sinultaneously, the ion
generating device | was put into operation wunder the sane conditions as in
Exanpl e | described earlier, and the blowing fan 302 was 10 started, so
that the air purifier 300 started operating. Then, at predeterm ned tine
Intervals, using an air sanpler, nodel-BCS manufactured by Biotest AG
Germany, the air inside the test space was extracted at a rate of 40L/mn
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10 in the vicinity of the outlet 405. Here, the high alternating-current voltage source 6 (see Fig.
1) may be provided separately from a power source for driving the blowing fan 402, or may
be shared for this purpose also. In the latter case, a controller (not shown) is additionally
provided so that the driving of the blowing fan 402 and of a compressor (not shown) and the
operation of the ion generating device 1 can be controlled independently. This permits the

15 ion generating device 1 to be turned on and off as required while the air conditioner 400 is
operating, and thus enhances the usability of the air conditioner 400.

When this air conditioner 400, structured as described above, starts operating, the
blowing fan 402 starts rotating.  As a result, the air sucked through the inlet 403 into the air
flow passage is passed through the filters 404, which remove dust and odors from the air, is

20 then passed through the heat exchanger 406, which exchanges heat between the air and a
cooling medium, and is then blown out through the outlet 405. Meanwhile, if the ion
generating device 1 is kept on, the negative and positive ions generated in the space around
the ion generating electrode member 2 are blown out together with the clean air. In this way,

it is possible to kill airborne germs by the action of negative and positive ions.



way, an air flow passage leading fromthe inlet 403 to the filters 404,
then to the heat exchanger 406, and then to the outlet 405 is forned

i nside the body 401. Moreover, the ion generating device 1 (see Fig. 1) of
the first enbodi ment described earlier is arranged with its ion generating
el ectrode nenber 2 placed in the air flow passage, 10 in the vicinity of
the outlet 405. Here, the high alternatdéng-current voltage source 6 (see
Fig. 1) may be provided separately froma power source for driving the
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st r uct urtedowsbuteney bbéuptementsd withrpagibigtiras mage 1 ﬁBeraBP%\RPﬂé}“f’Hﬁ anggther
starts rotating. As a result, the air sucked through the inlet 403 into the
air §1| ofacpessagquiral. passed t hr ough the filters 404, which renove dust and
odors fromthe air, is 20 then passed through the heat exchanger 406, which
exchanges heat between the air and a cooling nmedium and is then bl own out
through the outlet 405. Meanwhile, if the ion generating device 1 is kept

on, the %i) and positive ions generated in the space around the ion
generati ng ePect rode nenber 2 are bl own out together with the clean air.

this way, ossi,bl e t i1l airbaor e t t f ve
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this enbodinment kills airborne gerns will b ribeq in . te

pract i cafessxhedrarlier was mstaledin §iRIEFREH G M ?Ri\ﬁeié m Wifle,ang g, "hl"rgg Then,
condi tioner 400 of this enmbodinent is not limted to the exanp
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made in operating conditions and ot her

sprayed in the test space. Simultaneously, the ion generating device 1 was put into operation
under the same conditions as in Example 1 described earlier, and the blowing fan 402 was
started, so that the air conditioner 400 started operating.
Then, at predetermined time intervals, using an air sampler, model RCS manufactured
15 by Biotest AG, Germany, the air inside the test space was extracted at a rate of 40L/min and
sampled for four minutes to measure the number of germs contained in the air. The resuits
are shown in Table 2.
In three hours after the air conditioner 400 started operating, of the common bacteria
and fungi that had originally been present in the test space, 75% and 78%, respectively, were
20 removed. This proves that the air conditioner 400 of this embodiment, incorporating the ion
generating device 1, is capable of satisfactorily killing most airborne germs by the action of

the negative and positive ions that it blows out.

Next, a fourth embodiment of the invention will be described with reference to the



5 factors as required. Exanple 4 The air conditioner 400 incorporating the
ion generating device | used in Exanple |I described earlier was installed
in a test space 2.0 mlong, 2.5 mwide, and 2.7 m high. Then, 10 common
bacteria and fungi that had been cultured on a cul ture medi um bef or ehand
were sprayed in the test space. Sinultaneously, the ion generating device |
was put into operation under the sane2Xjonditions as in Exanple | described
earlier, and the blow ng fan 402 vvas started, so that the air conditioner
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the test,3PaGe; s g §rh[ é"‘r%%eodm%m c?ftﬁeamven‘?;fon‘lou mn and sanpled for four
mi nutes 10 freasdr & the nu gerns contained in the air. The results

are shown in Table 2, ee hours after the air .conditioner 400 started
operating, ofAt PWHITS %at@ﬁéw genemiigadgyige 15%% tmamgpélg?%v% SPIRRASH of
present in the test spa 75% and 78% respectively, were 20 renoved.
Thi s pr dneiontgeaerating e&cmé@mmheorlez hagog effirshelecteadgoldidrandt a s¢aend rejsstrade ng
the ion generating device 1, is capable of satisfactorily killing nost

ai r bo¥ nel(feamsngded dohes &xtfaceneash othére anégahighealenditingsutieue vobbage sduate 106

bl ows out. Next, a fourth enbodi nent of the invention will be descri bed
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101 of t I ment nposed an 1on generating electrode nenber
102 haV|Q§ f|r% eéectrode 104 and a second el ectrode 5 105 arranged so
as to faoRuBding elsPiade " ang a high alternating-current voltage source 106

As shown in Fig. S, the ion generating electrode member 102 has the first electrode
10 104 embedded in a flat-plate-shaped glass plate 103, which acts as a dielectric, and has the
second electrode 105 kept in intimate contact with one side of the glass plate 103.

In the ion generating electrode member 102 shown in Fig. 5, a glass plate 103 is used
as a dielectric; however, any other insulating material formed into any other shape may be
used instead according to the shape and structure of the apparatus in which the ion generating

15 device 101 is incorporated.

As the glass plate 103, for example, a flat plate made of Pyrex glass is used. As the
first and second electrodes 104 and 105, for example, wire meshes produced by plain-weaving
wire of stainless steel 316 or 304 are used.

The first electrode 104 can be embedded in the glass plate 103 by a known process.

20 For example, this can easily be achieved by dipping and positioning the first electrode 104 in
molten glass poured into a casting mold for molding the glass into a flat plate of
predetermined size, and then cooling and thereby solidifying the glass.

For enhanced ion generation efficiency, the second electrode 105 is kept in intimate

contact with the glass plate 103. The second electrode 105 can easily be put into intimate



connected to the first and second el ectrodes 104 and 105 in such a way that
the first electrode 104 serves as a voltage application electrode and the
second el ectrode 105 serves as a grounding el ectrode. As shown in Fig. 5,
the ion generating el ectrode nenber 102 has the first electrode 10 104
enbedded in a flat-plate-shaped glass plate 103, which acts as a
dielectric, and has the second electr.age 105 kept in intimate contact with
one side of the glass plate 103. In the ion generating el ectrode nenber 102

shown in E t; 34 S . e t L G y
other i et i RPRREpRIS 18 W haie Y pSe AU hRR fibces SOMBYShouRl) s
accordi n% to éhe shaEe and sgructL{ e of th<=f ae[gﬁ)arat us in which the ion
gener at i HEUNh BY SERFER BIREE. PEDY FRR b%rrlﬁ’to@'&p%% 'he glass plate 103, for
exanple, a flat plate made of Pyrex glass is used. As the first and second
el ectrodes 10Mownhowdhe iqrygenssaiing| devicg; 104 stustieed iﬁrgﬁﬁegﬂj ROV QReFAGRe R ng
wire of stainless steel 316 or 304 are used. The first el ectrode 104 can be
enbeddedbe desctibedyimtesmplofrepragBabgxammaont iptobe yaderstood frrweven thatehe dop s
can easily be achieved by dipping and positioning the first electrode 104
in  nplt genepdtimgdepivariod of eio embodiatenny moblichitedto el akample specifically described
flat plate of predeterm ned size, and then cooling and thereby solidifying
the gl asge|ofOobuERRG e 8 fhplder¥QN RitAlhedifiedtions nfide)in dpbrtiag conditioheeid oter 105
is kept 1nintimate contact with the glass plate 103. The second el ectrode
105 can Eﬁg%ir%xs Pe%uf?é'&. into intimate -28- contact with the glass plate 103

by bondi y press-fitting wth pieces of wwre wound around, by screen
printing, or by any other known process. Now, how the ion generating device
101 structured as descri bed above operates will be described in terns of a
practical exanple. It is to be understood, however, that the ion
Example §
10 As the glass plate 103, a flat plate of Pyrex glass, 35 mm x 35 mm and 3.0 mm thick,

was used. As the first and second electrodes 104 and 105, wire meshes, each 33 mm x 33
mm and having 48 meshes/inch, produced by plain-weaving wire of stainless steel 304, 0.23
mm across, were used. Between the first and second electrodes 104 and 105 arranged so as
to face each other, a gap (indicated by “d” in Fig. 5) of 1.0 mm was secured.

15 By activating the high alternating-current voltage source 106, an alternating-current
voltage of 3.0 kV rms having a frequency of 20 kHz was applied to the first electrode 104,
with the second electrode 105 at the ground potential. Then, using an airborne ion counter,
model 83-1001B manufactured by Dan Kagaku Co., Ltd., Japan, the concentrations of
negative and positive ions with mobility of lem? /V- sec or higher were measured at a

20 measurement point located 10 cm away from the side of the glass plate 103 on which the first
electrode 104 is arranged. The measurement showed the presence of about 50,000 ions/cc of
negative and positive ions. The concentration of ozone was 0.05 ppm.

In this way, by operating the ion generating device 101 with a comparatively low

alternating-current voltage of 3.0 kV rms applied, it is possible to generate a sufficient amount



5 generating device 101 of this enmbodinent is not limted to the exanple’
specifically described bel ow, but nmay be inplenented with nodifications
made in operating conditions and other factors as required. Exanple 5 10
As the glass plate 103, a flat plate of Pyrex glass, 35 mmx 35 mmand 3.0
mm t hick, was used. As the first and second el ectrodes 104 and 105, wre
meshes, each 33 mm x 33 mm and havi ng248 neshes/inch, produced by

pl ai n-weaving wire of stainless steel 304, 0.23 nm across, were used.
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measur ement showed the presence of about 50,000 ions/cc of negative and

positive ions. The concentration of ozone was 0.05 ppm In this way, by
operating the ion generating device 101 with a conparatively | ow
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thus greatly saves trouble related to . )

10 In a rear portion inside the body 301 of the air purifier 300, a blowing fan 302 1s
provided. In the front face of the body 301, an air inlet 303 is formed that consists of a
number of holes or slits. On the downstream side of the inlet 303, various filters 304 for
dust removal and deodorization are provided. In the top face of the body 301, an air outlet
305 is formed that consists of a number of holes or slits. In this way, an air flow passage

15 that leads from the inlet 303 to the filters 304 and then to the outlet 305 is formed inside the
body 301.

Moreover, the ion generating device 101 (see Fig. 5) of the fourth embodiment
described earlier is arranged with its ion generating electrode member 102 placed in the air
flow passage, in the vicinity of the outlet 305. Here, the high alternating-current voltage

20 source 106 (see Fig. 5) may be provided separately from a power source for driving the
blowing fan 302, or may be shared for this purpose also. In the latter case, a controller (not
shown) is additionally provided so that the driving of the blowing fan 302 and the operation

of the ion generating device 101 can be controlled independently. This permits the ion

generating device 101 to be turned on and off as required while the air purifier 300 is



5 mai nt enance such as cleaning. Next, a fifth enbodi nent of the invention
W ll be described with reference to the drawings. Fig. 6 is a sectional

vi ew showi ng an outline of the structure of the air purifier 300,

i ncorporating an ion generating device 101, of a fifth enbodi nrent of the
invention. 10 In a rear portion inside the body 301 of the air purifier
300, a blowing fan 302 is provided. In3ghe front face of the body 301, an
air inlet 303 is forned that consists of a nunber of holes or slits. On

the down driitp ghdlfhulen M?x%eé{Eg%kzrb%ﬂgiofﬁﬁrdu%!gtﬁetk@(?rs 304 for dust renoval
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the ion §8nf2atipRy efainge ADE resie the gir suskegs thrqughrtbe inlst dfbdetoribpair flow
described earlier is arranged with its ion generating el ectrode nenber 102
pl aced i passige iqipassed| thrpyghdbe didters 304, véhich ramuveydust anchedaratfram tBO&r, sk is,
the high alternating-current voltage 20 source 106 (see Fig. 5) may be
provi Sedtheebdown ehythrowgh the potier 3Goudeanfvhiledifithvd oy deheratibf deiving 1DaNs ROR,
or may be shared for this purpose also. In the |atter case, a controller
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fan 302 and the operation of the ion generating device 101 can
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puri fi er 28p5Ne gems Ry the 4 &t “ﬂaealﬂ1 DOSYEC 1088.5r t s operating, the bl owi ng
fan 302 starts rotatln As a result, the air sucked through the inlet 303
into the air fNoywhoyae &tj’@ﬂb’§h°p§§§éﬂﬁer§rQ9ﬁﬁh'§W@bpﬂlm@éﬂlmf Ofipf BeTMSemibl e
dust and odors fromthe air, and is

10  be described in terms of a practical example. It is to be understood, however, that the air

purifier 300 of this embodiment is not limited to the example specifically described below,

but may be implemented with modifications made in operating conditions and other factors as

required.

15 Example 6
The air purifier 300 incorporating the ion generating device 101 used in Example 5
described earlier was installed in a test space 2.0 m long, 2.5 m wide, and 2.7 m high. Then,
common bacteria and fungi that had been cultured on a culture medium beforehand were
sprayed in the test space. Simultaneously, the ion generating device 101 was put into
20 operation under the same conditions as in Example 5 described earlier, and the blowing fan
302 was started, so that the air purifier 300 started operating.
Then, at predetermined time intervals, using an air sampler, model RCS manufactured
by Biotest AG, Germany, the air inside the test space was extracted at a rate of 40L/min and

sampled for four minutes to measure the number of germs contained in the air. The results



5 then bl own out through the outlet 305. Meanwhile, if the ion generating
device 101 is kept on, the negative and positive ions generated in the
space around the ion generating el ectrode nenber 102 are bl own out

together with the clean air. In this way, it is possible to kill airborne
gerns by the action of negative and positive ions. Now, how efficiently the
air purifier 300 of this enbodi nent kil-I3¢ -ai rborne gerns will 10 be

described in terns of a practical exanple. It is to be understood, however,
t hat t heag showdUh Tabrr3, 300 of this enbodi nent is not I|_mted to _the _exarrpl e
specifically described below, but nmay be inplenented with nodifications
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cultured on a culture medi um beforehand were sprayed in the test space.
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under the sanme conditions as in Exanple 5 described earlier, and the

bl owi Rg B&Reratympdenies Klais eapable of stisfactdrdy &illing uast aieborBOGeratsaryt the action of
operating. Then, at predetermned tine intervals, using an air sanpler,
nodel RCEhemegafiecind pbitiveyiomi thatdsbloASoufer many, the air inside the test
space was extracted at a rate of 40L/mn and sanpled for four mnutes to
nmeasure the nunber of germs contained in the air. The results -31 are shown
in Table 3. In three hours after the air purifier 300 started operating, of
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purifier d‘r?’é)v\(l)mgg. tlt:ilgS 7 %ng)ge%-{igr?aqtvievxif showi é’ Eu? to{Jtlill%e top teheI s?rrllcture of the air conditioner
10 400, incorporating an ion generating device 101, of a sixth embodiment of the invention.

In a rear portion inside the body 401 of the air conditioner 400, a blowing fan 402 is
provided. In the front and top faces of the body 401, an air inlet 403 is formed that consists
of a number of holes or slits.  On the downstream side of the inlet 403, various filters 404 for
dust removal and deodorization are provided. On the downstream side of the filters 404, a

15 heat exchanger 406 is provided. Below the inlet 403 of the body 401, an air outlet 405 is
formed that is provided with a louver for adjusting the direction of the air blown out. In this
way, an air flow passage leading from the inlet 403 to the filters 404, then to the heat
exchanger 406, and then to the outlet 405 is formed inside the body 401,

Moreover, the ion generating device 101 (see Fig. 5) of the fourth embodiment

20 described earlier is arranged with its ion generating electrode member 102 placed in the air
flow passage, in the vicinity of the outlet 405. Here, the high alternating-current voltage
source 106 (see Fig. 5) may be provided separately from a power source for driving the

blowing fan 402, or may be shared for this purpose also. In the latter case, a controller (not

shown) is additionally provided so that the driving of the blowing fan 402 and of a



5 generating device 101, is capable of satisfactorily killing nost airborne
gerns by the action of the negative and positive ions that it bl ows out.
Next, a sixth enmbodi nent of the invention will be described with reference
to the drawings. Fig. 7 is a sectional view showing an outline of the
structure of the air conditioner 10 400, incorporating an ion generating
device 101, of a sixth enbodi ment of theé2i-nvention. In a rear portion

i nside the body 401 of the air conditioner 400, a blowing fan 402 is
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direction of .the air blown out. In this way, an air flow passage | eading
fromt hePRdiaenesd80+ o the filters 404, then to the heat exchanger 406, and
then to the outlet 405 is fornmed inside the body 401. Mreover, the ion
gener &t i ng deWwhen A0 ajrseanditiqner IP0pftryduered] casr describrddoatiaven start? dpdesingj ied
earlier is arranged with its ion generating el ectrode nenber 102 placed in

the air bidwing fars40@etarts rothdiveg. viAs Mirdsilt Othe talissuekdd Miroukfhe R&e403tiRED oGl
alternating-current voltage source 106 (see Fig. 5) may be provided
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shared for this purpose also. In e latter case, a contr
is additi j S i Vi of the blowng fan.402 and of
2 32 oAk HRNLEP T feat LR 900, hAEh SholiBen by rne i gid o
device 101 gan bg. cont r(gl.l eﬁl Hg?depend nt léff This permits the ion, _
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conditioner 400 is operating, and thus enhances the usability of the air
condi % ogereratppg device 101 is kept on, the negative and positive ions generated in the space around
the ion generating electrode member 102 are blown out together with the clean air. In this
way, it is possible to kill airborne germs by the action of negative and positive ions.
Now, how efficiently the air conditioner 400 of this embodiment kills airborne germs
will be described in terms of a practical example. It is to be understood, however, that the
15 air conditioner 400 of this embodiment is not limited to the example specifically described

below, but may be implemented with modifications made in operating conditions and other

factors as required.

Example 7

20 The air conditioner 400 incorporating the ion generating device 101 used in Example 5
described earlier was installed in a test space 2.0 m long, 2.5 m wide, and 2.7 m high. Then,
common bacteria and fungi that had been cultured on a culture medium beforehand were
sprayed in the test space. Simultaneously, the ion generating device 101 was put into

operation under the same conditions as in Example 5 described earlier, and the blowing fan



5 When this air conditioner 400, structured as described above, starts
operating, the blowing fan 402 starts rotating. As a result, the air
sucked through the inlet 403 into the air flow passage is passed through
the filters 404, which renove dust and odors fromthe air, is then passed
t hrough the heat exchanger 406, which exchanges heat between the air and a
cooling nedium and is then blown out thgough the outlet 405. Meanwhile, if
the ion 10 generating device 101 is kept on, the negative and positive ions

gener at egyj {4 gﬁgnw%etﬁwtﬁymcomﬁoae%og@emh%baqu@ ectrode menber 102 are

bl own out together wt e clean air is possible to kill
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results
10 the negative and positive ions that it blows out.

In all the embodiments described thus far, the dielectric used in the ion generating
electrode member of the ion generating device is shaped like a flat plate. However, when
the ion generating device is mounted in an air conditioning apparatus, as is usually the case, it

15 is essential that the dialectic have a sufficient surface area and simultaneously that the ion
generating electrode member occupy as less space as possible. In the process of finding a
way to achieve an optimum balance between these conflicting requirements, the inventors of
the present invention conceived the idea of making the dielectric cylindrical, which is
reflected in the following embodiments.

20

Now, a seventh embodiment of the invention will be described with reference to the
drawings. Fig. 8 is a diagram showing an outline of the structure of the ion generating
device 201 of a seventh embodiment of the invention. Fig. 9 is a sectional view of the ion

generating electrode member 202 used in this ion generating device 201.




5 are shown in Table 4. In three hours after the air conditioner 400
started operating, of the common bacteria and fungi that had originally
been present in the test space, 74% and 78% respectively, were renoved.
This proves that the air conditioner 400 of this enbodi nent, incorporating
the ion generating device 101, is capable of satisfactorily killing nost
airborne gerns by the action of 10 the3segative and positive ions that it
blows out. In all the enbodi nents described thus far, the dielectric used
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vol tage s 6 connected to the inner

10 As shown in Fig. 9, the ion generating electrode member 202 has the inner electrode
204 kept in intimate contact with the inner surface of the cylindrical glass tube 203, has the
outer electrode 205 kept in intimate contact with the outer surface of the glass tube 203, and
has a pair of stopping members 7 and 8 fitted at both ends of the glass tube 203.

In the ion generating electrode member 202 shown in Fig. 9, a glass plate 203 is used

15 as a dielectric; however, any other insulating material formed into any other shape may be
used instead according to the shape and structure of the apparatus in which the ion generating
device 201 is incorporated.

As the glass tube 203, for example, a cylindrical tube made of Pyrex glass is used.
As the inner and outer electrodes 204 and 205, for example, wire meshes produced by plain-

20 weaving wire of stainless steel 316 or 304 are used.

For enhanced ion generation efficiency, the inner and outer electrodes 204 and 205 are
kept in intimate contact with the glass tube 203. The inner and outer electrodes 204 and 205
can easily be put into intimate contact with the glass tube 203 by a known process.

The outer electrode 205 is put into intimate contact with the glass tube 203, for



5 and outer electrodes 204 and 205 in such a way that the inner el ectrode
204 serves as a voltage application electrode and the outer el ectrode 205
serves as a grounding electrode. Here, the outer electrode 205 is used as
a grounding el ectrode to prevent the user from receiving an electric shock
when he or she accidentally touches the ion generating el ectrode nenber
202. 10 As shown in Fig. 9, the ion gen&Sating el ectrode nenber 202 has the
i nner electrode 204 kept in intinmate contact with the inner surface of the
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10 203 is inserted in it. When the force ceases to be applied, the outer electrode 205, tending to
restore its original state, expands axially, and thus contracts radially. As a result, the outer
electrode 205 is put into intimate contact with the glass tube 203,
Another way to put the outer electrode 205 into intimate contact with the glass tube
203 is as follows.  As shown in Fig. 11, part of the cylindrical outer electrode 205 is formed
15 into a rib 205a that has an inverted-V-shaped cross section, extends along the axis of the outer
electrode 205, and protrudes radially outward. Moreover, the outer electrode 205 is so
formed as to have an internal diameter smaller than the external diameter of the glass tube 203,
As the glass tube 203 is press-fitted into this outer electrode 205, the angle formed by the two
faces of the inverted-V-shaped rib 205a becomes greater, and thereby makes the internal
20 diameter of the outer electrode 205 greater. This permits the glass tube 203 to be inserted in
the outer electrode 205.  After the glass tube 203 is inserted in the outer electrode 205, the
inverted-V-shaped rib 205a tends to restore its original state, and thereby puts the outer

electrode 205 into intimate contact with the glass tube 203,

On the other hand, the inner electrode 204 is put into intimate contact with the glass




wire nmesh are welded together with an overlap, In this way, the outer

el ectrode 205 is 5 produced. Here, the outer electrode 205 is so forned as
to have an internal diameter smaller than the external dianeter of the

gl ass tube 203. Then, force is applied to both ends of the outer el ectrode
205 along its axis (i.e., in the figure, fromabove and from bel ow) so
that it is conpressed axially, This cau3&s the outer electrode 205 to
expand radially, and, with the outer electrode 205 in this state, the gl ass
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Another way to put the inner electrode 204 into intimate contact with the glass tube

203 is as follows. As shown in Fig. 13, a plain-woven wire mesh is rolled into a cylindrical

shape to produce the inner electrode 204. Here, the inner electrode 204 is so formed as to

15 have an external diameter greater than the internal diameter of the glass tube 203 and have

opposite side edges left free, i.e. unwelded together. Then, one side edge of the inner

electrode 204 is pulled along the axis thereof in such a way that the inner electrode 204 is

expanded axially as it is twisted. This makes the external diameter of the inner electrode 204

smaller, and thereby permits it to be inserted in the glass tube 203.  After insertion, when the

20 pulling force ceases to be applied, the inner electrode 204 tends to restore its original state,

and is thereby, with its external diameter increased, put into intimate contact with the glass
tube 203,

In Fig. 9, each of the stopping members 7 and 8 is disk-shaped, and has a peripheral

projection 7b or 8b formed in a peripheral portion of one end surface thereof, with a



el ectrode 204 is so fornmed as to have an external dianeter |arger than the
internal dianmeter of the glass tube 203 and have opposite side edges |eft
free, i.e. unwel ded together. Then, force 5 is applied at one side edge of
the inner electrode 204 in an axial direction, as if to roll up the
cylinder further, so that the internal diameter of the inner electrode 204,
which is otherw se greater than the inB&nal dianeter (D) of the glass
tube 203, becones tenporarily smaller (D - (x') than it. Wth the inner
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.thereof, with a -37- peripheral groove 7c or 8c forned al ong the peripheral
pr oj ekl i dbe boftasps ghthe; er@ﬁgﬁahgqogves 7c and 8c, the inner and outer electrodes 204 and 205
do not move relative to each other. If the inner and outer electrodes 204 and 205 move
relative to each other, there occurs a loss in the capacitance that appears when a voltage is
applied between them. Table 5 shows the relationship, as actually observed, between the
change in the positions of the electrodes relative to each other and the loss in capacitance.
15 Here, as shown in Fig. 14, only movement, or displacement, of the electrodes relative to each
other along the axis of the glass tube 203 is considered.
As Table 5 shows, as long as the inner and outer electrodes 204 and 205 remained in
position, the capacitance was 38.8 pF; when the electrodes 204 and 205 were displaced 5 mm
relative to each other, the capacitance was 36.2 pF, marking a 6.7 % loss relative to the
20  capacitance with no displacement. In the ion generating electrode member 202 of this
embodiment, fitting the stopping members 7 and 8 at both ends of the glass tube 203 helps
reduce the maximum displacement between the electrodes 204 and 205 to about 2 mm. This

helps minimize the loss in capacitance.

The preferred width of the peripheral grooves 7¢ and 8¢ formed in the stopping



portion thereof, so as to permit an end of the glass tube 203 to be fitted
into it. Modreover, each of the stopping nenbers 7 and 8 has a side groove
7d or 8d fornmed in the side surface thereof so as to permt the ion
generating el ectrode nenber 202 as a whole to be held in 5 position. In the
center of the stopping nenber 7 is forned a hole 7a having a thin film
formed therein. This thin filmis so prggessed as to be easily broken when
a lead 9 connected to the inner electrode 204 is laid therethrough. The
pr ef err egledgptdy afia B AEH - ig3. t s hapRing
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10 of any known type may be used. A preferable example of such leads is stainless steel leads

coated with a polyethylene fluoride resin, because they excel in resistance to ozone.

The ion generating electrode member 202 shown in Fig. 9 is assembled, for example,
in the following manner. First, the inner electrode 204 having the lead 9 welded thereto
beforehand is inserted in the glass tube 203. Then, while the lead 9 is being inserted, from

15 the free end thereof, in the hole 7a of the stopping member 7, the stopping member 7 is fitted
at one end of the glass tube 203. Next, the outer electrode 205 having the lead 10 welded
thereto beforehand is fitted around the glass tube 203, and then the stopping member 8 is
fitted at the other end of the glass tube 203.

Then, the high alternating-current voltage source 206 is connected by way of the lead

20 9 to the inner electrode 204, serving as a voltage application electrode, and by way of the lead
10 to the outer electrode 205, serving as a grounding electrode. In this way, the ion
generating device 201 shown in Fig. 8 is assembled. Now, by activating the high
alternating-current voltage source 206, it is possible to apply an alternating-current voltage to

the inner electrode 204, with the outer electrode 205 at the ground potential.



menbers 7 and 8 is slightly smaller than the thickness of the glass tube
203. This permts the stopping nenbers 7 and 8 to be fitted tightly to the
gl ass tube 203. The stopping nenbers 7 and 8 nay be made of any material,
preferably an elastic material such as rubber so that the stopping nenbers
7 and 8 can easily be fitted to the ends 5 of the glass tube 203 and t hat
the gl ass tube 203 can easily be stopped3thernetically. Particularly
preferred exanpl e of such an elastic material is ethyl ene-propyl ene rubber
(EPDM , becausiKow! hbow th€$db ' eneratin
el ectrode nenber 202. As t%?zfaéggs&g&g%ﬂ i%%%%%ﬁg%{)gﬁk{rgec{ %6&)\"%”%&;&3% ]
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Then, while the |ead 9 is being inserted, from15 the free end thereof, in
the hot e angd agherifprsorstasppquitgdmenber 7, the stopping menber 7 is fitted at
one end of the glass tube 203. Next, the outer electrode 205 having the
| ead 10 wel ded thereto beforehand is fitted around the gl ass tube 203, and
then the stopping menber 8 is fitted at the other end of the glass tube
203. Then, theripit oy K Felot r 0 - e 206 is connected by
LEERALIAINE/P Helbeeh Jggﬂ%tﬂé@ gé(rﬁlveldhgs S3PTESS5Y) 1P Afprms

way of the lead 20 9 to the 1 nner electro

appl i cati e . the.lead 10.to the outer el ectrode
282 ser vVi%the’ gl?%@%?goﬁggpﬁgh%g%{art%%&e uﬁ’H"\”mgsﬂ"R%rwefttﬁ@Sicaﬂ udteher at i ng

device 201 shown in Fig. 8 is assenbled. Now, by activating the high
alternating-current voltage source 206, it is possible to apply an

alterpating-current voltage to the inner electrode 204, with the outer
el ectﬂgd ‘gﬁ‘&&&ts t he ground potenti al .

As the glass tube 203, a cylindrical tube of Pyrex glass, having an external diameter of
10mm, 1.3 mm thick, and 150 mm long, was used. As the inner electrode 204, a sheet of
stainless steel 304, 0.08 mm thick and 80 mm long, was used, and, as the outer electrode 205,
a wire mesh, 100 mm long and having 16 meshes/inch, produced by plain-weaving wire of

15 stainless steel 304, 0.23 mm across, was used.

By activating the high alternating-current voltage source 206, an alternating-current
voltage of 1.3 to 1.8 kV rms having a frequency of 22 kHz was applied to the inner electrode
204, with the outer electrode 205 at the ground potential. Then, using an airborne ion
counter, model 83-1001B manufactured by Dan Kagaku Co., Ltd., Japan, the concentrations

20 of negative and positive ions with mobility of 1cm? /V. sec or higher were measured at a
measurement point located 10 cm away from the side surface of the glass tube 203. The
results are shown in Fig. 15.

When the ion generating device 201 was kept inactive, i.e. when the voltage applied

was 0 V, the concentrations of the negative and positive ions were both about 300 jons/ce. It



-39- Now, how the ion generating device 201 structured as described above
operates wi |l be described in terms of practical exanples. It is to be
under st ood, however, that the ion generating device 201 of this enbodi ment
is not limted to any of the exanples specifically described below but
may be inplemented with nodifications made in operating conditions 5 and
other factors as required. First, to stuly-the relationship between the

vol tage applied, as expressed in an rns value, and the anount of ions
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The ion generating device 201 of Example 8 described above was installed in a test
10 space 2.0 m long, 2.5 m wide, and 2.7 m high. The atmosphere inside the test space was
kept at a temperature of 25 °C and at a relative humidity of 42 %. Then, colon bacilli that
had been cultured on a culture medium beforehand were sprayed in the test space so that their
concentration was 500 to 1,500 germs/cc. Simultaneously, the ion generating device 201
Wwas put into operation, and the blowing fan 302 was started so that the air inside the test space
15 was agitated at an air-flow rate of 4 m*/min.
Then, using an airborne ion counter, model 83-1001B manufactured by Dan Kagaku
Co,, Ltd, Japan, the concentrations of negative and positive ions with mobility of 1cm? /V-
sec or higher were measured at a measurement point located 10 cm away from the side
surface of the glass tube 203.  One hour after the ion generating device 201 started operating,
20 using an air sampler, model RCS manufactured by Biotest AG, Germany, the air inside the
test space was extracted at a rate of 40L/min and sampled for four minutes to measure the
number of colon bacilli contained in the air. The results are shown in F ig. 16.
With no ions generated, the survival rate of colon bacilli was 63.5 % after one hour of

natural decay. This means that, if an error of about 10 % is taken into consideration,



was confirmed that, with a voltage of 1.52 kV or higher applied, the ion
generating device 201 generated 10,000 or nore ions and that, as the

vol tage, as expressed in an rns val ue, becane higher, the ion
concentration increased. 5 Next, to evaluate the survival rate of airborne
gerns agai nst the concentration of ions, the follow ng experinment was
conducted. Exanple 9 The ion generating4tlevice 201 of Exanple 8 descri bed
above was installed in a test 10 space 2.0 mlong, 2.5 mwide, and 2.7 m
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10  wvalue, its frequency, and the amounts of ions and ozone generated, the following experiment

was conducted.

Example 10
As the glass tube 203, a cylindrical tube of Pyrex glass, having an internal diameter of

15 10mm, 1.0 mm thick, and 100 mm long, was used. As the inner electrode 204, a wire mesh,
80 mm long and having 60 meshes/inch, produced by plain-weaving wire of stainless steel
304, 0.15 mm across, was used, and, as the outer electrode 205, a wire mesh, 80 mm long and
having 30 meshes/inch, produced by plain-weaving wire of stainless steel 304, 0.22 mm
across, was used.

20 By activating the high alternating-current voltage source 206, different alternating-
current voltages having different frequencies were applied to the inner electrode 205, with the
outer electrode 204 at the ground potential. Then, using an airborne ion counter, model 83-
1001B manufactured by Dan Kagaku Co., Ltd., Japan, the concentrations of negative and

positive ions with mobility of lem?® /V- sec or higher were measured at a measurement point



significant sterilization. As shown in Fig. 16, satisfactory sterilization
was confirmed when the concentrations of the negative and positive ions
were both 10,000 ions/cc or higher. Fig. 17 is a graph show ng the
variation with tine of the survival rate of colon bacilli 5 at different
ion concentrations. This figure shows that, the higher the ion
concentration, the nore effectively ai#borne gerns were killed and that,
at an ion concentration of 300,000 ions/cc, nost of the colon bacilli
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the high alternating-current voltage source 206, different alternating-
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10 10,000 ions/cc or more of negative and positive ions was confirmed. In particular, at
frequencies of 20 kHz or higher, almost no annoying noise was heard while the ion generating
device 201 was operating. In addition, the concentration of ozone generated was as low as
below about 0.01 ppm.
This proves that, with the ion generating device 201 of this embodiment, by the
15 application of a comparatively low alternating-current voltage of 1.1 to 2.0 kV rms having a
frequency of 20 kHz or higher, i.e. beyond the range of human hearing, it is possible to
generate 10,000 ions/cc or more of negative and positive ions, i.e. a sufficient amount of ions
to achieve satisfactory sterilization, with minimum noise and with minimum generation,
below a generally admitted level, of hazardous ozone.
20
Next, to study the relationship between the concentrations of the negative and positive
ions generated by the ion generating device 201 and the distance from the point at which

those ions are generated, the following experiment was conducted.



Japan, the concentration of ozone, which is generated as a byproduct when
ions are generated, was neasured as well. The results are shown in Table
6. 5 As shown in Table 6, when a voltage of 44V rns having a frequency of
25 kHz was applied, ions were detected only in trace ampbunts. By contrast,
when the voltage was raised tenfold, i.e. to 440 V rns, the concentrations
of negative and positive ions sharply +#se to 4,966 ions/cc and 13,910
ions/cc, respectively. Wen the voltage was raised further to above 1.1 kV
rms, at pyymplequency in the range from 60 Hz to 30 kHz, the presence of 10
10, 000 ions/cc or nore of negative and positive ions was confirmed. In
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having an inté ter

voltage of 1.1 kV rms or 1.4 kV rms having a frequency of 15 kHz was applied to the inner
10 electrode 204, with the outer electrode 205 at the ground potential. Then, using an airborne

jon counter, model 83-1001B manufactured by Dan Kagaku Co., Ltd., Japan, the

concentrations of negative and positive ions with mobility of lem? /V. sec or higher were

measured at four measurement points located 20 cm, 30 cm, 40 cm, and 60 cm away from the

side surface of the glass tube 203. The results in different cases are shown in Figs. 18A and
15 18B.

As shown in these figures, with either of the alternating-current voltages of 1.1 kV rms
and 1.4 kV rms, the farther from the side surface of the glass tube 203, the lower the
concentration of negative and positive ions tend to become. At 20 ¢m from the side surface
of the glass tube 203, the concentrations of negative and positive ions were both very high,

20  specifically about 200,000 to 400,000 ions/cc. Thus, a sufficient amount of ions to kill and
remove airborne germs satisfactorily was obtained. At any of the aforementioned
measurement points, the concentration of ozone was as low as 0.01 to 0.25 ppm.

In this way, the higher the alternating-current voltage, as expressed in an rms value,

that is applied to the ion generating electrode member 202, the larger the amount of negative



10mm 1.0 mmthick, and 100 mm | ong, was used. As the inner el ectrode 204,

a wire nesh, 80 nmlong and having 60 neshes/inch, produced by

pl ai n-weaving wire of stainless steel 5 304, 0.15 mm across, was used, and,
as the outer electrode 205, a wire nesh, 80 mml|ong and having 30
meshes/inch, produced by plain-weaving wire of stainless steel 304, 0.22 mm
across, was used. By activating the higftalternating-current voltage source
206, an alternating-current voltage of 1. 1 kVrns or 1.4 kV rnms having a
f r equencandpositvk idnhsveeaeramdl iardl sinoultaneousiynetre laider eheamoonte of Odonengdrerdtbd
outer electrode 205 at the ground potential. Then, using an airborne ion
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concentrations of negative and positive ions with nobility of Icm N sec
or highe Agagyred at four measurenent points |ocated 20 cm 30 cm
40 cm aél%l &%gr% avvag' fromthe side surface of the glass tube 203. The
results in different cases are shown in Figs. 18A and 15 1 8B. As shown in
these figures, with either of the alternating-current voltages of 1. 1 kV
rme and 1.4 kV rns, the farther fromthe side surfagce of the gl ass tube
203, Phe | owefirghéhe selacasiup heiissn ghe Wéﬂla"ﬁ/i"iﬁg weﬁ@imq ipger gRerader P and
becone. At 20 cmfromthe side surface of the glass tube 203, the

concent r the ameunts ofienmandvaf canue generatéd/was sindieder e bot h very hi gh, 20
specifically about 200,000 to 400,000 ions/cc. Thus, a sufficient anount of
ions to kill and renove airborne gerns satisfactorily was obtained. At any
of the aforenentioned neasurenent points, the concentration of ozone was
as | ow aEmeQﬁei? 0.25 ppm in this way, the higher the alternating-current
vol tage, as expressed in an rns value, that is applied to the ion
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generl%t e‘(11riner electrode 204 and the amounts of negative and positive ions and of ozone generated, as
measured at a measurement point located 10 cm away from the side surface of the glass tube
203 when an alternating-current voltage of about 1.8 kV rms was applied to the ion generating
electrode member 202, in which the glass tube 203 had an external diameter of 20mm, was 63
mm long, and was 1.6 mm thick, the inner electrode 204 was 60 mm long, and ﬁad a varying
15 number of meshes/inch, and the outer electrode 205 was woven from wire 0.4 mm across, was
60 mm long, and had 16 meshes/inch. Here, the wire diameter of the inner electrode 204
varied according to its meshes/inch number. The concentrations of ions and ozone were
measured using, respectively, an airborne ion counter, model 83-1001B manufactured by Dan
Kagaku Co., Ltd., Japan, and a UV absorption type ozone monitor, model EG-2001

20 manufactured by Ebara Jitsugyo Co., Ltd., Japan.
Fig. 19 shows that, the greater the meshes/inch number of the inner electrode 204 (i.e.
the finer its meshes), the larger both the amounts of negative and positive ions and of ozone

generated.



Since ozone is anything but essential to human health, it is necessary to
mnimze the anount of ozone generated. 5 First, the relationship between
t he meshes/inch nunber of the inner electrode 204 and the anobunts of ions
and of ozone generated was studied. Exanple 12 Fig. 19 is a graph show ng
the relationship between the neshes/inch nunber of the 10 inner el ectrode
204 and the anounts of negative and posfitfve ions and of ozone generated,
as neasured at a measurenent point |ocated 10 cmaway fromthe side
surface of thNegl, dssrelatioaship 68iwian theumestes/@tchauintbgr ofitheanteraddctimge 205 andout
1.8 kV rnms was applied to the ion generating electrode nenber 202, in

whi ch t h@eGhRRsits ¢6nshd JTddodlgétatd\hs dudeet er of 20mm was 63 nm | ong,
and was 1.6 nmthick, the inner el ectrode 204 was 60 mm | ong, and had a

varyi ng 15 nunber of neshes/inch, and the outer el ectrode 205 was woven
fromwire 0.4 mmacross, was 60 mmlong, and had 16 neshes/inch. Here, the
wre di aﬁeter of,the inner electrode 204 varied according to its

meshes/ i frEAMA r. The concentrations of ions and ozone were neasured

usi ng, respectively, an airborne ion counter, nodel 83-100 B manufactured
by Daf Kagakl!'flg:c?.o?/ 154 graph shpwing whedelationshimbetinsen dhe mpshesineihBUMPST ?fuo e
nodel EG 2001 20 nmanufactured by Ebara Jitsugyo Co., Ltd., Japan. Fig. 19
shows t hatiter eleetrgdee20eand the amesihtssifi negativelandepositive tions and mdrozene genesated, 254
(i.e. the finer its nmeshes), the larger both the anobunts of negative and

posi ti venicafifre@atla Meafirement gsineiodited 10 c4bawdyeftom thé1side ehdideostihe glasetubeen
t he neshes/inch nunber of the outer el ectrode 205 and the anpbunts of 1ons

and of 02896, 1RRNATAERIINE UM LoREge MBI £8 k¥ rms was applied to the ion generating
electrode member 202, in which the glass tube 203 had an external diameter of 20mm, was 63

10 mm long, and was 1.6 mm thick, the inner electrode 204 was woven from wire 0.18 mm
across, was 60 mm long, and had 40 meshes/inch, and the outer electrode 205 was 60 mm
long, and had a varying number of meshes/inch. Here, the wire diameter of the outer
electrode 205 varied according to its meshes/inch number. The concentrations of ions and
ozone were measured using, respectively, an airborne ion counter, model 83-1001B

15 manufactured by Dan Kagaku Co., Ltd,, Japan, and a UV absorption type ozone monitor,
model EG-2001 manufactured by Ebara Jitsugyo Co., Ltd., Japan.

Fig. 20 shows that, the greater the meshes/inch number of the outer electrode 205, the
larger the amounts of negative ions and of ozone generated, but the smaller the amount of
positive ions.

20 Accordingly, by making the meshes of the inner electrode 204 finer and making the
meshes of the outer electrode 205 coarser, it is possible to generate negative and positive ions
efficiently while minimizing the generation of ozone. |

In arrangements where the glass tube 203 is cylindrical in shape, the greater its

external diameter, and the smaller its thickness, the larger its capacitance. The larger the



5 Fig. 20 is a graph show ng the relationship between the neshes/inch
nunber of the outer electrode 205 and the anounts of negative and positive
ions and of ozone generated, as neasured at a neasurenent point |ocated 10
cmaway fromthe side surface of the glass tube 203 when an
alternating-current voltage of about 1.8 kV rns was applied to the ion
generating el ectrode menber 202, in wfitch the gl ass tube 203 had an
external diameter of 20mm was 63 10 mmlong, and was 1.6 mmthick, the
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of positive ions. 20 Accordingly, by making the neshes of the inner

el ect r odezam@avasiexamingdd naki ng the nmeshes of the outer el ectrode 205
coarser, it is possible to generate negative and positive ions efficiently
while mnimzing the generation of ozone. In arrangenents where the gl ass
tube 203 is cylindrical in shape, the greater its external dianeter, and

the smal E‘iﬁm.g!esll hi ckness, the larger its capacitance. The larger the -46-
capaci tance the glass tube 203, the easier it is to generate ions.
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measurement point located 10 cm away from the side surface of the glass tube 203 when the
inner electrode 204 was woven from wire 0.18 mm across, was 60 mm long, and had 40
meshes/inch, the outer electrode 205 was woven from wire 0.4 mm across, was 60 mm long,
and had 16 meshes/inch, and the glass tube 203 was 63 mm long, 1.2 mm thick, and had a
15 varying external diameter, specifically 17 mm, 20 mm, or 24 mm. The concentrations of
ions and ozone were measured using, respectively, an airborne ion counter, model 83-1001B
manufactured by Dan Kagaku Co., Ltd., Japan, and a UV absorption type ozone monitor,
mode! EG-2001 manufactured by Ebara Jitsugyo Co., Ltd., Japan.
Figs. 21 and 22 show that, the higher the voltage applied, the higher the concentrations
20 of negative and positive ions and that, with the same voltage applied, the concentrations are
higher when the glass tube 203 has an external diameter of 24 mm than when it has an
external diameter of 17 mm or 20 mm.
On the other hand, Fig. 23 shows that the concentration of ozone is far higher when

the glass tube 203 has an external diameter of 24 mm than when it has an external diameter of



di aneter, not only the anmount of ions generated, but al so the anount of
ozone generated 5 increases. Thus, next, how to increase the anpbunt of ions
while mnimzing the anobunt of o0zone was exam ned. Exanple 14 Figs. 21 to
-23 show the relationship between the voltage applied, as expressed in an
10 rns val ue, and the concentrations of negative and positive ions and of
ozone, as neasured at a neasurenent poﬂ?lt | ocated 10 cm away fromthe side
surface of the glass tube 203 when the inner electrode 204 was woven from
wire 0. 187 mimaér 26 Snmwaobtpanivg | oy theaivh badterdtations sind sthe nedone tdoecentriation

el ectrode 205 was woven fromwire 0.4 mm across, was 60 nmmlong, and had
16 neshegicidasdiwhenthd é}@erﬂbl&ﬁ@nét@bef aﬁ%lmm@&om irePgised framn20 itk k24 e
had a 15 varyi ng externa di aneter, specifically 17 mm 20 nm or 24 nmm
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ai rborne i on cou manu actured by n Kagaku Co., Ltd.,
Japan, and a ljg absorptl on type ozone nonitor, nodel EG 2001 manufact ured
by Ebar a®PPYY RS0, , Ltd., Japan. Figs. 21 and 22 show that, the higher

the voltage applied, the hi her t he concentratjons, 20 of negative and .
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Fig. 23 shows that the concentration of ozone is far higher when the glass
t ube 203 zhasgtennl dighRtaraf 2dingA®t &¥55s.0f 24 nmm t han when it has an external

di aneter of -47- 17 mmor 20 nm Conparing how the ion concentrations and

t he ozone concentration increase when the external dianeter of the gl ass
tube 203 is increased from20 mnmto 24 nm wll nake it clear that the
mcreaseli ampelgrmunt of ozone is far larger than the increase in the

10 Figs. 24 and 25 show the relationship between the voltage applied, as expressed in an
rms value, and the concentrations of negative and positive ions and of ozone, as measured at a
measurement point located 10 cm away from the side surface of the glass tube 203 when the
inner electrode 204 was woven from wire 0.18 mm across, was 60 mm long, and had 40
meshes/inch, the outer electrode 205 was woven from wire 0.4 mm across, was 60 mm long,

15 and had 16 meshes/inch, and the glass tube 203 was 63 mm long, had an external diameter of
20 mm, and was either 1.2 mm or 1.6 mm thick. The concentrations of ions and ozone were
measured using, respectively, an airborne ion counter, model 83-1001B manufactured by Dan
Kagaku Co., Ltd., Japan, and a UV absorption type ozone monitor, model EG-2001
manufactured by Ebara Jitsugyo Co., Ltd., Japan.

20 Comparing these figures will make it clear that, as the glass tube 203 is made thinner,
the ion concentrations become far higher, and they also come to exhibit greater variations
according to the voltage applied. Thus, it is recommended, at least in the case under

discussion, that the glass tube 203 be made 1.6 mm thick or thinner.

Table 7 shows the results of an experiment conducted to study the relationship



anount of ions. 5 Accordingly, to increase the amount of ions while
mnimzing the anmount of ozone, it is recomended, at |least in the case
under discussion, that the cylindrical dielectric be given an external

di ameter of 20 mmor |ess. Exanple 15 10 Figs. 24 and 25 show the

rel ati onshi p between the voltage applied, as expressed in an rns val ue,
and the concentrations of negative and-f#®sitive ions and of ozone, as
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10 naturally, and the presence of an ozone decomposition catalyst promotes this decomposition
of ozone into oxygen. As the ozone decomposition catalyst, any known substance can be
used, for example, manganese dioxide, platinum powder, lead dioxide, copper(Il) oxide,
nickel.

The impregnation of the ozone decomposition catalyst is achieved, for example, by

15 dispersing the ozone decomposition catalyst in a binder and then applying it to the surface of
the target member by a coating process such as dipping, spinning, or spraying. The ozone
decomposition catalyst may be impregnated in any amount as determined according to the
amount of ozone generated and other factors.

Alternatively, it is also possible to separately provide a catalyst impregnated member

20 impregnated with an ozone decomposition catalyst outside the outer electrode 205. Figs.
26A and 26B show an example of the ion generating electrode member 202 provided with
such a catalyst impregnated member 11. Here, a catalyst impregnated member 11 is
provided outside the cylindrical outer electrode 205, at a predetermined distance therefrom.

The catalyst impregnated member 11 is formed as a mesh, and its surface is impregnated with




thickness of 1.6 mmor |ess. Accordingly, the preferred capacitance of the
glass tube 203 is 5 40 pF or lower, if variations inevitable inits
measurenent are taken into consideration. In addition to mnimzing the
generation of ozone in this way, inpregnating at |east one of the glass
tube 203, the inner electrode 204, and the outer electrode 205 wth an
ozone deconposition catalyst hel ps eff4®tently renove the ozone that is

i nevitably generated in the 1ion generating electrode nenber. The generated
ozone gradeabhe/ ddesappaRascitalys suchoen nkdgamiseirdiddide. it citalysr @apregeated an
ozone deconposition catalyst pronotes this deconposition of ozone into

oxygen. Aémbaelp&apeommaélbtoterpaﬁ@tfﬂw&huaéwrouegw substance can be
used, for exanpl e, rranganese di oxi de, platinum powder, |ead dioxide,
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each other.

To avoid this problem, the ion generating electrode member 202 may be modified so
as to have the inner electrodg 204 formed as a sheet and the outer electrode 205 as a mesh.
Here, forming the inner electrode 204 as a sheet makes it easier to put it into intimate contact

15 with the glass tube 203 so that the distance between the inner and outer electrodes 204 and
205 is kept substantially fixed. Moreover, even if the inner and outer electrodes 204 and 205
move relative to each other, the inner electrode 204 formed as a sheet minimizes the influence
of the displacement, as long as it is not too large. On the other hand, forming the outer
electrode 205 as a mesh helps prompt the concentration of the electric field, and thus makes it

20 possible to lower the voltage, as expressed in an rms value, applied between the inner and
outer electrodes 204 and 205.

Here, as the glass tube 203, for example, a cylindrical tube of Pyrex glass is used.  As
the inner electrode 204, for example, a sheet of stainless steel 304 or 316 is used, and, as the

outer electrode 205, for example, a wire mesh produced by plain-weaving wire of stainless



In cases where the ion generating el ectrode nenber 202 has both the inner
and outer electrodes 204 and 205 forned as a nesh, if the inner and outer
el ectrodes 204 and 205 nove 5 relative to each other axially, the
concentrations of positive and negative ions generated vary in the range
from 1,000 to 180,000 ions/cc and in the range from 3,000 to 180, 000
ions/cc, respectively. This is considefled to result fromthe fact that the
el ectric discharge that takes place between the inner and outer el ectrodes

204 and R&5.316MérCindaisRisb®r Elnf thiladad€ Cexaépt tfaptheagacay af patting the riaserai¢carnded
so as to face each other with the glass tube 203 di sposed in 10 between,
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formed aS a e outer ectro as a nmesh. Here, formng the
i nner electro 204 as a she makes.it .easier t ut. .i info inti e
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and outer electrodes 204 and 205 is kept substantially fixed. Mreover,
even Bf exenplanathefallopingmaanect Asghewp oyFigng7,sheet mesdlds prassad todlank @y
other, the inner electrode 204 forned as a sheet mnim zes the infl uence

of the dilspet-farenelettrodeshavinggthashape ofsa quedritaveral STYY. ®fere,edeoShds paralel to
formng the outer electrode 205 as a nmesh hel ps pronpt the concentration

of the el@etyV Carddl€lrd: aflél vt D08° raRSS id ar’fbuBOfiald)|afid afigleOVey ai BBru¥Obiglge,
as expressed In an rns val ue, applied between the inner and outer
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stainless -50- steel 316 or 304 is used. In this case, except for .the

proceds afnepglectrade 2¢rethup, peaduged-hasrapgxternal diameter larger than the internal diameter of
the glass tube 203. Here, opposite side edges (sides ST and UV) of the inner electrode 204
are left free, i.e. unwelded together. The resulting cylinder is substantially flat at one end
corresponding to side TU, and has the acute-angle corner S protruding from the obtuse-angle
corner V at the other end.

15 Alternatively, it is also possible to press sheet metal so as to blank out a sheet-form
electrode having a shape composed solely of non-90° angles, i.e. acute or obtuse angles, for
example a trapezoid WXYZ as shown in Fig. 28. The inner electrode 204 is produced by
rolling this sheet-form electrode into a cylindrical form in such a way that its parallel sides
WX and ZY are parallel to the axis of the cylinder and that the inner electrode 204 so

20 produced has an external diameter larger than the internal diameter of the glass tube 203.
Here, angles W and X are obtuse angles, and angles Y and Z are acute angles. Opposite side
edges (sides WX and ZY) of the inner electrode 204 are left free, i.e. unwelded together.

The resulting cylinder has the two acute-angle corners Y and Z protruding outward.

Shapes composed solely of non-90° angles include a variety of shapes from polygons,



204 into intimte contact wwth the glass tube 203, the ion generating

el ectrode nenber 202 can be produced in the sane manner as descri bed
earlier. The inner electrode 204 is put into intinmate contact with the

gl ass tube 203, for 5 exanple, in the follow ng manner. As shown in Fig.
27, sheet netal is pressed to blank out a sheet-form el ectrode having the
shape of a quadrilateral STUV. Here, siglle-ST is parallel to side UV, angle
T =angle V=90, angle Sis an acute angle, and angle V is an obtuse

angl e. ds-ggﬁ' ak Qﬂ@r{géfl's:, ﬁﬁ&drﬂgﬁfﬁg‘behﬁgBﬁQQH&: ®ekdg¥ng, Qb shises thdtSare RBRE st car

el ectro Into a indrical formin such away that sides ST and UV are
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t he gl ass tube 20%. Her e, ,opposite side edges (sides ST and W) of the

i nner el SXR§TRIRINYEAS OUMATlet t free, i.e. unwel ded together. The resulting
cylinder is substantially flat at one end corresponding to side TU, and

has the acut eThenylferceds applied granersidn edgerofghe inner slectrade 204 thus prdused By at
the other end. 15 Alternatively, it is also possible to press sheet netal
so as5t oroflirgnk sleet-farnseleetrodednto a eflindticddbapeaun atangeslrhgaectimmpes ddosoll epy
of non-90 angles, i.e. acute or obtuse angles, for exanple a trapezoid

WKYZ as heowylinder fu@her28o the theiérnel diviniedeleol e iitnepredebinodd b4, whichiisg
this sheet-formelectrode into a cylindrical formin such a way that its
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the inner elect gode 204 so 20 produced %as an external dianeter |arger ?E:E\
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(sides WK and ZY) of the inner electrode 204 are left free, i.e. unwel ded

t oget her tube293. r Adier insggiany whew the tangentinkforeareasasita ba agplieds shanianer stegtrpdez

protrudi ng outward. Shapes conposed sol ely of non-90 angles include a

vari d0y 204 sérgpes réstaneripsodrigioal state,ahd is thereby put into intimate contact with the inner
surface of the glass tube 203,

The ion generating electrode member 202 thus produced was subjected to a test in
which an alternating-current voltage was applied thereto to generate ions. The test showed
that this ion generating electrode member 202 could generate negative and positive ions stably,

15 both in concentrations of 400,000 to 600,000 ions/cc, even if the inner and outer electrodes
204 and 205 moved relative to each other, as long as the displacement was not too large. For
comparison, forming the inner and outer electrodes 204 and 205 both as a sheet yielded
almost no ions.

In this arrangement, wﬁere the inner electrode 204 is formed by rolling a sheet-form

20 electrode into a cylindrical shape with at least one corner protruding from one end of the
cylinder, making the inner electrode 204 shorter than the outer electrode 205 in the direction
of their length permits the high alternating-current voltage to discharge from around such a

corner of the inner electrode 204 to a wide area on the mesh-form outer electrode 205. This

helps achieve a proper balance between the amounts of negative and positive ions. By



such as triangles, quadrilaterals, pentagons, and hexagons, to shapes that
are alnost circular but has one corner, i.e. any shape that can be rolled
into a cylindrical shape with at | east one corner protrudi ng outward.

Then, force is applied at one side edge of the inner electrode 204, thus
produced by 5 rolling a sheet-formelectrode into a cylindrical shape, in
a tangential direction, as if to roll uj-the cylinder further, so that the
internal dianeter of the inner electrode 204, which is otherw se greater
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mesh-form outer el ectrode 205. This hel ps achieve a proper bal ance between

t he dRouthesinskr redessrode 204nduppspdyced hasnan emgrnal diameter larger than the internal
diameter of the glass tube 2. Here, opposite side edges of the inner electrode 204 are left
free, i.e. unwelded together. Moreover, the rolling is performed in such a way that, in the
resulting cylinder, the projections 204b formed around the holes 204a protrude toward the
inner surface of the glass tube 2.

15 Then, force is applied at one side edge of the inner electrode 204, thus produced by
rolling a sheet-form electrode into a cylindrical shape, as if to roll up the cylinder further so
that the internal diameter of the inner electrode 204, which is otherwise greater than the
internal diameter (D) of the glass tube 203, becomes temporarily smaller (D - o) than it.
With the inner electrode 204 in this state, it is inserted in the glass tube 203.  After insertion,

20 when the force ceases to be applied, the inner electrode 204 tends to restore its original state,
and is thereby put into intimate contact with the inner surface of the glass tube 203.

As a result, between the sheet-form inner electrode 204 and the mesh-form outer

electrode 205 that face each other with the glass tube 203 disposed in between, electric

discharge takes place from a plurality of surfaces to a plurality of points. This ensures strong



-52- contrast, making the inner electrode 204 |onger than the outer

el ectrode 205 in the direction of their |length causes the high
alternating-current voltage to discharge fromaround a corner of the inner
el ectrode 204 to a localized spot on the nesh-form outer electrode 205.
This tips the bal ance between the amobunts of negative and positive ions in
favor of positive ions. 5 Another way ef3putting the inner el ectrode 204
into intinate contact with the glass tube 203 is as follows. As shown in
Fig. 29, elactpit Wistharge odfth@Olieiees 0 MopdoRer eHeEjectionsERb pr%bﬁélect?i'&%’i‘schﬁ!%ﬁ
sheet netal is pressed to form projections 204b around the hol es, and then
the inn r gde I Swii-pd b i I STRhe t i.N :
cyIindriE%Hﬁtﬁﬁ%eggnﬂggéﬁhéwgﬁgyagﬁg% %ﬁ%ﬁb#%ﬁg%%?ongﬁgo Su&?oﬁhgbtﬁgmﬁgles
204a prog&agﬁ toward the glass tube 2 and that 10 the inner el ectrode 204
thus pro Gced®has an external di ameter | arger than the internal dianeter
of the glass tube 2. Here, opposite side edges of the inner electrode 204
are left free, i.e. unwel ded together. Moreover, the rolling is perforned
in such a way, that, in the resulting cylinder, the projections 204b
formed aExample e hol es 204a protrude toward the inner surface of the

gl ass tube 2. 15 Then, force is applied at one side edge of the inner

el ectrode 204Fig.B@sshomsdbe athobyts af alegativg andgiosiive fionngeieentéd, adanéastiredaat a
cylindrical shape, as if to roll up the cylinder further so that the
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tube 203 disposed in between, electric
shape, was 45 mm long, and was 0.08 mm thick, and the outer electrode 205, here a mesh

formed into a cylindrical shape, was 60 mm long, and had a varying number of meshes/inch.

Here, the wire diameter of the outer electrode 205 varied according to its meshes/inch number.

The concentrations of ions were measured using an airborne ion counter, model 83-1001B
15 manufactured by Dan Kagaku Co., Ltd., Japan.

As shown in Fig. 30, the meshes/inch number of the outer electrode 205 greatly
influences the amount of ions generated; specifically, the smaller its meshes/inch number, the
larger the amounts of ions generated. Without the holes, the inner electrode 204 produced
smaller amounts of ions.

20
Example 17

Fig. 31 shows the amounts of negative and positive ions generated, as measured at a

measurement point located 10 cm away from the side surface of the glass tube 203 when an

alternating-current voltage of about 1.8 kV rms was applied to the ion generating electrode



di scharge takes place froma plurality of surfaces to a plurality of

points. This ensures strong - 53 electric discharge on the surfaces.

Mor eover, the projections 204b pronpt electric discharge by limting the
spots at which electric discharge occurs. This ensures stable electric

di scharge. 5 Exanple 16 Fig. 30 shows the anpbunts of negative and positive
I ons generated, as neasured at a neasufenent point |ocated 10 cm away from
the side surface of the glass tube 203 when an alternating-current voltage
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202, in which thegasstube 03 had an external dianeter 20 mm was 63
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counter, nodel 83-100 B 15 manufactured by Dan Kagaku Co., Ltd., Japan. As

shown5i nhad to m@Bhestineh. melderesthienwire diamster ofthet uterceleatrode 206 tvacidd aQ@ﬁdggeat ly
I nfl uences the anmpbunt of ions generated; specifically, the snaller its

meshes/ i i€ d3beuAaEh nukider | al'lﬁ]seéodcblﬁra’tiﬂiﬁbl F $or3f werenaegaredr @imd an \dirbbaigtiohhe
hol es, the inner el ectrode 204 produced smal | er amounts of 1ons. 20
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generated, as neasured at a measure%ent pol nt | ocateéd 10 cm away fromthe

side surface %fs shQ@n% ﬁgg k3| 991% a%\%%nm% lor%rkenerated are low when the sheet-form inner

electrode 204 and the mesh-form outer electrode 205 are made equally long, and the amounts
10 of ions increase as the inner electrode 204 is made shorter than the outer electrode 20S.

However, when the inner electrode 204 is made too short, the amounts of ion start to drop.

Example 18
Fig. 32 shows the amounts of negative and positive ions generated, as measured at a
15 measurement point located 10 cm away from the side surface of the glass tube 203 when an
alternating-current voltage of about 1.8 kV rms was applied to the ion generating electrode
member 202, in which the glass tube 203 had an external diameter of 20 mm, was 63 mm
long, and was 1.6 mm thick, the inner electrode 204, here a sheet formed into a cylindrical
shape, was 0.08 mm thick, and was 50 mm long, and the outer electrode 205, here a mesh
20 formed into a cylindrical shape, was woven from wire 0.22 mm across, had a varying length,
and had 16 meshes/inch. The concentrations of ions were measured using an airborne ion
counter, model 83-1001B manufactured by Dan Kagaku Co., Ltd., Japan.
As shown in Fig. 32, as the outer electrode 205 is made shorter than the inner

electrode 204, the amounts of ions generated increase, but positive ions tend to increase at a



alternat ing- current voltage of about 1.8 kV rns was applied to the ion
generating el ectrode -54- nenber 202, in which the glass tube 203 had an
external dianeter of 20 mm was 63 mm |ong, and was 1.6 mmthick, the

i nner el ectrode 204, here a sheet formed into a cylindrical shape, was
0.08 mmthick, and had a varying length, and the outer el ectrode 205, here
a nesh forned into a cylindrical shape5Swas woven fromwre 0.22 mm
across, was 50 mmlong, and 5 had 16 neshes/inch. Here, the wire dianeter

of the Opiraiigt @tk tREALNHABVY rised TRERRIE NG idi'isabksthﬁrpﬁl_@w&r@&tﬂwg%g-bé:llhe

concentrations of ions were nmeasured using an airborne ion counter, no
83- 1001B1ao 5‘3995?'4 Co., Ltd., Japan. As shown in Fig. 31,
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nmeasudemghbothoends. | dedhigdcasg the eukeryeleeteadet 205 & de feumddaee tofhavbengindersal
tube 203 when an alternating-current voltage of about 1.8 kV rns was
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outer, el ectrode 205 is made shorter than the inner

10 which the folded portions 205a do not make contact with the glass tube 203. Then, the outer

electrode 205 is, in several positions along its axis, tightened from outside with elastic

tightening members so as to be fixed to the glass tube 203. This puts the outer electrode 205

as a whole into intimate contact with the glass tube 203.

15 Example 19
An alternating-current voltage of 2.1 kV rms was applied to the ion generating
electrode member 202 having folded portions 205a formed at both ends of the outer electrode
205 as shown in Fig. 33B, in which the glass tube 203 had an external diameter of 20 mm,
was 150 mm long, and was 1.2 mm thick, the inner electrode 204 was 95 mm long, and was
20  0.08 mm thick, and the outer electrode 205 was woven from wire 0.4 mm across, was 98 mm
long, and had 30 meshes/inch.
As a result, at a measurement point located 10 cm away from the side surface of the
glass tube 203, negative and positive ions were obtained in concentrations of 400,000 to

600,000 ions/cc, with reproducibility of 80% for the total number of ion generating electrode



el ectrode 204, the anobunts of ions generated increase, but positive ions
tend to increase at a - 55 far higher rate than negative ions. Therefore,
it is advisable that the outer electrode 205 be nade |onger than the inner
el ectrode 204. As shown in Fig. 33A, parts of both ends of the outer

el ectrode 205 nmay be fol ded back and curled to form fol ded portions 205a
so that the outer electrode 205 is douwdfiee-l ayered 5 at both ends. In this
case, the outer electrode 205 is so forned as to have an internal dianeter
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the outer electrode 205 is press-fitted into position around the glass tube
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| eaving,_as shown in Fig. 33B, spaces A around 10 which the fol ded portions
205a do WB# nake contact with the glass tube 203. Then, the outer
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tube 203. This puts the outer electrode 205 as a whole into intinmate
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voltage of 2.1 kV rns was applied to the ion generating electrode nenber
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10 around the periphery thereof as shown in Fig. 34B. The bent portions 205b may have an
arch-shaped section as long as their tip portions make contact with the glass tube 203,
achieving the same purpose. Thereafter, as required, spot welding is applied to four corners
of the mesh material to prevent it from getting loose, and then the mesh material is rolled into
a cylindrical shape.

15 Here, the outer electrode 205 is so produced as to have an internal diameter slightly
larger than the external diameter of the glass tube 203. Then, the outer electrode 205 is
press-fitted into position around the glass tube 203.  This puts the bent portions 205b at both
ends of the outer electrode 205 into intimate contact with the glass tube 203. When fitted
around the glass tube 203, the bent portions 205b leave, as shown in Fig. 34B, slight spaces B

20 between themselves and the glass tube 203. Then, the outer electrode 205 is, in several
positions along its axis, fixed to the glass tube 203 with locking members, and is thereby
brought into intimate contact with the glass tube 203.

Moreover, the electrodes 204 and 205 are mounted on the glass tube 203 in such a way

that their axially central portions face each other. This makes it possible to arrange the inner



600, 000 ions/cc, with reproducibility of 80%for the total nunber of ion
generating el ectrode -56- nenbers 202 produced in the sane manner. The
concentrations of ions were neasured using an airborne ion counter, nodel
83-1001B manuf actured by Dan Kagaku Co., Ltd., Japan. As an alternative to
curling both ends of the outer electrode 205, it is also possible, as 5
shown in Fig. 34A, to form bent portion§7205b there by bending the
correspondi ng edges of the originally rectangular or square nesh nateri al

of the omfEsutel Q&ltfAde282nd T0ndlch BVAY Ghat PRhEY iR Bulter ehRRBde T0ERGrbRbled

portions 205b may be formed at any anglée as |ong as, when the outer
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| oose,S anflaiduef.Steel fowh naterial is rolled into a cylindrical shape. 15
Here, the outer electrode 205 is so produced as to have an internal
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Then, the outer electrode 205 is press-fitted into position around the
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el ectrode 205 into intimate contact with the glass tube 203. Wen fitted
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10 a pointed end, the outer electrode 205 acts as an aggregate of lines kept in contact with the

glass tube 203, and thus electric discharge occurs, if considered locally, between a point and a

surface

Example 20
15 An alternating-current voltage of 2.1 kV rms was applied to the ion generating
electrode member 202 having L-shaped bent portions 205b formed at both ends of the outer
electrode 205 with the tip portions of those bent portions 205b kept in contact with the glass
tube 203 as shown in Fig. 34B, in which the glass tube 203 had an external diameter of 20
mm, was 150 mm long, and was 1.2 mm thick, the inner electrode 204 was 95 mm long, and
20 was 0.08 mm thick, and the outer electrode 205 was woven from wire 0.4 mm across, was 98
mm long, and had 30 meshes /inch.
As a result, at a measurement point located 10 cm away from the side surface of the
glass tube 203, negative and positive ions were obtained in concentrations of 400,000 to

600,000 ions/cc, with reproducibility of 100% for the total number of ion generating electrode



Mor eover, the el ectrodes 204 and 205 are nounted on the glass tube 203 in
such a way that their axially central portions face each other. This nakes
it possible to arrange the inner -57- and outer el ectrodes 204 and 205 in
such a way that, when the outer electrode 205 is projected onto the inner
el ectrode 204, the ends of the inner electrode 204 lie inside the projected
view of the outer electrode 205. Specifgcally, here, the error in position
bet ween an end of the inner electrode 204 and the correspondi ng end of the
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Chat  nBPEROTIRS bFRTRINAISPOE ekt Qe formPbA bTE cobh phje Quter shstiods 205e
10 a pointed end, the outer electrode 205 acts as an aggregate of |ines
kept in ewhkeptin opntactvith thgiglass tube 583208y ongwas frumed temtwhen ntine ovasrfganed,
occurs, if considered locally, between a point and a surface Exanple 20 15

An al Ser amt thag tleueleetnic disdhiagggewad st2l hokd/stable witeh qihldf@hosethent oitivas 205b
generating electrode nenber 202 having L-shaped bent portions 205b forned

at both geflsforinel RawWheh onB} 8RE Waslordtdd. WTHE c'bh@en’ir‘aﬁor&%ft oAt mdieRRd

bent portions 205b kept in contact with the glass tube 203 as shown In
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the 1 nner
| ong, an? 20 was 0.08 nmmt hick, and the outer el ectrode 205 was moven from
wire 0.4 il acr oss, was 98 nn1|ong, and had 30 nmeshes /inch. As a result,

at a neasur errent oi,nt, located 10 cmaway fromthe side surface of the
As degcrlbed above, in the ion generau%’g device 201 of this embodiment, the use of a

10 cylindrical dielectric makes the handling of the ion generating electrode member 202 easy,
helps save space, and stabilizes the performance of the ion generating device 201. This

permits the ion generating device 201 to be advantageously incorporated in various air

conditioning apparatus.

15 Now, an eighth embodiment of the invention will be described with reference to the
drawings. Fig. 35 is a sectional view showing an example of the ion generating device 500
of an eighth embodiment of the invention. One of the key features of this ion generating
device 500 is that it is provided with the ion generating electrode member 202 of the ion
generating device 201 (see Fig. 8) described above in connection with the seventh

20 embodiment to generate negative and positive ions and kill and remove airborne germs
therewith.

The ion generating device 500 is provided with an ion generating electrode member
202, a blower 501, a filter (not shown), and a high-voltage power supply circuit 502

composed of a high-voltage transformer 502a and a control circuit board 502b.  Air taken in



gl ass tube 203, negative and positive ions were obtained in concentrations
of 400,000 to 600,000 ions/cc, with reproducibility of 100% for the total
nunber of ion generating el ectrode -58- nenbers 202 produced in the sane
manner. Here, it was confirnmed that the electric discharge occurring
between the inner and outer el ectrodes 204 and 205 was nore stable when,
of the bent portions 205b that might beS%ormed at both ends of the outer

el ectrode 205 and kept in contact with the glass tube 203, only one was

formed ttheoughtemninles fsotvwhswhp passes thoouphctht fidter, tvilsicle r@tbves dludi frohathgainaad
still nore stable when both of those bent portions 205b were forned than
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an airborne ion counter, nodel 83-1001B manufactured by Dan Kagaku Co.,
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enbodi nent, t use cylindric relectr makes

the ion eratin l.ect rode nenber 202.e hel ps .save ace, and .
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the ion generatjng _deyice, 201 to be advantageously inc¢corporated in variaqus
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w Il be described with reference to the drawings. Fig. 35 is a sectional

vi ew shofipmghanirex &mpthe asherthaad; orongénelsa ieneratdd ais aebypoaduch fwhan the ghgative
enbodi nent of the invention. One of the key features of this ion generating
devi ce 58MY ipssitinations ars genenateded Wdually,t tie amougte o€l sdona ggenkeatéd Galetheeisher
202 of the ion generating device 201 (see Fig. 8) described above in
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ions and kill and renove airborne gerns therewith. The ion generating

device SQfeScAitAMbAGH et fir BloWR o CHEHR 4BGE llﬁ&)‘ R0AFedTEIR e4s required, by

10  impregnating the ion generating electrode member 202 with an ozone decomposition catalyst
or separately providing a catalyst impregnated member 11 (see Fig. 26A) in the air flow
passage. The air, having ions generated therein and airborne germs removed therefrom in
this way, is then blown out of the device.

This ion generating device 500 can be made compact, and can thus be installed

15 anywhere with minimum space; it can even be hung on a wall. Moreover, by building the
ion generating device 500 as a unit, and designing various products to permit the unit to be

optionally attached thereto, it is possible to enhance the usability of those products.

Next, a ninth embodiment of the invention will be described with reference to the

20 drawings. Fig. 36 is an exploded perspective view showing an example of the air purifier,
incorporating an ion generating device 201, of a ninth embodiment of the invention. The air
purifier is provided with a body 50 fixed on a base 51, a filter 60 housed in a housing 51 (see

Fig. 37) formed in a front portion of the body 50, a front cover 70 for covering the filter 60 so

housed, and a rear cover 80 for covering the back of the body 50.



202, a blower 501, a filter (not shown), and a hi gh-voltage power supply
circuit 502 conposed of a high-voltage transfornmer 502a and a control
circuit board 502b. Air taken in -59- through an inlet (not shown) passes
through the filter, which renoves dust fromthe air, and then reaches the
bl ower 501, which bloms the air to the ion generatlng el ectrode nenber 202.
The ion generating el ectrode nmenber 20280when fed with a predeternined
alternating-current voltage fromthe high-voltage power supply circuit

502, gener at eBhaBlyartGOvie campogdsif} frove thofiontide, apré-fikecd I, a dBydodengilteos, of
t hese positive and negative ions, airborne gerns are renoved fromthe air.

On the ohfea ndddollestidpgefilié 64, somemrmteett1a§olféci%ymrquhl&fotwéaefaréié}? ReRRLI ve
and positive ions are generated. Usually, the anount of ozone generat ed in

the ion -gaABEALA B d?} Srke@4fo MPPU@Q K Wew}}e@ rﬁ:iltgﬁe{l%xsﬁ'l ﬁrgﬂﬁpg? is,

However, the anmpbunt of ozone contalfned in t alr evi'ce
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pr ovi |n9ﬂr atal |rrpre§n ed menber 11 (see Fig. 26A) in the air flow
passade. "FREIAFF S r‘lﬁ%\}renﬁpqc Hallyelh ds Btrtoéﬂchﬂé’r smc}amamcwf fenyeven; fadeigmfed
therefromin thls way, is then blown out of the device. This ion

gener at i Rglygeter ee agggangiamiamedher evandic tlispensihgoamtivatedi shdreodl isenitl end theh
anywhere with mni num space; it can even be hung on a wall. Mreover, by
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products to permt the unit to be optionally attached thereto, it is
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air purifrer ncorporating an ‘i on
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and a structural material (a polyester/vinylon-based nonwoven fabric), then
thermocompression-bonding antibacterial sheets over the top and bottom surfaces thereof,
then inserting the thus obtained filtering element into a frame, and then fusion-bonding the
frame to the filtering element. This dust colleting filter 63 collects particularly small dust
15 and other foreign particles in the air.

The front cover 70 is so curved as to be slightly convex frontward in the center thereof
as seen in a horizontal section, and has an inlet 71, through which indoor air is sucked in,
formed in the center thereof as seen in a front view. The front cover 70 is locked to the body
50 with a predetermine distance secured in between, and the gap between the front cover 70

20  and the body 50 is used as a side inlet 72 (see Fig. 38), through which indoor air is sucked in.

Fig. 37 shows a perspective view of the body 50. The body 50 has the shape of a
vertically extending rectangular prism, has a housing 51, for housing the filter 60, formed as a
rectangular recess in the front face thereof, and has a vent, consisting of a number of radiating

elongate holes 52, formed in the center of the bottom surface of the housing 51. At the




Fig. 37) fornmed in a front portion of the body 50, a front cover 70 for
covering the filter 60 so housed, and a rear cover 80 for covering the
back of the body 50. -60- The filter 60 is conposed of, fromthe front
side, a pre-filter 61, a deodorizing filter 62, and a dust collecting
filter 63. The pre-filter 61 collects dust and other foreign particles
contained in the air sucked into the atrblpurifier. A preferred material for
the pre-filter 61 is, for exanple, polypropylene, which offers high air
resi st angénterldtahé @eftos? igifo@ndd 4 figthePrecB@&S53afo? hbhisife alndteF S6(JedEiglr38). On
specifically, it is produced by stretching a piece of nonwoven fabric of

I t : OH i i keoal
pol'yest egne ctﬁ [ FARYYE&Sss 55 A Ban 572§Ebp?§§gh%%s%§eﬁe&ﬁh@%{)g§ié 81%%%&:8?58.

, s
over it, an hen stretching anoth nonwoven ric of polyester
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produced, by folding up.,a filtering material consisting, of an electret-{ype
10 nel t bitSHFIRGMHRHEFMiteRes and indisatepssuch gpa m&ﬁ&f%%@goq%ptlwzterasrfoperatm

I ndustries Inc., Japan) and a structural material (a

pol yest emode spiting/slectng switokescands eteration, statheindicatasrlamps rapd essiglsrvindavi 3y
anti bacterial sheets over the top and bottom surfaces thereof, then

i nser t i nghat lpermhsisheobienitoedsufaily tohetkn thecdenitivn status of the dore gedenatinghelectrode
fusion-bonding the frame to the filtering element. This dust colleting
filter 63esferects particularly small dust 15 and other foreign particles
inthe air. The front cover 70 is so curved as to be slightly convex

frontward in the mﬁ%s fahﬂcﬁgﬁersrp%&i\%e%wj- 8t @wg?xﬂ{)%?i’?if%g'r n@g&f i%rﬁ:{l"’ne@@ﬁrﬂ@eg

an inlet 71, through Ich i ndoor air is sucke e center
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front. cover 70 20 and the body 50 is used as a side inlet 72 (see Fig. 38),
t hr oukfh eRluemn plitchedes igifermed, apdia@njupper Ieftchand poginsvef the prglingd surfaee, wpdon of
the body 50. The body 50 has the shape of a
outlet 82 consisting of a number of slit holes is formed. Moreover, in an upper central
portion of the rear cover 80, a grip 84 is formed as a rectangular recess, and, in two corners of
a central, flat portion of the rear cover 80, hanging slots 85 are provided to permit the air
purifier to be hung on a wall.
15 Fig. 38 shows a side sectional view of the air purifier. When the motor 56 rotates the
fan 57, air is sucked in through the inlet 71 and the side inlet 72 formed in the front cover 70.
The air thus sucked in then passes through the filter 60 and reaches the fan 57, by which the
air is made to flow upward, toward the outlet 81. On the way, a bypass passage 59 is formed
that leads to the ion generating electrode member 202 fitted in an upper portion (in an upper
20 right-hand portion as seen in a front view) of the body 50, so that part of the air that is about
to be discharged is directed through the bypass passage 59 to the ion generating electrode
member 202 (see Fig. 40). The ion generating electrode member 202 generates negative and

positive ions simultaneously from part of the air directed thereto, and thus air containing those

negative and positive ions is discharged through the ion outlet 82. When the ions are



vertically extending rectangular prism has a housing 51, for housing the
filter 60, forned as a rectangular recess in the front face thereof, and
has a vent, consisting of a nunber of radiating elongate holes 52, forned
in the center of the bottom surface of the housing 51. At the -61- center
of the vent 52 is forned a further recess 53 for housing a notor 56 (see
Fig. 38). On the back side of this reeégs 53, a fan 57 (see Fig. 38) is
fitted on the spindle of the notor 56. |In an upper portion of the front

face of gheritedlyoZoieads 8lsd @endticdn Hp@eddr) tis PhkiiOdedmposédihtel Bk igenviiy theus
swi tches and indicators such as a power switch, air
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status indi cator |lanps, and a sight wndow 55 that permts the ‘user to
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I nclined _surfac fo d in,an upper.portion of the rear cover 80, an
out | et 8ihec%ﬁglf&air%eé{tgfo%h[inw&P%ﬁ?t %28ur- 10 colum slit holes is formed,
and, in an upper |eft-hand portion of the inclined surface, an_ ion outlet
82 consi sti ngfag 4l shemean enlasged; vigw efsa partiosrofeide byppssorassage; 3P apd thgpan
central portion of the rear cover 80, a grip 84 is formed as a rectangul ar
recess, @aukrating elgctrode memberod02. a The bypasis passhge SPbasa passade inlee 5B ¢hat icopear
80, hanging slots 85 are provided to permt the air purifier to be hung on
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the notor 56 rotates the fan 57, air is sucked in through the inlet 71 and
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then passes through the filter 60 and reaches the fa ich the air
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course upward to reach the ion generating electrode member 202.

In Fig. 38, in a portion of the front face of the body that faces the ion generating
electrode member 202, the sight window 55 is provided to permit the user to check the
operation status of the ion generating electrode member 202. On the surface of the sight

15 window 55, a protection cover 40 is fitted to prevent air from leaking out from inside the air
purifier. Preferably, this protection cover 40 is formed as part of a sheet that protects the
whole front face of the body 50 including the sight window S5 (except for the housing 51) and
that thus has an opening formed in a portion thereof that corresponds to the housing 51. For
example, the sheet is made of a transparent resin material, and has a metallic silver color

20 applied to or silk-screened on the back surface thereof. This gives the air purifier a massive
look when seen from the front. Making the front cover 70 see-through additionally, in
combination with such coloring of the protection cover 40, gives the air purifier a refreshing,

cleanly look.

Now, an example of how the air purifier operates will be described. When the power



to be discharged is directed through the bypass passage 59 to the ion
generating el ectrode nenber 202 (see Fig. 40). The ion generating

el ectrode nenber 202 generates negative and positive ions simultaneously
frompart of the air directed thereto, and thus air containing those
negative and positive ions is discharged through the ion outlet 82. Wen
the ions are -62- generated, ozone is al3e generated. However, this ozone
i s deconposed into oxygen by the catalyst inpregnated nmenber |
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outer el ectrode 205 (see Fig. . Thi s reduces t e armun
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of the air q]own by the fan 57 is taken into the by ass passage 59 through
the passaletheriredilisy 61nolessy pelatively lngggydust and joher f@r@rgsl pasti¢las, ghe deedorizing
rotation direction of the fan 57), then changes its course toward the front
of thé 1diltat 62 pbsdrbs end removes odonscamitie HusthellectingyBiter & toilpcsl retativelyesmall
menber 202, and then charges its course upward to reach the ion generating
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body that faces the ion generating electrode nenber 202, the sight w ndow
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of a sheet 't rofects.the whole front face of the body 50 including the
si ght wi ﬁ&&%ﬁ%d%&(‘% igrygenerating glecirade member202. t hat thus has an opening
formed in a portion thereof that corresponds to the housing 5 1. For
exanpl®, the dHeadternatinggurrgnt xoltaggnahabeutt 1 78skY: stetebeimg, appliedhtes the ion
metallic silver color

generating electrode member 202 as soon as the air purifier starts operating. Thus, the ion

generating electrode member 202 generates negative and positive ions from the air taken in,
and also generates, as a byproduct, ozone simultaneously. Here, the negative and positive
ions are generated in concentrations of 20,000 ions/cc, and the ozone in a concentration of
15 0.0l ppm or lower. By the action of the negative and positive ions thus generated
simultaneously by the ion generating electrode member, airborne germs are removed from the

air.
The concentrations of ions generated can be increased by increasing the alternating-
current voltage applied to the ion generating electrode member 202, However, increasing
20 the aitemating-current voltage also increases the amount of ozone generated. To generate
ions efficiently while minimizing the generation of ozone, it is advisable that the alternating-
current voltage applied to the ion generating electrode member be 2.0 kV or lower. With the
alternating-current voltage fulfilling this condition, it is possible to reduce the concentration

of ozone down to 1/10 or lower of the generally admitted maximum level (0.1 ppm). If the



20 applied to or silk-screened on the back surface thereof. This gives the
air purifier a massive |ook when seen fromthe front. Making the front
cover 70 see-through additionally, in conbination with such coloring of
the protection cover 40, gives the air purifier a refreshing, cleanly

| ook. Now, an exanple of how the air purifier operates will be descri bed.
When the power -63 switch on the operaé4eon portion 54 is turned to the
"on" position, the air purifier starts operating in an autonmatic node. The
ot or  56ioh@enérating Blectrede hdmb@dD2ds ImpregSdiek ®ith iaflo@ond Eecompbsifibr tithigt, or
through the inlet 71 and the side inlet 72 fornmed in the front cover 70.
From the, cafalyst tiﬂ%re‘é{i:ﬁreﬁ'rh&%eﬁ}l GRY Fé:g‘?lﬁt%dr\%itﬁta'nvé'idﬁeld’JCGﬁpgélﬁén A1 her
foreign particles, tthe deodori zing g Ilter 62 absorbs and renoves odors,
and the ' g1 cal nel.atryel her
foreign @Jgﬁdieglgé&sﬁ%hggé% ngs lagoggﬁ?%a{bggﬁ%fr l%@?%%ﬁg}gﬁwggggﬁ?.sﬂ ag{l her
foreign &gr%icles by the filter 60, is then discharged out of the air

puri fi er NEEDY |#ENGTALE 18RS In higher GR{ICEAITations: of the air is bl own into the
bypass passage 59 through the passage inlet 58 so as to be directed to the
ion génerating el ectrode nmenber 202. 10 An alternating-current voltage of
about 1.75 kV starts being applied to the ion generating el ectrode nenber
202 as soon adekfi¢o avalugiethe deodoszaion pedpematce of thedupyrifidreofitiie embpedanaiti ng
el ectrode nenber 202 generates negative and positive ions fromthe air

t aken i nagaimnddatsin tipedic tied RHowhg exp&iésicon@ztde si mul taneously. Here,
the negative and positive 1ions are generated in concentrations of 20,000
ions/cc, and the ozone in a concentration of 15 0.01 ppmor |lower. By the
action of the negative and positive ions thus generated sinmultaneously by

the ion enﬁrgt%fg el ectrode nenber, airborne gerns are renoved fromthe
air. The CBM@htT ati ons of ions generated can be increased by increasing

the 6}|0t ernat | Q‘?ﬁ: air purifier described above, incorporating the ion generating device 201 used in
Example 10 described earlier, was installed in a test space 2.0 m long, 2.5 m wide, and 2.7 m
high. After the atmosphere inside the test space was replaced with clean, dry air, five
cigarettes were burned. Simultaneously, an alternating-current voltage of 1.1 kV rms having
a frequency of 25 kHz was applied to the ion generating electrode member 202, and the motor
15 56 was activated to rotate the fan 57 at an air-flow rate of 4 m*/sec, so that the air purifier
started operating. Then, using a gas detector tube, the concentrations of ammonia, acetic
acid, styrene, and carbon monoxide were measured at the time the air purifier started
operating and 30 minutes thereafter. The experiment showed that 30 minutes’ operation of
the air purifier resulted in removal of 35% of the ammonia, 65% of the acetic acid, 58% of the

20 styrene, and 90% of the carbon monoxide.
In this way, it was confirmed that the air purifier of this embodiment achieved

satisfactory deodorization by quickly decomposing typical odors in households by the action

of negative and positive ions.




current voltage applied to the ion generating el ectrode nenber 202.

However, increasing 20 the altemating-current voltage al so increases the
anount of ozone generated. To generate ions efficiently while m nim zing

t he generation of ozone, it is advisable that the alternating- current
voltage applied to the ion generating el ectrode nenber be 2.0 kV or | ower.
Wth the alternating-current voltage fU#¥illing this condition, it is
possi ble to reduce the concentration of ozone down to 1/10 or |ower of the
gener al | y adniNextdtheaxterilizatioavpdridrthahcgpfthe lafr plnéfier6df thioRnbOERASItI hinst

el ectrode nenber 202 is inpregnated with an ozone deconposition catalyst,
or a catabrbyaie gérpisegihbedesRiBarinlikrhiMF PPLRCE eMdnifleAN IPZORS be understood,
deconposition catalyst is provided separately, it is possible to raise the
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i ncor porat.i n%ftge ion genergti ng device 201 used in Exanple 10 descri bed
earliet, FPUPTS A TPHITEdt est space 2.0 mlong, 2.5 mwide, and 2.7 m

hi gh. After the atnosphere inside the test space was replaced with clean,
dry air, five cigarettes were burned. Sinultaneously, an
alternating-current voltage of 1.1 kV rnms having a frequency of 25 kHz was
appl i ed tExaniglei28n generating el ectrode nenber 202, and the notor 15 56 was
activated to rotate the fan 57 at an air-flow rate of 4 nB/sec, so that the

air purifier Bieditpdrilpedatiibal eaMi&N incdfior&ind tﬁ@%mgérﬁ%g{g dedh® 2d1NGed in

concentrations of amonia, acetic acid, styrene, and carbon nonoXide were
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10 high. Then, common bacteria and fungi that had been cultured on a culture medium
beforehand were sprayed in the test space. Simultaneously, the ion generating device 201
was put into operation under the same conditions as in Example 8 described earlier, and the
motor 56 was started to rotate the blowing fan 57, so that the air purifier started operating.
Then, at predetermined time intervals, using an air sampler, model RCS manufactured
15 by Biotest AG, Germany, the air inside the test space was extracted at a rate of 40L/min and
sampled for four minutes to measure the number of germs contained in the air. The results
are shown in Table 8.
In two hours after the air purifier started operating, of the common bacteria and fungi
that had originally been present in the test space, 77% and 80%, respectively, were removed.
20  This proves that the air purifier of this embodiment, incorporating the ion generating device
201, is capable of satisfactorily killing most airborne germs by the action of the negative and
positive ions that it blows out.

As described earlier in connection with the second and fifth embodiments, the air

purifier 300 (see Figs. 3 and 6) incorporating the ion generating electrode member 1 having a



the air purifier resulted in renmoval of 35% of the ammonia, 65% of the
acetic acid, 58% of the 20 styrene, and 90% of the carbon nonoxide. In
this way, it was confirnmed that the air purifier of this enbodi nent

achi eved satisfactory deodorization by quickly deconposing typical odors
i n househol ds by the action of negative and positive ions. -65- Next, the
sterilization performance of the air pubfier of this enbodi nent agai nst

ai rborne gerns will be described in ternms of practical exanples. It is to
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limted to the exanples specifically described below, but nmay be
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factors as required. Exanple 22 The air purifier descri
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the i %ener ating dew&e 201 . was put into operation under the sane

condi Pi oREVES SYRFTOKILNPT he gylindricali glasg teher303er . and the notor 56 was started
to rotate the blowng fan 57, so that the air purifier started operating.

Then, at predeterm ned tine i nt erval s, using an air sanpler, nodel RCS
manuf actured 15 by Biotest AG GCernany, the air inside the test space was

extracted at dNexgite check BbiviiiciofithessyaR difdt i ger{e%ﬂéd mwuim t&ébtﬂ@as%h'l'i ¢nd he
nunber of gerns contained in the air. The resu are shown in Table 8. In

two hourg r i A 4
b o editiv@lard Bodhtive R i (Y ske ot g WRETGH bltrafle LEGERTERBAGOPIL S
respecti \ﬁfslcﬁargwrtﬁro{lgmxg%utlet 81 of the air purifier by the blowing fan 57, the following

10  experiment was conducted.

Example 23

An ozone concentration checker (not shown) was installed' at each of five
measurement points located 0 cm, 5 cm, 10 cm, 15 cm, and 20 cm away from the outlet 81 of

15 the air purifier used in Example 22 described above. Then, an alternating-current voltage of
1.1 kV rms is applied to the ion generating electrode member 202, and the blowing fan 57 was
started at an air-flow rate of 4 m*/min or 0.8 m*min. In this state, the concentration of
ozone was measured at each of the aforementioned measurement points. For comparison,
with an alternating-current voltage of 1.4 kV ms applied under the same cbnditions, the

20 concentration of ozone was measured in the same manner. The results in different cases are
shown in Figs. 42A and 42B. The concentration of ozone was measured using a UV
absorption type ozone monitor, model EG-2001 manufactured by Ebara Jitsugyo Co., Ltd.,

Japan.

As shown in these figures, the higher the voltage applied, as expressed in an rms value,



20 This proves that the air purifier of this enbodinment, incorporating the
ion generating device 201, is capable of satisfactorily killing nost

ai rborne gerns by the action of the negative and positive ions that it

bl ows out. As described earlier in connection with the second and fifth
enbodi nents, the air purifier 300 (see Figs. 3 and 6) incorporating the

i on generating el ectrode nember | havi nP% - 66- flat-pl at e-shaped gl ass
plate 3 required three hours to kill and renmove 70% or nore of the gerns
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The results in different cases

10 ozone sensor, the high alternating-current voltage, as expressed in an rms value, applied to the
ion generating electrode member 202 is determined in such a way as to keep the concentration

of ozone below a predetermined admitted level.
This makes it possible to realize an air purifier that can kill and remove airborne germs
by the action of negative and positive ic;ns while keeping the concentration of the ozone
15  generated by the ion generating electrode member 202 below an admitted level. As the
aforementioned admitted level of the concentration of ozone, it is proper to use the level 0.1

ppm stipulated by Japan Society for Occupational Health.

Now, a tenth embodiment of the invention will be described with reference to the

20 drawings. Fig. 43 is a sectional view showing the outline of the structure of the air

conditioner 400, incorporating an ion generating electrode member 202, of a tenth
embodiment of the invention.

In a rear portion inside the body 401 of the air conditioner 400, a blowing fan 402 is

provided. In the front and top faces of the body 401, an air inlet 403 is formed that consists




shown in Figs. 42A and 42B. The concentrati on of ozone was neasured using a
W absorption type ozone nonitor, nodel EG 2001 manufactured by Ebara
Jitsugyo Co., Ltd., Japan. As shown in these figures, the higher the

vol tage applied, as expressed in an rns value, -67- and the higher the
air-flowrate at which the blowing fan 57 is driven, the higher the
concentration of ozone. The concentrati-&8-of ozone, however, drops quickly
with the increasing distance fromthe outlet 81. Accordingly, by
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of t h?o a srource 206 (see Fig. 8) may be provided separately from a power source for driving the
blowing fan 402, or may be shared for this purpose also. In the latter case, a controller (not
shown) is additionally provided so that the driving of the blowing fan 402 and of a
compressor (not shown) and the operation of the ion generating device 201 can be controlled
independently. This permits the ion generating device 201 to be turned on and off as
15 required while the air conditioner 400 is operating, and thus enhances the usability of the air
conditioner 400.

When this air conditioner 400, structured as described above, starts operating, the
blowing fan 402 starts rotating.  As a result, the air sucked through the inlet 403 into the air
flow passage is passed through the filters 404, which remove dust and odors from the air, is

20 then passed through the heat exchanger 406, which exchanges heat between the air and a
cooling medium, and is then blown out through the outlet 405, Meanwhile, if the ion
generating device 201 is kept on, the negative and positive ions generated in the space around

the ion generating electrode member 202 are blown out together with the clean air. In this

way, it is possible to kill airborne germs by the action of negative and positive ions.




condi tioner 400, incorporating an ion generating el ectrode nenber 202, of a
tenth enbodinent of the invention. In a rear portion inside the body 401
of the air conditioner 400, a blowing fan 402 is provided. In the front
and top faces of the body 401, an air inlet 403 is fornmed that consists
-68- of a nunber of holes or slits, On the downstream side of the inlet

403, various filters 404 for dust renp¥ll- and deodorization are provided.
On the downstream side of the filters 404, a heat exchanger 406 is

provi ded. Bel quéxthehei sérflizafif8 pRifothgndeosty tidOdir cBRdifibhierodtdd 8F tHiQSerodithestmed
that is provided with a louver for adjusting the direction of the air bl own

out. In 194D k Mol e; I r 1dAE ek MaBie. 447 ; tihe
filters rggéﬂfl,ﬁﬂt Fil\epﬁar{l% Fl@k hvgg]t Bwe(%g angelrnl %%!sn%ng x%){ﬁ&etnciatg ?‘Jﬁg e(')ut ?e‘% Q%O‘% is
formed insj t he 4 . - €,n0 nerati.ng device. 201, (sge
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ion generating el ectrode ne 02 placed in the ai f1ow passage, in. the
vi ci ni ty €$mp eShsgificaly Ee%frrlgbﬁg?)e‘,%% tmagﬂvedmpi?fnai%w%um@%ﬁawwa i
source 206 (see Fi(ﬁ._ 8) mmy be provided separately froma power source for
drivi rig toperatipg eanditoriscandairer fagtorsey remuirslar ed for this purpose also. In
the latter case, a controller (not shown) is additionally provided so that
the driving of the blowing fan 402 and of a conpressor (not shown) and the
operation of the ion generating device 201 can be controlled

i ndependganyple P3i s permts the ion generating device 201 to be turned on
and off as 15prequi red while the air conditioner 400 is operating, and thus

H H e c Al ndi ; ; i
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condi tioner 400, structured : escri bed above;, _
R A TR MR T
whi Ch10r enZI.)'\l/Er}n ?\%Jgﬁlt al‘r}]\gn,ocdo%rgorﬁ rl.)gcr{]et!ig gnc? ifurn’gi ithsat had been cultured on a culture medium
beforehand were sprayed in the test space. Simultaneously, the ion generating device 201
was put into operation under the same conditions as in Example 8 described earlier, and the
blowing fan 402 was started, so that the air conditioner 400 started operating.
Then, at predetermined time intervals, using an air sampler, model RCS manufactured
15 by Biotest AG, Germany, the air inside the test space was extracted at a rate of 40L/min and
sampled for four minutes to measure the number of germs contained in the air. The results
are shown in Table 9.
In two hours after the air conditioner 400 started operating, of the common bacteria
and fungi that had originally been present in the test space, 80% and 83%, respectively, were
20 removed. This proves that the air conditioner 400 of this embodiment, incorporating the ion
generating device 201, is capable of satisfactorily killing most airborne germs by the action of
the negative and positive ions that it blows out.

As described earlier in connection with the second and fifth embodiments, the air

conditioner 400 (see Figs. 4 and 7) incorporating the ion generating electrode member 2



20 then passed through the heat exchanger 406, which exchanges heat between
the air and a cooling nedium and is then bl own out through the outlet
405. Meanwhile, if the ion generating device 201 is kept on, the negative
and positive ions generated in the space around the ion generating

el ectrode nenber 202 are bl own out together with the clean air. In this
way, it is possible to kill airborne ger’is by the action of negative and
positive ions. -69- Next, the sterilization performance of the air

condi t i ohaving@(flasfplathisbapedipiaismbate 3agaiireit thrserfoars e IgRAAE ranble Pevdesmbicbed
internms of a practical exanple. It is to be wunderstood, however, that the
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operation under the same conditions as in Exanple 8 described earlier, and
the bl owi ng flathemipcopditionesnd0@descaibed abavet the icri genentinlg tel extrerde 4fkntset 202 6
operating. Then, at predetermined tine intervals, using an air sanpler,
nmodel RCBlaced i dle aireftbw bassage Booerisinsile th€bodRNYThush&heh fthé A editimet RSt
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Table 9. In two hours after the air conditioner 400 started operati
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space, 80% and 83% respectively, were
10 cooling or dehumidifying mode, the moisture in the air is likely to condense on the surface of
the ion generating electrode member 202. If a foreign substance such as dust or dew

attaches to the electrodes, abnormal electric discharge or leakage current is likely to result.

This is undesirable because it lessens the safety of the air conditioner 400.

15 Now, an eleventh embodiment of the invention will be described with reference to the
drawings. Fig. 44 is a block diagram showing the basic configuration of the controller of the
air conditioner 400, incorporating an ion generating device 201, of an eleventh embodiment of
the invention. In this figure, such members as are found also in the air conditioner 400 (see
Fig. 43) of the tenth embodiment described above are identified with the same reference

20 numerals.

As shown in Fig. 44, the input side of a controller 610 including a comparator 614 is
connected to a power switch 608 and to a commercial power source 609, from which electric
power is supplied to the controller 610 when the power switch 608 is operated. The output

side of the controller 610 is connected to a compressor 611 and the blowing fan 402 of the air



20 renmoved. This proves that the air conditioner 400 of this enbodi nent,

i ncorporating the ion generating device 201, is capable of satisfactorily
killing nost airborne gernms by the action of the negative and positive
ions that it blows out. As described earlier in connection with the second
and fifth enbodi nents, the air conditioner 400 (see Figs. 4 and 7)

i ncorporating the ion generating el ectrode menber 2 -70- having a

flat-pl ate-shaped glass plate 3 required three hours to kill and renove 70%
or nore cofiditibeergandralsbrihiogh tahdgh-dsquagaticud $18xan thndr eRegod@bb o2 Yheand
Example 7 (see Table 4) exenplify, By contrast, the air conditioner 400 of

this enbqeh ngieratingC elepR6d®s iMEmBIe 200N TAEREERL hiMe €61F q@ﬁregﬁﬁg%{ cafent
having a cylindrical glass tube 203, requires one hour less. 5 This proves
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As a result, by the action of the blowing fan 402, indoor air is sucked in through the

inlet 403, is then passed through the filter 404, which removes dust and odors from the air,
and is then passed through the heat exchanger 406, which exchanges the heat of the air, so
that cooled or heated air is discharged through the outlet 405 into the room. Simultaneously,
15 the ion generating electrode member 202 generates negative and positive ions, and an active
species having a sterilizing effect is blown out into the room together with the air. This, in

combination with proper air conditioning, realizes a comfortable living environment.

Example 25

20 In the air conditioner 400 configured as described above, an alternating-current
voltage of 1.6 kV rms having a frequency of 20 kHz was applied to the ion generating
electrode member 202, in which the glass tube 203 had an external diameter of 20 mm, was
150 mm long, and was 1.2 mm thick, the inner electrode 204 was woven from wire 0.18 mm

across, was 80 mm long, and had 40 meshes/inch, and the outer electrode 205 was woven



20 numerals. As shown in Fig. 44, the input side of a controller 610

I ncl udi ng a conparator 614 is connected to a power switch 608 and to a
comerci al power source 609, fromwhich electric power is supplied to the
controller 610 when the power switch 608 is operated. The output side of
the controller 610 is connected to a conpressor 611 and the bl ow ng fan 402
of the air -71 conditioner, and al so tA2eugh a high-frequency circuit 612
to the inner electrode 204 of the ion generating electrode nenber 202.

Ref er enc rofi wiread 4 6Ad 42EISEHAREBY AntloneCahd ha®N6LMREThBYintReNS APk BRI, Pl NQ
the current fed fromthe controller 610 to the high- frequency circuit 612.

The resuldeatifrembft FoMN bO4tENI0 R 4Gy Ui BBLIdERNHAAY bi'Be PARSutRLB03, hegativeed
to the conparator 614. Now, how thi's air conditioner configured as

descri beqn@g‘awﬁvé ﬁoﬁ’ssglgvrg‘r"bl%tgmpcg ﬁ??g%npﬁgo%soﬁggé(gﬁo %g@g) iBhe/EE ﬁ%g’ghﬁo

turned on, electric p source

the controllerya610. The controlle 1 n en i zes .t he conpressor .611
and thecBTrS&i Vg thy ﬁttge &u}e\r/ Eetcﬁré’aftzgﬁdv%fl gzq'g er g SONpgfirations of toris
hi gh-frequency circuit 612 so that 10 the hi h-freauency circuit_612
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result, by the action of the blow ng fan 402, indoor air is sucked in
t hr ough tUwe, LtdnlJapan. 403, is then passed through the filter 404, which
removes dust and odors fromthe air, and is then passed through the heat

exchanger 406,InWhis Waye s [Dagaeshd fvR dedeiatiaf detice 801 is SeratinihoAdlyeWhen the
heated air is discharged through the outlet 405 into the room
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negative and positive 1ons, an n-active cles having a sterilizing

Conti nat 20 et he AR RgouRONE dQECHBRRodt 408 JLF 1Rble 4o Bl bieupstys

envir t. Exanppl.e 25 . .
Uk ﬁowever, iR foreizgn substance such as dust attaches to the ion generating electrode member

202, or if the glass tube 203 develops a breakage, a short circuit may occur locally between
the inner and outer electrodes 204 and 208, causing a relatively high current to flow.
Such a short circuit not only makes it impossible to obtain a sufficient amount of ions
to achieve satisfactory sterilization, but also shortens the life and degrades the performance of
15 the ion generating electrode member 202. Moreover, if a person touches the glass tube 203,
electric discharge may occur between the inner electrode 204 and the person’s body. This
causes a current to flow through the body, which is at the ground potential, and thus poses a
risk of giving the person an electric shock.
To avoid this, when the high-frequency circuit 612 is applying the alternating-current
20 voltage to the inner electrode 204, the current that flows from the controller 610 to the high-
frequency circuit 612 is monitored with the current monitoring means 613. The result of this
monitoring is fed to the comparator 614 included in the controller 610. The comparator 614
then compares the result fed thereto with a predetermined reference level and, if the result is

higher than the reference level, the controller 610 de-energizes the high-frequency circuit 612.



20 In the air conditioner 400 configured as described above, an
alternating-current voltage of 1.6 kV rns having a frequency of 20 kHz was
applied to the ion generating electrode nenber 202, in which the gl ass
tube 203 had an external dianeter of 20 mm was 150 mm|ong, and was 1.2
mm t hi ck, the inner electrode 204 was woven fromwire 0. 18 mm across, was
80 nmm |l ong, and had 40 neshes/inch, and Bhe outer electrode 205 was woven
-72- fromwire 0.4 mmacross, was 80 mmlong, and had 16 nmeshes/inches. As

a result, at avemrtammtomumerMocadmra]tmgqm@mw the QFrdn tha§ibéers high Ace
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the ion generating el ectrode nenber 202, or if the glass tube 203 devel ops
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thus Posecsongitioner 50(? ];ha ngéers: Nno ris ?( c?fearnsglre]ct?ig sﬁtl)c Cévreln(if gggfslén accidentally touches
the ion generating electrode member 202 from outside. In this embodiment, the power
switch 608 is shared as a switch for starting the air conditioner 400; however, it is also
possible to provide separate switches for these purposes so that the air conditioner 400 and the
ion generating device 601 can be controlled independently.
15
Now, a twelfth embodiment of the invention will be described with reference to the
drawinés. Fig. 45 is a block diagram showing the basic configuration of the controller of the
air conditioner 400, incorporating an ion generating device 201, of a twelfth embodiment of
the invention. In this figure, such members as are found also in the air conditioner 400 of
20 the eleventh embodiment described above and shown in Fig. 44 are identified with the same
reference numerals.
In this embodiment, the ion generating electrode member 202 is rotatable, and the air

conditioner 400 is additionally provided with a rotary shaft 617 for rotating the ion generating

electrode member 202, a rotating means 618 for rotating the rotary shaft 617, and a blowing



To avoid this, when the high-frequency circuit 612 is applying the
alternating-current 20 voltage to the inner electrode 204, the current
that flows.fromthe controller 610 to the high- frequency circuit 612 is
nonitored with the current nonitoring neans 613. The result of this
monitoring is fed to the conparator 614 included in the controller 610. The
conparator 614 then conpares the result/4fed thereto with a predeterm ned
reference level and, if the result is higher than the reference level, the
control | elenehf 616- esreingi ac tfbRidh glibstdregURIRYInG Mfddhs. 612. other3Tesp¥@s) men
the air conditioner 400 is operating normally, the current may be as hlgh
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t hrough gyhyinan body is very likely to be fatal. Accordingly, it |s pr oper
to determne the reference level for the current 5 within the range 50 to

100 mA. This kes possi the a tion o
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and thereby prevent malfunctl oning or failure of the ion generating device
601. Pn pﬁ&s‘”&l&? coptrolscth ?ib@ﬂ?‘@tl@’t oSpsetically, when thefcarrsnt beiag mm@éwgbm heng
el ectrode nenber 202 and prevent degradation of its performance, and to
real i ze sugertemanitoring vwans 6l dresceed®@ predetepunined level (foskexampdey 200ea1A)j the
shock even if a person accidentally touches the ion generating el ectrode

nenber 20&afingmeaut Kildeandl thetblowingnélogeneols atdgctiawdr so shit it i gendiating
shared as a switch for starting the air conditioner 400; however, it is

al so  pogfichbee HemBELYOLR rSRRAT McFis BUWIERRR ;07 these purposes so that the
air conditioner 400 and the 1on generating device 601 can be controlled
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described with re hce faw n

show Y tn?eei\nbbeer‘siog an(anefvla Stafe t'horziew congense rt]}tlerré:)cl)nI erTh(l)sf helgs prevent leakage current

resulting from condensed dew and abnormal electric discharge resulting from collected dust.

Moreover, it is possible to keep the ion generating electrode member 202 without

maintenance,

15 Now, a thirteenth embodiment of the invention will be described with reference to the
drawings. Fig. 46 is a block diagram showing the basic configuration of the controller of the
air conditioner 400, incorporating an ion generating device 601, of a thirteenth embodiment of
the invention. In this figure, such members as are found also in the air conditioner 400 of
the eleventh embodiment described earlier and shown in Fig. 44 are identified with the same

20 reference numerals.

In this embodiment also, the ion generating electrode member 202 is rotatable, and the
air conditioner 400 is additionally provided with a rotary shaft 617, a rotating means 618, and
a heating element 616 serving as a foreign substance removing means. In other respects, the

arrangement of this embodiment is the same as that of the tenth embodiment described earlier.



air conditioner 400, incorporating an ion generating device 201, of a

twel fth enbodinent of the invention. In this figure, such nenbers as are
found also in the air conditioner 400 of 20 the el eventh enbodi nment

descri bed above and shown in Fig. 44 are identified with the sane
reference nunerals. In this enbodinent, the ion generating el ectrode nenber
202 is rotatable, and the air conditioedér 400 is additionally provided
with a rotary shaft 617 for rotating the ion generating electrode nenber

202, a rotati Itheretuting Giéant @18raptiahé heatingeelémémrol 6sdrafcbnieted @Nhe &ohtreNérng
-74- elenent 615 serving as a foreign substance renoving neans. |n other
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the iagn %en rating ele(?tr de nenber 202 is rotated, and is blown with air.

In this 10er 202 &5 rotated. oind 13 beatpdow of f the dust collected on the ion
generating electrode 10 nenber 202 and evaporate the dew condensed

t her eon. Thi s Indhissvayr #uepossibdatcegyapenatertbetew cesdansedall dvarnhe electeodes df e
and abnormal electric discharge resulting fromcollected dust. Moreover,
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mai nt enance. 15 Now, a thirteenth enbodi nent of the invention will Dbe
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show ng the basic configuration of the controller "0 ai r conditioner
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10 The arrangements described above may be applied to air conditioning apparatus of any
kind, such as air purifiers, dehumidifiers, and humidifiers, to gain similar advantages. It is
also possible to design another arrangement by combining the desired features of different
embodiments.

The ion generating device 201 of the present invention can be built as a unit so that it

15 can easily be attached to and detached from various air conditioning apparatus such as air
conditioners. This enhances the usability of those air conditioning apparatus and makes their

maintenance, such as cleaning and repair, far easier.

Now, a fourteenth embodiment of the invention will be described with reference to the

20 drawings. Fig. 47 is an exploded perspective view of the ion generating device unit 715 of a
fourteenth embodiment of the invention. Fig. 48 is a perspective view of the front member

719 of the ion generating device unit 715.  Fig. 49A is a sectional view showing how the ion
generating electrode member 202 is fitted in the ion generating device unit 715. Fig. 49B is

an exposed front view showing how the ion generating electrode member 202 is fitted. Fig.



the invention. In this figure, such nmenbers as are found also in the air
condi ti oner 400 of the eleventh enbodi ment described earlier and shown in
Fig. 44 are identified with the same 20 reference nunerals. In this

enbodi ment al so, the ion generating electrode nenber 202 is rotatable, and
the air conditioner 400 is additionally provided with a rotary shaft 617,
a rotating rmeans 618, and a heating el-éfent 616 serving as a foreign
substance renoving means. In other respects, the arrangenent of this
enbodi medp is ¢ penspestiveeviaw ofithe redr lefidahd miembentyadiofaht icdlegaerding dwidel @it -
75 The rotating nmeans 618 and the heating el enent 616 are connected to the
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current being nonitored by the current nonitoring nmeans exceeds a
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device 601 to generate negative and positive ions wthout causing |eakage
current . comPPHE off the e aenfratingealestiasieeroar202eaf the iomperiesdingadeaice 201 (see
condi tioning apparatus of any kind, such as air purifiers, dehumdifiers,
and humni diig.i8rof the seveethrensiodirhent dasbribetearies, a dub Hilswerlio7 I8 asdrivet ciréuit@sit gn
anot her arrangement by conbining the desired features of different

enmbodi memiy, andheuhiobodyeTid at i ng devi ce 201 of the present invention can be
built as a unit so that it 15 can easily be attached to and detached from
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10 takes in air and blows it onto the ion generating electrode member 202, and also blows out the
negative and positive ions generated. The sub blower unit 716 is composed of a casing 716a
having a fan 716b and a motor 716¢ housed therein. On the joint surface of the casing 716a,
a plurality of projections 716d are formed that fit into hoops 719b (see Fig. 48).
In this ion generating device unit 715, the front face is where the inlet 716e (see Fig.
15 47) of the sub blower unit 716 is located, and the back face is the face opposite thereto. That
is, as the sub blower unit 716 operates, it sucks in air toward the back side thereof The
following descriptions assume that the direction in which the sub blower unit 716 blows out
the air (i.e. the direction in which the sub blower unit 716 finds the ion generating electrode
member 202 placed) is leftward, and that the direction opposite thereto is rightward.
20 The unit body 718 is composed of a front member 719, a rear left-hand member 720,
and a rear right-hand member 721.
As shown in Fig. 48, the front member 719 consists of an ion generator housing

portion 719d for housing the ion generating electrode member 202, a casing portion 719 for

the sub blower unit 716, and a circuit housing portion 719f for housing the driver circuit unit



mai nt enance, such as cleaning and repair, far easier. Now, a fourteenth
enbodi ment of the invention will be described with reference to the 20
drawi ngs. Fig. 47 is an expl oded perspective view of the ion generating
device unit 715 of a fourteenth enbodinent of the invention. Fig. 48 is a
perspective view of the front member 719 of the ion generating device unit
715. Fig. 49A is a sectional view show-rld -how t he i on generating el ectrode
menber 202 is fitted in the ion generating device unit 715. Fig. 49B is an

exposed f/idrfor vriing Henvianggéreratingedévice geinenaf iwign £l ekdse QlfeNBoHiBhs 20nddS
fitted. Fig. -76- 50 is a perspective view of the rear |eft-hand nmenber 720
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the rear right-hand nmenber 721 of the ion generating device unit . Fig.
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i | i . b, bl ower it 716, a driver circuit unit 717, and a
SﬁisfrEggﬁgili@’%%%g%ﬂﬁnﬂr'&%ﬂam 716 is structured as shown in Fig. 52.
The sub blower unit 716 10 takes in air and blows it onto the ion
generating el ¢t $homa indiisetoRale ioarggneratop hblising portion t7ied isseostiapatbastachave,

positive ions generated. The sub blower unit 716 is conmposed of a casing

716a hawb rigpart fofirthg T6dss ssectian thetenf, ditGhagedusates ha@eite inder l@ade9idtthose
surface of the casing 716a, a plurality of projections 716d are forned

that fit cinied pooties of b idrbgeneRitar hdtBing doMidhiTsod, Qﬂré;gﬁﬁ%rﬂhj_}?g%?gﬁﬁﬁ oy t

715, the front face is where the inlet 716e (see Fi _ esut
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back 19 d¢;ghPfiffPlnds théeof, and, below the left-hand and right-hand support portions 722 and 723,
an ion outlet 724 is provided through which the air that has passed through the ion generating
electrode member 202 is blown out. By making the passage from the ion generating
electrode member 202 to the ion outlet 724 as short as possible and in addition minimizing the
volume of the ion generator housing portion 719d in this way, it is possible to reduce the air

15 resistance of the passage and reduce the loss in the amount of negative and positive ions in the
air. This makes it possible to discharge a stable amount of negative and positive ions.

As shown in Fig. 49B, each of the support portions 722 and 723 consists of three ribs
722a or 723a that together form a curved surface so as to hold the peripheral surface of the
stopping member 7 or 8 of the ion generating electrode member 202, and bosses 722b or 723b

20  that keep the stopping member 7 or 8 in position vertically. The ribs 722a and 723a and the
bosses 722b and 723b are so formed as to protrude from the inner surfaces of the front
member 719 and the rear left-hand member 720. Moreover, the ribs 722a and 723a have

‘portions thereof formed higher than their portions forming the curved surfaces so as to hold

the end surfaces of the stopping members 7 and 8 of the ion generating electrode member 202



foll owi ng descriptions assune that the direction in which the sub bl ower
unit 716 blows out the air (i.e. the direction in which the sub bl ower
unit 716 finds the ion generating el ectrode nenber 202 placed) is

| eftward, and that the direction opposite thereto is rightward. 20 The unit
body 718 is conposed of a front nenber 719, a rear |eft-hand nenber 720,
and a rear right-hand nenber 721. As shm8w in Fig. 48, the front menmber 719
consists of an ion generator housing portion 719d for housing the ion

gener atim@egqgé@q?pcggﬂmggtem&, a casing portion 719e for the sub bl ower
unit 716, and a circuit housing portion 719f for housing the driver circuit

unit -77- 717 Eodriyi t.he.ian ner at,i ng.deyice unit. 715 wth al
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has a concave shape, and on the outside thereof, near the joint surface,
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unit 716 and a plurality of |ocking projections 719a for |ocking the rear

| ef t - hanbodyettbles ind@xfed through thaéon eatet 1724 ho rénah dhértonbgenerating . eléstrodlaaiémbet
Fig. 49A, the ion generator housing portion 719d is so shaped as to have,

as a parpopf the cross section thereof, arc-shaped curves. On the inner
surfaces of those curved portions of the ion generator housing portion

719d, support t 7 in d .hol.di ng..t he, i,on
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passed through the ion generating electrode nenber 202 is blown out. By
maki ng ta@rﬁjgsﬁdeclfms)rhppn% 719n fojelaeking ithry mosoretide oafingrarepformed2 irothehfati on
outlet 724 as short as possible and in addition mnimzing the volunme of

t he i on pemionafche haning portioortlPera fubdwower inhits7 1@ayhrough whighosis idhfuzkedin is

reduce the air 15 resistance of the passage and reduce the loss in the
anmour oformedati ve and positive ions in the

Inside the circuit housing portion 719f, a wall is formed so as to form a concave shape.
Along the free-end edge of the wall, a plurality of projections 719a for locking the rear right-
hand member 721 are formed. Moreover, an H-shaped rib for supporting a case
incorporating the circuit board of the driver circuit is provided so as to protrude inward from

15 outside. On the outside of the H-shape rib, hoops for locking the ion generating device unit
715 are formed.

The rear left-hand member 720 shown in Fig. 50 is for covering the ion generating
device housing portion. On the inner surface of the rear leff-hand member 720, support
portions 720c and 720d forming partial curved surfaces for supporting and holding the ion

20 generating electrode member 202 are formed at the lefi-hand and right-hand ends.
Specifically, three R-shaped ribs for holding the peripheral. surfaces of the stopping members
7 and 8 of the ion generating electrode member 202 are so formed as to protrude from the
inner surface of the rear left-hand member 720. These R-shaped ribs have portions thereof

formed higher than their portions forming the curved surfaces so as to hold the stopping



air. This makes it possible to discharge a stable anbunt of negative and
positive ions. As shown in Fig. 49B, each of the support portions 722 and
723 consists of three ribs 722a or 723a that together forma curved
surface so as to hold the peripheral surface of the stopping nmenber 7 or 8
of the ion generating el ectrode nenber 202, and bosses 722b or 723b 20 that
keep the stopping menber 7 or 8 in posit/Pen vertically. The ribs 722a and
723a and the bosses 722b and 723b are so fornmed as to protrude fromthe

i nner sunfembess Dand Bieo keaprthemiiepbstion/a@rallyd t he rear |eft-hand nmenber 720.
Moreover, the ribs 722a and 723a have portions thereof formed higher than
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gener ating el gcf\rode menber 5 012. | n the casing portion 719e, a wall that
serve a?g’ir@ N SUPRAT PRRIONS 2 §pler TRObfap fixingathe top aenerating idevice umitd7 Koisas
to describe an involute curve. Along the free-end edge of the wall, a

pl ural i t§°r6’fedl ocki ng hoops 719b for | ocking the notor-side casing are
formed. In the flat portion of the casing portion 719e, a sub blower inlet

719c through Vitheakararightittand undesisbri?21ishowd Gn FQs 1RGs fdM&ivdang ke GidiUhdusing
housi ng portion 719f, a wall is fornmed so as to forma concave shape.
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| ocking the rear right- hand nenber 721 are forned. over, an
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10 projections 719a of the front member 719 engage are formed. Moreover, at one open end of
the wall, a hole 721b for fixing the ion generating device unit 715 is formed.

The ion generating device unit 715 structured as described above is assembled in the
following manner. The sub blower unit 716 is inserted in a predetermined position in the
casing portion 719e of the front member 719, and is fixed by inserfing the projections 716d of

15 the casing 716a into the locking hoops 719b of the front member 719. Then, the driver
circuit unit 717 is inserted in a predetermined position in the driver circuit unit portion 719f of
the front member 719, and the rear right-hand member 721 is placed over the driver circuit
unit 717 and is fixed by inserting the locking projections 719a of the front member 719 into
the hoops 721a of the rear right-hand member 721. Then, the ion generating electrode

20 member 202 is inserted in a predetermined position in the ion generating device housing
portion 719d, and the rear lefi-hand member 720 is placed over the ion generating electrode
member 202 and is fixed by inserting the projections 719a of the front member into the hoops

20d of the rear left-hand member 720. This completes the assembly. In this way, simply

by mounting the ion generating electrode member 202 on the support portions of the front



15 outside. On the outside of the Hshape rib, hoops for |ocking the ion
generating device unit 715 are forned. The rear |eft-hand nenber 720 shown
in Fig. 50 is for covering the ion generating device housing portion. On
the inner surface of the rear |eft-hand nenber 720, support portions 720c
and 720d formng partial curved surfaces for supporting and hol ding the ion
20 generating el ectrode nenber 202 are-3®rmed at the | eft-hand and
right-hand ends. Specifically, three R-shaped ribs for holding the

peri pher akmber 7 BCaf tBen placingitad fiah EARAdahember E0G0Gsab chbbie if, dnis possiblatitb ng
el ectrode nenber 202 are so fornmed as to protrude fromthe inner surface
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formed higher than their portions formng the curved surfaces so as to hold
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the perip rear ong-t e ] Ol sur ace
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through which |l eads are laid, and, in the side wall of the 5 other of the
suppopPt PB¥tions, a hole 720b for fixi ng the ion generating device unit 715
is forned. The rear right-hand nmenber 721 shown in Fig. 51 is for covering
the circuit housing portion. Inside the rear right-hand nenber 721, a wall
is formed so as to forma concave shape. Along the free-end edge of the

wal I, a pluraiNdw aofitéeaePembcdiment dtthedinedntibh &vill Geiesdritsed witls reféRacoto tHae

front menber 719 engage are formed. Moreover, at one open end of the wall,

a hole 78\5&, 'ibglstaf‘ﬁo{}toéb gfé@ﬁvé‘{n'eg/gsh%@{ Oéﬁn BHLfnanﬁhé Strd @IS th ngl i

i on gener ce uni t tructur SCri above I s asse
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pr edet er ﬁ??{JéHOfbe&s'.nf?fgﬂfqﬂﬁgtaﬂ don ggnepatmg evicd umt 7]1§ o? a hﬂeenrtﬁ boglment of the

10 invention. Fig. 54 is a front perspective view of the air conditioner with its front panel 733
opened. Fig. 55 is an enlarged front view of the on-the-body display panel of the air
conditioner. Fig. 56 is a perspective view of the remote control unit of the air conditioner.
Fig. 57 is a side sectional view of the indoor unit 731 of the air conditioner. Fig. 58 is a side
sectional view of the indoor unit 731 as taken where the ion generating' electrode member 202

15 islocated. Fig. 59 is a side sectional view of the indoor unit 731 as taken on the left side of
where the ion generating device unit 715 is located. Fig. 60 is a side sectional view of the
indoor unit 731 as taken on the right side of where the ion generating device unit 715 is
located. Fig. 61 is a diagram showing an outline of the overall configuration of the air
conditioner,

20 As shown in Fig. 53, the indoor unit 731 of the air conditioner is composed of a body
casing 732 that houses a heat exchanger, an indoor fan, and other components, a front panel
733 freely openable so as to permit the user to visually check the inside of the body for dirt on
the filters, an outlet 734 through which cool or warm air is blown out, an inlet 735 through

which indoor air is sucked in, and a on-the-body display panel 736 for indicating the



casing portion 719e of the front nmenmber 719, and is fixed by inserting the
projections 716d of 15 the casing 716a into the | ocking hoops 719b of the
front nmenber 719. Then, the driver -circuit unit 717 is inserted in a
predeterm ned position in the driver circuit unit portion 719f of the
front nenber 719, and the rear right-hand nenber 721 is placed over the
driver circuit wunit 717 and is fixed bglinserting the | ocking projections
719a of the front nenber 719 into the hoops 72l1a of the rear right-hand

menber  73geratléte fatushe Mdr8o\@e NEfediotd Goriof Ghit 799 péFnitErERRie fdrd] DENSRALRE |
a predeterm ned p05|t|on in the i on generating device housi ng portion
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el ect r ode y Inserting the projections 719a of the
front nmenber o] d of t e.rear l.e
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el ectrode ne t he support ortjons of the fron nmenp
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possible to fix the ion generating el ectrode menber 202 as a result of the
suppoPt et 73hgroprrangedr waps toeface theaindet A3Faft the Foorh planein?p3i t In Fhbstantiallys
keep the ion generating electrode nenber 202 in position during assenbly.
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a fifteenth enbodi nent of the invention will be described with reference to

the draghdgsl, rEg[ﬂcn@y Iafe Attéd ont perspectlve vi ew show ng an outline of
the structure of the air conditioner, i ncor porating an ion generating

device unit 715 Halyndnlpi V\é ?‘?% oﬁmot%dfdd]%plg 8%&&7%% \!V{[%EP r%@ideﬁ' gf)v%gl?i S

a front perspectlve vi e e air co nt pane

opened. Fi front .vi.ew of t.he on bad | spl ay , panel
oPeTe aPhttet oFint fndie Rt 339 gppdeq oﬁépsoas@ilpwm LE B edieting baah A
cont roI uni §, .of the air, conditioner | is a side sectional view of
t he itfdo&Pndjtipper7isopgratings agtwo-d t&‘fd?e’mPGF?g\"e IFF’@ 743 forg inglicgtigg the indoor and

outdoor temperatures, an air purification lamp 744 for indicating that the ion generating
device is operating, a sensor 745 for receiving signals from the remote control unit 737, a
timer lamp 746 that is lit when a timer-controlled operation is reserved, and other components.
The remote control unit 737 shown in Fig. 56 is composed of a remote-control display
15 747 for indicating the operation status, a transmission indicator 748 that is lit when signals are
transmitted to the indoor unit, an “auto” button 749 for making the air conditioner operate in
an automatic mode, a “heat” button 750 for making it operate in a heating mode, a “cool”
button 751 for making it operate in a cooling mode, a “dehumidify” button 752 for making it
operate in a dehumidifying mode, a temperature button 753 for setting the indoor temperature,
20  a*“purify air” button 754 for starting and stopping the operation of the ion generating device, a
“stop” button 755 for stopping the operation of the air conditioner, and other components.
As shown in Fig. 57, which is a side sectional view of the indoor unit 731, the indoor
unit 731 is composed of a body casing 732 that serves as the base of the indoor unit 731, an

indoor heat exchanger 756, having a heating/cooling medium circulated therethrough, for



sectional view of the indoor unit 731 as taken where the ion generating

el ectrode nenber 202 15 is located. Fig. 59 is a side sectional view of the
i ndoor unit 731 as taken on the left side of where the ion generating
device unit 715 is located. Fig. 60 is a side sectional view of the indoor
unit 731 as taken on the right side of where the ion generating device unit
715 is located. Fig. 61 is a diagrams8®®wi ng an outline of the overal
configuration of the air conditioner. 20 As shown in Fig. 53, the indoor

uni t 73leghahdifg Abdt E@Weed ifdA8F air ang MPRGEIAgRbond RdNiunt i MdodBfant 75 for
houses a heat™ exchanger, an indoor fan, and other conponents, a front panel
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conditions. As shown in Fia. 54, which shows the indoor unit 731 with the
front Spahend agtleBrhand dilters V3% andh3%for demoviag dustand fosherdereign patticlss &pmethei ng
732, aright-hand filter 738 and a left-hand 5 filter 739 are arranged so
as to faaesidkediimttedbugtBthedfilet 765. f ront panel 733. In substantially central
portions of the right-hand and left-hand filters 738 and 739, air purifying

filters 740  apgh ?ﬁ’elfrohtstwy ¥n, thé Filfels 738 and \33S AMhsérted i poSitioh by
on-t he-body display panel 736, ich is provided above the outlet of the
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| Below the indoor heat exchanger 756, a drain pan 761 is provided for collecting the
water drained as indoor air is subjected to heat exchange. From the bottom surface of the
drain pan 761 frontward, an upper wall constituting an indoor circulation passage is formed,
and this upper wall has an opening 760a formed therein that directly connects to the ion outlet
15 724 of the ion generating device unit 715 (Fig. 58). In a front portion of the drain pan 761,
at the left-hand and right-hand ends thereof, bosses 763 and 764 are formed for fitting the ion
generating device unit 715 (see Figs. 59 and 60).
Between the drain pan 761 and the ion generating device unit 715, a styrene foam
member 756 is fitted to prevent condensation on the outside of the drain pan 761 under the
20 influence of the water collected in the drain pan 761 and to prevent condensed water from
entering the ion generating device unit 715 (see Fig. 58).
The inlet 735 consists of an inlet 766 for sucking in indoor air from the front, i.e.

through the front panel 733, and an inlet 767 for sucking in indoor air through the top face of

the body casing 732.



timer lanp 746 that is |lit when a tiner-controlled operation is reserved,
and ot her conponents. The renpte control unit 737 shown in Fig. 56 is
conposed of a renote-control display 15 747 for indicating the operation
status, a transmission indicator 748 that is |it when signals are
transmtted to the indoor unit, an "auto" button 749 for making the air
condi tioner operate in an automatic ne8@- a "heat" button 750 for making
it operate in a heating node, a "cool" button 751 for making it operate in
a cooling nodén the ‘odetbtumi4liof the budy easind 23Rk forkéd1thel horiZopedsl dbevdrn75® for
dehum di fyi ng node, a tenperature button 753 for setting the indoor
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operation of the ion generating device, a "stop" button 755 for stopping
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indoor unit 731 the air sucked in and then subjected to heat exchange, a
vertical geogreténg dadcefunit Hdri zontal |y varying the direction of the air bl own
out through the outlet 734, a horizontal |ouver 759 for vertically varying

the directi onThé air fovainsideahélidnhg@néraghg dévibaundt anglislagffoHdvand Ad éHoWrﬁinﬁaE.
and 739 for renoving dust and other foreign particles fromthe air sucked
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and 739 are inserted into position by béing guided along filter guides 760
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provi ded gfegéragx?gl ldgx(':ltcé Eglt t715 and is then discharged through the ion outlet 724 together with the
negative and positive ions generated therein by the ion generating electrode member 202.
The air containing negative and positive ions thus discharged through the ion outlet 724 is
discharged into the room together with the air that has passed through the indoor air
15 circulation passage, i.e. the air sucked in through the inlet 735 by the indoor fan 757, then
passed through the indoor heat exchanger 756 so as to be subjected to heat exchange, and then
delivered to the outlet 734. 1In this way, the air containing the negative and positive ions
generated by the ion generating electrode member 202 is discharged through the outlet 734 of
the indoor unit 731, and thus the air passage between the ion generating electrode member
20 202 and the outlet 734 of the indoor unit 731 is short. This helps reduce the loss in the
amount of negative and positive ions in the air, and thereby enhances the effect of sterilization
in the room.

The sub filter 769 is detachably attached in the vicinity of the inlet of the sub blower

unit 716 of the ion generating device unit 715, and therefore, with the front panel 733 opened




wat er drained as indoor air is subjected to heat exchange, Fromthe bottom
surface of the drain pan 761 frontward, an upper wall constituting an

i ndoor circul ation passage is forned, and this upper wall has an opening
760a fornmed therein that directly connects to the ion outlet 15 724 of the
ion generating device unit 715 (Fig. 58). In a front portion of the drain
pan 761, at the left-hand and right-hedd ends thereof, bosses 763 and 764
are formed for fitting the ion generating device unit 715 (see Figs. 59
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a styren oam nenper 756 is fitted to prevent condensation on the outside
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fornmed the horizontal |ouver 759 for vertically varying the direction of
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inside the 1on generating device unit 715 is as fol shown in
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10 heat exchanger 756, substantially parallel thereto. This makes efficient use of the space
inside the indoor unit 731 possible, and thus helps make the indoor unit 731 compact enough
not to require an unduly large space for its installation.
As shown in Fig,. 61, the entire system of this embodiment, when seen in an outline of
its configuration, is composed of the indoor unit 731, an outdoor unit 771, and the remote
15 control unit 737. The indoor unit 731 is composed of the indoor heat exchanger 756 and the
indoor fan 757. The outdoor unit 771 is composed of an outdoor heat exchanger 772, a
compressor 773, an expansion valve 774, and an outdoor fan 775.
Now, how the air conditioner configured as described above operates will- be described.
First, the operation procedure will be described. When the “auto” button 749 on the control
20 panel of the remote control unit 737 is pressed, the air conditioner starts operating. At this
point, the “operation” lamp 742 on the on-the-body display panel 736 of the indoor unit 731 is
lit, the indoor temperature is indicated digitally by the temperature lamp 743, and the
operation mode (here, automatic), wind volume, wind direction, and other pieces of

information are indicated on the display 747 of the control panel of the remote control unit



generating device unit 715 and is then di scharged through the ion outl et
724 together with the negative and positive ions generated therein by the
i on generating el ectrode nenber 202. The air containing negative and
positive ions thus discharged through the ion outlet 724 is discharged
into the roomtogether with the air that has passed through the indoor air
15 circul ation passage, i.e. the air su®ked in through the inlet 735 by the
i ndoor fan 757, then passed through the indoor heat exchanger 756 so as to
be subjegird to heat exchange, and then delivered to the outlet 734. In
this way, the air containing the negative and positive ions generated by

the ion generahi i Rh&ChAIHHERTRE hea?? biigorfl756 RarEe dohhSIopHR] bhehd wérhéve
734 of the indoor unit 731, and thus the air passage between the ion
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To change the temperature, for example to raise the temperature by 1 °C, the “A”
switch of the temperature button 753 is pressed once. This changes the target temperature
by 1 °C, and, in the heating and cooling mode, the target temperature is indicated on the
remote-control display 747 on the control panel of the remote control unit 737 and on the on-

15 the-body display panel 736 of the indoor unit 731.

In the automatic or dehumidifying mode, the value by which the temperature is to be
raised is indicated on the remote-control display 747 of the control panel of the remote control
unit 737, and the target temperature is indicated on the on-the-body display panel 736 of the
indoor unit 731.

20 Now, an example of how the air conditioner operates will be described. When the air
conditioner operates in the cooling mode, the heat-exchange medium condensed and thereby
brought into a high-temperature state by the compressor 773 of the outdoor unit 771 is passed
to the outdoor heat exchanger 772 of the outdoor unit 771. In the outdoor heat exchanger

772, the outdoor fan 775 takes way heat from the heat-exchange medium and thereby cools it.




10 heat exchanger 756, substantially parallel thereto. This makes efficient
use of the space 1inside the indoor unit 731 possible, and thus hel ps nake
t he indoor unit 731 conpact enough not to require an unduly | arge space
for its installation. As shown in Fig. 61, the entire systemof this

enbodi nent, when seen in an outline of its configuration, is conposed of
the indoor unit 731, an outdoor unit 778 -and the renmote 15 control unit
737. The indoor unit 731 is conposed of the indoor heat exchanger 756 and

t he i ndo@he ham-&&RangehmedihtdOthed Fbatssethardu%hQﬁéﬂéQ?ﬁﬁidhf vale 06!t KO Rdobe Rkat
exchanger 772, a conpressor 773, an expansion valve 774, and an outdoor
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are indicated on the display 747 of the control panel of the renote control
uni t - 85the3gondensednbeastevehangandediwineis passed’ tredte” indabdt beat 7&@hanget HES6coNtheol
panel of the renote control unit 737 is pressed, the "operation” |lanp 742

on the ofndoBeumiody1 dindihédorpariebassad tirbugh the indodPRéat 'éﬁéﬁanga'h%san'd'l& thetrélﬁy
i ndoor tenperature is indicated digitally by the tenperature lanp 5

and the qpaEdt i RNHRKE, (HS8m i0R&fted9) . Wi nd volunme, wind direction,
tenperature, and otheér pieces of Information are indicated on the di spl ay

747, e coni uRsBgle Ry Beus SR SRRk S0 el RSnRRRDE B o
10 754 on the control panel of the remote control unit 737, while the air conditioner is operating
in any of the automatic, cooling, heating, dehumidifying, and other modes, then, when the air
conditioner is started next time, air purification is started simultaneously. When the “purify
air” button 754 is pressed, a high alternating-current voltage is applied to the driver circuit
unit 717 of the ion generating device unit 715, so that H'(H0),,-and O,"(H,0), are generated
15  as negative and positive ions, respectively.

The indoor air sucked in through the ion inlet 768 by the sub blower unit 716 is passed
through the sub filter 769, which removes dust and other foreign particles from the air, and is
then passed to the ion generating electrode member 202, which generates negative and
positive ions in the air. The air, now containing negative and positive ions, then flows out

20  through the ion outlet 724, and is then blown out, together with the air that has passed through
the indoor circulation passage, through the outlet 734 so as to be circulated throughout the
room by convection.

To start the ion generating device unit 715 independently when the air conditioner is

not in operation, the “purify air” button 754 on the remote control unit 737 is pressed. Asa



unit 737 is pressed. As a result, the operation |lanp 742 on the on-the-body
di splay panel 10 736 of the indoor unit 717 goes out, and the air
conditioner stops operating. To change the tenperature, for exanple to
raise the tenperature by I C, the "0o" switch of the tenperature button 753
is pressed once. This changes the target tenperature by 1 C, and, in the
heati ng and cooling node, the target teBperature is indicated on the

renot e-control display 747 on the control panel of the renote control unit
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panel of the renote control unit , target tenperature I's
i ndi cat eﬁ:d88r15$]?7$f"the' body di splay panel 736 of the indoor unit 731. 20
Now, an exanple of 'how the air conditioner operates will be described. Wen

the air conditianer operates.in th ool in , the heat-exchange nmedi um
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conpressor 773 of Ehe[\ outdoor, unit 771 is passed to the outdoor heat
exchargefhroush the suhdiligt /89 ovhigh remaves dustrand pthes forsigsy panticles Erantie e andis2,
the outdoor fan 775 takes way heat fromthe heat-exchange nedi um and

t her eby theol passed to3be iTmegeherating elérénode meobarn202 whieh gemsmees hégavivghartdhe
expansion valve to the indoor heat exchanger 756, where the heat-exchange
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i ndoor heat exchanger 756 by the indoor fan 757, is cooled. Wien the air
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and indoor air,is passed t rou%h.thg Lnd or he,?t exchanger 756 and.is

t her dffy Way, indoor air'is not only conditioned, but also sterilized, with airborne germs killed and

removed therefrom by the action of positive and negative ions.

In this embodiment, an air conditioner is taken up as an example of an air conditioning
apparatus that incorporates an ion generating device unit. However, the ion generating
device unit maybe incorporated in an air conditioning apparatus of any kind, for example, an

15 air purifier, dehumidifier, humidifier, refrigerator, kerosene fan heater, kerosene stove,

electric stove, etc. In any case, it is possible to achieve sterilization by the action of negative

and positive ions,

Now, a sixteenth embodiment of the invention will be described with reference to the

20 drawings. Fig. 62 is a perspective view of the indoor unit 801 of the air conditioner,
incorporating an ion generating device unit 833, of a sixteenth embodiment of the invention.

Fig. 63 is a perspective view of the indoor unit 801, with its front panel 803 opened. Fig. 64

is an enlarged front view of the liquid crystal display panel 806 of the air conditioner. Fig.

65 is an enlarged view of the remote control unit 808 of the air conditioner. Fig. 66 is a side



heated. In this way, the roomis heated. Wen the ion generating device
unit 715 is started, by pressing the "purify air" button 10 754 on the
control panel of the renote control unit 737, while the air conditioner is
operating in any of the automatic, cooling, heating, dehum difying, and
ot her nodes, then, when the air conditioner is started next tinme, air
purification is started sinmultaneously..gghen the "purify air" button 754
is pressed, a high alternating-current voltage is applied to the driver

circuit o &Jnamiz“%fthgﬁldiogpuﬂig@@f aﬂhgqir%\amaagi ‘i 15 is AQiddth KGR
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ions in the air. The air, now containing negative and positive ions, then
fl ows outview of Hredan isenasatingodevinetunit 833 2with ats dirstoutlaed Itlessd andits seenmdtavdet
with the air that has passed through the indoor circul ation passage,

t hr ough t880 apehédt Hig46Misassedctiolnt vidw ofifhatien generatinghdenicetunét 8330 ovithliys first
convection. To start the ion generating device unit 715 i ndependently when
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the renote control unit 737 is pressed. As a -87- result, a high
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devi ce uni , and also to't not or s at drive e | ndoor and
the horizontal. | ouyver 759..0f 1e i ndoor unit .731.. The i ndoor air sucked in
& e 1 b Sidh
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sub filter 769, which renmpves dust and other foreign particles fromthe
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10 conditioner provided with a connector for connection with the ion generating device unit 833,
with its front panel 803 opened.

As shown in Fig. 62, the indoor unit 801 is provided with a body casing 802 that
houses a heat exchanger, an indoor fan, and other components, a front panel 803 openable so
as to permit the user to visually check the inside of the body for dirt on the filters and the like,

15  an outlet 804 through which cool or warm air is blown out, an inlet 805 through which indoor
air is sucked in, a liquid crystal display panel 806 for indicating the operation status, and a
dehumidifying/humidifying outlet 807 through which the air dehumidified or humidified by a
dehumidifying/humidifying device is blown out. Moreover, a remote control unit 808
permits remote control of the starting and stopping of operation and the setting of operation

20 conditions.

As shown in Fig. 63, the front panel 803 is openably supported on the body casing 802.
In the body casing 802, a grid-like outlet 804 is formed so as to face the inlet 805 formed in

the front panel 803. In this inlet 805, a right-hand filter 809 and a left-hand filter 810 for

removing dust and other foreign particles from the air sucked in through the inlet 805 are



positive ions in the air. The air, now containing negative and positive
ions, then flows out of the unit body through the ion outlet 724, and is
then bl own out, together with the air that has passed through the indoor
circul ati on passage, through the outlet 734 into the room In this 10 way,
indoor air is not only conditioned,lu% al so sterilized, with airborne
gerns killed and renoved therefron1by!%he action of positive and negative
ions. In this enmbodinent, an air conditjoner is taken up as an exanpl e of
an air %rmrii ol svgstantiglly-central Rarhensi of the pehthand aad lefihanbfikera8PR@nd Sl Pce
unit. However, the ion generating  device unit maybe incorporated in an air
condi t | ghpuatyagoaltens 34 1 @nd 843, nespegtivalprare fittad| eln arghtshasdrpoptien ef the body
dehum difier, humdifier, refrigerator, kerosene fan heater, kerosene
stove, casingct802¢ st deleymidifging/hunddifyiags@leti tfor ssyekingi dhe indvoachirefer the
sterilization by the action of negative and positive ions. Now, a
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the 20 drawings. Fig. 62 is a perspective view of the indoor unit 801 of
the aqir ! , incorporating an ion generating device unit 833, of a
sixtgenﬁﬁagﬂgé%?ﬁg%t of the invention. Fig. 63 is a perspective view of
the indoor upit 801, with its front .pa 03 .opened... Fig. 6 i S an
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conditioner. Filg. 65 is_an en]arged view of the renote control unit 808 of
the ai rincbigdfd Isravidedi gThigdiapid crysial displaygpangbdqq isisampesedolr hymiditylaser
unit 801 of the air conditioner, Fig. 67 is a diagram show ng an outline
of the 8Véthakiis itoardcordingtd the indoor hemadity, eoniti purigy damp Bi § tha@hangea isemioronal
view of the 1ion generating device unit 833 incorporated in the air

condi ti ac@itdingi 9. h6@AcoRaminaredt imdoat airvisgwd @ispldye 816 nfog cindicating)gheleividoer
unit 833, with its first outlet 879 closed and its second outlet 5 880
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with its first outlet 879 opened and its second outlel 880 closed. Fig. 70

Is a bl %Bgra%@gﬁﬁgﬂso n HAGefHBMY 5o%rol unit 808 are pressed, and a sensor 817 for receiving

signals from the remote control unit 808.
As shown in Fig. 65, the remote control unit 808 is composed of a remote-control
display 818 for indicating the operation status, a transmission indicator 801 that is lit when
15  signals are transmitted to the indoor unit 801, a start/stop switch 820 for starting and stopping
the operation of the air conditioner, a temperature switch 821 for setting the indoor
temperature, a humidity switch 822 for starting and stopping the dehumidifying operation of
the dehumidifying/humidifying device, a ventilation switch 823 for starting and stopping the
ventilating operation of the dehumidifying/humidifying device, a cluster switch 824 for
20 starting and stopping the operation of the ion generating device unit 833, and other
components.
As shown in Fig. 66, inside the indoor unit 801 are housed an indoor heat exchanger
825 that exchanges heat between the heating/cooling medium passed inside it and the indoor

air passed outside it, and an indoor fan 826 for blowing out the indoor air sucked in and then



systemof the air conditioner. Fig. 71 is a sectional view of another
exanple of the ion generating device unit 833. Fig. 72 is a sectional view
of yet another exanple of the ion generating device unit 833. Fig. 73 is a
perspective view of the indoor unit 801 of an air 10 conditioner provided
with a connector for connection with t @/ni on generating device unit 833,
with its front panel 803 opened. As shéwn in Fig. 62, the indoor unit 801
IS provi db?ﬁdcpp\é\ffth a body casing, 802 that houses a heat exchanger, an indoor
fan, an®¥ todwaiechange byLthe indapr beanexchgugsr 88&nabl e so as to pernit the
user to visually check the inside of the body for dirt on the filters and
the |ike, 15ImthecqutleeB04brmedinadowertpastiocobihedrontacmadithe badybtasing 802% a2 an
inlet 805 through which indoor air is sucked in, a liquid crystal display

panel 8o&titarlouvati82atfonhotibentalpyevayingnhs Haédtion theiflow of the air and a horizontal
dehum di fyi ng/ hum di fyi ng outl et 807 through which the air dehumdified or

huni di f jcedem8288for deridallytvdrying e dirdcebd ¥f 1he ABGVre fothtably K. out . Mor eover, a
renote control unit 80 permts renmote control of thé starting and

st oppi ng of fleatd R TalGE *1@28@?}:%’1%8@ ﬁlﬂgpéﬁ%soﬁ%%g Cﬁ}\ﬂ'ﬁ%ﬂé%@@? wiffStrghown

in Fig. 63, the front pane enab uppo y ‘casi ng

802. lp.t b [ 0 jd-1i tlet 804 is f, d .
Face tnEOPhPURET 583 TRRREF fter, 859 R 16 afo nsaied i, roprioni i baing gyided
right-hand filter 809 and a left-hand filter 810 for renoving dust and
ot her f 81P88dh takt?fcglél es 84t t Riee Heht-hand|dalteri 305 isr wughepediasinet de oue Hree

-89- arranged. In substantially central portions of the right-hand and
| ef t - hahguitidryssaldlispdey panel 806, Below thehedt\exehanied 825; a dddih pan®38i2provided
respectively, are fitted. In a right-hand portion of the body casing 802,
a dehuniati dofieotidghthel wadey idrginddndscinddor ais iCsubix@tddntol ivdoexchahge.f OThd thget 805
dehum di fyi ng/ hum di fying device is formed, and, in this inlet, a
dehumi dichisisigloh anfrehtl Mie B3 15foftbd 86 2818 sufolidd iRMiquid crystal display panel 806
provided on the front panel 803 and an upper inlet 832 formed in the top surface of the body
casing 802.
A circulation passage C is formed that leads from the inlet 805 to the filters 809 and
810, then to the heat exchanger 825, and then to the outlet 804. The indoor air sucked in
15 through the inlet 805 and then passed through the circulation passage C is then blown out into
the room. In this way, indoor air is circulated.
In the vicinity of the outlet 804 of the body casing 802, an ion generating device unit
833 is placed. Through this ion generating device unit 833, an air flow passage D is formed
separately from the circulation passage C. The air flow passage D is formed between the
20 heat exchanger 825 and the filters 809 and 810, and communicates with the circulation
passage C. Thus, the air that has entered the air flow passage D passes directly through the
ion generating device unit 833, i.e. without passing through the inlet 805, then flows, through

a confluence 834 located on the downstream side of the heat exchanger 825, into the

circulation passage C, and is then blown out into the room together with the air that has been



In a central portion of the body casing 802, a liquid crystal display panel
806 as shown in Fig. 64 is provided. This liquid crystal display panel 806
is conposed of a humidity lanp 814 that is |it according to the indoor

hum dity, an air purity lanp 815 that changes its color according to how
contam nated indoor air is, a display_§i§ for indicating the indoor 10

at nosphere condition and the operation”status according to the signals
transmtted as th operatjon buttgons on the renpte control unit 808 are
pressedPaspg t f%ﬁé'&ﬁ igppration passage Cyi 1p theshagyasing 89, amion dispbaeseanening
unit 808, As shown in Fig. 65, the renote control unit 808 is conposed of a
r enot e- Edhis formedipe; ps 1o faga therign genarating davicetunit #ideand.iinthe frantpanel 803, an
transm ssion indicator 801 that is lit when 15 signals are transmtted to
t he i ndémor outteit 83604 formedt sor 89 &t apnmwhitath vigOtHaobpating 8369 Bydlading phafpnt he
operation of the air conditioner, a tenperature switch 821 for setting the
i ndoor  gemuRirigadevice. urit $B8TInCkhe WirSaw phRssBEe’ DF iflthS vyl it pRBHbRIBRREVL tHRe
dehum di fyi ng operation of the dehum difying/hum difying device, a

vent isl ajdvidins Mtk j : ' .yentilating operation
of tr?e ?jdevﬁé&r%@éalf?tghrg ht‘]'rfa%(grl 3?%%@‘@23%@&%?%%5 éitren%\t/\'no ch 824 for

20
starting and ,st in he ation of..the.ion generafing. device,upit 833,
and ot her céﬁpgﬁ%ﬁ&%}% és)'ﬁg&f‘u air, cqspdifiongg is icﬂg’g%e R then iRdger (st %bla'hre
housed an j ndoar _heat .exchanger 825 that exchanges heat between the
heat i ngPBB’IBPf HRyt A iathtE% e cprtre} dnjt808n d The dndogg yait 804 iy prayidedawislithe de
it, and an indoor fan 826 for blow ng out the indoor air sucked in and then
_90- subpdcexshangsr 124t ansk theaingeobfan B26.i nblwoputdeat ueit AfdniseprodiRied withtare
outlet 804 formed in a |lower portion of the front face of the body casing

802, a outdobi hedt exchanger 821 & compressoz 842,adnl expumsivn Ralve 1883 dakdEeh iodfldohgard | ow
of the air and a horizontal |ouver 828 for vertically varying the

diregti gaqof the flow are rotatably fitted,

The indoor unit 801 incorporates a dehumidifying/humidifying device 850. The
dehumidifying/humidifying device 850 is composed of a moisture absorbing rotor 851 that
absorbs the moisture contained in indoor air and separates it, a dehumidifying fan 852 that
sucks in indoor air, a regeneration fan 853 that passes regenerated air to the moisture

15 absorbing rotor 851, a regeneration heater 854 that heats the regenerated air that is passed to
the moisture absorbing rotor 851, and a damper 855 that switches passages.

As shown in Fig. 68, the ion generating device unit 833 is composed of the ion
generating electrode member 202 of the ion generating device 201 (see Fig. 8) of the seventh
embodiment described earlier, a blower 861, a unit inlet 862, a filter 863, a unit case 864, and

20 a plurality of outlets.

The unit case 864 is formed by fitting integrally together a 860a for housing the ion
generating electrode member 202 and a casing 861a for the blower 861. The unit case 864
has the shape of an elongate cylinder or rectangular prism, and is made of a material that

excels in resistance to ozone, for example polybutylen'e terephthalate (PBT). The unit case



51n the front face of the body casing 802, filter guides 829 are forned so
that, with the front panel 803 opened, the filters 809 and 810 are
inserted into position by being guided along those filter guides 829. The
right-hand filter 809 is so shaped as not to cover the [liquid crystal

di splay panel 806. Below the heat exchgpger 825, a drain pan 830 is
provided for collecting the water drained as indoor air is subjected to

X nge., The inlet 805 10 cqgnsists _of a front inlet 831 forned so as
P ga:[surGr 88%6‘%%8" R RS aRf gﬁpaﬁpeﬁgﬁ@iy §9’i§“?’ﬁ4 dgreded nblower 864 nis
panel 803 and an upper inlet 832 forned in the top surface of the body
casi ng Blaged on therynsiraam sidepfshaipn senerating elgetsodemembes 202 intheirestionmfats 805
to the filters 809 and 810, then to the heat exchanger 825, and then to
t he out P¥i§ sg@4.to Temmuymiente, thrqugh acfittidg iopenitig 87hy withlihe hn gerleettingOBearudet hen
passed through the circul ati on passage Cis then blow out into the room

I n t hi smemper 20@-oor air is circulated. In the vicinity of the outlet 804 of
t he body casing 802, an ion generating device unit 833 is placed, Through

t hi s si on genqwhatairrtekeiﬁmt%ugmﬂe mme@909.fc¥rn1‘;?h@x’{vﬂﬁac?§g%%6pai afswgrfﬁgou]ggr o

separately fromthe circul ati on passage C. The air passage

bet ween : the.filte n 10, and .
communi St S0, GRAng 826 ARG Rhor Sl 2 Wflahoh #?351?8?%;728 E poe fon; Eonsating
entered the air flow S D passes directly through the . ion generating
dovi co. Sl odeyiemy S8l 5Y RhISBERN o thit i peatiue Fiff oo sions Refbred
through , a confluence 834 | ocated_on the downstream side of the heat
exchaggé}Fe igp generatipg elegtrods membsx P4harslawpeuc, Hheshprestafdhe sasing famtandnt o
the roomtogether with the air that has been -91 passing through the

ci rcul amater preséeigenimnd aecordiag o dpwe thel rege d0@sedain theraid flsohpasgegeoPeot tig

835 is fornmed so as to face the ion generating device unit 833, and, in the

frond pamebr BAB80RN 1on outlet 836 is formed so as to conmunicate with
t hat opening 835. By placing the ion

In the unit inlet 805, the filter 863 is fitted. The filter 863 here is a pre-filter for
removing dust and other foreign particles, or a deodorizing filter for removing odors in the
room, or a combination of both.

In the case 860a of the unit case 864, two outlets 804 are formed so as to face the ion

15 generating electrode member 202, namely a first outlet 879 through which the air is blown out
directly into the room through the ion outlet 836 and a second outlet 880 through which the
air is blown out toward the confluence 834. The two outlets 879 and 880 are arranged so as
to point 90° apart from each other. The unit inlet 862 is arranged so as to point in the same
direction as the first outlet 879, or 180° apart from the second outlet 880,

20 To permit the direction in which the ion generating device unit 833 blows out ions to
be switched according to the operation status of the air conditioner, a switching means is
provided, which is composed of a damper 881 that opens and closes the outlets 879 and 880
individually and a driving mechanism for driving the damper 881. As shown in Figs. 69A

and 69B, the damper 881 is an arc-shaped plate that fits along the inner surface of the unit



generating device unit 833 in the air flow passage Din this way, it is
possible to prevent the 5 lowering of its ion generating perfornance
resulting fromcondensation. As shown in Fig. 67, the air conditioner is
conposed of the indoor unit 801, an outdoor unit 840, and the renote
control unit 808. The indoor unit 801 hs provided with the heat exchanger
825 and the indoor fan 826. The outdooi”unit 840 is provided with an

out door heat exchanger 841, a conpressor_ 842, an expansion valve 843, and
o Out USBE HoAnan B K gsred pi o AN OBE: SUSHOF pof o GAmBer 881 1S supported

dehum di fyi ng/ hum di fdyi ng device 850. The dehum difying/hum difying device
850 is &bbpsbsads i thg dirstienelitudds shrnty beotligeblesiong e inngssurfaee efihe unit

noi sture contained in indoor air and separates it, a dehumdifying fa n 8 5
2 that caediéd, amd isnfikbest with,r 3t cereadem geant8i8d rihdtanesheSwithat pippmsgear 883 @ndraat ed
air to the noisture 15 absorbing rotor 851, a regeneration heater 854 that

heat s t beppiaganetonisdd for fotafiy tHeSgdanssad Whentthe steppiigUmnBtor BB3M Ri didvenpitor 8
5 1, and a danper 8 5 5 that swi tches passages. As shown in Fig. 68, the

I on gengfbd Pk @GNp&G B8 Nhisuldd way MANRRSEERIoutIBR §79Mind BHREK Ypeh ShE R 0de
g) of t

menber 202 of the 1on generating-device 201 (see Fig. e sevent
enbodi ribe lier, r. 861 Itoddl e 2 filter, 863,
o uni " ooles PGBt By W suhannB) Sy e e i oS ot B
formed by fitti integrally together a 860a, for, houysing the ion
gener at idﬁﬂs@r‘gé{}?g eﬂape%%?ﬁép%so@ovafag up APasiiogehere dleavrs bofhytheroutlsts 87fhe
unit case 864 has the shape of an elongate cylinder or rectangular prism
and is rRad 889 operyuit d¢ ipgbsiblaaio blowepsyt the piegherughckoth gheaytlets 879 anda¥fd e
pol ybutyl er~e terephthalate (PBT). The unit case -92- 864 may be given any
ot her shapdtanbauslyspeci fically descri bed here. The blower 861 is placed on
the upstream side of the ion generating el ectrode menber 202 in the
direpgion of Ihtthe vicinity of the ion generating electrode member 202, a light emitter 886 is
provided. The damper 881 is made of a transparent material, and, when the ion generating
electrode member 202 is operating, the light emitter 886 illuminates it with, for example, blue
light so that the user can visually check the ion generating electrode member 202. The light
emitter 886 may be so arranged that its light can be seen directly from outside.

15 In the ion generating device unit 833 structured as described above, the damper 881 is
mounted in a predetermined position inside the unit case 864, then the stepping motor 885 is
mounted on and temporarily fixed to the unit case 864 from outside, then the gear 884 is fitted
on the shaft of the stepping motor 885 and meshed with the pinion gear 883 of the damper
881, and then the stepping motor 885 is fixed earnestly. Then, a circuit board having the

20 light emitter 886 mounted thereon is fitted in a predetermined position. Then, in a fitting
hole 887 inside the unit case 864, an insulating gasket 868 of the ion generating electrode
member 202 is fitted, and then the casing 861a of the blower 861 fitted with the filter 863 is

fitted in position with screws or the like. This completes the assembly of the ion generating

device unit 833. This ion generating device unit 833 is then removably fitted in a



axis so as to communicate, through a fitting opening 876, with the ion
generating electrode nenber 202. 5 The air taken in through the unit inlet
805 formed in the casing 86la is passed through the fitting opening 876
and then through a ventilation opening 878 to the ion generating electrode
menber 202 by the blower 861, so that _ghe negative and positive ions
generated by the ion generating el ectrode nenber 202 are bl own out. The

shapes i . tor e.determ ned according to how t hey
are hougﬁeeggdlgﬁnt @g p§9¥|0§ ﬁ'{;t‘vle/epgglso%”@asgggﬂf Wlﬁtg Scrfﬂlsioi’ig}b%ﬁ(eunit 801. In the
unit inlet BBEXtthe filter 863 igefitteg,, The filter 863 here is a .
pre-filter oKt ALEXAMRIE AfHOM the airreonditionen gperates (will] bes dessribad deShemirzi ng
filter for . .renoving odors in the room or a conbination of both. In the
case g663ndiioneneqls Aperated usingsdhe ooty eonstod @it 888.c ahdrtherdfose the operdtame
the ion 15 generating el ectrode nmenber 202, nanely a first outlet 879

t hr ough PU@seéuret usingaitr wilk b| deserileadt  Eoeryetiteythe nhodd belectivanswinglp 83 drhehd on
outlet 836 and a second outlet 880 through which the air is blown out

towarsd towralquhtlehdre @dbte ToRrdIVWMiO0S Rl Sresséd, BROFBAIA Bods SHNYRS BBnAS
to point 90 apart fromeach other. The unit inlet 862 is arranged so as to

POI Nt | NauthBa6 @0 *HbdtRE 1B BB1AP 1d HijingUld ShurbiflicTand®h FH, odd g0 LN

second outlet 880. 20 To permt the dir on in e Ton gendi% ng

tatus ofeRETRd @ik o e Kool IR BTFS Tlybeh duty cneriticn. e

corrposegeofg%gglat. er 881 thateéﬁpens and closes the outlets 879 and 880

i ndi vi dag&1 1 100 BQ9Gi5¥F!5R s hani sm for driving the danper 881. As shown

in Figs. 69A__ and 69B, the danper 881 is an arc-shaped plate that fits
al ong the i nfopf signafsicanspiitted foghthe remote eontiol @ai 808rate ireceivedsby tek semsoo
cover one-third of that surface. The danper 881 is supported
10 817 of the liquid crystal display panel 806 of the indoor unit 801. The indoor unit 801
incorporates a control system. As shown in Fig. 70, the control system is provided with a
controller 890 consisting of a CPU, a memory, and other components, a switch monitoring
means 891, an indoor fan driver circuit 892, an ion generating device driver circuit 893, a
dehumidifying/humidifying device driver circuit 894, and a damper driver circuit 895. The
15  control system activates the individual circuit blocks thereof according to the signals from the
remote control unit 808,

When the start/stop switch 820 is pressed, the operation mode, target temperature, and
indoor temperature are indicated one after another on the liquid crystal display panel 806 of
the indoor unit 801. During operation, the indoor temperature is kept indicated. To stop

20  the operation, the start/stop switch 820 is pressed. This causes the indication on the liquid

crystal display panel 806 to go out and the operation to stop. To change the temperature, for

example to raise the temperature by 1 °C, the “A™ switch of the temperature switch 821 is

pressed once. This raises the target temperature by 1 °C, and, in the heating or cooling mode,

the target temperature is indicated on the remote-control display 818 and on the liquid crystal



at both ends in the direction of its axis so as to be slidable along the

i nner surface of the unit case 864, and is fitted with, at one end, a gear
884 that nmeshes with a pinion gear 883 and a stepping notor 885 for
rotating the gear 884. \Wen the stepping notor 885 is driven, it 5 noves
the danper 881 in such a way that one_gf _the outlets 879 and 880 is opened
and the other is closed. In this way, Switching between the outlets 879

and 880 4 chi e desi gni ng the danper 881 to be vable up to a
pPOSi t | oH‘Sﬁﬁgr‘g"‘“ﬁgﬁ%a%?ebg‘l%gﬁf‘é%’ﬁ}??fé&"ée tndicated amheoPanid ¢rystak displayi bl e
to bl ow oue\ﬁl 8t@ge ir through both the outlets 879 and 880 sinultaneously.
10 I n t RRi80Pn; &P B ethe hand, g tles avtemgtie os dlryiog enedanishe valng, byawhighthe
emtter 886 is provided. The danper 881 is nmade of a transparent material,
and, whésmperatufeols geberzisédny indlcatedr o theneeminee-c@MPoli disglpe848) agd thé eargeght
emtter 886 illumnates it with, for exanple, blue 1light so that the user

can vi stempeyatateeis indibated on thelquidtdrygaleligtiy PRl BBSDHerkOthe imBRalibDBE the
emtter 886 nay be so arranged that its Iight can be seen directly from

out sisde targd tbMpératur OR ta@ ML ér?ﬂalfjﬁh’ﬁlﬁyeph'r@l tso@%?vit%héy&écthC{h@?n&&ggoG{ ﬁgd

above, the danper 881 is nounted in a predeterm ned position insi

TR e S s R e R D A e

fixed to the unit "case om out'srde, then e

t he shaft. of the st. j not or, 885 and neshed with th i ni,on gear 883 of
t he darr{‘a*;é?é)"%'gﬂ‘,e %gc%t%gﬁs Pressed, g&pﬁvﬂ@ YPHHTBe isgehgnged $q &’éﬁthédﬂ‘ﬁéétﬂqrwn theen,
a circuit board having the 20 light emtter 886 nounted thereon is fitted

in a pré&emetercentieldispiay 1% phanghefrom fwiad Volumenapto'htol ‘vig8 volunsd dR” tdewirm t
case 864, an insulating gasket 868 of the ion generating el ectrode nenber

202 i's RblhRdA andd Peiind REERSI08 8613 Qfink h@ol@&@%‘iq’?ﬁaéqf %q:]lkch%&"“ l%cf B he

filter 863 is fitted in position wth screws or the Trke. O?”r'p_ees
dovi Ba- doatg on (6 G Pt daplay ranek 446 GPARGES.foa “wind Volume autb- fo “gentle
wind” to “moderate wind” to “strong wind”, to “wind volume auto”, and so forth.

In this way, the desired operation mode is selected. In the cooling mode, the heat-
exchange medium condensed and thereby brought into a high-temperature state by the
compressor 842 is passed to the outdoor heat exchanger 841 of the outdoor unit 840. In the

15 outdoor heat exchanger 841, the outdoor fan 844 passes outdoor air to the outdoor heat
exchanger 841, which thus takes away heat from the heat-exchange medium and thereby
cools it. The heat-exchange medium is then passed through the expansion valve 843 to the
heat exchanger 825, where the heat-exchange medium evaporates. The indoor air sucked in
by the indoor fan 826 is passed through the heat exchanger 825, which takes heat away from

20 theair. Inthis way, indoor air is cooled and circulated, and as a result the room is cooled.

In the heating mode, the heat-exchange medium is circulated in the opposite direction
to the direction in which it is circulated in the cooling mode. Specifically, the condensed
heat-exchange medium is passed to the indoor heat exchanger 825, and indoor air is passed

through the indoor heat exchanger 825 and is thereby heated. In this way, the room is heated.



predeterm ned position in the air flow passage D with screws or the |ike.
Next, an exanple of how the air conditioner operates will be described. The
air conditioner is operated using the renote control unit 808, and _
therefore the operation procedure using it will be described. Every tine
the node selection switch 834 on the 5ggontrol panel of the rerr_Dte control
unit 808 is pressed the operation node switches from "automatic" to

"heat i "drying" to “automatic' o forth, and the
sl oct oqre -SRI el IPARE i SResortr et 895 e widasherin s
t t he red o eration node is selected. The signals transmtte
£romt Ih& %ﬂ%ﬁ'é“g e the,heat-cxeiwngs aediser pYaparases. ¢ Hdedeptsafithe hentgxehaiget he
liquid crystal display panel 806 of the indoor unit 801. The indoor unit
801 i nE‘Gﬁ‘rB‘B‘r ﬁt“éﬁhadlgéé weithghatsafsheputdaer aihpasseditn tife Qutddd, henhexchamger 841 dyst em
is provided with a controller 890 consisting of a CPU, a nenory, and ot her

conponeHiesutdpos it 4. moFtius othie hgat-exehareGRddiuranalies daay hbanfréth itheoutabscali t
892, an ion generating device driver circuit 893, a

dehuﬁn dardd/theg térunmis do the ddgnplessbegsri ver circuit 894, and a danper driver
circuit 8%5 gThe 15 cont roplil system activates the individual circuit bI ocks

t her eof acconid)hd AolYT o E%lﬁllgw?m‘&lﬁ% sJ&E@%r?th(rg hrt% ltljln é%f? bmed! 5

the start/stop switch 820 i s pressed, e opera I on

ft th t he
| aai d s Pt é%?%?%eaﬁé%s@tﬂl “arphroug h%ﬁ%@ﬁﬁﬁ’?&s%ed%%ﬂ?”" cTRps8FiREI on,
di cated. To stop 20 the operation, the
start ] sEOpCL fIRBHoRBR B8 o LESHA e paisatdBauaBeiTarSHiS 4nd B9 Btbe heui d

crystal display panel 06 to go out and the operation to stop. To change
the tenp¥hangsrd25¢ ol he ardmblavn to alhpver the eurfasepdithe beat eayhahgl: 82%)endahis
swtch of the tenperature switch 821 is pressed once. This raises the

tardét emwpessatharheabyxchatge effidiency of hiee heatexolganger 829! i T APt hab ri)‘%isstear get
tenperature is indicated on the renpte-control display 818 and on
l'iqui d thryghathe heat exchanger 825 is blown out through the outlet 804,

When the air conditioner starts operating, simuitaneously a high alternating-current
voltage is applied to the ion generating device unit 833, which thus starts generating negative
and positive ions. Moreover, at the same time that the air conditioner starts operating, the

15 stepping motor 885 is driven so that, as shown in Fig. 69A, the damper 881 moves in such a
way that the second outlet 880 is opened. This causes the air flow passage D to
communicate, through the confluence 834, with the outlet 804.
Part of the air sucked in through the inlet 831 and then passed through the filters 809
and 810 enters the air flow passage D, and is sucked into the ion generating device unit 833.
20 The air is passed through the filter 863 of the unit case 864, which removes odors, dust, and
other foreign particles from the air, and is then passed to the ion generating electrode member
202, which generates negative and positive ions therein. The air, now containing negative

and positive ions, is blown out through the second outlet 880. The air blown out of the ion

generating device unit 833 is then passed through the air flow passage D and then through the



-95- display panel 806. Here, the target tenperature is indicated on the
liquid crystal display panel 806. On the other hand, in the automatic or
dryi ng node, the value by which the tenperature is to be raised is

i ndi cated on the renote-control display 818, and the target tenperature is
indicated on the liquid crystal displayypanel 806. Here, the indication of
the 5 target tenperature on the liquid crystal display panel 806 sw tches

back to § Ouckh j ' e r re ter. ahout, four seconds.
To chan((jjéerm[%f‘;'g&\i/jvl8 ng v%ﬂaﬁé,bl&e”{;}g?l%/tqﬁé&%h Lher%%ﬁﬁé o8 erswtﬁgﬁ: ginthat Easptfeé’gsed,
the win s, changed so that .the indication on the renote-control

di spl ayg%f\ﬁJ tlcf’lﬂgur%’etggfc F8®fm% PRpSIES gﬁﬁgé\%s@te?@ hegt suchasge melnghist way, wiirrig
volume LL" to,"wind volune LL" to "wi nd volume auto”, and so forth, and the
10 i ndi EEased diroygnout thespem byyropysctigns pAay resuteindgoBaic frar @slyf conditioxied
volume auto" to "gentle wnd" to "noderate wind" to "strong wind", to

"W nd v@-!tlj'gs@ sterilized, with aisbome getms kiHed mdsrenmyed theeeftas iby ehle spvhalfipositivede
is selected. In the cooling node, the heat- exchange nedi um condensed and

t her ébyarskneggtive ions.0 a hi gh-tenperature state by the conpressor 842 is-
passed to the outdoor heat exchanger 841 of the outdoor unit 840. In the 15

outdoor heat Irethidwn@siditfeher, thdRnPehelathg B St ﬁ)ﬁs,%ﬁiz%hogéngﬁa%snigksr, &8 btehe

out door heat exchanger 841, which thus takes away’he

heat - exghafe8 ifdedé d e ools it. The heat-exchange Hrrggi umis
then passed t hr oEgH tﬁg e&%ﬁﬁs“%en V\S/haeﬁ\}ge %'ﬂfo?(gt‘?'ﬁé 1S ptip OQQ%HS £ Chster
where t -exehange nmedi um evaporates. The indoor air sucked in by the
ndoor Moo SEHE RS hieoliH B sucredan diingerponson. wRhotsassseashigbat
away fr@m 20.the air. In this way, indoor air is cooled and circul ated, and
as a re¥Arpatingzcurrsghyoltage do beapplied torike ivapehergting electrodeembmber 202; hadglo
medi umis circulated in the opposite direction to the direction in which
it i18 clortbelndoed fam82thef thedtdooguniv@6]1. Shlredver;ahd tepig neRGOESSRAriven so
heat - exchange medi umis passed to the indoor heat exchanger 825, and indoor
air is thassedhown in Fig. 69B, the damper 881 moves in such a way that the first outlet 879 is
opened. This causes the air flow passage D to communicated with the ion outlet 836.
The air sucked in through the inlet 805 by the indoor fan 826 is passed through the air
flow passage D by the blower 861, and is sucked into the ion generating device unit 833.
15 The air blown out of the ion generating device unit 833, now containing negative and positive
ions, is passed through the first outlet 879, and is blown out through the ion outlet 836 into the
room. In this way, the ion generating device unit 833 can be operated independently of air
conditioning to achieve sterilization, i.e. to kill airborne germs in indoor air. This enhances
the usability of the air conditioner.
20 Moreover, by activating the dehumidifying/humidifying device 850, it is possible to
adjust the properties of indoor air by dehumidifying or humidifying it. To achieve this,
when the dehumidifying/humidifying device 850 is activated, simultaneously the operation of

the ion generating device unit 833 is started. When the humidity switch 822 or the

ventilation switch 823 of the remote control unit 808 is turned to the “on” position to start the



through the indoor heat exchanger 825 and is thereby heated. In this way,
the roomis heated. -96- The heat-exchange nediumis passed through the
expansion valve 843 to the outdoor heat exchanger 841, where the _
heat - exchange nedi um evaporates. The heat of the heat-exchange nediumis
exchanged with that of the outdoor airgpassed to the outdoor heat exchanger
841 by the outdoor fan 844. Thus, the eat-eXﬁhange medi um éigengway Pﬁ:t
i 5.and then.returns tag the, conpressor . re,.
1 ow of SRS RGPS 8 dspur il e bt it el 0n e ket e ceereg yoageried | n
t he front .pgmel 803 of the indoor unit 801 and thr ou_gh _the inlet 832 forned
in the AU tatheign seneratiye dedcq waib 843, faas abspgo thenigdegrrfan 826 heMqreseedhe
through the filters 809 and 810 to the heat exchanger 825. The air is
bl own t Beping mptor 885dis slrivemee that thehdanipea8s Exmivanigesuch 25wayathdt tHai firstlButlet
enhances the heat exchange efficiency of the heat exchanger 825. The air

that ha879iaspentd. t Mhisighséstthe hie Abwepasiaga Beto damuirfcabd WA thitbon ldfieugHy t he

outl et 804. When the air conditioner starts operating, sinultaneously a

hi ghsal t er na’[‘hﬁbgaﬁlébﬁ@ﬂﬁn% H&Jati®@8nd FosiRR ibﬁgistb?o&rh&g'tg@g%ﬁ%er i hioﬁg_etd ﬁ/., ce

unit 833, which thus starts generatlng negative an ive 10

15 otopmho ot iR g elh ARl SRS hRu, Db thionghdipor

15 steppi ng notor 5 1s driven so g R SN TLhE danper
881 nov in.such,a .way that t second outl e i s opened.

the air 3‘?1”8‘#‘3&&%’&58“%%88 086%4{]3% ci’ﬂ g',"s MRY otigherag, gerasrar killrdeargiremanied h
the outlet .804. Part of the air sucked in through thg inlet 831 and then
passed bﬂmd I'dHe filters 809 and 810 enters the air fl ow passage D, and
is sucked into the ion generating device unit 833. 20 The air is passed

through the #spknethegegmle pfithelion gewmatmngBsticewhitd33rafithis @mbodihent, Higst71 and
other foreign particles fromthe air, and is then passed to the ion

genép at shogvseinartangeentinbelich 2@3nd mbamn@@igxgﬁag Afeal® B tVaKAng Btk MPtioh o7
ions therein. The air, now containing negative
the flow of air is additionally provided in the first outlet 879. In other respects, this modified
version of the ion generating device unit 833 has the same structure as the original version of
this embodiment described above.
As the wind direction adjusting means, a plurality of vertically arranged fins, together
15 constituting a vertical louver 870, are rotatably fitted in the first outlet 879. The individual
fins of the vertical louver 870 are coupled together by a coupling plate 871, and are positioned
at a desired angle, or continuously swung, by a stepping motor (not shown). This makes it
possible to blow out air containing ions in a particular direction, or uniformly in all directions.
As still another example of the ion generating device unit 833 of this embodiment, Fig.
20 72 shows an arrangement in which the ion generating device unit 833 is additionally provided
with a control circuit board 872 having control and power-supply circuits, for driving the ion
generating device 201 and the blower 861, formed thereon. Specifically, a housing 873 for

housing the control circuit board 872 is formed integrally with the casing 861a, and the

control circuit board 872 is removably housed in this housing 873. Moreover, as shown in



and positive ions, is blown out through the second outlet 880. The air
bl own out of the ion generating device unit 833 is then passed through the
air flow passage D and then through the -97- confluence 834 so as to be
bl omn out through the outlet 804 together with the air that has been
passed through the circul ati on passagegg_and subjected to heat exchange. In
this way, air is circulated throughout the roomby convection. As a
resul t, gj o] [ ot _.on| ondi tiaoped, but also steriljzed, with
ai r bor ngl%g?h@ t@? If'ioélg fagﬁd’ f?}éer%({f@ocatswgrsggr B RPMIFCIoR 873 1 Gomnedtioeowith ithecions
and negative. | 0415. I n.g}i s air ,(@gndi tioner, the ion generating device unit
833, whPEH GulsteNtceantfiS is prayided.  dhisrconaertondiidie nawmallyycoveredtwitlsa case,
when the air conditioner is not in operation, the cluster swtch 824 of
the renote cévier dhe ignigenezating devicerynitBI3dis ffitted lroa‘prederithined politios ieadsas a
high alternating-current voltage to be applied to the ion generating
el ect r obledynessing 8022 cahiel fimins thel ool kireuit BOMdris icainRad ©f thte%nhékti'epm;ni t
801. Moreover, the stepping notor 885 is driven so that, as shown in Fig.
69B, 5t h&hdampless BPbssibéed febd QU h il : i :
opened. This caus?? the air fl ostvjbggys\gggaeéeDﬁ{do&g%%%l&tgé (La%ér\?\ngl% ?'%t?%éﬁ‘? i1}
out | et 8sfiti He i i : 7 e i-nl 805 t he.indoor_ fan 826
i s passed th@gﬁéﬂ“{eﬁgﬂgigfga*@oév%%@;géeﬂD b@‘ eﬁ{!}égg}e& %gice ‘é{dei% ked
into thg.d rating_device unit, 833. 5 The air blown out of the ion
gener at |8€r=1§l g\g}ﬁgg}s%%yt %%5?5'1%3“‘7 @%‘fﬂ ﬁé‘?ﬂ”ﬂfjﬁﬁégé}%‘is\ﬁénéﬁcp%% £5 9@ ACCAISOrYi S
passed %gq}ua{; t he ff rst. outlet 879, and is bl own out through the ion
out| et the lisgr qaneseleptgf ke o shewiants ifay, the ion generating device unit 833
can be operated independently of air conditioning to achieve
sterilizati off this embadimgnt, an aircuditieneyés taken np anatoexangile of I cORNABRRG
the usability of the air conditioner. 20 Mreover, by activating the
dehdfi deparatgy thati idcdrporatesday iiare g8hdtating desic® At b'I-RmFeQer,_atWeLi_?_B %é?\%rating

0

properties of indoor air by dehumdifying or humdifyingit. chiev

this, device unit maybe incorporated in an air conditioning apparatus of any kind, for example, an

air purifier, dehumidifier, humidifier, refrigerator, kerosene fan heater, kerosene stove,
electric stove, etc. In any case, it is possible to achieve sterilization by the action of negative
and positive ions. In the ion generating device unit described above, the blower is arranged

15 on the upstream side of the ion generating electrode member; however, it may be arranged on
the downstream side thereof,

The number of outlets provided is not limited to two; that is, three or more outlets may
be provided. 1In that case, a shutter is provided one for each outlet so that switching among
the outlets is achieved by opening and closing those shutters in such a way that the outlets are

20  opened and closed individually. This makes it possible to set the direction of the blown-out

air by combining a plurality of outlets, and thereby permits the air conditioner to be used in

various ways to suit various purposes.

Now, a seventeenth embodiment of the invention will be described with reference to



when the dehum di fyi ng/ hum di fying device 850 is activated, sinultaneously
the operation of the ion generating device unit 833 is started. Wen the
hum dity switch 822 or the ventilation switch 823 of the renote control
unit 808 is turned to the "on" position to start the -98- operation of the
dehum di fyi ng/ hum di fyi ng device 850, 1gphi gh alternating-current voltage is
applied to the ion generating device unit 833, and also to the indoor fan

826. ver. theg. st.eppi ng.mmtor 885 is driyven t hat- t he. da 881
moves THE SURHT8  wabie: Hat Bt hadir S shdifoe in R of B, Bt &” BRike d5F ne
air flow passage .D COo nicate with the ign outlet 836. 5 Thus,_ air
Cont ai B BB LEYiSE 20hGOb SMER FEN G MmN AN R RO UdD Fihel SHOOET et
836, and air_ having its noisture content controlled is blown out through
the denmerai 302 reprenems theripn sgnesatingegledorde memberiof thenipn generptingidejes 8l ar e
killed and renoved fromindoor air. As another exanple of the ion

gener at(seegFide?) afehe mven®Intafdimént desnibedlearbert, Fig. 71 10 shows an
arrangenent in which a wind direction adjusting neans for varying the

diregtion ofThd fo@ gdnewitiag devicel 201adidrhponal |of aprioN igdhetaling tlretrbdd Blentbiet | et
879. In other respects, this nodified version of the ion generating device

unit 8 has,: S, (sl MSd ] L nent
32”03, aml%mgtezsﬁarﬁlﬁ duriént %l?arg@%&x]%@ z@g IcGhMRled 6t megin& 5&1&@9&?&@5

descri bed above e w nd direction adjusting neans, urality o

"Verti I fing, I ther,.. 15 constituting a vertical |ouyer, 870,
are rot 4a%lld§i ({Sﬁﬂgrggfl nhlffh%erﬁ?fssa( vther QPP@C@P n ‘Fﬁg{ri)%%ﬂﬂ %ggﬂungpgﬁgecgrpdf he
vertical loyver 870 are coupl ed together bﬁ' a coupling plate 87 1, and are
posi t i OFERFOUI%EYa 3RE A PRYCEAYIED (BPL Shamnud@smpassituily cogcentrainh B REoRst or
(not shown). This nakes it possible to blow out air containing ions in a
part i cugeneraged wcthe spacecaroum, faprozbye concantrratipinraheckenn . is fustadked) withritst drone
exanple of the ion generating device unit 833 of, this enbodi nent, Fig. 20
72 $bhoveensor anrangerdymtbe vicinitywifitiehglasseubec?03gener ati ng device unit 833 is
additional ly provided
In the ion generating device 201" configured as described above, when the power
switch is turned to the “on” position, negative and positive ions are generated on the side
surface of the glass tube 203 of the ion generating electrode member 202. Simultaneously,
ozone is generated as well. To measure the rate at which ozone is generated by the operation
15 of the ion generating device 201°, and the life of the ozone so generated, the following

experiment was conducted.

Example 26
In the ion generating electrode member 202, as the glass tube 203, a cylindrical tube of
20 Pyrex glass, having an internal diameter of 10 mm, 1.0 mm thick, and 150 mm long, was used.
As the inner electrode 204, a wire mesh, 80 mm long, having 48 meshes/inch, and produced
by plain-weaving wire of stainless steel 304, 0.23 mm across, was used. As the outer
electrode 205, a wire mesh, 80 mm long, having 16 meshes/inch, and produced by plain-

weaving wire of stainless steel 304, 0.4 mm across, was used.




with a control circuit board 872 having control and power-supply circuits,
for driving the ion generating device 201 and the bl ower 861, forned

t hereon. Specifically, a housing 873 for housing the control circuit board
872 is fornmed integrally with the casing 86la, and the control circuit
board 872 is removably housed in this ousing 873. Mreover, as shown in
~99- Fig. 73, in the front face of the body casing 802, a connector 873 for
connection w.th.the ion, ge erating device unit 833.is provided. This
connect or 874§ dom eRgatiy C&V&eeaoﬁ& tithy iisolcsy gengrating efstiode Hembeal3g
device unit 833 is fitted in a predeterm ned position inside the body

casi ng soztured andeseribed abevee wasnnstalleddn actestt spaear2dLiis vodume end detroetically
connector 874. 5 This nakes it possible to feed a supply voltage and

t r ansm ¢nchsed ik vesgghalade fof anmylibeesn.r Tleendusingniee high altematiag-cyaesy adliage
device unit 833. The ion generating device unit 833, when designed in this
way, Casoubcs206) aReltetratiag-cafrb@r Woifade oA kVusGARingS AeHRIRY F51230Hz was
accessory that the user can select if he or she wants it. In this

enbogli MEgHlied 3 1 nnePBRbESRNEH4, it BHEThtdHR1aRroRB 20% aarfrPAeegl%funag)o ntial. In

conditioning 10 apparatus that incorporates an ion generatin evice unit.

However . i e i hce uni t be incarporated in an air

condl t1 i e S BRCGALE Uhos AU G Bl SRR oG RHREH B izond afferiled by
dehum djfier, humdifier, refrigerator, kerosene fan heater, kerosene
stove, thgien genegatingdryiced0l” wags meaguredys eAs the 9zone sengeniratiqrcheskereld a UV
sterilization by the action of negative and positive ions. In the ion
gener at Hsgrtion ype gapne mesier, heefleh 6 200k manbfactneed by Ebaraafitpedyd CoonLtdie
upstream side of the ion generating el ectrode nenber; however, it nay be

ar r angefhpan, waswsedownst r eam si de thereof. The nunber of outlets provided is
not limted to two; that is, three or nore outlets nay be provided. In

thatjocase, aFRhUtshows $hddvAatdADIYZ8nd BdnceARAtidAUSHsBived vieAin aVathdYphbre

anong the outlets is achieved by opening and cl osing those shutters in

such a wayhichahe infifal C9AdeRiriticH 6f ozone was 0.001 ppm or lower, the power switch 207 was
kept in the “on” position for six minutes and then turned to the “off” position. As Fig. 75
shows, the variation of ozone concentration was approximated exponentially both when the
power switch 207 was in the “on” position and when it was in the “off” position.

15 When ozone is generated indoors, as in an ordinary household, the variation of ozone

concentration with time is given, if its initial value is assumed to be 0, by

Cozone = (mo / (n + K)) (1 - exp(- (n + K) 1))

20  where 10 represents the rate at which ozone is generated, # represents the decay coefficient of
ozone (i.e. the reciprocal of the life  of ozone), K represents the ventilation rate, and ¢

represents time.

On the other hand, the variation of ozone concentration due to natural decay is given

by




20 opened and closed individually. This nakes it possible to set the
direction of the blown-out air by conbining a plurality of outlets, and
thereby permits the air conditioner to be used in various ways to suit
vari ous purposes. Now, a seventeenth enbodi nent of the invention will be
described with reference to - 100 thq_ﬁbamﬁngs. Fig. 74 is a diagram
showi ng an outline of the configurati of the ion generating device 201
of a seventeenth odi ngnt o he invention. In Fig. 74, reference
nuneral 202 repr e56RNE T hefhir Gehk) Bt i ng el ectrode menmber of the ion
generating device 201 (see Fig. 8) of the seventh enbodi nent descri bed
earlier. 5 The ion generating device 201' is conposed of an ion generating
el ectrode nenber 202, a high alternating-current voltage source 206
connect wtieteddt depresemethedmtalonsneentakion bf oztee. 204 and 205 t hereof, which
serve as a voltage application electrode and a groundi ng el ectrode

respectivel yByaftting tReegormivtat &8 tHe'Qlrve BOTY). .75 TIRpABARIMEhE RBAAN GREsHAH ON
of ozone generated in the space around, an ozone concéntration checker 12

i's igstaldfldn ¥ blodd SoReRfiftion VidCHRE! itds" @&g@% b c‘él?ﬁlayg %f%&stx dée}is %Ercﬁ% od

gl ass tube 203. I'n the i1on generating devic confrgure

above, e Mo SW LCh i urned.to the,"on" position, negatiyve and
posi t i vgghleega&éotﬁaar@%ggr%@ 8?”860'6% ﬁﬂih% isEFé"écs BRSEathE °5P"$ﬁ%“e&t59§‘sraf%8‘éa%§"eof
the ion,.generati ngl el ectrode_ penber, 202. Sinul t aneous|y ozone is

gener at B ZsWRE 1calcyigtede as 02 mg/minandal TQR; o6, sespRively, grssuming dhasythehe
operation 15 of the ion generating device 201', and the |ife of the ozone
so generegitiation rage Kovdsdni Mermalpethi hifnt ofiezone dmdw otdénary Exraogphere? 6s Indobise
ion generating el ectrode nenber 202, as the glass tube 203, a cylindrical
t ube of in 20 oRlinay Ipusalw]d, ialBhgemor shotter. nalhegéfore tiey calduldied mifie + bfQzome is

thi ck, and 150 mm | ong, was used.
10  considered to be proper.
In this embodiment, on the basis of the ozone generation rate specific to the ion
generating device 201, the periods for which the power switch 207 is kept in the “on” and
“off” positions are controlled so that the ion generating device 201 operates intermittently.

This makes it possible to secure a sufficient amount of negative and positive ions while

15  minimizing the generation of ozone.

Now, an eighteenth embodiment of the invention will be described with reference to
the drawings. Fig. 76 is a side sectional view showing an outline of the structure of the air
purifier 300 of an eighteenth embodiment of the invention. In Fig. 76, such members as are

20 found also in the air purifier 300 shown in Fig. 3 and described earlier in connection with the
second embodiment are identified with the same reference numerals, and their explanations
will not be repeated.

The main features of this embodiment are that, as shown in Fig. 76, the ion generating

electrode member 202 of the ion generating device 201’ (see Fig. 74) of the seventeenth



As the inner electrode 204, a wire nesh, 80 mmlong, having 48 neshes/inch,
and produced by plain-weaving wire of stainless steel 304, 0.23 nm acr oss,
was used. As the outer electrode 205, a wire nesh, 80 nmlong, having 16
meshes/inch, and produced by plain- weaving wire of stainless steel 304,
0.4 mm across, was used. _101- The |oq ?enerating device 201', with its ion
generatlng electrode menmber 202 structuréd as descri bed above, was
|nstaIIe ; st .space, 27L in, valune and hernetically, enclosed in a
vessel lggn %59'11'?@@ ghoxe is pravided ipdhengir flow Pasgagealin e Yiginity of the avdet
voltage source 206, an alternating-current voltage of 1.1 kV rns having a
f r equendp, and that ppipzoRessensarpld fos manioring therneacenstation b deore(s prowided irhte
outer electrode 205 at the ground potential. In this state, using the
ozone cuningptafahe dowastesakesidd 3f thenien genearanitg eletwodeofmembanz0yenks aiecozdny

t he ion generating device 201' was neasured. As the ozone concentration

checker sehgor 23,UY seaddv QP4 IOV 4B409H1BE APFe, BINA LA RitideCa 2 drogRapthyacdrur ed
by Ebara Jltsugyo Co., Ltd. glg)an \?\/}Z% useS sorr@@ m%a %Qws t he

vari §t'%fgndﬂéﬁ?%a§&r}ﬁ&ﬂ&‘i qg Q4 observed when, |n an at nosphere in which

the initial concentration of ozone was 0.001 ppmor |ower, the power switch

207 was kep he "“on" .posiLtji.on for nut.e nd then turned to,the
"of f' positi r‘Pen 8 pyafic hé@v& s"?’ﬁté’r?ffaraf’ :ﬂeﬁgﬂae fngnétaE'ﬁne%"rfP?%lgﬁ
appr omﬁrat ed E%lponentl al ly, both when the power sw 07 was in the "on"
posi ti off® e %ta'wa@tthgt hésagepult, ;sb%iuf Suked 1@0\»&% Fhedzbhéoii dnigethe st ed

i ndoors, as in an ordinary household, the variation of ozone concentration
wWith ti ﬂewmgssglgv énpassed thraughrthe filters\ékwhich remeverdast and bdord frdoy tiROTENB=
(no/ (ri +K) (1 - exp(- (t1 + K) t)) 20 where nO represents the rate at
whi ch oisothen blovgeoar tir@gh the outlpr 862 ntMedrvwehilde ifathe doe bncpatdipt d&Fice QDONR

(i.e. the reciprocal of the life r of ozone), K represents the ventilation
rat g0 aréptton, the negative and positive ions generated in the space around the ion generating
electrode member 202 are blown out together with the clean air. In addition, the ozone
sensor 13 monitors the concentration of the ozone generated around the ion generating

electrode member 202 and then blown out.

Next, the sterilization performance of the air purifier 300" of this embodiment against
15 airborne germs will be described in terms of a practical example. It is to be understood,
however, that the air purifier 300’ of this embodiment is not limited to. the example

specifically described below, but may be implemented with modifications made in operating

conditions and other factors as required.

20 Example 27
In the air purifier 300’, provided with the ion generating device 201’ of the Example
26 described earlier, the ozone sensor 13 was placed in a position 5 ¢cm away from the ion
generating electrode member 202, the blowing fan 302 was rotated at an air-flow rate of 0.8

m*/min, the ion generating device 201’ was activated intermittently at various intervals using



represents tinme. On the other hand, the variation of ozone concentration
due to natural decay is given by - 102 CQZONE = Co exp (- (I + K) t) where
Co represents the initial concentration of ozone. By fitting these fornulae
to the curve of Fig. 75 representing the actually neasured 5 variation of
ozone concentration with tine, it is_q%aqible to calculate the rate of
ozone generation and the |ife of ozone. IP trls ZpeC|2|82cas?,.the 32298 6
eneratj,on rate no th life r were calculated as 1. mg/ m n and .
Sec, 1 oUBRATEsSMjichALlly 3 ghe FRACeRtsEon, ek thel Gzone menersied by hs 1on SRBSTARNEY,
the lifer of ozone in an ordinary atnosphere, as indoors in an ordinary
house ho&?}’,lcq 2011 gyassmgagreds h drheeriesultph ep-etgg relatiensbipcbdtwatmthedon/pffdnterafl dfzone
is 10 considered to be proper. In this enbodinent, on the basis of the
ozone gdwepaweoawitah e205pend fthe doocertmtiomrof geomer aré showavinc&aBR110t h&he
periods for which the power switch 207 is kept in the "on" and "off

posi t i otncanteatANGT cdohe thas eneakiatd hEi_ﬂ% aQIV ABSEIHREH e SRUNE RodRdr, ARRIRESS
intermttently. This nakes it possible to securea sufficient anount of

negagi v REFsdths i | SLI. Mgk #i Ng the generation of ozone.
NO\?V, ang%(?gﬁ?eenttweg% oﬁgiia?fae%b%%% ?%'éleh’\?g r|F'on will be described with

out 1 ne of tAS SRIECRUSINEs Vi 4 i aPodrtie 35tee DTanass gade o pperat
't he SPHRRYIY: e SAIEERLIRUAR o PRt e aa Ehint B 0D GRA. o 1AbeYe fhe SUMNL | on
with the A second enbodinment are identified with the sane reference
nuner al $afetylgvel o 0-0bppman By eerfrastiwhenrtbe i geegrating=device 201° was made to
operate intermittently, depending on the intervals at which it was activated, the concentration
10 of ozone was reduced to the admitted safety level or below.

Thus, by activating the ion generating device 201 intermittently at varying intervals
while monitoring the concentration of generated ozone using the ozone sensor 13, it is
possible to kill airborne germs by the action of the negative and positive ions generated by the
ion generating device 201” while minimizing the generation of hazardous ozone.

15

Now, a nineteenth embodiment of the invention will be described with reference to the
drawings. Fig. 77 is a side sectional view showing an outline of the structure of the air
conditioner 400’ of a nineteenth embodiment of the invention. In Fig. 77, such members as
are found also in the air conditioner 400 shown in Fig. 4 and described earlier in connection

20  with the third embodiment are identified with the same reference numerals, and their
explanations will not be repeated.

The main features of this embodiment are that, as shown in Fig. 77, the ion generating

electrode member 202 of the ion generating device 201’ (see Fig. 74) of the seventeenth

embodiment described above is provided in the air flow passage, in the vicinity of the outlet



The main features of this enbodinent are that, as shown in Fig. 76, the ion
generating electrode nenber 202 of the ign generating device 201" (see
Fig. 74) of the seventeenth - 103 enbodi nent described above is provided
in the air flow passage, in the vicinity of the outlet 305, and that an
ozone sensor 13 for nonitoring the cogﬁgntration of ozone is provided in
the vicinity of the downstream side” fhe ion generating el ectrode nmenber
202. As the ozone sensor 13, a sensor of a UV absorption type, or a sensor
expl oi t4%Rg2ed B3t an agengpiepsorde fos moajtpieg the copeentyatian ohpransds pravidedeis then
this air purifier 300", structured as described above, starts operating,

t he bl deinity of Ahe downsgtteam side of thei ing gederating electrade memberi 2025 ucksethet dmoneagh
the inlet 303 into the air flow passage is passed through the filters 304,

whi ch rsemmrel4justseasod afdo$V fabeseptibe tgpe, ,orandensos explitity avgoladigraphyowgh
the outlet 305. Meanwhile, if the ion generating device 201" is 10 kept on,

t he negatiisthdadidr-BasedirhdtBod, Ggsedenerated in the space around the ion
generating electrode nmenber 202 are bl own out together with the clean air.

[ agdi ] on. W FROAP coRBlISRl: 4kB TRALEALE L DE.GRANSHLLE SN, Bherhlify ofane

generated aroun e 1 on gener 2 and | own

out . t..the sterilization performance aof the air purif.ier Q' of this
onbod: napwing AR stars Bia 0, RS GOEREL ga i pieked CuppBbineiinfet 4P hantgihe
practical exanple. It is to be understood, however, that the air purifier
300' of flowipassage otipaised thrauglothe filtery 40, twniehheeregvgrdyisk ands pdors ffiqra they air, is
descri bed bel ow, but may be inplenented with nodifications nade in

oper at i thgn passedi thraugh thecheat arhahgert46s whichr exphangsd. hed0 bEvweaepl the 2 &md Rhe
air purifier 300", provided with the ion generating device 201' of the
Exanpl ecodling dmediniheghdeir thegrblowheoud ztbrsigh efie utled 408s MeagwHilé,nifathgoipint i on

5 cmaway fromthe ion

10 generating device 201° is kept on, the negative and positive ions generated in the space
around the ion generating electrode member 202 are blown out together with the clean air.
In addition, the ozone sensor 14 monitors the concentration of the ozone generated around the

ion generating electrode member 202 and then blown out.
Next, the sterilization performance of the air conditioner 400’ of this embodiment
15 against airborne germs will be described in terms of a practical example. It is to be
understood, however, that the air conditioner 400’ of this embodiment is not limited to the
example specifically described below, but may be implemented with modifications made in

operating conditions and other factors as required.

20 Example 28
In the air conditioner 400°, provided with the ion generating device 201’ of the
Example 26 described earlier, the ozone sensor 14 was placed in a position 5 cm away from
the ion generating electrode member 202, the blowing fan 402 was rotated at an air-flow rate

of 0.8 m*/min, the ion generating device 201° was activated intermittently at various intervals



generating el ectrode nmenber 202, the blow ng fan 302 was rotated at an
air-flowrate of 0.8 nB/nmn, the ion generating device 201' was activated
intermttently at various intervals using - 104 the power switch 207, and

t he concentration of the ozone generated by the ion generating device 201
was neasured. The results, i.e. the r_elloﬁt_i onshi p between the on/of f
interval of the power switch 207 and the concentrat |don of ozom, gre S[]QWH
in Table.10,, The concept ion' of ozone was neasured using a absorption
type oZBHE HisniPL¥Er %@Bl E%teang tsooneaniation: of ke wyom aeeeraied shiyythe den,
Ltd., Japan., As Tabl e 10 shows, when the ion generating device 201' was
nmade t o8H@HAE ddevics A0LnwasIneasunede Thecesnlts,dtei the refationship betigeensthiei aytfofis
0.05 ppm i.e. above the adnmtted safety level of 0.01 ppm By contrast,
when t higtareh of theepawdrsyitdb 2D en® 0’ concemtratidreof ezonepare sh@wn it Babte 1t entThy,
depending on the intervals at which it was activated, the concentration 10
of ozoneoneesratied wfedohOwafimeadied L 8 AN hYsdrRi tty?é 0B eMonild thodRVEG-
activating the ion generating device 201' intermftently at varying

i nt es vadenl MdHuFRtired bl Bbhafdid Icefit rabdon of generated ozone using the
ozone sensor f3, l|Wté ig pggéi%gc?&o’ il z|{nr borne gerns by the action of

t he negative it Lve ions nerated by.the .io enerating device 201
whil e ?n ni mé?%b?ﬁzng%hnog‘rlsat%%gﬁ}e W&zg?rﬁéb?jog%vﬁ%e. 39? R, mé?%it?ﬁ?%féﬁf’h
enbodi nent, of the invention will be described with reference to e
dr awi ng®"® ’f—’??:]’fssy?th Logeentrgon of 1oz vayirehitivelv gty ien QR Ppie &y consrast,
structure of the air conditioner 400" of a nineteenth enbodi nent of the
i nvent i WAeN the ippggengrating denicaedt e s anadeatoecoperate thteimsittently, tdepermding on the _
conditioner 400 shown in Fig. 4 and described earlier in connection 20 with
t he t hi intereaibotiwhicht itavas dctieated f the dontdnkratitne of anene’ whe Faiiced F8I0EI1apsm cGind
their explanations will not be repeated.

10 below.

Thus, by activating the ion generating device 201’ intermittently at varying intervals
while monitoring the concentration of generated ozone using the ozone sensor 14, it is
possible to kill airborne germs by the action of the negative and positive ions generated by the
ion generating device 201’ while minimizing the generation of hazardous ozone.

15

Now, a twentieth embodiment of the invention will be described with reference to the
drawings. Fig. 78 is a side sectional view showing an outline of the structure of the air
purifier of a twentieth embodiment of the invention. In Fig. 78, reference numeral 202
represents the ion generating electrode member of the ion generating device 201 (see F ig. 8)

20 of the seventh embodiment described earlier, reference numeral 912 represents an air inlet,
reference numeral 913 represents a pre-filter arranged on the down-stream side of the air 912,
reference numeral 914 represents an activated charcoal filter impregnated with an ozone
decomposition catalyst such as manganese dioxide, reference numeral 915 represents a HEPA

filter, reference numeral 916 represents a blowing fan, and reference numeral 917 represents



The main features of this enbodi ment are that, as shown in Fig. 77, the ion
generating electrode nenber 202 of the ion generating device 201" (see
Fig. 74) of the seventeenth enbodi nent descri bed above is provided in the
air flow passage, in the vicinity of the outlet -105- 405, and that an
ozone sensor 14 for nonitoring the conﬁﬁntration of ozone is provided in
the vicinity of the downstream side of ‘tthe i on generating el ectrode nenber
202. As the ozone_ sensor 14, a sensor of a UV absorption type, or a sensor
expl oi t Mh’ QUNSI aldHliayrneesent, fiom & bighaliewmatingrewenipokiage sdusce(@etishavilhen
this air conditioner 400', structured as descri bed above, starts operating,
the bl #hiaKernpting-a@rpentt eoltage rintagplieryto Me mneeslectrpde 1264 aifr ths Liok egbnetatiaggh
the inlet 403 into the air flow passage is passed through the filters 404,
whi ch r ergvaedoanber2d2peith shef suaen élérode 205 itlseredflae thenssbipstbaiigh t he heat
exchanger 406, which exchanges heat between the air and a cooling nedium

and is then hl wid obstrvdd fHat ORhéd theOithbehnd! Qfter MRRMWHEY 804 iahid 1408 $OthelRn

generating device 201' is kept on, the negative and positive Ions generated

in the §Qﬁ?ﬁingaeﬁ&ﬂquetrﬁ@nge9'logﬁvnrk‘?éa gﬁdﬁ%g gglrﬁ%héso&esé%gggsg %{gé?ﬁfi&oﬁﬁ%t?%?pgog Le

together wmth the clean air. € 0Z

concent f.at i on the ozon enerated aroun he. ion generating el ectrode
nenber ngcgn%ﬂ}‘ﬁ & ﬁg‘bt}v&,ﬁ\‘%d%f HVRARES gel"ﬁ‘@?ﬁdgb?'} fhfégﬁeﬁgt'ﬂﬁ'r"f‘UFWang@gs ¥ashe
air conditiogner, 400" of this enpodi ment 15 agai nst airborne gernms will be
descr i b&Rpliefh varisd,accarding o the meshgs/insh-nummbers ofithpse meshpe  under st ood,

however, that the air conditioner 400" of this enbodinent is not limted to
the exanple specifically described bel ow, but may be inplenented with
nodi fications made in operating conditions and other factors as required.
20 Exanpixemp® 2N the air conditioner 400', provided with the ion generating
device 201' of the

10 As the glass tube 203, a cylindrical tube of Pyrex glass, having an internal diameter of
12 mm, 1.0 mm thick, and 150 mm long, was used. As the inngr electrode 204, a wire mesh,
80 mm long, having 48 meshes/inch, and produced by plain-weaving wire of stainless steel
304, 0.23 mm across, was used. As the outer electrode 205, a metal mesh, 80 mm long,
having 9 to 100 meshes/inch, and produced by plain-weaving wire of stainless steel 304, 0.15
15  to 0.22 mm across, was used.

Then, using the high alternating-current voltage source, an alternating-current voltage
of 1.1to 1.4 kV rms having a frequency of 15 kH was applied to the inner electrode 204, with
the outer electrode 205 at the ground potential. Then, using an airborne ion counter, model
83-1001B manufactured by Dan Kagaku Co., Ltd., Japan, the concentrations of negative and

20  positive ions with mobility of 1em? /V- sec or higher were measured at a measurement point
located 20 cm away from the side surface of the glass tube 203. The results in different
cases are shown in Fig. 79.  The concentrations of ions were measured using an airborne ion

counter, model 83-1001B manufactured by Dan Kagaku Co., Ltd., Japan.

As Fig. 79 shows, the greater the meshes/inch number of the outer electrode 205, the



Exanpl e 26 described earlier, the ozone sensor 14 was placed in a position
5 cmaway from the ion generating el ectrode nenber 202, the blow ng fan
402 was rotated at an air-flowrate of 0.8 nB/mn, the ion generating
device 201' was activated intermttently at various intervals -106- using
the power switch 207, and the concentr %gi_on of the ozone generated by the
ion generating device 201' was neasured. The results, i.e. the

rel ati OB%’?irp bet ween t he okrev of f icrterval of the power switch 207 and the
concent PENFIOThE Spneenations,olions, tipded 1o e Howeaver Tyiith adpeshesiinchinuarbenpf 39one
was neasured using a UV absorption type ozone nonitor, nodel EG 5 2001
manuf acPlBEgtehythejan £oncansiations ©mainadt largely apastantAspeTidishidy, 14bosih @46,0004ten
the ion generating device 201' was made to operate continuously, the
concent ﬂ&w%iom/cggf)maviasarrcb;bctsttive%qs wérgldetected. 0. 05 ppm By contrast,
when the ion generating device 201' was nmade to operate intermttently,
dependi ng onWhea thé alternatiigscuatentbibledgeiid appiisd &6 tHeVah Beherdthig dairRR G RN Of
ozone was reduced to 0.01 ppmor 10 below. Thus, by activating the i1on

genesat bom ey mlﬁ%buﬁt%f%i@n&wg&ﬂe}‘at@& éd/g%m@r Rt S V8LSne WY dfly has an

nonitoring the concentration of génerated ©0zone using the ozone sensor 14,
it is ' i)l .aj rne.gerns by th ti of. t he negat.ve and
posi ti ng?]?lgdnsghtggﬁgrr ;t%dédlsb%/lgéjﬁgzarfig?f é%r@%?lnl ﬁ%f‘ evildgTeseres iyl I%gsﬁ‘ﬁ ¢ tPzi ng
the generati onhof hazar.dous ozone. 15 Now, a twentieth enbodi ment of the
i nvent i BU(HEC the amow 9fiozene ganeredet erence to the drawings. Fig. 78 is a
side sectional view showing an outline of the structure of the air
purifier of a twentieth enbodi ment of the invention. In Fig. 78, reference
nuneral 202 represents the ion generating el ectrode nenber of the ion
gener at Emgmpde/3Ce 201 (see Fig. 8) 20 of the seventh enbodi nent descri bed
earlier, reference nuneral 912 represents an air inlet,
10 As the glass tube 203, a cylindrical tube of Pyrex glass, having an internal diameter of
12 mm, 1.0 mm thick, and 150 mm long, was used. ~As the inner electrode 204, a wire mesh,
80 mm long, having 48 meshes/inch, and produced by plain-weaving wire of stainless steel
304, 0.23 mm across, was used. As the outer electrode 205, a metal mesh, 80 mm long,
having 9 to 100 meshes/inch, and produced by plain-weaving wire of stainless steel 304, 0.15
15 to 0.22 mm across, was used.
Then, using the high alternating-current voltage source, an alternating-current voltage
of 1.1to 1.4 kV rms having a frequency of 15 kH was applied to the inner electrode 204, with
the outer electrode 205 at the ground potential. Then, the concentration of ozone was
measured at a measurement point located 20 cm away from the side surface of the glass tube
20 203. The concentration of ozone was measured using a UV absorption type ozone monitor,
model EG-2001 manufactured by Ebara Jitsugyo Co., Ltd., Japan. The results in different
cases are shown in Fig. 80.

As Fig. 80 shows, the greater the meshes/inch number of the outer electrode 205, the

higher the concentration of ozone tended to be. However, with a meshes/inch number in the



reference nuneral 913 represents a pre-filter arranged on the down-stream
side of the air 912, reference nuneral 914 represents an activated
charcoal filter inpregnated with an ozone deconposition catalyst such as
manganese di oxi de, reference nuneral 915 represents a HEPA filter,
reference nuneral 916 represents a bl q i,ng fan, and reference nuneral 917
represents -107- an air outlet. In thi's”arrangenent, froma high

al ternating-current voltage source (not shown), an alternating-current

vol t ageange fpm 309 &0 therzong senceairatan remeingd Jargsly comstanen gener at i ng

el ectrode nenber 202, with the outer electrode 205 thereof at the ground
potential . |Thugadt viasdovmt thanato, makierize ke geneeaticanof s evhitd edhindding the4
and 205 of the ion 5 generating el ectrode nenber 202 were fornmed as neshes
of st ai gdnemsingtafadzonthit cazse ehiereathe dfiner(dledtfode)20af is tibAméteoat bV 8 vainé mesh
positive ions generated when the alternating-current voltage was applied
vari ed ReeMY 48 feshed/ihCH tRESREI4HIO GlRsHUITRGT Surftber P ORE \I{@rsé]&ﬁroc@%'mé fathd 10
As the gl ass tube 203, a cylindrical tube of Pyrex g?ass, avi ng an

integn i t 12 mfmm 1.0 mmthick, and 150 nmlong, was used. As

t he ?n?gpgée g@t%ﬁ’g%m, a wre nmesh, 80 mmlong, having 48 neshes/inch,
and produced, by, plain-weavi ng wi.,re of stainless steel 304 .23 nmm acr oss,
was used. Ast’%te thet gF}l@Faé‘BPr BEfECTIRACE, 1agAIRSY | aIFROIPE Q?U“?mf’rdgﬁ,a" HRFITHG o
to 100 peshes/jnch, and produced by plain-weaving wire of stainless steel
304, 0.Hsorperating, (n the wigindyr elsthe ajagutles 7 ashshewnuini Fig. (78ethiei iph generating
alternating-current voltage source, an alternating-current voltage of 1.1
to 1.4 @vctrode member@0a haviegtlencharasteribbesddsovitedappleé was évaludiel. i nner

el ectrode 204, with the outer electrode 205 at the ground potential. Then,
using an airborne ion counter, nodel 83-1001B manufactured by Dan Kagaku
Co., Ltd., Japan, the concentrations of negative and 20 positive ions with
nobilbitExQ,f,,pi]e;an /'V sec or higher were neasured at a measurenent point

The air purifier was installed in a test space 2.0 m long, 2.5 m wide, and 2.7 m high.

Then, common bacteria and fungi that had been cultured on a culture medium beforehand

were sprayed in the test space. Then, an alternating-current voltage of 1.1 to 1.4 kV rms is

applied to the ion generating electrode member 202, and the air purifier was put into operation.

15 Then, at predetermined time intervals, using an air sampler, model RCS manufactured by

Biotest AG, Germany, the air inside the test space was extracted at a rate of 40L/min for four
minutes to measure the number of germs.  The results are shown in Table 12.

In this example, as the glass tube 203, a cylindrical tube of Pyrex glass, having an

internal diameter of 12 mm, 1.0 mm thick, and 150 mm long, was used. As the inner

20  electrode 204, a wire mesh, 80 mm long, having 48 meshes/inch, and produced by plain-

weaving wire of stainless steel 304, 0.23 mm across, wasused.  As the outer electrode 205, a

metal mesh, 80 mm long, having 48 meshes/inch, and produced by plain-weaving wire of

stainless steel 304, 0.15 to 0.22 mm across, was used. For comparison, the same experiment

was conducted using, as the inner and outer electrodes 204 and 205, wire meshes both having



| ocated 20 cm away fromthe side surface of the glass tube 203. The results
in different cases are shown in Fig. 79. The concentrations of ions were
measured using an airborne ion counter, nodel 83-1001B manufactured by Dan
Kagaku Co., Ltd., Japan. As Fig. 79 shows, the greater the nmeshes/inch
nunber of the outer el ectrode 205, thg - 108 hi gher the concentrations of
ions tended to be. However, with a ne H8s/inch nunber of 30 or greater,
the ion concentrations remained |argely constant; specifically, about

200, 0001QGbmeshesingho i ons/cc of negative and positive ions were detected.
When the alternating-current voltage is applied to the ion generating

el ect rode nelbthree tpupO&ieraheair perified 30amtartetd aperatingnaostofghanesamed baogehher
with ions. Ozone not only has an unpleasant odor, but is also hazardous to
human hegl fulgi, Sheifdaliye2% tnd 92%a@igediNety, Viere Rl 1 tHeh@nHiiPatile @cfan‘?%é),ne
gener at ed. Eﬁarr%ﬁ 305,10 As the gl ap;s teﬁjl/:)e 203, a cylindrical tube of Pyrex

gl ass, fwahiddthoars, i8RYLaMP82%4I AR €mMbn b&ée%n@ﬁﬂg%ﬁpﬁ&%&&%&e%é&om.

| ong, was used. As the inner electrode 204, a wire nm | ong,

havi gg SLie0CH ol d i N iLng, w.re.of, stainl
crect” 05 e SONRHERRS A MBI ERERYE S $i i ans BirbafiiRe.,
mesh, 80 mm.l o havi ng .9 100 meshes/|nch, and pr.oduced by -

ol ai n- wEsAMRlY Rﬁoéeod’Fr’srPgﬁtrﬂftetgg 059%6;35&39&?& gpsether ﬁ“fﬂ’%‘?%ﬁ“ agd mestiveyas
used. Then, using the high alternating-current voltage source, an

al t er natonggwas deerinpesst t By dhe @ictivated chargoal filyer S34 nimpregnated métjuancozaie 15
kH was applied to the inner electrode 204, with the outer electrode 205 at
t he gr odempmposition icatalystlasd no oder chomweamasperocived. ozone was neasured at a
measur enent point |located 20 cmaway fromthe side surface of the glass

tube 20 203. Thisgrewsaaratith@hir plrifiér iRZsPEranaS tH¥EaS YeRFatitil d16ctidbdenahS&raobi on
type ozone nonitor,

10 of this embodiment is capable of effectively killing airborne germs.

Now, a twenty-first embodiment of the invention will be described with reference to
the drawings. Fig. 81 is a side sectional view showing an outline of the structure of the air
conditioner of a twenty-first embodiment of the invention. In Fig. 81, reference numeral 202

15 represents the ion generating electrode member of the ion generating device 201 (see Fig. 8)
of the seventh embodiment described earlier, reference numeral 1042 represents an air inlet,
reference numeral 1043 represents a pre-filter arranged on the down-stream side of the air
inlet 42, reference numeral 1044 represents an activated charcoal filter impregnated with an
ozone decomposition catalyst such as manganese dioxide, reference numeral 1046 represents

20 a blowing fan, reference numeral 1047 represents an air outlet, and reference numeral 1048
represents a heat exchanger.

Next, the sterilization performance, against airborne germs, of the air conditioner
incorporating, in the vicinity of the air outlet 1042 as shown in Fig. 81, the ion generating

electrode member 202 having the characteristics described earlier in connection with the



nodel EG 2001 manufactured by Ebara Jitsugyo Co., Ltd., Japan. The results
in different cases are shown in Fig. 80. As Fig. 80 shows, the greater the
nmeshes/inch nunber of the outer electrode 205, the higher the
concentration of ozone tended to be. However, with a nmeshes/inch nunber in
the _109- range from 30 to 60, the ozone concentration remained |argely
constant. Thus, it was found that, to maxim ze the generation of ions while
m nim zing the generatl ng of ozone, in cases where the inner el ectrode 204
i s for ngnteth egbogimgnt avagsspuatedyi ng 48 neshes/inch, the preferable
meshes/inch nunber of the outer electrode 205 is in the 5 range from30 to
60. Next, the sterilization performance, against airborne gerns, of the air
purifier incorporating, in the vicinity of the air outlet 917 as shown in
Fi g. 78Exiipleé 3 generating el ectrode nmenber 202 having the _
characteristics described above was eval uated. 10 Exanple 31 The air

purifier wasthafradon8fiontr #al EStalRBARS t%ﬁostplaﬁbag(bn& 103%5% G ﬂe aﬁ'ﬂid23 i M

hi gh. Then, conmon bacteria and fungi been ture culture

TIh
e 9 e 28R o HGF, %%ééﬁeqﬁa %gé? oG T ef%‘tufed;aw. Biyrs imediom
d 202 t
porat | BHOTRARE RS ShrtvedBaes (BevaPagD (11e, P OMInS e hyOlReat | binbier

nodel RCS manufactured by Biotest AG GCermany, the air inside the test
space wkY rewtis apnlied tatthealonae@erémngwlssctmde member@92, and thaairsonditioneswasputhe
nunber of gerns. The results are shown in Table 12, In this exanple, as the
gl ass t inbe opétion. cThémcktipradietemﬁeed)ﬁnﬁyineervgk,assing hawiingampler,i modeINRCS
diameter of 12 mm 1.0 mmthick, and 150 nmlong, was used. As the inner

20 el ectmangfacitioéd by BYdtes msd}ern?ﬁynﬂwam%ld@ﬂw fR8 spicdWadS&fdchid at aA3 of
produced by plain

10 40L/min for four minutes to measure the number of germs. The results are shown in Table
13.

In this example, as the glass tube 203, a cylindrical tube of Pyrex glass, having an
internal diameter of 12 mm, 1.0 mm thick, and 150 mm long, was used. As the inner
electrode 204, a wire mesh, 80 mm long, having 48 meshes/inch, and produced by plain-

15 weaving wire of stainless steel 304, 0.23 mm across, was used.  As the outer electrode 205, a
metal mesh, 80 mm long, having 48 meshes/inch, and produced by plain-weaving wire of
stainless steel 304, 0.15 to 0.22 mm across, was used. For comparison, the same experiment
was conducted using, as the inner and outer electrodes 204 and 205, wire meshes both having
100 meshes/inch.

20 In three hours after the air conditioner started operating, most of the common bacteria
and fungi, specifically 91% and 92% respectively, were killed. In the comparative example,
in three hours, 80% and 87% of the common bacteria and fungi, respectively, were removed.
Thus, more effective sterilization was achieved in Example 32 than in the comparative

example. Moreover, most of the ozone generated together with the negative and positive




weaving wre of stainless steel 304, 0.23 nm across, was used. As the outer
el ectrode 205, a netal nesh, 80 mmlong, having 48 nmeshes/inch, and
produced by plai n-weaving wire of stainless steel 304, 0.15 to 0.22 mm
across, was used. For conparison, the same experinment was conducted using,
as the inner and outer el ectrodes 204 ][alﬁ 205, wire nmeshes both having _110
100 neshes/inch. In three hours after tte air purifier 300 started
operating, nost of the conmon bacteria and fungi, specifically 92% and 92%
respect 8| yas weeampased by, then agtinateso shaseesl i filter e Jefdpirapregnated hwithe anoazane 82%
and 82% of the comon bacteria and fungi, respectively, were renoved. 5
Thus, ndewmgiositionicatalyst,and ho oddbr ofvacas was perviged.i n Exanpl e 31 than in the
conparative exanple. Mreover, nost of the ozone generated together with

t he negati veTahchrposi thatvie air@ﬁﬁdlwaﬁerd@mmﬁ@gitmcﬁ Bencgtigvalb R Ebdenaémba!
filter 914 inpregnated with an ozone deconposition catalyst, and no odor

of 0Z0N90PBBHRARSARIREh: i AL YRS BB iliE a Rl PRI er T nCor porating the

i on generating el ectrode 202 |s e ment i s capabl e of
effegtively killing airborne germs. Now, a twenty-first enmbodi nent of the
i nvention vviII be described with reference to the drawmngs. Fig. 81 is a

si de section vi ew show ng .a tli estruc ure of the al

condi ti oner l?f eHpomles %?@WMWF'H%BMGW gloge.i a5 Bs inngh anc{ Ruter §! ecggdes
reference nuneral 202 15 represents the ion generating el ectrode nenber of
t he i on28&red 205ngviereMeshkesoprodpesdeby-iplpin-gieaviog wine of stedniess 20 oethichnis an
described earlier, reference nuneral 1042 represents an air inlet,

r ef er enelectnigaky atortdtive ende osidationresistant i iateriahr nergadedn tlliewdmm-tabfeeam
side of the air inlet 42, reference nuneral 1044 represents an activated

char coalelebirbd&rmaypé ﬁﬁﬁé‘bEQny\b{h@r fietal @7 NG HSCR 'Hﬂcb'?dlddtl%ﬂ r@ﬁﬁtﬁn‘x%ﬁﬁteﬁﬁp lfo@S
manganese di oxi de, reference nuneral 1046 represents a blowing f
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such as platinum, gold, silver, or palladium is used, the electrodes may be produced by

forming a coat of that metal on the surface of wire meshes of a less expensive metal such as
titanium,

Obviously, many modifications and variations of the present invention are possible in

15 light of the above teachings. It is therefore to be understood that within the scope of the

appended claims, the invention may be practiced other than as specifically described.

Industrial applicability
As described hereinbefore, according to the present invention, a sterilization method
20 involves generating, as negative and positive ions, O,"(H20), (where » is a natural number)
and H'(H,0),, (where m is a natural number), respectively, and discharging these ions into the
air so that airborne germs are killed through an oxidization reaction by hydrogen peroxide
H;0, or radical hydroxyl OH generated as an active species through a chemical reaction

between the negative and positive ions.




represents a heat exchanger. Next, the sterilization performance, against
airborne gerns, of the air conditioner incorporating, in the vicinity of
the air outlet 1042 as shown in Fig. 81, the ion generating electrode
menber 202 having the characteristics described earlier in connection with
the -111 twentieth enbodi ment was evalﬁ.ted Exanpl e 32 The air conditioner
was installed in a test space 2.0 m| 3 2.5 mwide, and 2.7 m 5 high.
Then, common_bacteria and fungi that had been cultured on a culture nmedium
bef or ehand whees, sfthggeecentrations afdbe neggtive andrpesitivesions hredrotia 0,080 consfasmr
voltage of 1. 1 to 1.4 kVrns is applied to the ion generating el ectrode
menber Bi@her atraddisthrceadfi 10cam fioni tegointaswhich thosetionsogre geddrated, iT sepossiate to
predetermned tine intervals, using an air sanpler, nodel RCS manufactured
by Bi ot edfievBGatistestoByterilizagori r i nsi de the test space was extracted at a
rate of 10 40L/mn for four mnutes to neasure the nunber of germs. The

results are %Q@Mu%gnta_ 3he %rés@nt lrﬁfeﬁlhéns a%xﬁfﬁpF@nerﬁ 5 B&vied 3s ré\H?@d 2%th a2

cylindrical tube o rex gl ass, having an ntern di anet er 12 mm 1.0

mﬂ thic 5 ec rode W I e
3 ghclgbife, Eofe ‘”%%ﬁfé% R U el AR S it fiéharefediblen

vm're of stainless steel 30 2 Cross, was use the outer

el ect r oAEARESH SO Qs t capa«ﬁbgther %Eﬁ‘m %ﬁ@tncﬁl&\?f’?@ ‘Hg’emé%qqes/—[hﬁé‘ﬂ‘ gelifgating

produced by pI ain-weaving wire of stainless steel 304, 0.15 to 0.22 mm

across, dpuige gensater s nesparandpsitivedonsa e (Ba@br (where n i satwos duotber) ansi ng,

as the inner and outer el ectrodes 204 and 205, wire neshes both having 100
nmeshes/ H@0)20(Where nr éeahmaturs! admber),t fespeziivelgobyliapplyivgy as tattetratingarrehi ng,

nost of the common bacteria
voltage between the first and second electrodes. These ions are discharged into the air so
10  that airborne germs are killed through an oxidization reaction by hydrogen peroxide H,O; or
radical hydroxyl OH generated as an active species through a chemical reaction between the
negative and positive ions that takes place after the generation of those ions.
Here, sufficient concentrations of the negative and positive ions to achieve satisfactory
sterilization are secured by the application of a comparatively low alternating-current voltage
15 of 2.0 kV rms or lower. The concentrations of the negative and positive ions thus secured
are both 10,000 ions/cc or higher at a distance of 10 cm from the point at which the ions are
generated.
More specifically, in one arrangement, the ion generating device is provided with a
dielectric that is cylindrical in shape, an inner electrode that is formed as a mesh, and an outer
20 electrode that is formed as a mesh, and the inner and outer electrodes are arranged so as to
face each other with the dielectric disposed in between. The ion generating device generates
negative and positive ions by applying an alternating-current voltage between the inner and

outer electrodes.

Here, the inner electrode may be formed into a cylindrical shape by rolling a material



and fungi, specifically 91% and 92% respectively, were killed. In the
conparative exanple, in three hours, 80% and 87% of the conmon bacteria
and fungi, respectively, were renoved. Thus, nore effective sterilization
was achieved in Exanple 32 than in the conparative exanple. Mreover, nost
of the ozone generated together vvith_tll?g_negati ve and positive -112- ions
was deconposed by the activated charcoal filter 1044 inpregnated with an
ozone deconposition catalyst, and no odor,of pzone was perceived. This
proves WAEef imauchi & wayihat Na‘ﬁ&r‘h‘? HOWF BleFERdenls fﬁff-‘é‘ 58?‘8 Hsniongg Sy c@l%‘ﬁ'k‘?ode
menber 202 of this enbodinent is capable of effectively killing airborne
ger ns. Gylindricaiediebeatnrisl @ppesiscsifie cdres ofidhe rollpddmatarial oyerlen.e, THS makesi fner
and outer electrodes 204 and 205, w re neshes produced by pl ai n-weavi ng
wi re of pasiblentepat 30 innshietdetiode dnto edreadt rwitalthey imenduchee @f ghel cylindrical
oxi dation-resistant material, were used. However, those electrodes may be

nmade of gigR¥trieledfily sBiraliabfs | Oong as it is an oxidation-resistant material,
for 10 exanple, fungsten,” platinum gold, silver, or palladium In

particul ar V‘ﬁ@{%é?‘tip sSullEd fat thRUKkerAa éﬁ’%r@étj:ﬁé’ﬂhc AR EbtriSisl MPhm 6F leRdlthadi um

is used, the electrodes nmay be produce ~formng a coat of that netal on
Coui ousith tsRRsP siedh aaee ais ol et P TURE SRrliRChar A efesribet BRURR,
Undior St BScOMSRaclegh oA s He T bRch. (ARG Sy FOACSTRNGS. of Hie PFRASNEI WY rmay
be practiced other than as specifically described. Industrial applicability
As descpoditck mesefonbefiove satisfactorsli sterilizatiomeviphy eninimpum ngessration, ofaozone are
sterilization method 20 involves generating, as negative and positive
i ons, 03edultA0y'theapplicationios azomphratiaély honfakternating-current voltage of 2.0 kV rms or
10 lower. The concentrations of the negative and positive ions thus secured are both 10,000
ions/cc or higher at a distance of 10 cm from the point at which the ions are generated.
The dielectric may be stopped at both ends with elastic rubber members so that the
inner and outer electrodes do not move relative to each other along the axis of the dielectric.
This helps stabilize the performance of the ion generating device so that it generates negative
15 and positive ions with better reproducibility.
In this case, the elastic rubber members are preferably made of ethylene-propylene
rubber, which is resistant to ozone.
Moreover, as the leads that are connected to the inner and outer electrodes are
preferably used stainless steel wires coated with a polyethylene fluoride resin, which also is
20 resistant to ozone.
In this case, the inner electrode needs to be at least thick enough to permit one of the
leads to be bonded thereto.

The inner or outer electrode may be provided with a means for improving the contact

thereof with the dielectric. This helps further stabilize the performance of the ion generating



and HH(H20 ", (where mis a natural nunber), respectively, and di scharging
these ions into the air so that airborne gerns are killed through an

oxi di zation reaction by hydrogen peroxide H202 or radical hydroxyl OCH
generated as an active species through a chem cal reaction between the
negative and positive ions. -113- Here, _if the concentrations of the
negative and positive ions are both 1'01,1600 ions/cc or higher at a distance
of 10 cmfromthe point at which those ions are generated, it is possible
to achf®& satisfactory sterilization. According to the present invention,
an ion generating device.is provided with a 5 dielectric, a first

el ectrode, afbe ausfecoiofl the elitiecde, mayndet heprégmasdd svinh s exataighst efoe cprondeiagar e
arranged so as to face each other with the dielectric disposed in between.
The i ondgempositiongof deotier e Ty AEIps asdudks theegsickitmtidRdoP@Sbid Bendraed, asCR
(H20)" (where n is a natural nunber) and H+(H20)," (where mis a natural

numTber ) byr6&Re Whiek Bhe/ion REndiRiMg/deVkedindthies HRAbANY- CUr rent vol tage between
the first and second el ectrodes. These ions are discharged into the air so

nyar Sgen’ per a6 80T bt ofehFRLrM APs Bt Plth bl RO Clompuine

speci es %Chrouglg a ?hen‘i cal reaction between the negative and positive ions
t hat taﬂ gnmo '8N 9f PEINS: he generation of those ions. Here, sufficient
concentratiops of the negative and positive ions to achieve satisfactory
sterilizati ofsted, 88FPRe) decomppsitignpratalasti impresmatedcwaphenimprepyatedwith a
alternating-current voltage 15 of 2.0 kV rns or |ower. The concentrations
of the pasalasti for procotiogi dacompbsitien tdfuszome auaye de grrovided rat 10 dB@4hck ofaSCtheor

hi gher at a distance of 10 cmfromthe point at which the ions are

gener at diglecivivr e THiefriakeCRI Jogsiblennoane =31theBBGARMg-cUrRAt VERagdeN ObRigeNSr S8V ce
is provided with a dielectric that is cylindrical in shape, an inner

el eqpr ogy dlddk 1dwed Or med as a mesh, and an outer

In another arrangement, the ion generating device according to the present invention is
provided with a dielectric that is cylindrical in shape, an inner electrode that is formed as a
sheet, and an outer electrode that is formed as a mesh, and the inner and outer electrodes are
arranged so as to face each other with the dielectric disposed in between. The ion generating

15 device generates negative and positive ions by applying an alternating-current voltage
between the inner and outer electrodes.

In this arrangement, electric discharge takes place between electrodes of which one
acts as an aggregate of point and the other a line.  This ensures stable generation of negative
and positive ions. Moreover, by modifying this arrangement in similar manners as with the

20 first arrangement described above, it is possible to gain similar advantages.

The outer electrode may be made longer than the inner electrode along their axis, and
the inner and outer electrodes may be arranged in such a way that, when the outer electrode is
projected onto the inner electrode, the inner electrode lies inside the projected view of the

outer electrode.  This further enhances the performance of the ion generating device.



20 electrode that is formed as a nesh, and the inner and outer electrodes
are arranged so as to face each other with the dielectric disposed in
between. The ion generating device generates negative and positive ions by_
applying an alternating-current voltage between the inner and outer

el ectrodes. Here, the inner electrodelggy be formed into a cylindrical
shape by rolling a material -114- theredf in such a way that, when the
inner electrode.is fitted along the inner surface of the cylindrical
dielectric, I(‘S‘p fase, thegianerjeleetrede map hepformdd et ef iaapolpgmral heet Havingrakes
it possible to put the inner electrode into contact with the inner surface
of t he Tmben hficoaners ¢b shatc whien thasrirey ebsattodelis Riphied iRto-@rlindrical shige by
assuned that the external dianeter of the dielectric is 20 mmor |ess,”that

t he t hirokmgsthe phiygend] sheetlatledsione of @feScorhétdbrdthfdel RRRI alf Il:rﬁcpchf Qgﬁcﬂﬁﬁeﬁo

neshes/inch, and that the outer el ectrode has 16 neshes

C : . ' - i 1 ' t hi, eve
o017, COORRTT NS el MR RES LS B PR YR, 2 < GEHS, 1y

satisfactory steri

I
' j : ' I .akt atingscurrent voltage aof 2.0
KV onehsaofl, Gnf AEREL AAINE eordlt il B i hore et it B it

e both, 10,000 ions/cc or higher at a distance of 10 cmfrom
Eﬂgspgﬁyﬁ%?%}ﬁtwl?%eq%&ns are generated. The dielectric may be stopped at
both ends with elastic rubber nmenbers so that the inner 'a_nd_out er _
el ectrodes dbenbwnenglestrods may\havea pluclitptdfcholes! formed hieraini svith ptdjections
dielectric. This helps stabilize the performance of the ion generating

e ey L cpoor S e AR BRI
made ofmereHikebn®> gurepyttAOen tha!kIBE kurtyde SHiné eyl ﬁ.t tweéirl é‘{?% g@gglggoss'\égércgﬁ‘c’ er.
as the leads that are connected to the inner”and o

10 discharge occur stably and uniformly over the entire side surface of the inner electrode.

According to the present invention, an ion generating apparatus is provided with, in
addition to an ion generating device as described above, a high alternating-c-urrent voltage
source for feeding the ion generating device with the alternating-current voltage with which
the ion generating device generates the negative and positive ions, and a blower for producing

15 aforced flow of the negative and positive ions generated by the ion generating device.

With this ion generating apparatus, the negative and positive ions generated by the ion
generating device fed with the alternating-current voltage from the high alternating-current
voltage source can be discharged into a large expanse of air by the action of the blower so that
airborne germs are killed by the action of those ions.

20 According to the present invention, an air conditioning apparatus is provided with, in

addition to an ion generating device as described above, a high alternating-current voltage
source for feeding the ion generating device with the alternating-current voltage with which
the ion generating device generates the negative and positive ions, a blower for producing a

forced flow of the negative and positive ions generated by the ion generating device, an inlet



preferably used stainless steel wires coated with a polyethylene fluoride
resin, which also is 20 resistant to ozone. In this case, the inner
el ectrode needs to be at |east thick enough to permit one of the leads to
be bonded thereto. The inner or outer electrode may be provided with a
nmeans for inproving the contact thereqf with the dielectric. This helps
further stabilize the performance of'ﬂﬂg'iog ggnﬁratln? [ 135fdevbfgﬁogrﬁg
of the dielectric may be inpregnated with a catalys or
3222%3@??‘1 nwhgi‘d“ibf‘:ﬁe.su&ﬁ?i é'{h@ﬂ putletetitrugh twicls o thet actionoof tfe blpems the
generated as a byproduct when the ion generating device generates the
i ons. 5n9g3tyeand pesidve ignegeneratedtbyrthe imcgenedingaigvise is blomagoat togethbrt With
catal yst for pronoting deconposition of ozone. |Instead, an ozone

deconpo$i wironicket bl thesughrthe adetabetla fittel @lisposedl inGAARR Ao bissdge fadiak¥idm O
prormrr?i ng deconposition of ozone may be provided at a distance fro%the

di el ectthe énlettbithe oWtk Sfor FerR@ang fIréigh Parkiees ABm M€ of2! t € Nating-current
voltage a voltage of 2.5 10 % rn% gr Iowerl.Tl I'n anot her arrangenent, the

[ [ ' [ ' ti ' rovided with
2 i S oct 1 c o &F CORARLMRY Spbahl g rSaElle, 410N Blohd aetr Rty ane

the i gy SonsRE oA el oA e iR manc solkge 5%‘%5 :ﬁigghgetﬁsf%??gwjte :
[ i c. di sposed in befween. The ion generating evice ge
gt 0 e FAS o s o et i, sl
di scha%@wﬁhﬁbg‘abﬂiﬁﬁnﬁgtfm@ &illsdtbyatiesctmi oftthase iome  Moreover, while the air
is circulated, the filter removes dust and other foreign particles as well as odors from the air,
10 This helps realize a comfortable and clean living environment.

Alternatively, according to the present invention, an air conditioning apparatus is
provided with, in addition to an ion generating device as described above, a high alternating-
current voltage source for feeding the ion generating device with the alternating-current
voltage with which the ion generating device generates the negative and positive ions, a

15 blower for producing a forced flow of the negative and positive ions generated by the ion
generating device, an inlet through which air is sucked in, an outlet through which, by the
action of the blower, the negative and positive ions generated by the ion generating device is
blown out together with the air sucked in through the inlet, a filter, disposed in the air flow
passage leading from the inlet to the outlet, for removing foreign particles from the air, and a

20 heat exchanger disposed in the air flow passage.

With this air conditioning apparatus, the negative and positive ions generated by the
ion generating device fed with the alternating-current voltage from the high alternating-

current voltage source can be discharged into a large expanse of air by the action of the

blower so that airborne germs are killed by the action of those ions. Moreover, while the air



acts as an aggregate of point and the other a line. This ensures stable
generation of negative and positive ions. Mreover, by nodifying this
arrangenment in simlar nmanners as with the 20 first arrangenent descri bed
above, it is possible to gain simlar advantages. The outer el ectrode may
be made | onger than the inner electroqﬁ along their axis, and the inner
and outer el ectrodes may be arranged i 8such a way that, when the outer

el ectrode is projected onto the inner electrode, the inner electrode lies
i nsi de isKECYaEHetiedempsratnre pr huraidity of she &t scadjusthal byTthie hiebtexchengeepnirainthes
the performance of the ion generating device. -116- In this case, the inner
el ect r oftleermggnolves dostnard other doremnpmiryigenat vedtless ofary ifign ahawiderTH§ helgk ner s
so that, when the inner electrode is formed into a cylindrical shape by

rol I'i ngrealive apaimfonable asdekan livihg k@dsihneAe of the corners protrudes from an
end of the cylinder. Such a corner protruding fromthe inner el ectrode
makes the electric field nore likely to 5 concentrate on it, and thereby
hel ps el ectric discharge occur with nore stability than with a cylinder
with trinmed ends. The inner electrode may have a plurality of holes forned
therein, with projections forned around the holes so as to protrude toward
the dielectric. This makes the electric field nore likely to concentrate
on the side surface of the cylinder as well, and thus hel ps electric 10

di scharge occur stably and uniformy over the entire side surface of the

i nner el ectrode. According to the present invention, an ion generating
apparatus is provided with, in addition to an ion generating device as
descri bed above, a high alternating-current voltage source for feeding the
ion generating device with the alternating-current voltage with which the
ion generating device generates the negative and positive ions, and a

bl ower for producing 15 a forced flow of the negative and positive ions
generated by the ion generating device. Wth this ion generating apparat us,
the negative and positive ions generated by the ion



generating device fed with the alternating-current voltage fromthe high
vol tage source can be discharged into a | arge expanse
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a forced fl

ive and n
L}
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Air Conditioner Operation

Time(Hours) 0 : 3 >
Common Number (m™) 240 100 60 35
Bacteria

Reduced (%) 0 58 75 85
Number (m™) 520 210 115 40

Fungi
Reduced (%) 0 60 78 92

TABLE 3
Air Purifier Operation Time 0

(Hours) : 3 >
Common Number (m™) 260 120 75 40

Bacteri
acteria Reduced (%) 0 54 71 85
Number (m™) 500 205 120 45

Fungi
Reduced (%) 0 59 76 91




generating device, an inlet through which air is sucked in, an outlet
t hrough which, by the action of the blower, the negative and positive ions
generated by the ion generating device is blown out together with the air
sucked in through the inlet, a filter, disposed in the air flow passage
| eading fromthe inlet to the outlet, f,ar renoving foreign particles from
the air, and a 20 heat exchanger di s'p%@éd inthe air flow passage. Wth
this air conditioning apparatus, the negative and positive ions generated
by the ion generating device fed with the alternating- current voltage
fromthe high alternating- current JMABEBEd source can be discharged into a
| ar ge expan of air by the action of the blower so that airborne gerns
are killed py tAieCanditiomer@petdtione i pns, Mrfeover, While the air - 118 is
circul ated,| t he t enPmredHoum) or huni Hi t)P of |thelair|is 3dj ust ed® by f{he heat
exchanger, @and the filter renoyes Pust ang other forergmjpartictes as well
as odors fromddigoai [. THMbeH@r ps | ealilze |a d60f oft abbe and a@bean|!iving
envi ronnent|. ial ABCE T—Ar—Puri-fer—Sperat-on—H-e—Hours) 0135
%5011 0e066kd @act of | aredude
j R 9 Z

ConmonNunbelr d g9 0 567356 Numbgy
(M 3) 51021542550—Fun 01587590
Number (m™) 520 215 115 50
Fungi
Reduced (%) 0 59 78 90
TABLE 5
Capacitance Loss
pF %
No Displacement 38.8
Imm Displaced 38.2 -1.55
2mm Displaced 37.8 -2.58
3mm Displaced 37.3 -3.87
4mm Displaced 36.8 -5.15
Smm Displaced 36.2 -6.70




TABLE2 Air Conditioner Qperation 0135 Ti ne(Hours) CommonNunber

(m 32401006035 Bacteri aReduced (9% 0587585 Fungi Nunber
Reduced (% 0607892 TABLE3 Air

(m 3) 50020512045 |

(m3 52021011540 -

Purifier Operation Time 0135 (Hours)
CommonNunber (m 32601207540 Bacteri aReduced054-- 85 71 Fun Nunber

-121-

TABLE 6
Frequency Voltage Negative Ipn Positive an Ozone .

rms Concentration Concentration Concentration

[kHz] [V] [ions/cc] [ions/cc] [ppm]
25 44 130 79 0.001 or lower
25 440 4,966 13,910 0.001 or lower
25 1,100 32,551 36,271 0.001 or lower

0.06 2,000 26,794 11,443 0.005

17 1,700 39,067 30,204 0.005

17 2,000 54,867 53,843 0.015

26 2,000 52,551 55,681 0.010

30 1,800 33,163 31,655 0.005




g Reduced (9% 059 -120 TABLE 4 Air Conditioner Operation 0135 Ti me(Hours)
CommonNunber (M 3 ) 2501006540 Bacteri aReduced (9% 0607484 Fungi Nunber
(m 3)52021511550 Reduced (% 0597890 TABLE 5 Capacitance Loss pF% No

Di spl acenent 38. 8 1nm Di spl aced38. 2- 1. 55 2mm Di spl aced37. 8-2, 58 3nm

Di spl aced37. 3-3. 87 4nmm Di spl aced36. 8- 51.2%5 5mm Di spl aced36. 2-6. 70 - 121

TABLE 7
Glass Tube
External Thickness . '
Diameter (mm) (mm) Capacitance (pF)

17 1.2 34.0

20 1.2 36.0

20 1.6 35.0

24 1.2 51.0
TABLE 8

Air Purifier Operation 0 '

Time (Hours) ! 2 3 4 >
Common | Number (m>) | 240 90 55 40 30 25
Bacteria

Reduced (%) | © 60 77 83 88 90
Number (m™>) | 520 | 165 105 65 45 40
Fungi

Reduced (%) 0 68 80 88 91 92




i iti kHz] r s
TABLE 6 Frequency Vol tage Negative lon Positive lon Qzone [
Concentrati gn Concentration Concentration [V][I onls/ cc][ions/cc][ppm
2544130790. 001 or | ower 254404, 96613, 9100. 001 or | ower
251, 10032, 55136, 2710. 001 or |ower 0.062,00026, 79411, 4430. 005
171, 70039, 06730, 2040. 005 172, 00054, 867’% , 8430. 015 262, 00052, 55155, 6810. 010

301, 80033, 16331, 6550. 005 -122 TABLE 7 '&’dss Tube External Thickness
TABLE 9
Air Conditioner
Operation Time(Hours) 0 ! 2 3 4 :
c Number (m™)| 230 85 45 30 20 15
ommon
Bacteria | peduced %) | 0 63 | 80 | 87 | o1 | 3
Number (m™)| 500 | 150 85 50 40 30
Fungi
Reduced (%) 0 70 83 90 92 94
TABLE 10
Intermittent 3 sec ON 5 sec ON 10 sec ON
E Operation then 3 sec OFF then 5 sec OFF | then 10 sec OFF
xample Ozone
Concentration 0.006 ppm 0.008 ppm 0.015 ppm
Continuous
Comparative | Operation Always ON
Example Ozone
Concentration 0.05 ppm
TABLE 11
Intermittent 3 sec ON 5 sec ON 10sec ON
E Operation then 3 sec OFF then 5sec OFF | then 10sec OFF
xample Ozone
Concentration 0.006 ppm 0.008 ppm 0.015 ppm
Continuous
Comparative | Operation Always ON
Example Ozone
Concentration 0.05 ppm




Capacitance (pF) Dianeter (nmm(nm 171.234.0 201.236.0 201.635.0 241.251.0 -
TABLE 8 Air Purifier Operation Tinme (Hours)012345 CommonNunber

(m 3) 2409055403025 Bacteri aReduced (9% 06077838890 Nunber N

(m 3)520165105654540 Fungi Reduced (9% 068808891 92 T -123 TABLE 9 2515
Condi ti oner 012345 Operation Tine Hogrlizt_CommnNunber (m 3) 230854530

TABLE 12
Air Purifier Operation Time (Hours) 0 1 2 3 4 5
C Number (m™>)] 245 [ 75 | 35 | 20 | 10 5
ommon
Bacteria | peduced %) | 0 | 60 | 86 | 92 | 96 | os
Example
Number (m™) | 500 | 140 | 85 | 40 | 25 | 15
Fungi
Reduced (%) | © 72 83 92 95 97
c Number (m2)| 250 | 120 | 60 | 45 | 30 | 15
ommon
c | Bacteri® | peduced %) | 0 | 52 | 76 | 82 | 88 | o4
omparatlve
Example Number (m™) | 500 | 300 | 140 { 90 | 50 | 30
Fungi :
Reduced (%) | 0 | 40 | 72 | 82 | 90 | 94

Inner Electrode (Voltage Application Electrode):
48 meshes/inch
Example Outer Electrodes (Grounding Electrode):
48 meshes/inch
Inner Electrode (Voltage Application Electrode):
Comparative 100 meshes/inch
Example Outer Electrodes (Grounding Electrode):
100 meshes/inch




Bact eri aReduced (9% 06380879193 Fungi Nunmber (nB8)50015085504030 Reduced

(9% 07083909294 TABLE 10 Intermttent3 sec ONS5 sec ON1O sec ON

Exanpl eQperationthen 3 sec OFFthen 5 sec OFFthen 10 sec OFF Ozone
Concentrati on0. 006 ppnD. 008 ppnD. 015 pp m Continuous

Conpar at i veQper ati onAl ways ON Exanpl e ne Concentration0.05 ppm TABLE 11
Intermttent3 sec ON5 sec ONI Osec ON'Exanpl eOperationthen 3 sec OFFt hen
5sec OFFt hen 10sec OFF Ozone Concentration0. 006 ppnD. 008 ppnD. 015 pp m
Cont i nuous Conpar ati veQper ati onAl ways ON Exanpl eOzone Concentrati on0. 05 ppm
- 124 TABLE 12 Air Purifier Operati bABEEM (Hours) 012345

Air Conditioner Operation Time(Hours) 0 1 2 3 4 5
c Number (m™)| 220 | 80 | 35 [ 20 | 15 | 10
ommon
Bacteria | peduced %) | o | 64 | 84 | o1 | 93 | o3
Example
Number (m™)| 530 | 140 | 70 | 40 | 30 | 15
Fungi
Reduced (%) | 0 74 87 92 94 | 97
c Number (m™)| 230 | 150 | 70 | 45 | 25 | 15
ommon
o .| Bacteria ) peduced (%) | 0 | 35 | 70 | 80 | 8o | o3
omparative
Example Number (m™)| 520 | 250 | 130 | 70 | 45 | 20
Fungi
Reduced (%) | 0 52 75 87 91 96

Inner Electrode (Voltage Application Electrode):
48 meshes/inch
Example Outer Electrodes (Grounding Electrode):
48 meshes/inch
Inner Electrode (Voltage Application Electrode):
Comparative 100 meshes/inch
Example Outer Electrodes (Grounding Electrode):
100 meshes/inch




Nunber (m') 245753520105 Exanpl eBacteri aReduced (% 06986929698
Eﬁg&uzber (§n3) )50014085402515 Reduced (%9 07283929597 CommonNunber
(nB) 25012060453015 Conparati veBact eri aReduced (9% 05276828894 I
Exanpl eFungi Nunber (n8) 500300140905030 Reduced (% 04072829094 hngeJ{
El ectrode (Voltage Application Elect r_ﬁgg): Exanpl e48 meshes/inc v F[ .
El ectrodes (G ounding El ectrode): 48 hes/inch | nner Electrode I( o] ag
Application Electrode): ConparativelO0 nmeshes/inch Exanpl eQuter Electrodes
(Grounding El ectrode): 100 neshes/i €dAIMS825 TABLE 13 Air Conditi oner
Qper ation Ti me(Hours) 012345

1. A sterilization method for killing airborne germs by discharging positive ions

and negative ions into air and killing the germs by action of the ions.

2. A sterilization method as claimed in claim 1,

wherein the positive ions are H'(H,0),, (where m is a natural number).

3. A sterilization method as claimed in claim 1,

10 wherein the negative ions are 0, (H,0), (where # is a natural number).

4. A sterilization method as claimed in claim 1,

wherein the positive ions are H'(H,0), (where m is a natural numbe'r) and the
negative ions are O, (H;0), (where » is a natural number).
15
5. A sterilization method for killing airborne germs by generating O, (H,0),
(where 7 is a natural number) as negative ions and H* (H20), (where m is a natural number) as
positive ions, discharging the ions into air, and killing the germs through an oxidization

reaction by hydrogen peroxide H,0; or radical hydroxyl OH generated as an active species

20 through a chemical reaction between the negative and positive ions.

6. A sterilization method as claimed in one of claims 1 to 5,

wherein concentrations of the negative and positive ions are both 10,000 ions/cc or

higher at a distance of 10 cm from a point at which the ions are generated.



CommonNunber (M 3 ) 2208035201510 Exanpl eBact eri aReduced (9% 06484919395 Fun
Nunmber ('m 3)53014070403015 i gReduced (% 07487929497 CommonNunber
(m 3)23015070452515 Conpar ati veBact eri aReduced (9% 03570808993
Exanpl eFungi Nunber (m 3) 520250130704520 Reduced (% 05275879196 | nner
El ectrode (Voltage Application Elect rﬁgg) : Exanpl e48 meshes/inch CQuter
El ectrodes (G ounding Electrode): 48~ hes/inch I nner Electrode (Voltage
Application Electrode): ConparativelO0 nmeshes/inch Exanpl eCuter Electrodes
(Gounding Electrode): 100 neshes/inch - 126 CLAIMS 1. A sterilization
met hod for killing airborne gerns by discharging positive ions and
negative iong int gnaiqn generatingl dengce fier gemematiripy Oau(H,0)), Olhdrben iiONS natarad. A
sterilization method as claimed in claim1,

number) as negative ions and H'(H,0),, (Where m is a natural number) as positive ions,

wherein the ion generating device kills airborne germs by action of the ions.

5
8. An ion generating device for generating O, (H,0), (where » is a natural
number) as negative ions and H" (H;0),, (where m is a natural number) as positive ions in such
a way that concentrations of the negative and positive ions are both 10,000 ions/cc or higher
at a distance of 10 cm from a point at which the ions are generated,
10 wherein the ion generating device kills airborne germs by action of the ions.

9. An ion generating device for generating 02" (H,0), (where » is a natural
number) as negative ions and H'(H;0),, (where m is a natural number) as positive ions, the
ion generating device comprising a dielectric, a first electrode, and a second electrode, the

15 first and second electrodes being arranged so as to face each other with the dielectric disposed

in between, and the ion generating device generating the ions by applying an alternating-

current voltage between the first and second electrodes.

10.  An ion generating device for generating O;"(H;0), (where » is a natural

20 number) as negative ions and H" (H,0),, (where m is a natural number) as positive ions in such
a way that concentrations of the negative and positive ions are both 10,000 ions/cc or higher

at a distance of 10 cm from a point at which the ions are generated, the ion generating device
comprising a dielectric, a first electrode, and a second electrode, the first and second

electrodes being arranged so as to face each other with the dielectric disposed in between, and



wherein the positive ions are H(H20)m (where mis a natural number). 3. A
sterilization nethod as claimed in claim1, 10 wherein the negative ions
are @-(H20" (where n is a natural nunber), 4. A sterilization nethod as
claimed in claiml, wherein the positive ions are H(H2O", (where mis a
nat ural nunber) and the negative ions1 gre 02 (H2O" (where n is a natural
nunber). 15 5. A sterilization nethod 28 Kill i ng airborne gerns by
generatjng 02 (H2OQ" (where n is a natural nunber) as negative ions and
H+( H20) he ('RR esederating devivgr aeneratingnther ipnady peplyingva inbersatingi-swhengisigge he
ions into air, and killing the germs through an oxidization reaction by
hydr ogebetyyeerothie diestiand 2eamdrefedirodés. hydr oxyl OH gener at ed as an active
species 20 through a chenical reaction between the negative and positive
ions. 6. A sterilization method as clainmed in one of clains | to 5 wherein
concentrations of the negative and positive ions are both 10,000 ions/cc or

hi gher at a g¢j st apgeigpf f 610} | e/l re generated.

- %27 7. An ion ge(rl?elrdgt Ig%r%rﬁem\% ggy&%r&gg%{%}hg\é@ 28212?2!2695)&%@&? Haﬁlugﬁa

nat ug al rm,g;rp . | VEr and, H+(H20), " er s a.natura

nunbger)nuas pogg %fgagwlggﬁlg% an Iélr@]ﬂﬁ))’f K‘gh?rSH" dj%%\é’raﬁ’ﬁ‘\?th{b’"g’éa %Sei’%‘q‘fesw&?:r‘?_&ne
by action of the ions..5 8., An ion generating device for generating

o ?fizd)%“ Wﬁ‘é‘ﬂ&g flevice comprising a diglectris, 2 Bt ﬁ&gﬁpii%andcmgecan@ elgctnade) the

(where IS natural number) as positive jons in such a way tha_t.

concent g]%%f prshecand eleatrodas deingeareangedrensasttoface eank othee withithe dig}eefic dispssedc or

hi gher at a distance of 10 cmfroma point at which the ions are

gener at @dbetween, and the ion generating device generating the ions by applying an alternating-

current voltage of 2.0 kV rms or lower between the first and second electrodes,
10
12. An ion generating device for generating O,"(H;0), (where n is a natural
number) as negative ions and H'(H;0),, (where m is a natural number) as positive ions in such
a way that concentrations of the negative and positive ions are both 10,000 ions/cc or higher
at a distance of 10 cm from a point at which the ions are generated, the ion generating device
15 comprising a dielectric, a first electrode, and a second electrode, the first and second
electrodes being arranged so as to face each other with the dielectric disposed in between, and

the ion generating device generating the ions by applying an alternating-current voltage of 2.0

kV rms or lower between the first and second electrodes.

20 13. An ion generating device for generating negative ions and positive ions, the
ion generating device comprising a dielectric that is cylindrical in shape, an inner electrode
that is formed as a mesh, and an outer electrode that is formed as a mesh, the inner and outer

electrodes being arranged so as to face each other with the dielectric disposed in between, the

ion generating device generating the ions by applying an alternating-current voltage between



10 wherein the ion generating device kills airborne gerns by action of the
ions. 9. An ion generating device for generating 02(H20)" (where nis a
natural nunber) as negative ions and H+(H20)r, (where mis a natural
nunber) as positive ions, the ion generating device conprising a
dielectric, a first electrode, and a 33 ond el ectrode, the 15 first and
second el ectrodes being arranged so a 0 face each other wth the
dielectgic disppsed .in between, and the ion generating device generating
the i ond®HPELHH O4tRyelseirofeser nati ng- current vol t age between the first and
second el ectrodes. 10. An ion generating device for generating Q(H20"
(where n is a natural 20 nunber) as negative ions and H+(H2O 1 ,, (where m
is a natural nunber) as positive ions in such a way that concentrati ons of
t he negativel4nd Aosor generdtingsledceadeliimedth 8@h iPNs/ cc or higher at a

di stance of 10 cmfroma point at which the ions are generated, the ion
generati ng dekéreia th@@lt@?hitﬁigﬂﬁ;rn%nfﬁlcﬂ{a%@‘isriGkverrﬁsicfrsﬁ)wglj ectrode, and a second
el ectrode, the first and second el eCtrodes being arranged so as to face
eachsother with the dielectric disposed in between, and - 128 the ion
generating device generating the ions by applying an alternating-current

vol tage between i and second .el ectrodes., 11. An ion generating
devi ce for gﬁera‘%‘?%’g'{c%é’-%ﬁwg) EVIERPE %‘mﬁgi"éd%}“hﬁ’ural 5 nunber) as
negative ions, and F+(H20),," (where mis a natural nunber) as positive ions,
the ion geneVMiFHgtEeDPEEVE itRsr 2t6i Ho(HaOi dWbeter i js a mdturat nehibet) adeé,thend a
second el ectrode, the first and second el ectrodes being arranged so as to
face edteBabierens 3etdr Hhe)d(vheseniis anatimpmenlibr).i n bet ween, and the ion
generating device generating the ions by applying an alternating- current
voltage of 2.0 kV rns or | ower between the first and second el ectrodes. 10
12. An ion generating device for generating 02-(H20" (where n is a natural

10 16.  Anion generating device as claimed in claim 13,

wherein concentrations of the negative and positive ions are both 10,000 ions/cc or

higher at a distance of 10 cm from a point at which the ions are generated.

17. Anion generating device as claimed in claim 13,
15 wherein the inner electrode is formed into a cylindrical shape by rolling a material
thereof in such a way that, when the inner electrode is fitted along an inner surface of the

cylindrical dielectric, opposite side edges of the rolled material overlap.

18. An ion generating device as claimed in claim 13,

20 wherein the inner electrode has a finer than the outer electrode.

19. Anion generating device as claimed in claim 13,

wherein the dielectric is stopped at both ends with elastic rubber members so that the

inner and outer electrodes do not move relative to each other along an axis of the dielectric.



nunber) as negative ions and H+(H20)," (where mis a natural nunber) as
positive ions in such a way that concentrations of the negative and
positive ions are both 10,000 ions/cc or higher at a distance of 10 cm
froma point at which the ions are generated, the ion generating device 15
conprising a dielectric, a first eIecHg and a second el ectrode, the
first and second electrodes being arr ged so as to face each other with
the dielectric disposed in between, and the ion generating device
generating the ions by applying an alternating-current voltage of 2.0 KkV
rnms or |ower_between the first and second el ectrodes. 20 13. An ion
generating di ceAndpn greeatingidaviceayeleimed in daisn &%d positive ions, the ion
generating device conprising a dielectric that is cylindrical in shape, an
i nner el ect rwhigeinttheelasté fubberameriseraareandie ofethyRie Prdlenelrger ode that is
formed as a nmesh, the inner and outer electrodes being arranged so as to
face each ot her mnth the dielectric disposed in between, the ion
generating device generating the ions by applying an alternating-current

vol tgge betveen - o426 %Qﬁrdti‘ﬂg@évn&ﬁgs Akihfel u?!:lgﬁ jpdes. 14. An ion generating

device as clainmed in cfaim1l erern the alternating-current voltage |s
2.0 kV rns An, i enerati dev s clainpd in clai
wher ei n thqugérlg%ﬁ/sele?%slgon ¢ teﬂ&? I—g%)jmé?‘g%mef§eﬁtrﬂ§?5lﬂiﬁlus%ﬁtﬁeﬁﬁssaﬂ%{3 the’
negati ve. i ons : nis a natural nunber). 10 16. An ion
gener at Vg & c‘@'t% P@P&%@agmoe &fesiN13, wherein concentrations of the
negative and positive ions are both 10,000 ions/cc or higher at a distance
of 10 cmfroma point at which the ions are generated. 17. An ion
generating device as clained in claim 13,

22.  Anion generating device as claimed in claim 13,

10 wherein the inner or outer electrode is provided with a means for improving contact

thereof with the dielectric.

23.  Anion generating device as claimed in claim 13,

wherein a surface of the dielectric is impregnated with a catalyst for promoting

15 decomposition of ozone.

24, An ion generating device as claimed in claim 13,
wherein the inner or outer electrode is impregnated with a catalyst for promoting
decomposition of ozone.
20
25. An ion generating device as claimed in claim 13,
wherein an ozone decomposition catalyst impregnated member impregnated with a

catalyst for promoting decomposition of ozone is provided at a distance from the dielectric.



15 wherein the inner electrode is formed into a cylindrical shape by
rolling a material thereof in such a way that, when the inner electrode is
fitted along an i nner surface of the cylindrical dielectric, opposite side
edges of the rolled material overlap. 18. An ion generating device as
claimed in claim13, 20 wherein the i gg[ el ectrode has a finer than the
outer electrode. 19. An ion generati ng evice as clainmed in claim13,
wherein the (gelg&t\ric IS s,togped at hoth ends with elastic rubber nenbers
so that the 2% nnefth BOGTAUNE dpues pudkimedin ¢laim Zbve rel ative to each ot her
along an axis of the dielectric. - 130 20. An ion generating device as
cl ai med i n cvhareinthe aligseatingreurtent edltage is2.§ khbrars ordower s are nade of
et hyl ene- propyl ene rubber. 5 21. An ion generating device as clained in
claim 13, wherein as | eads connected to the inner and outer el ectrodes are
used stainless steel wres coated wwth a polyethylene fluoride resin. 22.
An ion genertingAddun genéarating dévibe forngenkatify hgathi WASRE DokitRel iBRE thET
outer electrode is provided with a nmeans for i nproving contact thereo
Wi t hs t Hen gerdr@Gig H6vice 3omPisih®3 dlEREkR thdlds qgf‘ﬁ'\cﬁ'ﬁ: #$h %l:;‘| 'e”%i'dr{%r %!e%:;rrgld%?’

g W % cata ysS o]

wherein a surface of the dielectric 1s Inpregnate
pr onot i : Ll f 4, I on generating device,as
01 ai med s SRRRRTPARES oBE o8 oy BSupdinall ool EOF P Yie i B Rt
with a (iattal Xsé for pronoti nq deconposi tion of ozone. 20
electrodes being arranged so as to face each other with the dielectric disposed in between, the

ion generating device generating the ions by applying an alternating-current voltage between

the inner and outer electrodes.

10
28.  Anion generating device as claimed in claim 27,
wherein the alternating-current voltage is 2.0 kV rms or lower.
29, An ion generating device as claimed in claim 27,
15 wherein the positive ions are H'(H;0),, (where m is a natural number) and the

negative ions are Oz (H,0), (where 7 is a natural number).

30. An ion generating device as claimed in claim 27,
wherein concentrations of the negative and positive ions are both 10,000 ions/cc or

20  higher at a distance of 10 cm from a point at which the ions are generated.

31, Anion generating device as claimed in claim 27,
wherein the inner electrode is formed into a cylindrical shape by rolling a material

thereof in such a way that, when the inner electrode is fitted along an inner surface of the



25. An ion generating device as clainmed in claim 13, wherein an ozone
deconposi tion catal yst inpregnated nenber inpregnated with a catalyst for
pronoti ng deconposition of ozone is provided at a distance fromthe
dielectric. -131- 26. An ion generating device as clained in claim 25,
wherein the alternating-current voltaqg is 2.5 kVrms or lower. 27. An ion
generating device for generating negati 3é ions and positive ions, the 5

i on generating device conprisin aégi electric that is cylindrical in shape,
an inne?yl‘ééré‘"é‘? F"G@é“t%ﬁ?p‘?%teﬁ@? ges:p! the tolled matesighovgilagut er el ectrode t hat
is formed as a nesh, the inner and outer electrodes being arranged so as
to face each other with the dielectric disposed in between, the ion
generating device generating the ions by applying an alternating-current
vol t age betweZn HAheon gereratmgdievice as cleinedtin odims 27,10 28. An i on generating
device as clainmed in claim?27, wherein the alternating-current voltage is

2.0 kV rms Owhéreifihe délectfid i4 GBp AN BlsGAH EdstSnbbar MBRbEMR ol thhithe 7,
15 wherein the positive ions are H-(H20O) (where mis a natural nunber) and

the snegaldag du?é}selé%'ir‘g)dgzdé 5@%5%%%90%?%%& othel! @folﬂgaah ARl diel%gt{icAn ion

generating device as clained in arm ereln concentrations of the
negative and positive ions are both 10,000 ions/cc or 20 higher at a

di stance of 10 cmfroma point at which the ions are generated. 31. An ion
generati ng d@/i ce,as clainmed ip claim27, wherein the inner electrode is

formed into & -cyl PAJPR BERErANGAevISs 25 gpimedgnslaimber i al  thereof in such a

way that, when the inner electrode is fitted along an inner surface of the
wherein the elastic rubber members are made of ethylene-propylene rubber.

10 34.  Anion generating device as claimed in claim 27,
wherein as leads connected to the inner and outer electrodes are used stainless steel

wires coated with a polyethylene fluoride resin.

35.  Anion generating device as claimed in claim 34,
15 wherein the inner electrode is at least thick enough to permit one of the leads to be

bonded thereto.

36.  Anion generating device as claimed in claim 27,
wherein the inner or outer electrode is provided with a means for improving contact

20 thereof with the dielectric.

37.  Anion generating device as claimed in claim 27,
wherein a surface of the dielectric is impregnated with a catalyst for promoting

decomposition of ozone.



- 132 cylindrical dielectric, opposite side edges of the rolled materi al
overlap. 32. An ion generating device as clained in claim27, wherein the
dielectric is stopped at both ends with elastic rubber nmenbers so that the
5 inner and outer electrodes do not nove relative to each other along an
axis of the dielectric. 33. An ion gengrating device as clainmed in claim
32, wherein the elastic rubber nenbers~are nade of ethyl ene-propyl ene
rubber. 10 34. An ion generating device as clainmed in claim?27, wherein as
| eads connected to the inner and outer electrodes are used stainless steel
W res coated with a,gol yet hyl ene fluoride resin. 35. An ion generating
device as cl 3 nedApiongéeriting deyise ahelpised in pleim Aher el ectrode is at | east
thick enough to permt one of the |leads to be bonded thereto. 36. An ion
generating deberemn the ininaf wecdbuten el¢ctiode 47 implegnated wite ai cenalystofor qproioting

el ectrode is provided wwth a means for inproving contact 20 thereof with
t he di elecompositio®df oZmei on generating device as claimed in claim27,
wherein a surface of the dielectric is inpregnated with a catal yst for
pronpti ng deconposition of ozone. - 133 38. An ion generating device as
clainmed in claim?27, wherein the inner or outer electrode is inpregnated

with a catalyst fap gk Qemiig dedRe QURRRIdIiRBaR] 2920me- 5

wherein an ozone decomposition catalyst impregnated member is provided at a

distance from the dielectric.

10 40.  Anion generating device as claimed in claim 39,

wherein the alternating-current voltage is 2.5 kV rms or lower.

41.  Anion generating device as claimed in claim 27,

wherein the outer electrode has a greater axial length than the inner electrode.

15
42.  Anion generating device as claimed in claim 27,
wherein the inner electrode is formed out of a polygonal sheet having a number of
corners.
20 43.  Anion generating device as claimed in claim 27,

wherein the inner electrode is formed into a cylindrical shape by rolling the polygonal
sheet in such a way that at least one of the corners protrudes from an end of the cylindrical

shape.



39. An ion generating device as clained in claim27, wherein an ozone
deconposition catal yst inpregnated nenber is provided at a distance from
the dielectric. 10 40. An ion generating device as clainmed in claim 39,
wherein the alternating-current voltage is 2.5 kV rnms or |lower. 41. An ion
generating device as clainmed in clair q: wherein the outer electrode has a
greater axial length than the inner electrode. 15 42. An ion generating
devi ce as cl ai nmed, in claim._27, wherein the inner_ electrode is forned out of
a pol ygonal “heetAhiQn 8fgeRting Apvce asrclaiped jieslam 27y 43, An i on generating
device as clained in claim?27, wherein the inner electrode is formed into a
cylindrical véhagia thy inngr electrode dapaipjusalital of hotescforingd $herpina withyprofeations

| east one of the corners protrudes froman end of the cylindrical shape. -
134 44 formed ayoumykbthe hatesisg ad e protruds towad msdditlecteicai m 27, wherein the i nner
el ectrode has a plurality of holes forned therein, with projections forned
around the holes so as to protrude toward the dielectric. 5 45. An ion
generating apparatus conprising an ion generating device as clainmed in one

of of ai ms 7 450 44ap i(uféé}ﬁfat&g@f)miu@%g@rimg'agm ?t%%&{nﬁgattfng%{egﬁgagﬁai|¥18!iEﬁage

source for feeding the“1on g at1 ng VI C ernating-current

vol t age, w i L.on generating device generates the negative and
positi VOél\é"iot(t)'Elsa‘;{m% ‘rf]go I1J11,el°urt8er c%mpnsmg.

a high alternating-current voltage source for feeding the ion generating device with the
alternating-current voltage with which the ion generating device generates the negative and
positive ions; and

10 a blower for producing a forced ﬂow. of the negative and positive ions generated by

the ion generating device.

46.  An air conditioning apparatus comprising an ion generating device as claimed
in one of claims 7 to 44, further comprising:

15 a high alternating-current voltage source for feeding the ion generating device with the
alternating-current voltage with which the ion generating device generates the negative and
positive ions;

a blower for producing a forced flow of the negative and positive ions generated by
the ion generating device,

20 an inlet through which air is sucked in; and

an outlet through which, by action of the blower, the negative and positive ions
generated by the ion generating device is blown out together with the air sucked in through

the inlet.



10 a bl ower for producing a forced flow of the negative and positive ions
generated by the ion generating device. 46. An air conditioning apparatus
conprising an ion generating device as clained in one of clains 7 to 44,
further conprising: 15 a high alternating-current voltage source for
feeding the ion generating device withsthe alternating-current voltage
with which the ion generating device generates the negative and positive

ions; a blo fog. produging.a forced flow of the negative and posjtive

i ons gener a% byAntaHecolngﬁlo %?pé’tafaﬁ‘bs PRATEES az'b'oérgegﬁrlaéf‘gtdﬁ}”ﬁﬁéﬁ Clﬁlﬁ‘P@‘I’l air
is sucked in% and -f‘” &Jtlet through whi ch, by action of the blower, the
negat i VB °8RAaT HBES 1 {04, Surdher SOMPFISINED by the i on generating device is bl own
out together with the air sucked in through the inlet. -135- 47. An air
condi ti oni nc higpahtemnatng-ewisentsioltggasourafoyfeedingttha pngevemeng devicaivithcthe i n
one of clains 7 to 44, further conprising: a high alternating-current

vol t agealtematiog-ciicrent eslthiga gritth &vhichnthg doe aidrithgl @@L gickdted IR negative and

alternating-current voltage with which the ion generating device generates
t he hegmdsitive i@z S5 positive ions; a blower for producing a forced flow of
the negative and positive ions generated by the ion generating device; an

inlet th | i - . h.which b ion of
e ol ower & REVE ot PIogBng 4R dlay B8 e hogld dhe UBRR ik el b ©

gener attihg%ndfe\(\ie&?mé%e\l%é);m out together with the air sucked in through

an inlet through which air is sucked in;
an outlet through which, by action of the blower, the negative and positive ions
10 generated by the ion generating device is blown out together with the air sucked in through

the inlet; and

a filter, disposed in an air flow passage leading from the inlet to the outlet, for

removing foreign particles from the air.

15 48.  An air conditioning apparatus comprising an ion generating device as claimed
in one of claims 7 to 44, further comprising:

a high alternating-current voltage source for feeding the ion generating device with the
alternating-current voltage with which the ion generating device generates the negative and
positive ions;

20 a blower for producing a forced flow of the negative and positive ions generated by
the ion generating device;

an inlet through which air is sucked in;

an outlet through which, by action of the blower, the negative and positive ions

generated by the ion generating device is blown out together with the air sucked in through



thevinlet; and a filter, disposed in an air flow passage |leading fromthe
inlet to the outlet, for renoving foreign particles fromthe air. 15 48.
An air conditioning apparatus conprising an ion generating device as
claimed in one of clains 7 to 44, further conprising: a high

al ternating-current voltage source fof3§eeding the ion generating device
with the alternating-current voltage with which the ion generating device
generatﬁﬁsinfelpe negative and positive ions; 20 a blower for producing a
forced ow’of the negative and positive ions generated by the ion
generating deH ce;.an %ﬁl.et t hrough which air ig sucked in; an outl et
through whi énfltgy didhosesh inan: HE tia%passage headingy Fromy dhexpletobos the wutleto fer
generated hy the ion generating device is blown out together with the air
sucked "$TROYIAS Kgign particlesdramthejait,abd a filter, disposed in an air flow
passage |leading fromthe inlet to the outlet, for renoving foreign
particl es fradieat exchanger disndsed indwtaicfohpasyage. di sposed in the air flow
passsage, 5



