- 1 - Lightweight, intrinsically safe ozone el ectrode The
present invention relates to a device for generating ozone according
io to the preanble of claim 1. Ozone 4§ a powerful oxidisation agent
for organi c substances and i norgani c conpounds containing el enents

wi th several oxidisation degrees. There are diverse areas of
application for ozone, one of which is its use in water treatnent.
15Technically, ozone can be produced by passing a silent electrical

di scharge through gas contai ning oxygen. Silent electrical discharge
is, in contrast to spark discharge, to be understood as a stable

pl asma di scharge or corona di scharge. Ml ecul ar oxygen is dissociated
into atom ¢ oxygen. The reactive oxygen atons subsequently attach 90
t hensel ves to nol ecul ar oxygen in an exotherm c reaction and form
triatom c nolecules, i.e. ozone. The ozone yield depends inter alia
on the electric field strength and operating tenperature. Moreover, a
dependegce on gas conposition has been observed. The dependence on
operating tenperature rests on the fact that ozone 95 deconposes nore
rapidly again into nol ecul ar oxygen at hi gher tenperatures and, due
to the resulting displacenment of the equilibrium between the
originating and disintegrating ozone, the avail able ozone
concentration is less. - 2 -

Lightweight, intrinsically safe ozone electrode

The present invention relates to a device for generating ozone according

10 to the preamble of claim 1.

Ozone is a powerful oxidisation agent for organic substances and
inorganic compounds containing elements with several oxidisation
degrees. There are diverse areas of application for ozone, one of which is

its use in water treatment.

15 Technically, ozone can be produced by passing a silent electrical
discharge through gas containing oxygen. Silent electrical discharge is, in
contrast to spark discharge, to be understood as a stable plasma
discharge or corona discharge. Molecular oxygen is dissociated into
atomic oxygen. The reactive oxygen atoms subsequently attach

20 themselves to molecular oxygen in an exothermic reaction and form tri-
atomic molecules, i.e. ozone. The ozone yield depends inter alia on the

electric field strength and operating temperature.

Moreover, a dependence on gas composition has been observed. The
dependence on operating temperature rests on the fact that ozone
25 decomposes more rapidly again into molecular oxygen at higher
temperatures and, due to the resulting displacement of the equilibrium
between the originating and disintegrating ozone, the available ozone

cencentration is less.



H gher field strengths, which |likew se |lead to increased ozone yield,
can be achieved inter alia by reducing the gap and by sel ecting
dielectrics 5 with higher relative dielectricity constants. Doped
glass or ceramic materials are used for dielectrics wth higher
relative dielectricity constants. However, dielectrics nade of
ceramic materials have the di sadvantage that they are non-honogenous
and, in practice, may have | ower dielectric breakdown strength than
honobgenous nmaterials. to Furthernore, high-grade ceramic materials
in the formof nmoulds with high dinensional stability are extrenely
expensi ve and thinner dielectrics increase the risk of a dielectric
br eakdown. Lim a -abl i f o i.n he gap.due to
unpreventagfgﬁgﬁge@%%ﬁ?ggﬁﬁrﬁﬁéagékggg%%ggkgﬁﬁﬂ@&ﬁfgﬁg6@ﬁgﬁﬁﬂe§h§an
buckl i ng dbe amimanfsmgﬁestbyesscaﬁ:ng@cthbggép @mﬁﬁsﬂ @élei:tﬁhgd)rtﬁélétgmba.
Since an ingrease in field strength by reducing the gap width and by
Using b el BEHT | RANG ¢ IR GPECCAEEY cFattagives RAPed) G 05 seramic
si gni fi canindiBeibRASErel NIRINULACHIEAGICEOWih highRPCiralativeMdisiePgity
been established here. 20 A device of the typereferred to above iIs
known frontowstasrs.chtweveie dplestigscdnpde apld aehemitl mytersigubaye ehe
gas- per nea teyd _ i cal i
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adj acent elmeer odeleniriel duoerkdalwnc ostoeragth2 5thdins changegensuf orrmatkrialhie

i oysly _k devi ce |j bstantially cylindrjcall trical
e ar ting EEERTOGe: Aia-Ar0F Secommcr Rl ahe ioctu! MTovbsnfitne
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and is arranged and centred nechani cal IS/ on the tubular dielectric.
The arrang8iegas e sigkiof aydie|lqatde bregitdayds no 30centring task. -3 A
device of the type referred to above is known from JP 1-51303, which
is |likew se substantially cylindrically symetrical. Two tubes are

hel d agai nst each other centrally by peripheral spacers. The annul ar

gap between said spacers is filled by the arrangenment which is
descri bed Aiinits have been established for reducing the gap due to unpreventable

15 manufacturing tolerances along with bending and buckliing due to
mechanical stresses and heat expansion in operation. Since an increase
in field strength by reducing the gap width and by using dielectrics with
high dielectricity constants I[eads to a significant increase In

manufacturing costs, financial limits have been established here.

20

A device of the type referred to above is known from WO 93/16001. The
electrically and thermally conductive, gas-permeable arrangement is
formed from a number of helical coils, which form a series of curved
surfaces, between which and the adjacent electrode an electrical corona
25 discharge is formed. The previously known device is substantially
cylindrically symmetrical. The arrangement together with a conductor
resting inside it forms the inner electrode in all embodiments. Said
conductor is a wire or tube and is arranged and centred mechanically on
the tubular dielectric. The arrangement per se is a filler that has no
30 centring task.



5 filler material. This is arranged in an irregular manner, which is
inevitably the case with a filler material, and it does not have the
task of nechanically centring the innes tube inside the outer tube.
In both cited docunents, a netallic conductor is provided in the

m ddl e of the el ectrode arrangenent as a support for the filler

materi al , i I ecty] t ' t he.
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reaction of the atomc with the nol ecul ar oxygen will also be better

conveyed i bet ween .t h | ect rode. an he diel ectric, .sinc
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20 th .
i ncread®d RRTVEE 3ha" RERTER Hatast ‘ggf‘ﬁﬁ?cf"@lrl Birits i nside the gap
is reduced. Since ozone has a tendency to disintegrate again with

I ncreasi ngThengesadtupAos art hatdigclbSSm e atiie-78epeBdent, et |dRUMERL
adjusts itself between the ozone content and the oxygen content,

effective EBBFIRRG eZMNRICANATAATS MBIl ae0lef @iteda miedoegrl and
| nprove thg ?/do%ﬂ?ﬁﬁ%gtdw@é énneréﬁlge%rlo'aec\?l%r el nggm t?eﬁ?wggah

whi ch the gas contal ni ng oxygen he "gener at ed ozone
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Lo, e 2L LA YR SHOSHIEL PR TE Shiea, F5REE RV o posa
the surfacep @hetdoeledl ERCtloesPahaBeRoRHBS ExBHEss agalfalRP bfagaitie A
therefore give off heat better.
silent discharge.
The electrically and thermally conductive, gas-permeable arrangement
means that during forced cooling of the electrodes, the heat generated
20 due to the discharge as well as due to the exothermic reaction of the
atomic with the molecular oxygen will also be better conveyed in the gap
between the electrode and the dielectric, since on the one hand, there is
a direct thermally conductive connection between the electrode and the
dielectric, and on the other, the area of heat transfer to the gas flowing
25  through is substantially increased while the heat transfer path to all
points inside the gap is reduced. Since ozone has a tendency to
disintegrate again with increasing temperature so that a temperature-
dependent equilibrium adjusts itself between the ozone content and the
oxygen content, effective cooling can diminish the disintegration of ozone

30 and improve the yield accordingly.



Due to the materials used and the | arge nunber of el ectrode
arrangenments in a powerful ozone generator, such an ozone generator
Is extrenely heavy which increases materi.al and transport costs.

Al so, the 10 behaviour in the event of a sparkover between the outer
el ectrode and the inner electrode or the meshes thus connected in an

o 111l SOREUELLYS SRR obs, D 058 o LGRSO Mg

puncture in't Iecrlc genra’lly 0 as
the el ect r@(éeeratddamd)nteh@odue:at'o@dthaagmlntosbéamﬁdrrf@p\ﬂ,saa:nrlmmtaﬁt flow
el ectrode, ,whi ch reﬁults in a 15%utdom ﬂf the entire ozon
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such that the overall weight of the device Is reduced

behavi ofir iARY®REdhensyhace véiheddirectyr @@qﬂaaimelegaoﬂﬁssawmﬁr&rﬁgam
sol ved by %Hde%h%ﬁ:éf’bpéj n?erBﬁr}%%'i‘Pd’éttte}’Mth the features of claim 1.
o

Since inth ectrod arr angenent r an ozone generator with a
tubul ar outer el ectrode, which concentrically encl oses a tubul ar
di el ectri c e atadi theanowtetialsefusad @hédr éhe ddhgedi mimberi of electrode

Wherein o ArianeE a4 PPEsth e AnTRET Reeh e e pRRER R
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dielectric and the ro t he ro is an i nsul ator he entire el ectrode
arrangéﬂentbeg‘éﬁ'%‘é 'Betg'!egﬁ}é%mi 87 BeSPRIFRYEF Léteﬁ‘é{ﬁeﬁ‘ﬁ heutsr electapde ang
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dielectric, the el ectrode arrangenent can denpnstrate I ntrinsica
safe el ect cPogHChavamner i nek denlr ifngredsidwresik@olm @ precture in the

substanti aldlé’fectrlc generally leads to a short circuit between the electrode rod and
the heat exchanger tube acting as an outer electrode, which results in a

15 shutdown of the entire ozone generator.

Proceeding from this prior art, the underlying problem of the invention is
to improve the device of the type referred to above such that the overall
weight of the device is reduced and its behaviour improved in the event

of a breakdown.

20 This problem is solved by an electrode arrangement with the features of

claim 1,

Since in the electrode arrangement for an ozone generator with a tubular
outer electrode, which concentrically encloses a tubular dielectric at a
distance therefrom, wherein the dielectric concentrically encloses a rod at
25 a distance therefrom, and wherein a filler material is provided in the
interstice between the outer electrode and the dielectric and in the
interstice between the dielectric and the rod, the rod is an insulator, the
entire electrode arrangement can be designed to be lighter than in the
prior art. In particular, in the event of a breakdown caused by puncture
30 in the dielectric, the electrode arrangement can demonstrate intrinsically

safe electrical behaviour since, during the breakdown, the substantially



5 lighter inner electrode, which consists solely of the filler
material, can evaporate w thout damagi ng the substantially

hi gher - mass outer el ectrode. The ozonesgenerator can generally remain
in operation in spite of the breakdown. 5Production is particularly
easy if the rod is solid. The rod can al so be holl ow which further

reduces thgquelgiHn "Pfelgt:]ﬁ?éér HETE Y nsichs %rlé!.}/%’lj e SillePPMSterial, can
arrangenent “I's produced if the rod is circular. However, a squafe rod
can si npl i eyapodectwidhout damiBgéng odhé s subsidrailyr eldigbeefreashl| puferom

hni cal f I 10.f DURAN PYREX gl . Th .
i er - mat Sl TheGR T Gondiiiot Mo BeRrrN Re T et 2bP) hesdleor
st ai nl ess sf eled bré&gwRwes,, netting or a woven fabric, a web-1ike

fabric or an unstructured wire material can be used in sinple
applicatio n is, achi eved

S. . A particularly conpact desi. s
particuf ar E{]Oq“f‘:ttoﬁ'e%f PPriacuRgy eﬁ’qsé’mlg'(%j'oé n‘gtﬁé'q- nthes §Pﬂc‘éarb@ﬂ$ﬁe@ﬁ
the di el echbilswaRichiTarthes rb8uBioMiORdightdr tedirf &fderh@ANECt i ON to an
el ectric power supply. An enbodi nent of” the present” invention is

descri bed bel ow using the draw ngs. . Figure 1 shows a truncated
| ongi t udi n&l PEreWIBFY aFPRySEcBFangeEainise PEpdUcER fiorthanres daecircular,

generator; 1@ifbver, a square rod can simplify production.

The rod is manufactured preferably from technical glass, for example,
10 from DURAN or PYREX glass.

The filler material is made particularly of wire mesh, preferably made of
stainless steel. However, netting or a woven fabric, a web-like fabric or

an unstructured wire material can be used in simple applications.

A particularly compact design is achieved particularly if the filler material
15 (5) in the interstice between the dielectric and the rod is provided with a

direct connection to an electric power supply.

An embodiment of the present invention is described below using the

drawings.

Figure 1 shows a truncated longitudinal view of an electrode arrangement

20 for an ozone generator; and

Figure 2 shows a perspective view of the electrode arrangement from

Figure 1.

25 Figure 1 shows a truncated longitudinal view of an electrode arrangement
for an ozone generator having a tubular outer electrode 1, an also tubular
dielectric 2 and an internal rod 3. The arrangement has rotational
symmetry. The outer electrode 1, the dielectric 2 and the rod 3 are

arranged concentrically in relation to each other.



Figure 2 shows a perspective view of the el ectrode arrangenent from
Figure 1. 25Figure 1 shows a truncated |ongitudinal view of an

el ectrode arrangenent for an ozone genegrator having a tubul ar outer

el ectrode 1, an also tubular dielectric 2 and an internal rod 3. The
arrangenent has rotational symetry. The outer electrode 1, the

di el ectric a2 affad hﬁi{é?ﬁweégaﬁ?r@srté e%o@ﬁéna%urﬂe?aélééftrhﬂerf' 2hd Yhet O
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el ectrode digdectricha &llivigeciheiintersticel i iy Kriided nivenes asdy, SA ik prowiled

W re nmesh .S provided accordi.ngl y.betwe the djelectric 2 he
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per Figure 1, around thé outside of cooling water circul ates.
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are known tironfatée generic prior art. The rod 3 arranged in the
centre of the electrode arrangenent is an 15 insulator as per

i nventi on, de, for example, fro | as r. _anot her teri .
compat 11 e RaEe, ) GelAaHR "B2BRE" ChRearRITHC 2, = Sebe | fherkgtied
1, be solidire m&Hdshg gRErstdrenprefébey eabaods abr@MaanBrtulas hollow
exposed in a known manner to a feed gas containi ng oxygen which

passes t hr 685t atagefroppaghipiniess sieebwinesmeshadfese CAMAOCREs ace Koawsr

the arrows ffm FhaWeReficHiihSaithe el ectrode arrangement from Figure 1
in a schemat i”& pelgspeec;tci ve view, wherein the individual conponents

are shown gulled apart in an axial direction. As Figure 2 shows, the
rod 3 can dhsordse T@nfangadedn dbeacanibe, off te eteaipdde argingssnenibés an

15 insulator as per invention, made, for example, from glass or another
material compatible with oxygen and ozone. The rod 3 can, as shown in

Figure 1, be solid.

During operation, the electrode arrangement is exposed in a known
manner to a feed gas containing oxygen which passes through the
20 knitted wire mesh 4 and 5 in the direction of the arrows 6.

Figure 2 shows the electrode arrangement from Figure 1 in a schematic
perspective view, wherein the individual components are shown pulled
apart in an axial direction. As Figure 2 shows, the rod 3 can also be

configured as a tube, for example a glass tube.

25  An electric power supply 10 is schematically implied, which is in contact
firstly with the outer electrode 1 and secondly, with the mesh 5. The
operating voltage provided by the power supply 10 produces a silent
electrical discharge in the cavities of the meshes 4 and 5, which
generates ozone from the oxygen which passes through the meshes 4

30 and 5 in the direction of the arrows 6.



25An el ectric power supply 10 is schematically inplied, which is in
contact firstly with the outer electrode 1 and secondly, with the
mesh S. The operating vol tage provi ded7by the power supply 10
produces a silent electrical discharge in the cavities of the neshes
4 and 5, which generates ozone fromthe oxygen whi ch passes through

t he meshes a [ e.[directi t 50 6; .
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of advaht a§e3LTEBNpEL & nitied waednesh pi indheydigsstiee ve stai nl ess

steel central electrode known fromthe prior art, w thout having a

negative eff @ppedfs ther SheGbli $aorRigPEY tdsanadulatdr RSt A iliAdiity Ldre
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3, Is specified as 2,2 Kk . ,pbue to the 15 |arge_nunber of
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nmi ni mum r eENg dighte Meighty Whpethenstaliypes steqiidiastis anvendionally usedi o
bet ween th e j AN T - US €
counter el gca:?lrj%gjeeng.?&v\ﬁf l%?d{rﬁ)g. gé%(Zdr"q(S/E{?fl;{g{ ehiégsﬁ%dcg o) rzfiﬁl&sét&?aéiﬁgééss
st eel tubewhitlghandeappedkor BE0G S isrepediied s 2,30t ky/ret.ecbtie adehies
made of _stainle teel. Wir ith a wre dianeter of approx, 0.2
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The required electrically conductive surface for the barrier discharge used

for ozone generation can be reduced to a minimum required size.

An important aspect consists in the mass ratio between the outer
20 electrode 1 and the knitted wire mesh used as counter electrode 5. While
the outer electrode is made of a stainless steel tube weighing approx.
350g per metre, the counter electrode is made of stainless steel wire with
a wire diameter of approx. 0.2 mm and weighing just approx. 12g per
metre. The knitted wire mesh 5 is therefore considerably lighter than the
25  outer electrode 1. The thermal capacity, melting temperature and melting
energy of the materials used for the outer electrode 1 and for the knitted
wire mesh 5 are more or less the same. The rod 3 is not involved in
electrical processes in the event of a breakdown and can be disregarded

in this respect.

30  This means that in the event of an insulation error, which may arise as a

result of a puncture in the dielectric 2 due to mechanical stress, the



25 outer electrode 1. The thermal capacity, nmelting tenperature and
melting energy of the materials used for the outer electrode 1 and
for the knitted wwre nesh 5 are nore -08 less the sane. The rod 3 is
not involved in electrical processes in the event of a breakdown and
can be disregarded in this respect. 8 - electrode arrangenent will

denonstrat gid LN f ?@ﬁ I : [,S S CIlECid t
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adversely affected in the process due to its substantially greater
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a solid cidoatanotodeed $ol bd sqgplacedr odmudiatela thLrb@. inﬁhasiﬂ:éllxpt befie
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the central el ectrode. Reference signs 1. Quter electrode 2.
Di el ect ri celectrode arrangement.,

Technical glass is the primary material used for the rod 3 which can be
configured as a solid circular rod, a solid square rod or as a tube. The
15 other components of the electrode arrangement correspond to the
generic prior art described above, wherein the power supply 10 contacts

directly on the mesh while in the prior art contact can be made at the

central electrode.



3. Rod 54. Knitted wire nmesh 5. Knitted wire nmesh 6. Flow direction
10. Electrical power supply 10 - 10 - Cains 5 1. El ectrode
arrangenent for an ozone generator w-tlg a tubul ar outer el ectrode
(1), which concentrically encloses a tubular dielectric (2)

Reference signs
1. Outer electrode
2. Dielectric
3. Rod
5 4. Knitted wire mesh
5. Knitted wire mesh
6. Flow direction

10. Electrical power supply

10



at a distance therefrom wherein the dielectric (2) concentrically
encloses a rod (3) at a distance therefrom and wherein a filler 10
material (4) is provided in the intersih ce between the outer
el ectrode (1) and the dielectric (2) and a filler material (5) is
provided in the interstice between the dielectric (2) and the rod
(3), characterised in that the rod (3) is an insulator and the filler
material (5) fornms an inner el ectrode. 152. El ectrode arrangenent
according to claiml1, characterised in that the rod (3) is solid. 3.
El ectrode arrangenment according to claim1, characterised in that the
rod (3) is hollow 4. Electrode arrangenent according to any one of
t he precedi ng 20cl ai ns, characterised in that the rod (3) is circular.
5. El ectrode arrangenment according to any one of the preceding
cl ai nms, characterised in that the rod (3) is nmade of gl ass.
256. El ectrode arrangenent accordi ngQlaims one of the preceding
clains, characterised in that the filler material (4) and the filler
material (5) are nmade of a knitted wire nesh

5

1.  Electrode arrangement for an ozone generator with a tubular outer
electrode (1), which concentrically encloses a tubular dielectric (2)
at a distance therefrom, wherein the dielectric (2) concentrically
encloses a rod (3) at a distance therefrom, and wherein a filler

10 material (4) is provided in the interstice between the outer electrode
(1) and the dielectric (2) and a filler material (5) is provided in the
interstice between the dielectric (2) and the rod (3),
characterised in that the rod (3) is an

insulator and the filler material (5) forms an inner electrode.

15 2. Electrode arrangement according to claim 1,

characterised in that therod(3)is solid.

3.  Electrode arrangement according to claim 1,

characterised in that therod(3)is hollow.

4. Electrode arrangement according to any one of the preceding
20 claims,characterised in that therod(3)is

circular,

5. Electrode arrangement according to any one of the preceding
claims,characterised in that therod(3)is

made of glass.

25 6. Electrode arrangement according to any one of the preceding
claims, characterised in that the filler
material (4) and the filler material (5) are made of a knitted wire

mesh.



7. El ectrode arrangenent according to any one of the preceding clains,
characterised in that the filler material (5) in the interstice
between the dielectric (2) and the redi{3) is provided with a
connection for an electrical power supply (10). 5 8. El ectrode
arrangenent according to any one of the preceding clainms,

characterised iffedtRfife [d1Pah@nerl ALdRBORT ton ahie SERNre el  pieding

el ectrode arran enent is made of gass or anot mat eri al
conpati bl e witisladgges Bnd v2oKet e t0ised in that the filler

material (5) in the interstice between the dielectric (2) and the rod

(3) is provided with a connection for an electrical power supply (10).

5 8. Electrode arrangement according to any one of the preceding
claims, characterised in that the rod (3)
arranged in the centre of the electrode arrangement is made of

glass or another material that is compatible with oxygen and ozone.
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