1 Al R | ONl ZER ELECTRODE ASSEMBLY FI ELD OF THE | NVENTI ON
The invention relates generally to devices for the generation of negative
ions in the air. Mire specifically, the invention concerns an el ectrode
assenbly for use in such devices. BACKGROUND OF THE | NVENTI ON Over
the | ast few decades negative air ions have been found to be an essenti al
conponent of good air quality. These negative ions have been shown to have
beneficial physiological effects on pldnts, aninmals and humans. Extensive
research has concl uded that abundant negative ions in an environnent can
enhance nood, inprove netabolic activity, accelerate healing and increase
performance in athl etes. AR IQINZER @LECTRRPE ASSEMBLYiave been shown to have
i mportant air cleaning functions, such as renoving harnful dust particles,
renove odors and kill “various m cro-organi sns. Many conventional air
i oni zer s eRELOYOR TEHENINVERNEHONON of netal pins where the pins are a fixed
part of the device and usually not easily replaceable. The pins tend to
blunt with continued usage, since they are essentially functioning as
sacrificial anodesinvestionvelaiesgerigrallytto deeiges for the gemegativerdinegativedonseases
signi ficang]l { ' | | ed to be
effective tl¥e ) {]%UJe énr{& |ﬂnga/ %%oésng'gﬁ%ﬂ%qﬁg% §F9t° gQé;fa%%gWY R glﬁ‘ng

bl unt ed neaw@dermewepl acenent of the pins is frequently necessary t hus
adding to the cost and inconveni ence of owning these products. This would
mean that the effectiveness of the conventional ionizers with

non-r epl acBAGKEROIUNDIQF dHEINYENTI®Ne pi ns have bl unted which can be a
matter of weeks or nonths. Another area of consideration is the absence of
nodul arity in ion generating devices. Comon ion generating apparatus are
desi gned for sp@wlf the lastidew dﬂcaﬂescoegmivataid ianst bavst heen doundctebaiary 2
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their usab rent
have enef cnal physmlogmal effects on plants, animals and humans. Extensive

research has concluded that abundant negative ions in an environment can
enhance mood, improve metabolic activity, accelerate healing and increase
performance in athletes. In addition, negative ions have been shown to have
important air cleaning functions, such as removing harmful dust particles, remove
odors and kill various micro-organisms.

Many conventional air ionizers employ a configuration of metal pins where
the pins are a fixed part of the device and usually not easily replaceable. The pins
tend to blunt with continued usage, since they are essentially functioning as
sacrificial anodes. As the pins plunt, negative ion generation decreases
significantly, resulting in insufficient negative ions being produced to be effective for
their intended purposes. The rapidity of the pins being blunted means that
replacement of the pins is frequently necessary thus adding to the cost and
inconvenience of owning these products. This would mean that the effectiveness of
the conventional ionizers with non-replaceable pins is over once the pins have
blunted which can be a matter of weeks or months. Another area of consideration is
the absence of modularity in ion generating devices. Common ion generating
apparatus are designed for specific models or incorporated into‘other air cleaning




United States patent US 7, 365,956 62 di scloses a generator for negative
lons in the air at atnospheric pressure, in which two el ectrodes are
respectively disposed in close proximty on either side of a barrier of
dielectric material. The two el ectrodes have like structure, with each

el ectrode having holes in it. The electrodes may both be of netallic nesh,
or both electrodes nmay be deposited directly onto the barrier surface and
done in a pattern, irregular or ordere® such that there are regi ons where
the conductor is absent. The pattern may be a crosshatch pattern.

United States patent US 7,438,747 62 di scl oses a negative ion generator

t hat i ncl ugepslugtsf |making dhedom i gerlessting  Hevnicesy naorp| spremifics and dimiting dheir
plurality g%aquﬂgg%' ﬁﬁfel’én'f'ﬁﬁﬂ?etté ached to the planar surface to define a
plurality o i scharging poirnts. A high-voltage generating circuit is
coupled to the conductive lines for actuating the em ssion of electrons
fromthe ion-di 0,
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generati on of ozone so desira ect rodes o an ionizer
can be reabRtrly paderpi ceabl e or repl aceabl e so as to prolong product life.
The present invention was devel oped in consideration of these needs. 3
SUMVARY OF THE | NVENTI ON I n one aspect, the invention provides an air
i oni zer el ect r obfBited; States paieshplS &i4a8, 745ri32 dissloses aciagetive ion generator

that includes a flat dielectric layer having a planar surface and a plurality of
conductive lines attached to the planar surface to define a plurality of ion-
discharging points. A high-voltage generating circuit is coupled to the conductive
lines for actuating the emission of electrons from the ion-discharging points. In one
described configuration, a conductive mesh screen has a plurality of punched
cutouts of different shapes. |

Japanese patent publication JP 2004-167391 A discloses an electrostatic air
cleaning apparatus of box-like shape having a bas‘e for fixing to an air conditioner
main body, a high voltage power source detachably mounted under the base, a
back cover, and a front cover with air inflow holes that fits over the back cover. A
dust collecting electrode and an ionizer consisting of a discharge electrode and a
counter electrode are housed in the back cover.

There is a need for an air ionizer that can produce an ample quantity of
negative ions while controlling the generation of ozone. It is also desirable that the
electrodes of an ionizer can be readily‘serviceable or replaceable so as to prolong
product life. The present invention was developed in consideration of these needs.




at | east one outer electrode; and a dielectric barrier sandw ched

bet ween the inner electrode and the at |east one outer el ectrode;

wherein said inner el ectrode has a continuous overall surface and the at

| east one outer electrode has a plurality of holes therethrough adapted to
provide a plurality,of ion generating points for generation of negative

i ons; wherein each of said holes has a central open space surrounded
by a peripheral portion having nmultiple pointed edges. The air

ioni zer electrode assenbly of this invention allows the generation of

. negative ions through a plurality of ion3generating points, realized by the
plurality of holes in the outer electrode(s) while controlling the
generation of ozone. Having a highly conductive inner electrode, with
a conti nuoussuwvetARY OF OHEURYVEN®BIOSUr f ace that is not apertured in iits active
region, allows for a |lower voltage to be used to generate negative ions,

wi t hout the voltage crossing the threshold where nol ecul a gen breakdomn
occurs, and with it onedseebl Hiendnvenéong ermyidgs i ¥h it '%‘E&heﬁlewﬂ‘gla@w blY ol t age
al so gener at gsyhifg: heat, which will result in energy efficiency.

Each of the holes be configured in the shape of honeyconb, star or sun
el ements. In one %hﬁ%ﬁlﬁﬁﬁ?ehall of the holes have the sane shape. In one
enbodi ment, the hatllestarouiar etdbgodepamd of 3- di nensi onal structures.

a dieleciric barrier sandwiched between the inner electrode and the at least one

outer electrode;
- wherein said inner electrode has a continuous overall surface and the. at least

one outer electrode has a plurality of holes therethrough adapted to provide a plurality. of
ion generating points for generation of negative ions;
wherein each of said holes has a central open space surrounded by a peripheral

portion having multiple pointed edges.

The air ionizer electrode assembly of this invention allows the generation of
negative ions through a plurality of ion generating points, realized by the plurality of
holes in the outer electrode(s) while controlling the generation of ozone.

Having a highly conductive inner electrode, with a continuousy ovgrall conductive
surface that is not ’abertured in its active region, allows for a lower voltage to be used to
generate negative ions, without the vbltage,crossing the threshold where molecular
;)xygen breakdown occurs, and with it, controlling the generation of ozone. The lower
voltage also generates less heat, which will result in energy efficiency.’

Each of the holes may be configured in the shape ofhonejcomb, star or sun

elements.
In one embodiment, all of the Holes have the same shape.

In one embodiment, the holes are in the form of 3-dimensional structures.




4 The holes in the formof a | ocal 3-dinensional structure may be
formed by a form ng process. Anot her alternative is the holes are
provi ded on a raised plateau surface of the outer electrode fornmed by a
st anpi ng process. The holes may be arranged in a regular pattern or array,
or irregularly. In the case of a netal sheet outer electrode, the
hol es nmay be fornmed by stanping. The i nner and/or at |east one outer
el ectrode may conprise metallic sheet, 4such as netal foil or plate. For
exanpl e, nickel plate, copper or other netal sheets are suitable for use as
the inner el ectrodes, whereas nickel plate, stainless steel or simlar

mat eri al s are silihe¢ hblee irf the foge ofia Iddab3-dinmensicriab strucidre(rvay be formed by aone
enbodi nment forﬁ'?ﬁedrg&%g and outer el ectrodes conprise different materials.
For exanpl €, Irnner el ectrode may conprise nickel and the outer

el ectrode may.conprise stainless steel. The thickness of the inner
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outer el ectrode nay range
the outer electrode formed by a stamping process.

The holes may be arranged in a regular pattern or array, or irregularly.

In the case of a metal sheet outer electrode, the holes may be formed by
stamping.

The inner and/or at least one outer electrode may comprise metallic sheet,
such as metal foil or plate. For example, nickel plate, copper or other metal sheets
are suitable for use as the inner electrodes, whereas nickel plate, stainless steel or
similar materials are suitable for use as the outer electrode(s).

In one embodiment, the inner and outer electrodes comprise different
materials. For example, the inner electrode may comprise nickel and the outer
electrode may comprise stainless steel.

The thickness of the inner electrode may range from 0.1 mm to 0.2 mm. The
thickness of the or each outer electrode may range from 0.1 mm to 0.5 mm.

The inner and/or at least one outer electrode may further comprise a
conductive coating formed on the metallic sheet. For example, the at least one
outer electrode may comprise stainless steel plate with a conductive coating
applied thereto.

Such a conductive coating may be used to coat the one or more outer
electrodes to control ozone production.




The inner and/or at |east one outer electrode may further conprise a
conductive coating forned on the netallic sheet. For exanple, the at |east
one outer electrode may conprise stainless steel plate with a conductive
coating applied thereto. Such a conductive coating may be used to
coat the one or nore outer electrodes to control ozone production. 5
Alternatively, the inner and/or at |east one outer el ectrode may consi st of
such a conductive coating. In this cas® the conductive coating may be
deposited on a surface of the dielectric barrier. In the case of an outer
el ectrode, the coating is subsequently etched to formthe plurality of
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exanpl e. ceramc sS or oOther dielectric substrate is
used as a dielectric barrier to separate the inner electrode fromthe one
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generally cylindri contiguration

A plate of ceramic, glass or other dielectric substrate is used as a dielectric
barrier to separate the inner electrode from the one or more outer electrodes. The
thickness of the material of the dielectric barrier may range from 0.2 mm to 1.5 mm.

In one embodiment, the electrode assembly is of generally planar
configuration. There may then be two outer electrodes, one to each side of the
planar inner electrode and each separated from the inner electrode by a respective
dielectric barrier. Alternatively, there may be just one outer electrode, to one side of
the inner electrode.

In another embodiment, the electrode assembly is of generally cylindrical
configuration.

The electrode assembly may comprise a modular casing for housing the
electrodes and dielectric barrier.

The electrodes suitably comprise connection terminals that are accessible
through the casing.




The el ectrode assenbly may conprise a nodul ar casing for housing the

el ectrodes and dielectric barrier. The el ectrodes suitably conprise
connection termnals that are accessible through the casing. 6 In
anot her aspect, the invention provides an air ionizer conprising an

el ectrode assenbly as described herein and a drive circuit for applying a
control voltage to the el ectrodes. The i nner electrode, dielectric
barrier(s) and at |east one outer electrode are suitably encased within a
nodul ar casing with integrated contact elenents to all ow connection of a
drive circuit for applying a control voltage to the electrodes. A drive
circuit that prbviadether laspeeic dlss anyendibo epravities @nhaighionigen sgepfising gamer at i on
of ions is ' e‘h‘fb‘ﬁr [ : €%, A0 t] erein.
In an errboallégr@% éﬁe caglgr?%g%@grégrﬁé%éégﬂggc%%%rgﬁfzgt%ﬁ%% %@38 her to
hol d t he eveltagedatheslectidesectric | ayers in place, and having at |east one
w ndow to expose the ion generating holes of the outer el ectrode.

Using inner and outer electrodes of different materials for exanple, and/or
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cont 1ol neufablbioatla Wi PABIEEP BEsiAS AR BGHafHl ARfck bl 1o B U

el ectrode can be nade of vary bl hat'1 ons uctive coating, nickel
or st ai nl esennectien of arpdve eifeat ferl aenlyiogie dostreljofiage to beraliraitodes Adave ng or

metal sheegip g i@dd f A i ! jgvaryi ng
the corrpos%'tr%"@r{hgn%f%ﬁéét hi%c ngg%arg% ﬂ%ﬁ%ﬂ%h@‘ Qfgﬁ%dgﬁggg}ﬁ%r_alﬁ?ﬁ%r {Bg? T he
char act er i kpqwasindhe prier ankanst so/doesorot ead elaboetiopfieteis. out er. el ect r odes.

BRI EF DESCRI PTI ON OF THE DRAW NGS

In an embodiment, the casing comprises two components that fit together to
hold the electrode and dielectric layers in place, and having at least one window to
expose the ion generating holes of the outer electrode.

Using inner and outer electrodes of different materials for example, and/or
adjusting their relative dimensions, provides the flexibility to vary and control the
output of ions and ozone depending on application. The outer electrode can be
made of varying combinations of conductive coating, nickel or stainless steel. The
inner electrode is either a conductive coating or metal sheet, or a metallic sheet
coated with a conductive coating. Varying the composition and/or thickness of the
inner electrode will alter the characteristics of the negative ion generation by the
outer electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more clearly understood from the
following description of preferred embodiments thereof, when taken in conjunction
with the accompanying drawings. However, the embodiments and the drawings are
given only for the purpose of illustration and explanation, and are not to be taken as
limiting the scope of the present invention in any way whatsoever, the scope of
which is to be determined by the appended claims.




The present invention will beconme nore clearly understood fromthe
follow ng description of preferred enbodi nents thereof, when taken in
conjunction with the acconpanying draw ngs. However, the enbodi ments and
the drawi ngs are given only for the purpose of illustration and

expl anation, and are not to be taken as Iimting the scope of the present

I nvention in any way what soever, the scope of which is to be determ ned by
t he appended clains. 7 I n the dcconpanyi ng draw ngs, |ike reference
nunerals are used to denote |like parts throughout the several views.

Fig. 1 is a perspective exploded view of construction of an air ionizer

el ectrode assermni thecdccphpanying drdwiggs, dike osference numekalg ar@ usdtbtesderate ous

views of the el ectrod enbly of Fig. 1 in its assenbled state;
Figs. 3a- 3@%‘?@%‘?’%&&%@\@9@/@\)’&‘4’%% exanpl es of configurations of the
outer el ectrodes of the electrode assenbly of Figs. 1 and 2; Fig. 4
shows different _exapples of 3-dinensional. sha fi.Qg f the
outer el ect rodeg"egof{r!t?%é’l EF@@FF%V(%eﬁ@%‘iﬁ?ﬁl\'?wof){)glgaéﬁucﬁggn% %( Hr %ﬂaePFi g. 5
i s a per speletirode assambdyf ofoplamaticonfiguration;t o the air ionizer el ectrode
assenbl y;
Fig. 2 shows various views of the electrode assembly of Fig. 1 in its
assembled state;
Figs. 3a-3d are planar views of various examples of configurations of the
outer electrodes of the electrode assembly of Figs. 1 and 2;

Fig. 4 shows different examples of 3-dimensional shapes of configurations
of the outer electrodes of the electrode assembly of Figs. 1 and 2;

Fig. 5 is a perspective view of a modification to the air ionizer electrode
assembly;

Fig. 6 is a perspective view of an air ionizer electrode assembly of cylindrical
configuration; and

Fig. 7 is a perspective view of an assembled state of the air ionizer
electrode assembly of cylindrical configuration.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Fig. 1 illustrates, in an exploded perspective view, an electrode assembly 10
of planar configuration with the components of one inner electrode 11, two outer
electrodes 14, 15 and two dielectric barriers 12, 13 arranged in parallel which are
encased in a modular casing 16, 17.

The inner electrode 11 and outer electrodes 14, 15 are metallic sheets. In
this case, a nickel plate of 30 mm x 20 mm x 0.2 mm is used as an inner electrode




Fig. 6 is a perspective view of an air ionizer electrode assenbly of

cylindrical configuration; and Fig. 7 is a perspective view of an
assenbl ed state of the air ionizer electrode assenbly of cylindrical
configuration. DETAI LED DESCRI PTI ON OF THE EMBODI MENTS Fig 1

illustrates, in an exploded perspective view, an el ectrode assenbly 10 of
pl anar configuration with the conponents of one inner electrode 11, two
outer electrodes 14, 15 and two dielec®ric barriers 12, 13 arranged in
paral |l el which are encased in a nodular casing 16, 17. 8 11. Two stainless
steel plates of 30 nmx 20 mmx 0.2 nmare used as outer electrodes 14, 15.
Two ceram ¢1pTwo etainéss! Stestrplate6 of B0 mif. 38 20mmar e OUS etin ase dised east outer
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21 to provide mu enher a generation O

i ons, as wdielectsic biwiarri2b®3l in greater detail later on. In this errbodl ment ,
there are 18 holes 21 on the outer el ectrodes 14, 15. One end (seen
on the right-hand side in Fig. 1) of the inner electrode 11 has a T-shaped
tab, which enablTee inmer elestrodeddl thasba ¢dntineolst overal swsthgkeawitbosi agy 16, 17,
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11 has a un ormvvl cont ac or ‘connecting a
drive circpilutalityanf beles 81 thipyovide mudtiple ion generating points for generation of

negative ions, as will be described in greater detail later on. In this embodiment,
there are 18 holes 21 on the outer electrodes 14, 15.

One end (seen on the right-hand side in Fig. 1) of the inner electrode 11 has
é T-shaped tab, which enables the electrode to be fitted to the modular casing 16,
17, whereas the other end (seen on the left-hand side) of the inner electrode 11 has
a uniform width tab to which a contact element 20 for connecting a drive circuit can
be suitably fitted.

Similarly, one end of each outer electrodes 14, 15 is made in the shape of a
T-shaped tab to be fitted to the modular casing 16, 17 as well. The other end of
each outer electrode 14, 15 provides a uniform width tab for a contact element 18,
19 to be suitably fitted on.

Fig. 2 illustrates, in various views, a modular casing of a rectangular shape
that includes two covers 16, 17 used to encase the components of the electrode
assembly. The compartments inside the covers are configured with clearance to
receive the electrode assembly components that are dielectric barriers, outer
electrodes, inner electrode and contact elements.




Simlarly, one end of each outer electrodes 14, 15 is made in the shape of
a T-shaped tab to be fitted to the nodular casing 16, 17 as well. The ot her
end of each outer electrode 14, 15 provides a uniformwi dth tab for a
contact elenment 18, 19 to be suitably fitted on. Fig. 2 illustrates,
in various views, a nodular casing of a rectangul ar shape that includes two
covers 16, 17 used to encase the conponents of the el ectrode assenbly. The
conpartnments inside the covers are conPigured with clearance to receive the
el ectrode assenbly conponents that are dielectric barriers, outer

el ectrodes, inner electrode and contact elenents. 9 As will be
under st ood f r omAs hwilldrbewiungerstood from dbevedramingsi @nddthgi @bavd-mestiondde t wo
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i on gener atocatgdicehteallyodf thérceramiceplates esingdleir esttabas 22 are used to secure
the two covers of the casing to forman enclosure. Qbviously, other neans

such as a snap-lock fit may be used to secure the casing covers together.
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easily ena#&hf‘g%#%ra?yﬁggfo?%seosfﬂg Lte%%irﬁdé.%&@w&%%@ﬁ%@% réér)]a@&}i‘@"thé%

el ectrode asse | ndard connectors. uctive coating is
used to proewetrotihe cagingtte iasmanensiestie; aPbyieds!y tohar reeansisigh an@ smap- hi gh

sol vent re@gﬁ?@pﬁﬂfﬁeof?%& itc?%ecdf;ﬁithgicsasﬁﬁbewé?’?%%et%gflﬁ%e JesK of $d he

coating use i'S purpose. This coating Is mahuf Acheson
| ndust ri esintagnated rgntach elgmsnis withinpthe paedylak casing) epsilyrenables aseparale scosity

of 1500- 4 i / T g}’ieﬁ}&geﬁ f goating
| it r

may range ro?#@gd%eg@g%ésj%?@d%ﬂocé%v&é Jﬁ%héee((":to(;(}l):::ei %19 a tﬁggasbéi Ity to

control theonyentorsiti on of ozone. The surface of both sides of the inner

el ectrode 11 is fully coated with the conductive coating. The surfaces of

the outer electrodes 14, 15 may be partially or fully coated. For the
partial |y coat ef conduetivel asgtindigased to proyisiesa gorpustvye and chgmicalesistanhce ar ea
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coating. Howeveér, in the case of eithel_fu or partial coating, the
coat i ng i s8nisythesontinglused fonéhis prmpaee Biis chatinguis snansfactured dy Achesars whi ch
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casi ng. Anot her coating manufactured Dy the sanme nmanufacturer may
al t er nat i v4060 m@ausanr dersilyrof 12tekg/iFdhe thicknsepif dhg contipanay engedm r) 213
has a Vi scosifidroRE t6 280niEFshsS TRE LodiHiShay 1Y abliity 8o 't8htrol the generation of
ozone. The surface of both sides of the inner electrode 11 is fully coated with the
conductive coating. The suirfaces of the outer electrodes 14, 15 may be partially or
fully coated. For the partially coated outer electrode, only some and not all of the
surface area of the outer electrode containing the holes is coated with the
conductive coating. However, in the case of either full or partial coating, the coating
is only applied to the surface of the outer electrode 14, 15 which faces outward

through the window 23, 24 of the covers 16, 17 of the modular casing.

Another coating manufactured by the same manufacturer may alternatively
be used, Dag® 213. For the physical properties, Dag® 213 has a viscosity of 2800
mPa.s and density of 0.98 kg/l.




10 Fig. 3 illustrates sonme possible configurations of the holes in
the outer electrodes. The holes for the outer electrodes in the enbodi nent
of Figs. 1 and 2 above are configured in the stars configuration, as shown
in Fig. 3a. Another form of star-shaped hole is shown in Fig. 3b, where the
poi nt ed edges include |arger internal angles than those of the Fig. 3a
version. Fig. 3c shows a honeyconb configuration of holes that are of
hexagonal shape and arranged in a reguf@r array. Fig. 3d shows hol es of
sun-shaped configuration, defined by a central circular hole surrounded by
generally radially directed pointed edges |like the rays of a sun.

Fig. 4 illustrafFigs dillustratesssonid possibiei gunfigurationss of thédoles| imsthenottae out er
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punching through the slits whereby the pointed edges of the star formed by sectors
of the circle are protruded from the surface at an inclined angle. The pointed edges
protrude outside of the surface area of the outer electrode 14, 15 that faces the

window 23, 24 of the modular casing.

Fig. 4b shows another 3-dimensional configuration formed by a stamping
process. A plateau surface of the outer electrode 14, 15 is first formed that is raised
relative to the original surface, by a stamping process creating a 3-dimensional
structure. The raised plateau surface of the outer electrode 14, 15 faces the window
23, 24 of the modular casing. Each plateau surface is then subsequently pressed to
form the plurality of holes. The holes are formed in channels with a row or column
of holes per channel, on the surface of the outer electrode 14, 15.

The above example configurations of the outer electrode holes may be used
in any embodiment of the present invention. Generalizing, each hole has a central
open space surrounded by a peripheral portion having multiple pointed edges.




Al ternatively, another enbodi nent has the same configuration as shown in
Figs 1 and 2 of one inner electrode, two outer electrodes and two
dielectric barriers arranged in parallel and encased in a nodul ar casing.
In this enbodi ment, the surfaces of the outer electrodes are fully coated
wi th the conductive coating. Fig. Sillustrates, in perspective

expl oded view, a second enbodi nent 50 which includes the conponents of one
i nner el ectrode 52, one outer electrod&!54 and one dielectric barrier 53,
arranged in parallel which are encased in a nodul ar casing 51, 55. The

i nner electrode 52 and outer electrode 54 are netallic sheets. In this
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window-like opening 57 to expose the ion generating holes of the outer electrode,

while one cover 51 has a solid wall to prevent exposure of the inner electrode 52.
The covers 51, 55 which are of non-conductive material function as insulators. In
this embodiment 50, only one side of the inner electrode 52 with an outer electrode
54 and a dielectric barrier 53 is able to generate ions. The surface of the inner
electrode 52 is fully coated with the conductive coating. However, the coating is




The pl anar configuration enbodi nents that have only one outer el ectrode are
suitable for applications such as where the electrode nodule is to be
fitted generally flat to a wall, such as a cabinet wall. On the other hand,
t he two-outerel ectrode versions are suitable for nounting perpendicularly
to a cabinet wall whereby ions can be generated and freely rel eased from
both sides of the nodul e. A third enbodinent as illustrated by Fig.

6 in a perspective viewis an el ect rod® assenbl y 60 of generally
cylindrical configuration. The main conponents are an inner electrode 66,
an outer electrode 61, a dielectric barrier 64, an insulator 65, two

cont act capdy @ppliegBtaathe sufadsuchthe Bwer electroge S2uwbichdpees theddielstrigas a 13
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el ectrode 66 and rubber bushes 63 and I's encapsul ated at one end by a
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the outside of the dielectric barrier 64. The insulator 65 insulates the
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dielectric barrier. The outer electrode is realised as conductive coating

formed on toHempthealurality ohbeless the diel ectric barrier. Anot her
nodi fication of the present enbodiment is the configuration with an outer

el ectrode and a dielectric barrier. The inner electrode is realised as
conductive coatiMn@neoembedisaentnahe nelestrade ragsembly tisicotiigeneelly i Blapak r i er .

Al ter nat i védnfiguratién.f tiefd ATAy Rbn DL B@REr BREIEYEES ol BCé4chUAde efthecach be

realized as conduct ive coating formed on the inner and outer surfaces of

t he di el ecklanar ippgrelestrode and each separated from the inner electrode by a respective
dielectric barrier. Alternatively, there may be just one outer electrode, to one side of

the inner electrode.

The planar configuration embodiments that have only one outer electrode
are suitable for applications such as where the electrode module is to be fitted
generally flat to a wall, such as a cabinet wall. On the other hand, the two-outer-
electrode versions are suitable for mounting perpendicularly to a cabinet wall
whereby ions can be generated and freely released from both sides of the module.

A third embodiment as illustrated by Fig. 6 in a perspective view is an
electrode assembly 60 of generally cylindrical configuration. The main components
are an inner electrode 66, an outer electrode 61, a dielectric barrier 64, an insulator
65, two contact caps 62, 68 and two bushes 63, 67. The outer electrode 61 has a




14 pl anar configuration resulting in better distribution of negative ions
in the surrounding air. The cylindrical configuration allows the ions to be
spread 360 degrees evenly about the el ectrode assenbly 60. The
enbodi nents in accordance with the invention can be scaled to a size to
suit the application of the user. The el ectrode assenbly incorporated into
an ion generating nodule offers the flexibility of scaling the size of the
modul e dependi ng on the application nééds by varying the di mensions of the
conponents accordi ngly. The el ectrode assenbly includes a

conbi nati on of an inner electrode with no apertures or holes, at |east one
outer el ecplumaiity ofi hdles 70 tor pravide wiultiplel s, geneiating peiatst fosrgenierationvaini ng
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scope the
cap 68 is further encapsulated by contact cap 62. The inner surface of the dielectric

barrier 64 where the inner electrode 66 is located provides an air tight or vacuum
chamber to protect the inner electrode 66 against oxidation and/or corrosion.
Optionally, the outer electrode 61 is partially 69 or fully coated (not shown) with a
conductive coating.

Another modification of the present embodiment is the configuration with an
inner electrode and a dielectric barrier. The outer electrode is realised as
conductive coating formed on the outer surface of the dielectric barrier.

Another modification of the present embodiment is the configuration with an
outer electrode and a dielectric barrier. The inner electrode is realised as
conductive coating formed on the inner surface of the dielectric barrier.

Alternatively, the functions of the inner and outer electrodes can each be
realized as conductive coating formed on the inner and outer surfaces of the
dielectric barrier.

The inner electrode 66, outer electrode 61 and dielectric barrier 64 in the
shape of cylinders generate a more uniform distribution of ions as compared to a




15 CLAI M5
el ectr ode

1. An air ionizer electrode assenbly conprising: an inner

(11; 52; 66); at |least one outer electrode (141 15; 54; 61);

a dielectric barrier (12, 13; 53; 64) sandw ched between the inner
and the at | east one outer electrode; wherein said inner

el ectrode
el ectrode

provi de a
i ons;

space surrounded by a peri pheral

has a continuous overall surface and said at |east one outer
el ectrode has a plurality of holes (21; 56; 70) therethrough adapted to
plurality of ion generating Pboints for generation of negative
wherein each of said holes (21; 56; 70) has a central open
portion having multiple pointed edges.

and

2. An el ecplamate cesfiggmition aesuting rig bettetl distribltiomhefr evegatéwec ors isathe hol es
i's confi guged hBink "Gr. SHRAP &y HariBQ "3 Rktion AHbwe" ths Y8n€ k& Babpread 360

degrees evenly about the electrode assembly 60.

The embodiments in accordance with the invention can be scaled to a size
to suit the application of the user. The electrode assembly incorporated into an ion
generating module offers the flexibility of scaling the size of the module depending
on the application needs by varying the dimensions of the components accordingly.

The electrode assembly includes a combination of an inner electrode with
no apertures or holes, at least one outer electrode with a plurality of holes, and at
least one intervening dielectric barrier to generate the desired negative ions.

The electrode module of this invention can be incorporated to an ion
generating product. The modularity of the present invention will increase its usability
and allow an ion generating product to have single or muitiple ion generating
modules to increase its ion production to cater to different market needs, whether
consumer, commercial or industrial. Multiple electrode modules may be connected
to one or more power modules.

While an air ionizer that uses one or more electrode modules in accordance
with the invention will offer a longer service life than the traditional pin-type ionizers,
the or each module can be readily replaced by simply unplugging the module from
the drive circuitry, removing and replacing it. it is also possible to readily
disassemble the components of the electrode module for cleaning and/or
replacement of the electrode and dielectric components as necessary. The serviced
module can then be easily reinstalled and reconnected.

The invention may also be embodied in many ways other than those
specifically described herein, without departing from the scope thereof.




3. An el ectrode assenbly according to any one of Clains 1 to 2, wherein
each of said holes is defined by a |ocal 3-dinensional structure of the

outer el ectrode. 4. An el ectrode assenbly according to any of ,
Clainms 1 to 3, wherein each of said holes is provided on a raised plateau

surface of the outer electrode. 5. An el ectrode assenbly according
to any one of Clains 1 to 4, wherein said inner and/or at |east one outer

el ectrode conprises netallic sheet. 6. An el ectrode assenbly

according to Claimb5, wherein said inner and/or at |east one outer

el ectrode (11, 14, 15; 52, 54; 66, 61) flrther conprises a conductive

coating forned on said netallic sheet. 7. An el ectrode assenbly

according to any one of Clainms 1 to 4, wherein said inner and/or at |east

one outer el &HMM¥le (11, 14, 15; 52, 54; 66, 61) conprises a conductive

coating. 16 8. An electrode assenbly according to Claim?7, wherein
on a surface of said dielectric barrier

sai d conductive cg)aA'Ei ng S fPrEe% (
(12, 13: 53: 64). -Anairionizey eleghioqq 3esefy OBREREL| y according to any one of
the precedi ng cl aaminensteetrede(1t162; 66)ect r ode assenmbly is of generally planar
configuration. at least one outer electrode (14, 15; 54; 61); and
a dielectric barrier (12, 13; 53; 64) sandwiched between the inner electrode and
the at least one outer electrode;
' . wherein said inner electrode has a continuous overall surface and said at least
one outer electrade has a plurality of holes (21; 56; 70) therethrough adapted to provide
a plurality of ion generating points for generation of negative ions; ’
wherein each of said holes (21; 56; 70) has a central open space surrounded by

a peripheral portion having multiple pointed edges.

2. An electrode assembly according to Claim 1, wherein each of said holes is

configured in the shape of honeycomb, star or sun element.

3. An electrode assembly according to any one of Claims 1 to 2, wherein each of
said holes is defined by a local 3-dimensional structure of the outer electrode.

4. An electrode aséembly according to any of Claims 1 to 3, wherein each of said

holes is provided on a raised plateau surface of the outer electrode.

5. An electrode assembly according to any one of Claims 1 to 4, wherein said
inner and/or at least one outer electrode comprises metallic sheet.

6. An electrode assembly according to Claim 5, wherein said inner and/or at least
one outer electrode (11, 14, 15; 52, 54, 66, 61) further comprises a conductive coating

formed on said metallic she_et.

7. An electrode assembly according to any one of Claims 1 to 4, wherein said
inner and/or at least one outer electrode (11, 14, 15; 52, 54; 66, 61) comprises a
conductive coating.




10. An el ectrode assenbly (10) according to Claim9, wherein there are two
said outer electrodes (14, 15), each separated fromthe inner electrode
(11) by a respective said dielectric barrier (12, 13). 11. An

el ectrode assenbly (50) according to Claim9,. wherein there is one said
outer el ectrode (54), on one face of the dielectric barrier (53).

12. An el ectrode assenbly according to any one of the Clains Ito 8, wherein
the el ectrode assenbly (60) is of generally cylindrical configuration.

13. An el ectrode assenbly according to ag% one of the preceding clains,
father conprising a casing (16, 17; 51, ; 62, 68) for housing the

el ectrodes (11, 14, 15; 52, 54; 66, 61). and dielectric barrier (12, 13; 53;
64) . : 14. An el ectrode assenbly according to Claim 13, wherein

the: el ectrodes (1F; Anglecode asaembly secordiehiot!aign’ . tderimeaideqnibctivg §oating) ¢ hat
are accessi blieforédsph stiite obsiid@elédc bakiar.(12, 13; 53; 64)L5. An air ionizer
conprising an el ectrode assenbly (10; 50; 60) according to any one of the

preceding clains and a drive circuit for applying a control voltage to the
el ectr odes. 9. An electrode assembly according to any one of the preceding claims, wherein

the electrode assembly is of generally planar configuration.

10. An electrode assembly (10) according to Claim 9, wherein there are two said
outer electrodes (14, 15), each separated from the inner electro'de. (11) by a respective
said dielectric barrier (12, 13). ’ '

11. An electrode assembly (50) according to Claim 9, wherein there is one said

outer electrode (54), on one face of the dielectric barrier (53).

12. An electrode aséembly according to any one of the Claims 1 to 8, wherein the

electrode assembly (60) is of generally cylindrical configuration.

13. An electrode assembly according to any one of the preceding claims, further
comprising a casing (16, 17; 51, 55; 62, 68) for ho'using the electrodes (11, 14, 15; 52, -
54; 66, 61)' and dielectric barrier (12, 13; 53; 64). '

- 14. An electrode assembly according to Claim’ 13, wherein the ‘electrodes (11,
;14, 15) comprise connection terminals (18, 19, 20) that are accessible through the
casing (186, 17). '

15. An air ionizer comprising an electrode assembly (10; 50; 60) according to any
. one of the preceding claims and a drive circuit for applying a control voltage to the
electrodes.




