WO 02/ 15350 PCT/ AU01/ 01026 1 CORONA DI SCHARGE CELLS AND METHODS OF USE
TECHNI CAL FI ELD This invention relates to corona discharge cells for
gener ati mgoozoizsd BACKGROUND ART 5 During the nmanuf act ur eCDAUQzoI02s by
corona di scharge a corona is generated for ozone production by applying an
el ectrical current across two netallic ¢lectrodes separated by a
dielectric insulator and an air gap. The electrical current will not arc

bet ween the el eCtroé%gﬁﬁaﬂ%ﬂ%ﬁgé?ﬂLﬁ AN MIE-Pﬁédé]BFaH§ ap. | nstead,

an energi zed corona ops 1n ers I al’ "space ween t he
el ectrodes, which is characteri sedEBGHNICKePIEIMDuUe or violet glow. Ozone is
produced by passing oxygen or air through this electrical field wherein a

certain percent agBlginteidiopolates ipptaena dischipsas eelln for orpgrating FPhene as

ozone. 15 In our international p Gﬁ@(ﬁ ' ' no. PCT/ A0O00/ 00617
entitled QOZONE GENERATI NG APPAR%Q‘(WE g\‘/\feﬁ%g;fgri bed a corona discharge

cell conprising abughgttgaimanufastureadfedzorediey cordnaediéchiaryefa cororqdd rod, and
el ongate dielectrjc sleeve coaxially nmounted with the inner el ectrode and

an el ongat eIYIRTBICAIOE OFPBR BTORIAPB AYAPRLIRG BY QIPEiHCRIHAINRNE BEESsi tWos| eeve.
20 10 some SpUIdIRNIBRLSASS ShARtdd b ARlielBbRRIAGIER Thd/d ot bb! and
g g rators e cor g roce

veget abl es having ozone gene ona di scharge p s can be

adversel y aff ect ethdglethice gurenindlillawt circ Betwien thiesslbetr gdeBerzrIsealf| s
general ly provide npre constant ozone output than do UV ozone producing
lanps. 25 OZBRLipeelicANLing alt aar. Biséead, anRrneraizedaospnaAgyelogsin hequi ckl y
wth ozgne ; : L Al e | ] (o) ls e | s are
preferabite. DiacHal ShAS Befbedt tnereibaibdes! vafEn SRS ROEHSEdBLRCGE) ' 3 5
concentr at i oplae draiolsteglowus fruits and vegetabl es treatnments, however,

their use is dependent upon the devel opnent of corona di$char%e cells that
can withstand t heOZengis BOdyaed RYiPaSEING AMYSRN I Adareuahcihis elecicalield

Crone e Snd0EP SO bBRafRLRNG il SIS PR ECE, BRARERI TRy P 0uee
resi stant elecbnbimeas ozone.

15 In our international patent application no. PCT/AU00/00617 entitled
OZONE GENERATING APPARATUS we have described a corona discharge
cell comprising an elongate inner electrode in the form of a metal rod, and
elongate dielectric sleeve coaxially mounted with the inner electrode and an
elongate outer electrode mounted coaxially with the dielectric sleeve.

20 In some environments such as in cool storage rooms for fruit and
vegetables having ozone generators the corona discharge process can be
adversely affected by moisture and cold.

Corona discharge ozone cells generally provide more constant ozone
output than do UV ozone producing lamps.

25 Ozone producing ultra violet lamps can deteriorate quite quickly with
ozone output declining quite rapidly and corona discharge cells are preferable
and allow manufacturers to better develop protocols for ozone concentrations
for various fruits and vegetables treatments, however, their use is dependent
upon the development of corona discharge cells that can withstand the cold

30 and moisture when placed in cool storage environments.

When using the corona discharge ozone generators to produce ozone

air in cool, moist environments, suitable cold and moisture resistant electronic



WO 02/ 15350 PCT/ AU01/ 01026 2 equipnment is required. The electronic
control board, transforner, connections, etc all need to be suitably

desi gned vedd2/133sul ated so they will function under these pcDAUDt/NWO2E. 5 The
corona cell assenbly itself, over which air is blown by the generator fan
to generate ozone, has to be cold-resistant and noisture- resistant so that
it functions effectively under these conditions and continues to produce
adequate | ey, lﬁpﬁ%nP%QQﬁuwé@ addi ti on, when an ozone generator is
controlled by 'a tiner or ozone 10 nonitor, the entire electrical assenbly
i ncl udi ng t he genEratieurond tontrd!lboshectvamsforhdr, dhonnegtiose dtc rall ndexl toachi ne

is switched off. The cell needs to responpd quickly, n the generator is
ur ned o arke  SWEBHerRSIORE i dnRariRd ScrbRy val GRCIOR AT SHERP ¢ o
pr oduce ozontgmditg?,{?c_i adds current load and as a unit warns up condensation
wi |l occur 15 on the outer el ectrode and on any exposed parts of the

di el ectrisc to addTmereoronar celhtadseatbly atselfel dveas whichviaii rig lowoppyr theni ty

for arcing to occur._ If arcing occurs, the cel]l c break do and fail.
ottt i Py GRIETaK] FEBWiGnSCNOIAE GE0ty el dp B sCOR-RESE 91 HAPSHER on

the outer e'r"e%[sgér]lgestcﬁthagiiﬁfLﬁ?&%iéﬁé:eﬁé%ti\?él)b%WdéF HWR EhdifiG¥ehnd IBRTiHS out er

20 el ectrode a ielectric and try to reach the 1 nner electrode or
encl osure wvislproduée tdequatedevels chozbtime.t can occur resulting in the cell

breaki ng down. Mboisture can also be carried by the generator fan and
posei bly et bet ReAMHGT: WheIbAN 2088 GIETaRa S FRnd HGCGY Pelyaere! paRre

di el ect fi~C. n kel i ! r; - qsg}% i ed,t he
i nsi de . i nerﬁgpggr;ﬁi gﬂeﬂ%tnﬂg«fmﬂ%thsﬁll %,%?%H]Q helH(Fnrjléri:@P Elfhﬁc roéétlrﬁsdﬁnglyr not
be perfect| ybesonecold duririgsthei tane thes machmess sedtched off. nut e gaps are

possi bl e between these two c onents when the cylindrjcal dielectrig is
pl aced over the iF‘P\%PeUJI”@@g?gQi .Spﬁ‘dﬂﬁ'émXiWh%ﬁh@rQ%a{Oéé%t%rﬂe@é’& and

ot al e oMENR RTINS LAIGHn L ROESHRS ORRLEOTA 5,
ozone, any residuabld adds current load and as a unit warms up condensation will occur
15 on the outer electrode and on any exposed parts of the dielectric to add more
current load, as well as providing an opportunity for arcing to occur.
If arcing occurs, the cell can break down and fail.
Electricity will follow moisture so any droplets of moisture that form on
the outer electrode or dielectric may allow arcing to fravel from the outer
20 electrode along the dielectric and try to reach the inner electrode or enclosure
wall.
If this occurs, a short can occur resulting in the cell breaking down.
Moisture can also be carried by the generator fan and possibly get
between the inner electrode and the inside face of the dielectric.
25 When the dielectric tubing from off-the-shelf is used the inside
dimension is not always uniform.
The inner electrode also may not be perfectly uniform in its diameter.
As a result, minute gaps are possible between these two components
when the cylindrical dielectric is placed over the inner electrode.
30 This situation can lead to leakage and cell failure.
When an ozone generator that generates ozone from air is installed in

a confined space to either treat the air or a product with ozone, any residual



WO 02/ 15350 PCT/ AU01/ 01026 3 ozone will be drawn through the ozone
generator causing corrosion to certain generator conponents, particularly
el ectroniwoopnpenents, resulting in mal function and shorPCWAUKi/eIg2d | f e.
One option is to totally enclose the electronic power board within the 5
generator to safeguard it fromresidual gzone. O her electronic conponents
such as power sockets, fuse holders etc can be coated with a suitable

epoxy to prifhmk Mﬂeﬁ@ ef%ﬂ 04806 (e BAGR geﬁé@om@é{%iﬁ%%ﬁsgoﬁég&%rtam

resi stance. Ensuring all generator conponénts are corrosion and ozone
resi stant Igenssatobe cennmmeh\‘/sa padicutarter elebieonje neoatpomentsy f freswtily ein
Additionally \éﬁen a cor %Q;gl schar ozone generation cell is used to
produce madlrﬂ @%%l%ﬂ&? worigng ne fromair undesirable nitrogen

byproducts can fahm Whiieh €28 t@aﬁ@r &ldissd tr%ele'%;cgbﬁrr? g%fg%@ﬁogwitﬁm fhecan be

nmor e apparent when such a generat Is insta storage room
wher e nmoi5st Lg@dratmeltcssamgulaed Hifigim redidual ogonebj ect of the present invention

to provide a cor d a parat us for generati ozone. in air which
W e 8 ort RO heniedate com BBl Fuctt b Smer poRgts. S PoRien e
Further obj egfs @Eéat%@‘&ﬁﬁﬁg%%ﬁaefeéﬂ?ﬁ( Wg ﬁﬂétth%ﬁ?ﬂbhgazémé' become 20
appar ent fromt e ensui ng description ic Iven by way of exarrpl e.

DI SCLOSURE OF | NJEsimdand M\tsd'rajnerigmted oirmqorefsﬁmme nvention there is

provi ded a coronaEdl schar ar at us co risi ‘ﬁ‘ﬁéﬁ'\% an el ongate |nner
el ectrode, 25 (b)ERFHEGH 9@89 g eempeped Se%r\‘?ec REGHOLE resisiant

el ectrod ( the dielectric

sl eeve, gnd éé?]dl?é]a %%ﬁ?@%?ngggﬁﬂe%qbgge{ %gﬁﬁenﬂéeﬁﬁgggiémen t he i nner

el ectrode and t hadditiehalt whenwhcarbndefischarge ozone gamesatian ogl isegsazhtwover

bar. The | niiPOUPECTRENEN ceh M dPbvdel GGorR HAM rbrAicoBeE (Rraen
extends subsi\apbh@its CahoRH WA cAf 8ISzt BEREHRONEMBENSHLs.

This can be more apparent when such a generator is installed in a cold

15 storage room where moisture levels can be high.

It is an object of the present invention to provide a corona discharge
apparatus for generating ozone in air which will operate efficiently in dry as
well as cold and wet environments.

Further objects and advantages of the present invention will become

20 apparent from the ensuing description which is given by way of example.
DISCLOSURE OF INVENTION

According to the present invention there is provided a corona discharge
apparatus comprising

(@) an elongate inner electrode,

25 (b) an elongate dielectric sleeve mounted on the inner electrode,
(c) an elongate outer electrode mounted on the dielectric sleeve, and
(d) a pair of spaced sealing members between the inner electrode and
the dielectric which define an ozone-producing region over which
the outer electrode extends.
30 The inner electrode can be a metal bar.
The inner electrode can be provided with an internal bore which

extends substantially throughout the ozone producing region.



WO 02/ 15350 PCT/ AU01/ 01026 4 The inner electrode can be provided with
circul ar spaced circular grooves in which the sealing nenbers are | ocated.
The seal iwgomessber s can conprise resilient Oring seals. PThAUNHO®26 bor e
can be sealed off. 5 The outer surface of the inner electrode can be
provided with a rough finish created bysknurling, chip formng, nultistart
t hreads or equivalent processes. The inner electrode, dielectric sleeve

and the outer el egid e flbdiaelthh M 6dlidelOdfie LGl SgdcbdsLpaler can

be open at one e crinped at ano e présent 1 nvention also

provi des a nmpbbees df whighethatsealingrmmbers are losztédol | ed envi ronnment
conprising the steps of positioning corona di s,c_harge, apparatus as
af oresai d wit hi n tHeSeYG BEMRere N CORREISE raakient Gving $2ala: 15 connecti ng

power source for f%@gﬁ)ggg& ?%? PE s%aRansé)ﬁ.i on renote fromthe controlled

envi ronment. Accor er aspect of the present invention there
is provided cordfiee dutsrhaureeagfithedhner slespodsicag; b pjovided withgatreugmner
el ectrode, 20 (b) an el ongate dielectric sleeve nmounted on the inner

el ectrode, finigh greatesh Pyt kndiingr iR dorpmg. nvyistaIt dAreads @r ep@divalept

sl eeve, (d) Oﬁgé'dg QOf peripheral spacer nmenbers extending fromthe inner
el ectrode I C e% I'ne an ozone produci ng zone over which the outer

el ectrode ext endsTheinr(er)elaotrade, dipreridsiveeeraridéhe potsr abetvdédeodandia t he
dielectric created by the spacers, and (f) holl ow bores extending from
respective epigddealt he inner el ectrode and an outlet from each of the

bores o the aithspagee e 5y BUdREaPbnb R BRPLrRIRELLOYR el ween

the outl'ets can be roughen t one end o he I"'nner el ectrode
out si de the @ine producing zone can be provided with an external thread
to facilitate fi X'}’#eg %reosfentt ri]nevention also provides a method of generating ozone in a
controlled environment comprising the steps of positioning corona discharge
apparatus as aforesaid within the controlled environment and providing a
15 connecting power source for the apparatus in a position remote from the
controlled environment.

According to a further aspect of the present invention there is provided

corona discharge apparatus comprising;

(a) an elongate inner electrode,

20 (b) an elongate dielectric sleeve mounted on the inner electrode,

(c) an elongate outer electrode mounted on the dielectric sleeve,

(d) a pair of peripheral spacer members extending from the inner
electrode which define an ozone producing zone over which the
outer electrode extends,

25 (e) an air space between the inner electrode and the dielectric created
by the spacers, and

(f) hollow bores extending from respective ends of the inner electrode
and an outlet from each of the bores into the air space.

The outer surface of the inner electrode between the outlets can be

30 roughened.
At least one end of the inner elecirode outside the ozone producing

zone can be provided with an exiernal thread to facilitate fixture of the



WO 02/ 15350 PCT/ AU01/ 01026 5 apparatus to a supporting wall. The spacers
can be provided in the formof resilient Orings and/or flanges. The outer
sur f aces v 02/l850 nner el ectrode outside the ozone produci PQI/ABOR@I02 can be
provided with cooling fins created by threads or fluting. The inner

el ectrode, dielectric sleeve and the outgr electrode can be cylindrical.
The i nner el ectrode can extend throughout and beyond both ends of the

dielectric T, 9“@? surface can be created by knurling, chip
f orm ng, mi%pﬁ%\s{?é"?gtgt%%a{{?s We‘!"g'ui val ent processes. Anbient air, dried
air or oxygen carThee spaedrsasait e peddderhdn whée dbrrnsof msitfeed ©-ringscdred/or

t hrough the apparatus to produce ozone. The apparatus may be powered by a
control boarf@@e6h a transformer. 15 Wiile this apparatus is ideal for

provi di ng ozone i e i ; -Orovi de
ozone for air tr e-ra}%él\rrggféjr %@%bggde?gh? ?ﬁrﬁéal{i érré?trr%%? %ea{r%’tl@% ﬁﬁeé Pg‘%ﬁgg%&@g%us hed
t hrough the zangpearabe pravided hdthpooting ids aredited gy threxus orsflugingpl y duct ed
into the space to_ be treated. 20 In water treatnment usually a venturi wll
draw the feed gaslhimigjrelesEode iglestrits slepyriany Hivoputert¢leptrods sahibry and
di ssol vi ng tﬁmnBﬁQQE into the water stream The apparatus can be nade from
a solid stainless steel rod. preferably 316 grade to offer ozone

resistance. 25 A Tl éatadelecitdde ranhextbng ¢hroughotivanduiesyond both @sdsaof
nounting can be_ provided. Two o-rings, nmade of suitable ozone resistant
material, subf diRleclicsiedde. silicone, act as air gap controls ensuring the

i ol eot Pro 15 bontianeheg. shirde' RO 88 Eiostl oy RIS, Enl dofig

di el ectric tmokisteaythbeadsyr squivaleheprodessesl such as quartz, ceramc or

borosilicate gl as&mg%ynrtea)i(r), dried air or oxygen can be used as the feed gas which is
pumped or sucked through the apparatus to produce ozone.

The apparatus may be powered by a control board with a transformer.

15 While this apparatus is ideal for providing ozone in water treatment
systems, it can also be used to provide ozone for air treatment.

When used for air treatment the feed gas is pushed through the
apparatus and the produced airborne ozone is simply ducted into the space to
be treated.

20 In water treatment usually a venturi will draw the feed gas through the
apparatus, making ozone, then injecting and dissolving the ozone into the
water stream.

The apparatus can be made from a solid stainless steel rod. preferably
316 grade to offer ozone resistance.

25 A threaded section which permits two nuts to act as a mounting can be
provided.

Two o-rings, made of suitable ozone resistant material, such as viton or
silicone, act as air gap controls ensuring the desired air gap between the
stainless steel inner electrode and the dielectric is constant throughout the

30 length of the apparatus.

The dielectric tube may be any suitable material such as quartz,
ceramic or borosilicate glass (Pyrex).



WO 02/ 15350 PCT/ AU01/ 01026 6 When borosilicate glass tubing is used as the
dielectric, its inside dinension is not always constant. Since the o-rings
conpress waeyi1sssunt eract this variation in the glass andp@r/aoopeiowd de an
airtight seal of the reaction chanber stopping any ozone 5 from escaping.
The o-ring groove is designed so the o-rigng is held in place while
providing the desired air gap. The size of the o-ring and the depth and

wi dth of the gr oowmeprsstesicatefasSaMINER lﬁ‘ie][d &2the difleklrid 8 cif%;)i{ié ngs are

positioned within the reaction Chanber Ttself, over a perio const ant
use with hi gimsnsiamisrnatiabsigdysEonstante, the o-rings nmay deteriorate

Gap 1 o0l 11 ng i n OGBS COMIE FUPIeRRAnEY FPIYET e yorBUen b UImidss th

reaction chagienlsolf8lideailaifftfht stal @ﬁh@&@é@ﬁdrﬁﬁwaﬁﬁﬁ@r"‘é‘@gg%l ghy ozane

bul khead/fl ange that is sized To marry as closely as po e'w

i nsi de of5 t higomiegcaping.c tube so as to be air tight as possible and to
stop ozone | eakage to the o-ring as. mugh possi bl e.. I di atel y behi nd
the o-ring can bgﬁé%&rmgrngﬁﬂ‘ggﬁ?@pﬁaﬁgataﬁioéwg S 'W@@%@%d to marry
as closely asroRRfid Meedddifdy éiF‘?ab.ﬂSi de of the 20 dielectric tube so as to
stop ozone escaping. | medi atel'y behind the second bul khead/ fl ange a groove
can be provi ded. Thhesizetdfdheotiingaoe the depthszrehwidtil of thesgidoablprodeed ant ,
such as a sjlicone (gased sealant, is inserted into the groove between the
i nner st ai nl BEJCAYECLAXLED:| ect rode and the diel ectric conpletely sealing

the cel I ochanber . | Bed B-ri@%daﬁeﬁf&itﬁﬁ%%thir‘{\ﬁ?é‘réréggﬁﬁ1Ch§ﬁ?)r$g‘?l§leﬁr6vé?"aso

mai ntains the air gap between the inner elect e an ielectric. |f
the o-rings Rergd aiocatistanitusgrwitle highheorseatrationswof bzore, theiorringsemant egrity

the o-ringe SFE00RLF LW The 2805 RAHAGE BX 76 COBBUPRVESS Shce  they -
provide the gxamiorPéf theadir §ap AEWRIItHG® bler pRYREibnat each end is a sinple
The o-rings can be moved outside the reaction chamber itself and can
15 be protected somewhat by a ‘bulkhead/ﬂange that is sized to marry as closely
as possible with the inside of the dielectric tube so as to be air tight as
possible and to stop ozone leakage to the o-ring as much as possible.
Immediately behind the o-ring can be another bulkhead/flange which
again is designed to marry as closely as possible with the inside of the
20 dielectric tube so as to stop ozone escaping.
Immediately behind the second bulkhead/flange a groove can be
provided.
When the entire cell is assembled, a suitable sealant, such as a
silicone based sealant, is inserted into the groove between the inner stainless
25  steel electrode and the dielectric corﬁpletely sealing the cell chamber. Both
ends are sealed.
When cured, the sealant also maintains the air gap between the inner
electrode and the dielectric.
If the o-rings ever do disintegrate, the sealant will maintain the integrity
30 of the air gap allowing for a much longer life of the apparatus.
Using the o-rings also helps with the assembling of the apparatus since

they provide the exact air gap so applying the sealant at each end is a simple



WO 02/ 15350 PCT/ AU01/ 01026 7 process and does not require separate
jigging. A feature of this apparatus is that the |l ength of the inner

el ect rodavaeamnis3be extended all owing for a section of threpdr/amdi/etoen the
end section can act as a fitting for the ducting tube to be attached. 5
Two nuts can then act as a nounting so the tube can be firmy nounted to
the wall of an enclosure, negating the need for a separate bul khead
fitting wt Wb | de nmay be nade of suitable
conductive %rt@g%%?n(gﬁgﬁé rhggr%c{lgrieﬁ%%%gatgt@gﬁr{ggheeti ng or alum niumfoil

rolled into a cylA febturadf thisageparatus@s tinet the derggthiof the imper etectriodeatanbot h
ends will keep tension on the outer electrode so it keeps contact with the

diel ectric diexgnied @gdewingdor sriaction f BHgad R8ddi el ectric. BRI EF

DESCRI PT ON (7 THE oREALENTR oA etk oOftidd orhe 868ind UG latthdodiow be

descri bed by wa exanpl e on erenc 0 the acconpanyi ng
dr awi ngs5i n whi chTwéingty earl theh actescd mouaking isewheftulse can dedirdilyschar ge
appar at us accor dj ng{ to one aspect of the %r es%nt i nvention, Figures 2, 3

and 4 are sdBPVBRHI04RS WallPhANSRTUPSHIE NRRIFINIEhe d1eskdor 8iSePRER§e appar at us
accordi ng t%lﬁ&ﬁ@q ﬁgﬁg%ﬁl Qiutﬁé‘@tiﬂéese”t i nvention, and 20 Figures 5, 6
r ur

and 7 are sectliona W Nngs o her possible forns of corona di scharge

appar at us accor di Tige boter ledegiroeieanay beveade ofsuitaide Eogductve8natriahadci0 are
il lustrations of an ozone generating i r_lste?l Jatjon for a controlled

envi ronment &S gfainlessgisekspalingaplEmgiva Tef relied4dnty eyindigasbehaps.ur t her

form of 1601 ona. d S5kAL i3l ARBERRY AG5AH LR il KbBB 1855578 havent | on.

and Figures 12 an are sectl aw ngs o e corona di scharge

appar at us ofoudtegeketrdde sbakieseps cotithctilith theddiglectriodnd so ésgoestnoteshyff Fi gure
14 is a side view of a discharge apparatus of figure 3 showmn installed in
a consol e. FJorg g dieledtligng 16 are plan and side views of a heat

di sapati on device for tg@uéfﬁ%géﬁppp‘oﬁlaﬂ:?ﬁﬁﬁtp\w”yégt ion. Figure 17 is

a plan view of an inner elec e according e present
Aspects of the present invention will now be described by way of

15 example only with reference to the accompanying drawings in which;
Figure 1 is a sectional view of a corona discharge apparatus according
to one aspect of the present invention,
Figures 2, 3 and 4 are sectional and end view drawings of a corona

discharge apparatus according to other aspects of the present invention, and

20 Figures 5, 6 and 7 are sectional drawings of further possible forms of

corona discharge apparatus according to the present invention, and

Figures 8, 9, and 10 are illustrations of an ozone generating installation

for a controlled environment e.g., a coolstore, and
Figure 11 is a side view of a further form of corona discharge
25  apparatus according to the present invention, and

Figures 12 and 13 are sectional drawings of the corona discharge

apparatus of figure 11, taken at XIL:XII and XIII:XTIII respectively,
Figure 14 is a side view of a discharge apparatus of figure 3 shown
installed in a console.

30 Figures 15 and 16 are plan and side views of a heat disapation device

for the apparatus of the present invention.

Figure 17 is a plan view of an inner electrode according to the present



WO 02/ 15350 PCT/ AUO1/ 01026 8 invention show ng a roughed outer surface
portion, and Wth respect firstly to figures 1 to 10 of the draw ngs

typi cal | waorvossna discharge cell according to the presePCT/ARVEOMR2ON can
conprise an inner electrode 1 having spaced peripheral groves 2 therein,
which define a corona 5 discharge zone § Resilient seals 3 are provided
within the grooves 2. A dielectric sleeve 4 is nounted coaxially wth the

i nner el ectr; loredKbwi I ém% ds on the sleeve 4. The
outer el ect r@g%ntéo can gacég*r@spsgt&g&r rqmﬂt oeéh]e el ectrodes 10

descri bed in our \Afﬁtbrreamntlfmstgdtolfrgweméttodrﬁ)acbf thatdeawvingsiy pically acoréiveee ends
of the sheeti.n cr.i nped.. an he sheet.ing tensioned .using an a

Shaned ool dSdhEs clCRORURE B e R BaeE YNy Hlon far Poidprisn @8 INaeT (e et al

menber grip éetaep I o the
sheeti ng. Th%gﬁtg%& (Fmr%e} ovi ﬁ%@%@yﬁ?éﬁ%nﬁ%ﬁ@ﬁ %ﬂﬁgggdv\cg?nésupp ly.

A nount i g tnhama;‘ge&ohetﬁavm in Figure 1 onI y) is fixed to one end of the

cell enabl es thelg L t.o b un ed E tge housi n of an ozone
generating appargiientia é\ﬁﬁ)‘)rOVA il esﬂ{%\@s? passes through a linb

of the bracket 6 R@%Ie@tﬁc%‘ié@@f Fﬁehn%rﬁ&%%éllg’?l‘/lﬂpth% iHAYPEIcBRHAE Q- ar;'a‘e

outer electrode 5 al so provi or an el ectri ower connecti on.
i nsul ating mbamr&lemhnr}siec&mdnmteﬂ sodrathgesleeve4 S abuts t he bracket 6. The

free end 9 of th ielectr eeve 4 exte ds beyond the,end of the inner
o ctrode 1 and S Pt st s bria DeaonsRuateg RIGRY B 1 sleskedsy t b a- 25
seal ant 140. ddbchBER if BEF BRfERCN Sné&mtéﬂfahﬁﬁéﬂ oRf AbSkkEEnbY a closed end
or cap. In t e arrangenent | strated e seals 3 |solate t he di scharge

zone S and pr evdrreel aalsafdhe sheetihg arpampad mﬂdhee@leahngl@srmmcht es the
di scharge 30.zone an

el ect rode calﬂﬁ"ﬂ)%aﬁraé\g?%gﬁgé\?sq H‘teé&&g?@bﬂ g‘n?h'g)?’toﬁéggg tﬁql’l rtee§: é]"in r
(not  shown) . of the metal member grip the free ends of the sheet and apply a uniform
tension to the sheeting. The metal member provides means for attaching a
15 power supply.

A mounting bracket 6 (shown in Figure 1 only) is fixed to one end of the
cell enables the cell to be mounted within the housing of an ozone generating
apparatus (not shown).

A threaded shank 7 passes through a limb of the bracket 6 and

20  provides for connection to a power source.

The outer electrode 5 also provides for an electrical power connection.

An insulating collar 8 outside the discharge zone S abuts the bracket 6.

The free end 9 of the dielectric sleeve 4 extends beyond the end of the
inner electrode 1 and the interiors of the extended portion are filled with a

25 sealant 10.

In some instances the sealant may be protected by a closed end or
cap.

In the arrangement illustrated the seals 3 isolate the discharge zone S
and prevent leakage into the zone and the sealant 10 isolates the discharge

30 zone and seals it off from ambient conditions.

The inner electrode can be provided with a bore 11 or may be a hollow

metal tube (not shown).



WO 02/ 15350 PCT/ AU01/ 01026 9 Where the inner electrode is provided with a
bore 11 the entry 12 to the bore nay be provided with a plug which wll
prevent tWeoyesbant being drawn into the bore. Wil st thepCTavon@ogks schar ge
apparatus of Figures 1 to 5 vary in detail in 5 all cases, the apparatus
isolates the inner electrodes 1 fromanbgent conditions. In Figure 1 a
seal ant 10, seals 3, and plugs 12 isolate the critical inner electrode

region. In Figureyfetdfd i"f\bleF'Ele%Prb?ﬁri%Fo%icgécwaﬁ%d?c?rl% ﬁhﬁ‘eﬁﬂﬁ@r ?% fd ﬂn%y

apparatus. 10 In sone | nstances, e dielectric sleeve

conpl etely Horelmsebé peovided withl @ piugodkich avill pedvemd tied sealantbeingrdyawnan
travel along th dielectric to the ends of the inner electrode 1. In
Figure 5, tHBIOXWEPURY 14 at the dielectric sleeve 4 is fashioned into a

coni cal shape a”g{\@ﬂ%@tc‘aranéﬂ%&ﬁlagef dadﬁréé?gﬁfggogﬁ&éﬂﬁg T {CQHRIEr)giP ddisil [nr ee

end 15 of the di ctric sleeve conpletely seals off
t he end. 5l n &l cases, the apearktiesisoladesithedhnéheledireties t fram sindwert 4 i S
simlarly done- shaped. Where the dielectric sleeve 4 is borosilicate gl ass
tubing or q IQ¥¥S-a 20 ceramic, a slight depression 17 (see figure 7)

can be mlled ar %Wg%ﬁéﬁ% iaﬁ%zé%’ladﬁetgl'oe%é@@ M ﬁ&%@i@@cﬁa@‘m&?%ﬁ iRhectric

can be nade to confo réssions to 'provide a seal ere the
i nner el ect reldetrode pgiom.ded with an internal bore, the bore can be

injected with argon.on assenbly and the_argon allowed to | eak to the ‘25
i nterface betwee n{higu'ffﬁ évr&gfatrr@ %ﬁﬁ'@“’t ﬁ%air Hgﬁ@pé@?@@dé in%&e gPRafdRs 18.
The arg will o lé?%n i g i{d | nce
corona :)ipoductio(rzllfI heé(%tée'ﬁé%ﬂﬁ%g@éo tﬁgeflﬁﬁerrgtﬁ%itr d%dm It%l t he zone
S can be r eyghesethebnneaelcotredesarikatsna blegtrickeharyergn tehigh afomgrithag,
multistart 30 thr ead,s%,ﬁ etching | aser rrag(ljien{)ng or equival ent processes.

p

Wth a vi gWCﬂ'ﬁleﬁFrlﬁ/th g?”ﬁﬁ!qfit inngs plect Spbints to nore effectively
control m cro-di sghfggRss efbitdfedd 9k ife bR iE5REVE A8 TFashioned into a

conical shape and completely seals off the end.
15 In Figure 6, the free end 15 of the dielectric sleeve 4 is dome-shaped
and completely seals off the end.
In Figure 7, the free end 16 of the dielectric sleeve 4 is similarly dome-
shaped.
Where the dielectric sleeve 4 is borosilicate glass tubing or quartz or a
20  ceramic, a slight depression 17 (see figure 7) can be milled around the inner
electrode at both ends and the dielectric can be made to conform to the
depressions to provide a seal.
Where the inner electrode is provided with an internal bore, the bore
can be injected with argon on assembly and the argon allowed to leak to the
25 interface between the dielectric and the inner electrode via pin holes 18.
The argon will occupy any irregularities at the interface and enhance
corona production.
The outer surface of the inner electrode within the zone S can be
roughened by various means such as knurling, chip forming, multistart
30 threads, etching laser machining or equivalent processes.
With a view to providing multiple peaks or points to more effectively

control micro-discharges emitted from the inner electrodes



WO 02/ 15350 PCT/ AU01/ 01026 10 The enbodi nents illustrated are consi dered
to be particularly suitable for ozone production in cool storage areas. A
corona diw@hzt33e0 appar at us housing will al so act as a heapCrADki/@m02h assi st
to dissipate heat via nounting brackets 6. 5 The applicants have devel oped
an ozone systemto overcone the problemgpf ozone and nitrogen bi-products
attacking the internal workings of the generator in a confined space,

I ncluding moi st efy é&%ﬁfﬁﬁémﬁm&{én%feocgﬂedcor%ﬁdaraa% beQER LB SN

mw ||
ensure long |ife and nore consi ste oper at1 ons of ozone. Tﬁe
corona di scher georgeprichiction ircebdl steragedeeas. ozone resistant materials.

Therefore, the cell can gperate in high ozone a spheres w thou anage

or deterioration.A g8rong digchargn appataiis PHP%‘”HM'%&Q 3%t 39 @Bnﬁgp%mképgct ronic

box to be i [ rea protecting if fromcold,
AN s 06 OIERLRRE @ oa, or oL oct

noi sture an par e ozone re which can be quite
corrosive. Wth rispegplidants haws dsvéloped 40 dzbae systeemis opencamesthehe ozone

generator into two sections: 20 an electronic upit generally indicated by
arrow 20, armoaﬁ%%ﬂ@@%ﬁeﬁ!@ttrmnc@mrog%ﬂé@3@99'”9&3%@?@&?'B’\SPFQ'PQ%@%21. The
el ectronic j ' ﬁ%er 1,C A ; : j nt ed
in a sui tabﬁgébﬁgg@hf?%%ﬂﬂgbfén 6?{Hélgddﬁ$‘r@6|3n%ﬂgﬁn§€verttg|§9gggs dg:;)wwer
supply (adapsterage rdomBre el ectronic unit 20 is installed outside the ozone
treatnment area 22. . The ozone generation celJl 21 (which, na ?.e corﬁ}r%

di scharge, cold Hhiasystest ¥l ersurslonckifeiand mere fensisient ﬁ@%’ia i9pa &

i nstall ?L% irbz%n?)m table cage or enclosure 23 to protect workers from
touchi ng "t he"cel'T when operating and to protect the cell from danage. 30
The cage or encl optw eodhal discheaige gensrdtioaded! isataxdd af ozanshreastardt ai nl ess
steel nmesh or punched steel plate to allow the free novenent of air over
the ozone genalei@on cell .

Therefore, the cell can operate in high ozone atmospheres without
damage or deterioration.

15 To save on costs, this new design allows an electronic box to be
installed outside of the treatment area protecting if from cold, moisture and
particularly the ozone atmosphere which can be quite corrosive.

With respect to figures 8 to 10 the system separates the ozone
generator into two sections:

20 ¢ an electronic unit generally indicated by arrow 20, and

¢ an ozone generation cell generally indicated by arrow 21.

The electronic unit consists of an electronic power board 20 that is
mounted in a suitable enclosure with a fan for cooling and a low voltage
power supply (adapter).

25 The electronic unit 20 is installed outside the ozone treatment area 22.

The ozone generation cell 21 (which may be corona discharge, cold
plasma etc) is mounted inside the treatment area and installed in a suitable
cage or enclosure 23 to protect workers from touching the cell when operating
and to protect the cell from damage.

30 The cage or enclosure 23 is made of suitable material such as
stainless steel mesh or punched steel plate to allow the free movement of air

over the ozone generation cell.



WO 02/ 15350 PCT/ AU01/01026 11 In cold storage roons, for instance, air
circulation systens are generally in place to circulate the cold air. This
new ozonav@yy1B/ desi gn allows for the use of circul ati ngp@i/AUOpEn0Rd tti ng
it to pass over the reactor cell with little restriction so as to generate
5 ozone. The openings in the cage or engljosure 23 need to be suitably sized
to prohibit sonmeone touching the cell when operating but |arge enough to

al l'ow a good fl QWc%!d @ofag%’@%r@@,%f:ﬁmggaﬁéairffB'TcP%riiSn:s?/g%%QéF%U' ating air

in the confined treatnen fan c sta in the cell cage

or encl osur gyeneraityoini plecd trecieguldtedine cbhieaif.an is the only itemthat nay have
sone susceptibility to ozone, and js not_ all_that ex%i?nsive,to repl ace

fromtinme to tinel NIANEWaPZONEsYstoM dgsian allpwreiordhe veg of FIreWating N cage or

encl osure Zéérﬂﬂttiﬁ{;?ﬁégj%s%gdv%%%r@eic‘iorf dM iR RitietrBSiEEOh S?fastteegnﬁerr lating

air inaco roo ce maxl mum ozone output tfromthhe cell due
to i nsufticieneair fl ow passing over the cell. Another option is to place
a large circulation fan (not shown) in the treatnent area., The cell 21 is

preferably be nmade'®ePPibge It e caden?r sRAIRTUrGIZS NekjLle DO UERRIY SizeddRm i s
di d | 1 d
used in a %reh&ﬁtg@g%ﬁ%@gch@ #he dell%wsg%é’r'aﬁﬁg Bt [R5 %h@ﬂ%h&c?aﬁ&}vﬁ and

noi st ur e. col cor ona arge-ozone~ generation ce
i deal for iguddiowofairaver thesgelt2tm It is made of cold, noisture, ozone
and corrosion resistant material.s. electronics unit is

€ : .25 Since_ th
mount ed out si de thE'are &apaeHeulaiRg alrjlp th%COﬂfmecgtfﬁ%@th%e% RdaBFERPEand
corrosi enyi Eni e power supply to
ensure E@er qé%%@?ﬁ%%?%ﬁca%séﬁégiﬁgéa%ﬁéé%gowéﬁﬁéég‘r@&?nsEI at ed, Egr¥i es
t he power from tHhehe tdreisttheonty iterhtthatombihéavelsbmasudueptibidibt toeoroner ea. 30

Wth respect to figures 11 to 14 of the drawings, a further formof corona
di schar ge agyutistned alidhgleexnensive tPHBP@&?&H’%?”%’%WQG has a high voltage

and zero vol t age/ gisgiliaRlRCL PSS be'moARdAR thE EBRELLY BF ¥nERRAFAES %
provide directed air flow over the cell if the circulating air in a cool room does
15 produce maximum ozone output from the cell due to insufficient air flow
passing over the cell.
Another option is to place a large circulation fan (not shown) in the
treatment area.
The cell 21 is preferably be made of ozone resistant materials. When
20 the system is used in a cold storage room the cell should
also be resistant to cold and moisture.
Our cold and moisture corona discharge ozone generation cell is ideal
for inclusion in this system.
It is made of cold, moisture, ozone and corrosion resistant materials.
25 Since the electronics unit is mounted outside the treatment area, it is
not exposed to the ozone and corrosion environment. The system calls for
low voltage power supply to ensure user safety.
A high voltage cable 25, suitably insulated, carries the power from the
electronic unit to the cell in the treatment area.
30 With respect to figures 11 to 14 of the drawings, a further form of
corona discharge apparatus is generally indicated by arrow 26 has a high

voltage and zero voltage/ground electrodes 27, and 28 respectively separated



WO 02/ 15350 PCT/ AU01/ 01026 12 by an air gap 29 and a dielectric 30. The

el ectrode 27 is a tubular material possibly nesh or netal sheet (which may
be coat edyoarndssshe el ectrode 28 is machined froma netal PaEr/AvoiVe26
dielectric 30 is a tubular hollow nenber. 5 The inner electrode 28 is
provided two fluid passages drilled from4he ends of a bar, each of the
passages being comruni cable with an annul ar shaped air gap 29 created by

outer walls aﬁ gﬁfg%{pﬁ%é %QQ% &g%gle@g,% é@e inner walls of the dielectric 30.

At the inner’end o Ssages Crosswi se apertures 32 provide 10
conmmuni cati on to THee efovtidder 22iis sg@bular. masenal tfodsitdy pnesh onsmetabgtiestnt
seals 33 in grooves 34 provide a_ regqgular s%ace bet ween the el ectrode 28

and the di el(@igh mayde ¢eated) ard the elkstrode2Js machinedifransa medal B3fom t he
air gap 29 by b“fﬁ@gi%?ie%trfié g@gseéég;%ﬂg@@ﬁ&pn{é&gwre wal | of the el ectrode
|

28. 15 Grooves 36 and an open r provi Spaces between the

di el ectrgc 30 andTHédinenreécteddec28 dslprédded dwastuld plastsagedribed font the o
provi de a pernmanent seal between these two el enents. One, end of the
el ectrode 2&Nds ot avhafeagnt of Hie PREEAGRN Deingegemauinicahle withhan apnilas

bol ting of tJh%g%Bg@Fyﬁgszé Qr&athf! oﬁ%’?t\&éﬁ[shof:ﬂ{ég8|e%tr%%e(§§§:gd2 e‘;]ihegfj:

14). The balance out'er surt’aces o e I nner electro
provi ded w t\alizoef thegliéleosicl@leat ed by threads or fluting (not shown). The
apparatus is thus grounded to the netal enclosure. Wen alﬁowder coaéﬁed

gal vani zed iron eNcihgsinneriendygkthe paesqgafdal crosswisataRRJIUWRS W2dPKYIR ound
of f Wnerl% ”@qvﬁr’ﬁhﬁic@?\gn%?ﬁ% E}"}{ laﬁéﬂga tgﬂ washer contact the enclosure,
y e con tlflle net’a

Addi ti onal | act W enicl osure allows for the netal

enclosure to act As witH #i@privdatis Smitbodiméntisesip3Bein flowvebeddt pyevidead ed in
t he corona appar at us ver&leffectively tQ ensure it operates at a very |low

t enper at ure.reQIP@ﬁ sPagpoe %ﬁ%&%@l‘?ﬂﬁ@d%géﬁéﬂi He digler r'!Co?ZRar 30 ozone
B et o e L9808, ok 84, 850800 Spltol o B B8 2o 00 oy,
by arrow 40 makheads/flanges 35 created in the wall of the electrode 28.
15 Grooves 36 and an open region 37 provide spaces between the
dielectric 30 and the inner electrode 28 and as such the opportunity to provide
a permanent seal between these two elements.
One end of the electrode 28 is provided with an external thread 38
which facilitates bolting of the apparatus to a metal control console 39 (see
20  figure 14).
The balance of the outer surfaces of the inner electrode 28 may be
provided with cooling fins created by threads or fluting (not shown).
The apparatus is thus grounded to the metal enclosure.
When a powder coated galvanized iron enclosure is used, the powder
25  coating should be ground off where the nuts and possibly associated washer
contact the enclosure. Additionally the contact with the metal enclosure
allows for the metal enclosure to act as a large heat sink and dissipates the
heat generated in the corona apparatus very effectively to ensure it operates
at a very low temperature. High temperatures during operation will lower
30 ozone production.
With respect to figures 15 and 16 of the drawings a heat disapation

device according to the present invention generally indicated by arrow 40 can



WO 02/ 15350 PCT/ AU01/ 01026 13 conprise a disc-like body 41 provided with a
plurality of apertures therein. A central aperture 42 has an internal
thread swoounmdsing apertures 43 may be open or filled w par/avol/ones gel s.
The outer edges or the body 41 can be provided with flutes 44. 5 The device
40 can be used as a nut to attach an inngs electrode to a bulk head and
has been found to greatly increase heat disapation. Wth respect to figure
17 of the dray Yo o : I aed surface
created by k(%jl% .ngéﬂﬁ%@%‘ﬁ?{ %Ep?%?w%tp aaft)l‘a?étlﬁfgg éﬁ%’%@ﬁﬁﬁ%ﬁ aser
machi ni ng or equiAakeatrdl ppedecs42 hasCarm irdemal firedd surfoaneingapeitaesad 3

mul titude of Be ks or 80%&%5 '@g nore effectively control m cro-discharges
enitted fronEHES MR OLhilied willyeeoling gelsoughened regi on S1 is approxi matel y
the same | ength AL B tepq of the ozone
produci ng zones gfhe%ggfgé'ie?bg??{rﬁfgé greg gﬁ%nméeﬁﬁ%in a@@ﬂggée%né%lescri bed by
way of IB5 exanpl EBhedeyicerdD canwid Usda aappnaticabtdch laatinmedefactraiedosa and

additions th to may, be made_wi t hout departing from.the scope thereof, as
et ned i n Bk AERR GRS PO Un D S B B R A DIAGHRN 4 | LA L 1
Cor ona di schar ge a kS PY: i hnaer Ci e (b
an el ongate di gl e\ﬁ?@i f:&?:égg\q/g%ﬁtgg Ognﬁ]'?%g%ﬁgér”yé?ée@?poggOiglal(%cgnhgﬁ (o)

el ongat e oute@ectedde hasderouphetesiirtacet dreatdideb e khuiling stleipvfermingd myliibstat pai r
of spaced se%I in bet ween the inner el ectrode and the dielectric

er
whi ch def i ndN&§A5: 8 : -"ﬂ)g'ja"ﬂ%ri RECHIBIIRT %Yal%"i RIRCCEHE - out er el ectrode
extends. 2. Coron?hé"réﬁé}?écggvﬁﬁtgfg BEAIE S MuftiidRs of :[Be%k@dl“ iN8eHShBrd Ne

1o inner electrode is a net 3. Corona di scharge appdratus as cl ai ned
in clai ml véfédivelytdontiohmdcroediechargds eniitted drondt: Wwneheketrodesr nal bor e
uhi chext ends SuBH{ apL b fbBloPEF W SpbrBSirR SR B S Hheh S8t
electrode and within the confines of the ozone producing zones S.
Aspects of the present invention have been described by way of
15 example only and it will be appreciated that modifications and additions
thereto may be made without departing from the scope thereof, as defined in

the appended claims.



4. Corona discharge apparatus as clained in claim| wherein the 15 inner
el ectrode is provided with circular spaced circular grooves in which the
seal i ng meobziss@are | ocated. 5. Corona di scharge appar at uBCHaUCl/@ioaEd i n
claiml wherein the sealing nmenbers conprise resilient Oring seals. 6.
Corona di scharge apparatus as clainmed in claim3 wherein the 20 internal
bore is sealed off. 7. Corona discharge ¥bparatus as clained in claim1l
wherein the outer surface of the inner electrode is provided with a rough
finish creat@dABYS: knurling, chip formng, nultistart threads, etching,

| aser machi n'.ng %%Oﬁmgﬁiﬁerﬁét rggfeft%%ﬁmﬁéi . Corona di scharge appar at us
ec

as clained i cl ai ner f ode, dielectric sleeve and

t he outer el ectrq@geaar@oﬁgétbndméméctm& Cor ona di scharge apparatus as
claimed in claiml wherein the dielectric sleeve is open %t one end and
crinped at anot helb) @Aclongatedigieetisslevey@rEntad o ths Grer e CHOBSnt rol | ed

envi ronnment 30 conpr.l.si |, b O} i r
appar at Ug’ as clai (?f:gglni%8H%+%%n@§ﬁ%§?ﬁ{)%&ﬁﬁedng%&nwg?%g(ﬁjé?‘gﬁ\rlllgrsﬁr:v%htaﬁd

and, provi ding a ceagsiir ofspavet sealing mentbers bbeveapthiainnsr iefecirodesarid on

renote fromthe controll ed environnent. SUBSTI TUTE S'HEE;;Q& RULE 26) . RO AU
WO 02/ 15350 PCT/ AUoihe diglgctrieswhich dgfinenan AZ008R"geusipgal be%’%fnﬁ‘gh'@ ng:

(a) an elongate inneﬁrl Sh t I&ﬂf‘odeﬁ(&te el ongate dielectric sleeve nounted
on the inner el ectrodee, Fe?c‘% an el ongate outer el ectrode nounted on the

di el ectric s?eeveComnadisehargerapparatesigshaaiaiedsipadtaim treviimrein taet endi ng from
the inner electrode which def LBe an ozone produci ng zone over which the
out er elldct ripBer alecinede is adNeianbal.r space between the inner el ectrode and

the dielectryc cfeagith diB¥hdle ARRFALS astisimidl ipfdlaifiph WHLBRItRE ext endi ng

fromrespective en el ectr an outlets from each of
t he bores i nihaet biecliodesipgmrevidéd. witto maniatethsichenegehizbpextands sabstantialyed i n
claim 11l wherein the , .
throughout the ozone producing region.
4, Corona discharge apparatus as claimed in claim 1 wherein the
15 inner electrode is provided with circular spaced circular grooves in which the
sealing members are located.
5. Corona discharge apparatus as claimed in claim 1 wherein the
sealing members comprise resilient O-ring seals.
6. Corona discharge apparatus as claimed in claim 3 wherein the
20 internal bore is sealed off.
7. Corona discharge apparatus as claimed in claim 1 wherein the
outer surface of the inner electrode is provided with a rough finish created by
knurling, chip forming, multistart threads, etching, laser machining or
equivalent processes.
25 8. Corona discharge apparatus as claimed in claim 1 wherein the
inner electrode, dielectric sleeve and the outer electrode are cylindrical.
9. Corona discharge apparatus as claimed in claim 1 wherein the
dielectric sleeve is open at one end and crimped at another end.
10. A method of generating ozone in a controlled environment
30 comprising the steps of positioning corona discharge apparatus as claimed in
claim 1 within the controlled environment and providing a connecting power
source for the apparatus in a position remote from the controlied environment.

SUBSTITUTE SHEET (RULE 26) RO/AU



outer surface of the inner el ectrode between the outlets is roughened. 13.
Corona di scharge apparatus as clained in claim11l wherein at 15 | east one
end of tweonnmBsro el ectrode outside the ozone produci ng zoreT/Ago1/proeei ded
with an external thread to facilitate fixture of the apparatus to a
supporting wall. 14. Corona discharge apparatus as clainmed in claim1l
wherein the spacers are provided in thed¥ormof resilient Orings and/or
flanges. 20 15. Corona discharge apparatus as claimed in claim21l wherein
the outer sutt.acdsommaidischargeappreitp 688N de t he ozone produci ng zone

are provided w t@;)’%goélélﬁ%t%g@%%l%a}% by threads or fluting. 16. Corona
S n

di scharge appar at aimll wherein the inner electrode,

dielectric sleevqpaad ditwgateicisleciieaisademountetyon this innat electbdé7. Cor ona
di scharge apparatus as clained in claim 11 wherein the inner electrode

ext ends t hr oughouc) 8AEiPRgaIRPUIRR Sleetiode prounted gndhe diglectric slesyvge.  18.

ol ectrodd i o f oorCha BNy B BRrBhatiipaciseliBels SHERGHD o heiBher
as clainmed in clai meléttioer whicht faefineoay lnezdne usrbdoeingszanes aved winchk the | i ng,

chip formng, nultistart threads etching, |aser machining or equival ent
processes. SUBSTI TUPHtesigleatrqde gxtends. ro AU

(e) an air space between the inner electrode and the dielectric created
by the spacers, and
10 (f) hollow bores extending\ from respective ends of the inner electrode
and an outlets from each of the bores into the air space.

12.  Corona discharge apparatus as claimed in claim 11 wherein the
outer surface of the inner electrode between the outlets is roughened.
13.  Corona discharge apparatus as claimed in claim 11 wherein at

15 least one end of the inner electrode outside the ozone producing zone is
provided with an external thread to facilitate fixture of the apparatus to a
supporting wall.
14.  Corona discharge apparatus as claimed in claim 11 wherein the
spacers are provided in the form of resilient O-rings and/or flanges.

20 15. Corona discharge apparatus as claimed in claim 11 wherein the
outer surfaces of the inner electrode outside the ozone producing zone are
provided with cooling fins created by threads or fluting.
16.  Corona discharge apparatus as claimed in claim 11 wherein the
inner electrode, dielectric sleeve and the outer electrode are cylindrical.

25 17. Corona discharge apparatus as claimed in claim 11 wherein the
inner electrode extends throughout and beyond both ends of the dielectric
sleeve.
18. Corona discharge apparatus as claimed in claim 11 wherein the
inner electrode is fabricated from metal bar.

30 19. Corona discharge apparatus as claimed in claim 12 wherein the
roughed surface is created by knurling, chip forming, muitistart threads

etching, laser machining or equivalent processes.

SUBSTITUTE SHEET (RULE 26) RO/AU



