WO 2010/ 084102PCT/ EP2010/ 050538 1 El ectrol ysis net hod, device and system
This invention concerns an electrolysis nethod" an el ectrolysis device and
a systemwonouws4@b el ectrol ysis gases for 5conbusti on, pici/apasioiosesbar f or
conbusti on engines, for exanple piston of turbine engines. It
has been known for sonetinme to obtain hydrogen and oxygen or a
stoichionetric m xture thereof (referred to bel ow as Brown's gas or
det onati ng gas) from wat delegirolysis method, devige and systemneen 10 proposed
for sonetine to use electricity from renewabl e energy sources in this
el ectrolysis in order thus to be able to use the hydrogen obtai ned by
electrolysis as a renewdhlse ihuaitionSccangermnshese @leopolyaiss rhethedhad dn mi ted
success, nainléﬁg E@ he | ow ef ficiency, of exis el ectrol si% devi ces.
I i{ols
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separation of a gas froma liquid electrolyte dver at [east one

el ectrol ysis &rbmerenginesider el ectric voltage, to artificially vibrate said
el ectrolysis electrode wth vi bration freguenc bubbl e
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i ncrease said I clrenc

present i nventn this etdmtr@lysis mcmdevehbs to bba;bleam diselthethyidesdery obtairged of the
el ectrol ysis el ect rode oscillates wth a | ower harnonic frequency of said
resonance freEMe@i@?tro YPiE dnenteievanie; Pﬁbt$%rfa'bithqsr?ep@%@r%ﬁéngﬁdage
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efficiency. The vibration a appears to have an”effect
nmol ecul es devices.

15 In the Chinese patent application CN 1 363 726 A, it has
been proposed, in order to increase the efficiency of an electrolysis
method for separation of a gas from a liquid electrolyte over at least one
electrolysis electrode under electric voltage, to artificially vibrate said
electrolysis electrode with a vibration frequency.

20 The gas bubbles forming on the surface of the electrolysis
electrode escape more quickly under this artificial vibration. The effective
surface of the electrode is thus not reduced too greatly by the gas
bubbles, and an optimum electron exchange can be maintained between
the surface of the electrode and the liquid electrolyte.

25 The aim of the present invention is to further increase said
efficiency. According to at least an embodiment of the present invention,
this is achieved in that said electrical voltage of the electrolysis electrode
oscillates with a lower harmonic frequency of said resonance frequency.

The harmonic oscillation of the electrode voltage interacts

30 with the vibration to further increase the electrolysis efficiency. The

vibration also appears to have an effect on the liquid molecules



WO 2010/ 084102PCT/ EP2010/ 050538 2 t hensel ves and unexpectedly increases the
efficiency of the electrolysis by collision between the nol ecul es.

Pr ef er ablwo2aiohseloect rol ysis el ectrode is vibrated at apPCesTPI@0OS)538
frequency. As a result the two effects age anplified further and 5the
efficiency of the electrolysis is even higher. Preferably said

liquid electrglyte contains water so.that sajd separate as, i .
conbust | ble. hiUTBIRIET A ARPARS Ry Eleassokin STRRNEY FR4Ns PleeiStan be
obtained fr Oﬁbyﬁbﬁi%idﬁ 5&%@3@@@&@@@. Preferably the conmbustible

hydr ogen-containing gas 1s 1 urned and the hot exhaust gasses resulting
fromthis conbustion pr&nefatabinesdidg@lectradysis eledirode csrbubsratdd eat a

hyd _cont ai ni . By _thj tive heat. the effici
o ot e efestated FeauBhe AR atsubln G BERAH ' abfiRlied Al coont
i nvention gl sehd effiglensy P trRNelRLR6l5R i¥ Sven BRytieze 15conpri sing:

a) said electrolysis vessel with at |east one pair of substantially simlar
el ectrodes each conpri sPrefesbleisaist iquic el sctiotrie wontaies mgterrsathakisald an

ol oment wi t - eugeigied brf JLA°EhPllcle BReROTLINT I 608 A Pl ™ o*°
vi bration cir effettive fuel can be obtaibgd nehetdmwitty Bigh efficiency. connected to

said el ectrodes, wherein each of the two e|l ectrodes of an _electrode pair is
connected to the circui Prefefaply nthe scorpisiitle yhydiagen-containing gascys g

vibrationgir BHHeoC%@e?ﬁ§%c§t°eﬁﬁ%zﬁa%tgggg%%szg‘@%lﬁﬂﬁ@tﬁom this omb\J?tior}"’her ein

said vibration cirtcurt has a reg control®the output voltage with a
vi bration freqgrehezy thetdgsidi water @eotfarl gesnisustibies biydirogenadondainimgngads. Bl t o sai d
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the combustion can be increased.
The present invention also relates to an electrolysis device
15  comprising:

a) said electrolysis vessel with at least one pair
of substantially similar electrodes each comprising an electrically
conductive material with an electrical contact for connection to an
electrolysis circuit, and a piezo element with two electrical contacts

20 for connection to a separate vibration circuit,

b) an electrolysis circuit connected to said
electrodes, wherein each of the two electrodes of an electrode pair
is connected to the circuit with inverse polarity, and

C) a vibration circuit connected to said piezo

25 elements,
wherein said vibration circuit has a regulator to control the
output voltage with a vibration frequency and said electrolysis circuit is
also connected to said regulator in order to control the output voltage of
the electrolysis circuit with a lower harmonic frequency of said vibration
30 frequency.

Preferably said regulator may be a pulse width regulator.



Preferably said regulator may be a pulse width regulator. WO

2010/ 084102PCT/ EP2010/ 050538 3 Preferably said vibration frequency nmay be a
r esonancewbdnequBsnny . Preferably said el ectrecysro1desisse is
fitted with an electricity supply fromrgnewabl e energy sources in order
thus to reduce the 5consunption of fossil fuels and the associ ated

gr eenhouse effect. The preSfa}] ]jgnventi on also relates to a

conbusti on syst em cont aPR$TREARWKISPIG  \WURHEN ESQUENSYi FIRY € cRIESRREMNE devi ce

and a gas Iinﬁegﬁgﬁ\g}gn the el ectrolysis device and the conbustion device
for feeding a c ustible electrolysis gas to the conbustion device. As a
result 10el ectricity i nPsefesally seudngleainelysiscmvideeisdbtiedewitiednietedriciher mal
energy in a useful nner . Pr ef erabl y  said s lipe contains a
saf ety bubbl epiPH; HORY fodswabls engiay. SQUEeR Bl diun a8t iesicactite 1rom
damagi ng tfie ebrsirhpliotsbsfosSh Ardls ahdhebesahhtedspbanBdssd éffiectal so contai ns
a non-return val ve connected before the safety bubbler. This prevents, in

the case of a negative phesyasent invenioreplsetiekitgsite asegublstion gystem om

preferanty « heouaS chih eBFUPBRERYERaE Carhailohn e 98 o8 R o1 age
tank connect edetweetathé @@strblysis. dédceang@ghé tcortrativnldevice rFeedinglee stored
in order to be used during high |loads on the conbustion devi ce.

Preferably t hEOREHBURIE BIFCHPYEEMAASs & HAE SAMDKRHARtIVIER ASnRedé@dito the
combust i ofy, Sy?b%m%tiﬁ.séhéaﬁwﬂﬁcg?%n ?éﬁ%@@g@%%%o.tggmcér%%%ﬁwyt he gas

| ine and/ or electrolfysis a resul usti ble el ect si s gas

and/ or el ectralysefid maswl can be preheated regeneratively by the

combustion gasses. Preferably said gas line contains a safety bubbler. This
prevents a flash-back from the combustion device from damaging the
electrolysis vessel.

15 Preferably said gas line also contains a non-return valve
connected before the safety bubbler. This prevents, in the case of a
negative pressure in the electrolysis vessel, fluid from being drawn back
to the electrolysis vessel from the safety bubbler.

Preferably the combustion system also has an electrolysis

20 gas storage tank connected to said gas line. As a result electrolysis gas
can be stored in order to be used during high loads on the combustion
device.

Preferably the combustion system also has an exhaust line
connected to the combustion system with at least one heat exchanger

25 connected to the gas line and/or electrolysis tank. As a result the
combustible electrolysis gas and/or electrolysis vessel can be preheated
regeneratively by the combustion gasses.

Preferably said combustion device is a combustion engine,
preferably a piston or turbine engine. As a result under some

30 circumstances electricity can be converted into mechanical energy in a

useful manner.



Preferably said conbustion device is a conbustion engine, preferably a

pi ston or turbine engine. As a result under sone 30circunstances

el ectri ciwyp 20mmshhm2converted i nto nechani cal energy in acuspbab/ossEsner. WO
2010/ 084102PCT/ EP2010/ 050538 4 4 Details relating to the
invention are described below with reference to the follow ng figures.

Figure 1 is a diagramo n, el ctrol s .el ectrode ccord 0 on

ermbodi nent of the invenh Is égjh@§n\éerg|%@ Fi ?fE&e ﬁbf an

el ectrolysis Péf}éféﬁe%‘%%%l "t]é)f,gg,eeserrbodl ment of the invention with a
pair of electrolysis electrodes” stuch as those in figure 1.

Figure 3 is a diagranmmmatiguredpisca dagrah ef aoeteatdlysis elgstrede accandiigig to an

enbodi ment of _the invention includin oan 10el ectrol ysis device such as that
in figure 1 affiode 85#(99@@ hoﬂﬁsln%erﬁ The el ectrolysis

el ectrode 4 shown in figigrel2iig a Highadhpite! UEFlcﬁbﬁCéff afle efctrolyaidl ess
steel with an electrical contact 2 and a piezo el enent attached to the

surface of thdeececaeenidingy lansmes eoioogimERbAtthaginyaniéen weth Fhipgirpbezo

el ement 3 con e isc 4 with a first

centrally loc%fegﬂ%ﬁés%gé@%ﬁ%s g@é §?ﬁ§5$§nh%§#§%ﬂt er ring 6 of brass around

the ceramc disc 4, w tRiguréegoRd seldtagrahmaatic @dpistion’ of | & tembbstic or e

possible to provoeaw ration of the piezo el enent wi t anaternat|ng
bl k b f th I 3 h I

vol tage bet we8YStERE aSRIURY st°5 Ahemoodimestk of bat inyAnHRN sinelvdinge @ntire

el ectrodeqd, f At
resonance1 reS@é’ﬁ@ osfc&lf\ﬂ% &l ec?rodéetﬁw's[]f:éq% nd é‘Soﬁlﬁﬁb%ﬁcg? ':@n?rol ysi s
devi ce shown in figure The®ledtudgsls eIand:rbdeHysh@NNda*sﬁgihre& soantren platg- a
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Cont act s 5 an of the piezo elenent 3 are connected vi‘a a chemcally
resi st ant cablselatmgaadhdsive.iltis piezowlemant 3 woataiuma pigzoreleatrie cetamic or der

L2t Va1 Sl P B e P TRATRG obl S 34 ™ ol gl o7 e o
of brass around the ceramic disc 4, with a second electrical contact 7. It
is therefore possible to provoke a vibration of the piezo element 3 with an
alternating voltage between the contacts 5 and 7, which vibration acts on
the entire electrode 1, in particular if the frequency of the voltage is a

20 resonance frequency of the electrode.

In the electrolysis device shown in figure 2, a closed
electrolysis vessel 8 containing a liquid electrolyte 9, in this case salt
water, has one or more pairs of essentially similar electrodes 1 of the
type shown in figure 1. Each electrode 1 is therefore fitted with a piezo

25 element 3 attached thereto.

Contacts 5 and 7 of the piezo element 3 are connected via
a chemically resistant cable to a vibration circuit 10 in a control module
11 in order to activate said piezo element 3 with a resonance frequency.
In a preferred embodiment of the invention, this vibration circuit 10

30 contains a crystal to set the frequency, a PLL circuit to maintain an
optimum resonance frequency without manual adjustment, and a self-

induction coil to drive the pulsating output voltage.



30 contains a crystal to set the frequency, a PLL circuit to maintain an
opti mum resonance frequency w thout manual adjustnent, and a self-induction
coil to dwowerndseiopul sati ng out put voltage. WO PCT/EP2010/050538

2010/ 084102PCT/ EP2010/ 050538 5 5 The contacts 2 of the el ectrodes
1 are in turn connected to an electrolysis circuit 12 of the control nodul e

11. The electrolysis cictcuit el f connected to . the vibratjon
GiToult 10 in order to APBIPTEAGR R FRARCTOLRR ACER DA TR BSISREN  he
el ectrodes 1 éﬁ eﬁ@ft%lﬁé@%r&@u@%%'thﬁ cONMBERRIdI ¢, The eusly <K chdlie pul se

wi dt h regul at tage is a | ower harnonic frequency synchronl sed with the
resonance f req2éaatyzekﬁfconhectedtioatheonbnaruonmmcwt 10 in order to applwaepulse a the

Phat via' 1 hos ¥ naBop GRS VA ade, P FRRTL ey el ages 1 et acress R vt or

nol ecul es. 5 Thehelartthel ¥sqferty 6hethigduide Mﬁdtﬁumlétéé Mta@@ﬂ‘s'@%\}v@ﬂ of the
pul se width regul ated voltage to the el ectrodes 1. Table 1

shows t he par Agenenis fegquencyssywthesriagd evit thwgsmaé@terfsew@yd@ﬁ/thﬁa Wi th
di sc-like el eci) &ﬁcﬁ,‘s |PJU|t130 nm di ameter and 1 15nm t hi ckness: Vibration
circuit 10 El && L% rcuit 112 Frequency [ MHz] CQutput voltage [V]

Frequency [kHz] CQutput wpls&gea the piezo element 3, the resonance frequency on
the electrodes 1 is set such that via these electrodes 1 the frequency is
10 transmitted to the water molecules. The electrolysis of the water is
supported by application of the pulse width regulated voltage to the
electrodes 1.

Table 1 shows the parameters of a tested example of this
electrolysis device with disc-like electrodes of 130 mm diameter and 1

15  mm thickness:

Vibration circuit 10 Electrolysis circuit 11

Frequency Output voltage Frequency Output voltage
[MHZz] V] [kHZ] V]
2.24 70-120 22.4 2.2

Table 1: Electrolysis parameters
20
Figure 3 shows a combustion system where the electrolysis
gas processed in the electrolysis vessel 8 can be used as fuel for a
combustion device, in this case a combustion engine 13. The electrolysis
vessel 8 of this embodiment of the invention also contains for safety
25 reasons a pressure sensor 14, an over-pressure valve 15, and an
electrolyte level sensor 16. The pressure sensor 14 monitors the internal
pressure of the electrolysis vessel 8 and is connected with the control
module 12 via a motor control module 26 in order to disable the



[V] 2.24 70-120 22.4 2.2 Table 1: Electrolysis paraneters 20

Figure 3 shows a conbustion system where the electrolysis gas processed in
t he el ectwolymims4messel 8 can be used as fuel for a conpostEPesO@sIsBEE, N
this case a conbustion engine 13. The elgctrolysis vessel 8 of this

enbodi mrent of the invention also contains for safety 25 reasons a pressure
sensor 14, an %\/?g_rvor% ure val Ye 15, and an el ectrolyte | evel sensor 16.
The pressure SESEONSE intenal PressuRe OeraMesrieedligla” bie PMer-eiesSSHI® ! ysi s
vessel 8 and | It t ri ' i trol
modure 26 1n SPUErTTY oA e e eSSt K R 0N %

el ectrol ysi s déangéreusreeelndlhepelesksalyte eyebsesserott s giso Tornented -witressur e

valve 15 is al|,so_set to .prevent the internal pressure fromyrisin bove a
Hanger ous Teullie may el TS e R BE IS e SRl SRR b The
ot or contg ol vi_éoéj@bgp@@inbmﬁi‘fﬂ% eFe@tr@f-i&é WeE fdlBeHesow R é(pé&ficeﬂeeél ﬂ‘h!isyte S
via a supply line 17 if the electrolyte level falls below a specific |evel.

This supply | Bueply7ineah? egans as@hovin aerneat HbectlectrolysigsyassebSswithgmi t h an

Shoc ol U S B EEbare Ao 12 IRBCES Shabblhe Vv B Rhyepoy
el ectrol ysis wrshed 28, bada nenabrve vahe &b ecatrindes the dlethelyed radkl 0l ysi s

vessel 8 is connected with the conbustion engine 13 via a gas line 20 so
that the el ecthglesiralygissvassnl §eergainsiahayerthe eirctosiesust i on engi ne 13.

Connected)jo the gas |i ﬁg?@&@ﬁ%ﬂfg@%@% W BoMREME Rith A1 gé{ﬂgbét‘%ﬂ cally

controll ed valve 22, a sa and ‘a vacuum punp rrven by a
car bon- br ush- Engieems3 vin,a gaslliae B8tser thhbtheselpatralysis gds cdrhbe sabpligd toubbl er

2 b 2k S Bl AR L RO e 28 88 Ay 24 1
oS v oo of L7, IECBANGSAT LYol o 9. S0 ter 8 shan speed
separ at or 25, vatigurgagumpn24 driven by a carbon-brush-free motor, and a water
15 separator 25. The safety bubbler 23 is included to retain any flash-back
from combustion so that the electrolysis vessel 8 cannot be damaged.
The motor of the vacuum pump 24 is also connected with the motor
control module 26 so that its rotation speed can be regulated by the
motor control module 26. Downstream of water separator 25, the gas line
20 20 branches into three lines 20a, 20b and 20c. In line 20a, a control valve
27 is connected with the motor control module 26 to regulate the gas flow
through this gas line 20a. Line 20b contains a three-way valve 28 also
connected with motor control module 26 and a gas storage tank 29. This
gas storage tank 29 is split by an elastic diaphragm 30 into a gas part
25 29a connected with a three-way valve 28 and a vacuum part 29b
connected via a reduced pressure line 31 with the inlet 32 of engine 13,
and also fitted with an air inlet 33 regulated by motor control module 26
via a solenoid valve 34. The reduced pressure line 31 is fitted with a one-
way valve 41. Line 20c with a one-way valve 35 bridges line 20b. The
30 three lines 20a, 20b and 20c open into the inlet 32 of engine 13, where
the air and fuel supply is regulated by a gas pedal 36 also connected with
the motor control module 26. The engine exhaust 37 passes over two



20 20 branches into three lines 20a, 20b and 20c. In line 20a, a control
val ve 27 is connected with the notor control nodule 26 to regulate the gas
fl ow t hr owmghotonissiogas |ine 20a. Line 20b contains a threeTw®gordmbosss 28 al so
connected with notor control nodule 26 apd a gas storage tank 29. This gas
storage tank 29 is split by an elastic diaphragm 30 into a gas part 25 29a

connected with a three-way valve_28 and a vacuum part. 29b connected via a

Feduced pr ess IPat PIETSENSiAtn hd NenTiat haat SrOBAgaIc8: & Caeardal ¢t od

with an air i ﬂh@&zo%"gj’ E%H@attecﬁebébrﬁBGé}rblé%p%tFél%s'@%? e ¥&&riy ﬁ@%ﬁ”o' d
uce itted w

valve 34. The re ressure line 31 1is a one-way valve 41.
Li ne 20c wi t hesclargendf, vegvlatezbbp thel gostrbl valve ol camieol@d by theendtones 20a,

20b and 20c open into .the inlet 32 of engipe 13 re the air and fuel
supply is reg ?5?@@89”'3%&9%&?3? t%egc%@é@n\fﬁes@\éﬂ “with the notor control
nodul e 26.5 The engi ne exhadat tRd RABSERILRY ledtlys¥ gas produced in the

2010/ 084102PCT/ EP2010/ 050538 7 heat exchangers 38, 39. The first heat

exchanger 38 elecyolysiscvessani& is biosghRei@ tine glerchnontieturpmalica 2l and

Valve 40" cont PRI 59O Salrea TPHAR SRl hu R o3 s Roriel bRy
el ectrol ysi s ergselys® gas s peenpddeuc ofrties safete bebblrr28 vgithe gaguproduced

in the electrolysis vessel 8 is brought via line 20 and non-return val ve 21
and el ect ri caPuB® Eftoi e, goibustibien eleatplysisafaasy thap peese dhropgd the

combust i bj @ eg'%‘fé[r[]%é%éz%@ﬁs f%’! ge%%%egufé’ﬁ)( Waté#‘&roﬁ)?ét@%i?#%‘? hrrfeyy by the

vacuum punp 2 ectrol ysi s gas then passes through the 10
wat er separ at onto 2thet gaselime 2@ (cat jadgerat esimdlacyp befarewthe lrcoantrustibte i ed

into th | j 0. i udd sim ) bef th nmbust i bl
el ectrol ysi s bletTrofiis 628 Rhtess f%fé@%?”ﬁ?l%illﬁéé(%rﬁgaarﬁa(?@@%ﬁuq%é%@& vely,
the conbust  bise, 64BN Gk Ba340sehOId e BIILLBNERNLEQkL Al ve 27

and the electrically contro ee-way val ve 28. These valves are 15
control | ed byandetheoetactricallyr contnaliddl éhree-veay oratien@8 olhdse Ivab@soare he
engi ne 13, _ Downstreamof, valve 27 . the conmbustible electrolysis S is

ot oheat ed by HRRrOEEERGGE Mar GenisbLsERy BuagireBors TRISEHGRE RS The
bridgi ng of | eAGind0P3.i BoRfbirdemadt val¢@ Tt aRé coRMUBEblcOaRctrdlySiscgadist i bl e
electrolysis gas is then supplied to the engine 13 via the I'ine 2020c.
When accel er aPrafieated pydigat edchargart Jebelege heinmsupmiied: tartbe-angine/aPve 28

olectrotysi o 508 Bhfihey8r Jie” 208, 15 fos &g BinPlact R B30, s i ne
20b. The gas sbobagtbleanctAysis gastiomwdn sapplieddol thkslengired 1l 8 Medtheblinghen t he

engi ne 13 (gerforms a speed reduction, and because of the vacuumcreated in
the inlet2®2, 20ge di aphragm 30 is drawn via the reduced pressure line 31 so

that the gas storage tapygd dkRRafih ds SeRkIredURBH e UngRubys! id e

el ectrol ysis gas which the engine does not require on cel eration.
30The i nventi threesvaptvaives2d iselitedes @vehén exagrptoebe alil¢ itogrhssba flewaot

changes are possible insofar as these fall within the f rk of the
clains bel ow CRBPUSTRIRTIECrOlY SR SasHTom DROAT PRERGe K 20¢p the engine

2010/ 084102PCTAERZ QRE/ P F3R gas storage tank 29 is automatically quickly refilled

25 when the engine 13 performs a speed reduction, and because of the
vacuum created in the inlet 32, the diaphragm 30 is drawn via the
reduced pressure line 31 so that the gas storage tank 29 takes in a small
quantity of combustible electrolysis gas which the engine 13 does not
require on deceleration.

30 The invention is not restricted to the examples outlined
above and changes are possible insofar as these fall within the
framework of the claims below. For example, although in the illustrated



8 enbodi nent the piezo elenents are attached to the el ectrodes using an

i nsul ati ng adhesi ve, a conductive adhesive nmay also be alternatively used.
For thesewoeasnissioche description and draw ng of the presemP2@ppsiseat i on
serve sinply and solely as illustrationsg W) 2010/ 084102PCT/ EP2010/ 050538
9 dains 1. Electrolysis nmethod for separation of electrolysis
gasses froma liquid electrolyte via at le | ectrol ysis el ectrode
nder el ect | EaIbORkTPRLER HRES sarBpRiscere: Fadned g GPELess JSng &l ect r ode
is 5 vibrategg attintr; ﬁééuVe‘Mat Boduyd tf‘%aéﬁl‘i’ |\f/éerﬁv\fnﬂ¥oarf@ aterthtRleRFL i C
vol tage of the e ec y5|s el'ectrode oscillates ower harnonic
frequency of saed ¥obrtheserebsengidheydescription and dra®ingEloédheopresest met hod
according to cl wherei n sai i brati.on frequency is a resonance
frequency. 10§pélcéaéppoﬁey%‘? §'WR§YI@8 S &%%Péﬂﬁ&t%O Be of claims 1 or 2,
wherein said liquid electrolyte contains water so that said separated

el ectrolysis gasses contain a conbusti bl e hydrogen-contai ni ng gas.

4. Electrolysis method according to claim 3, wherein the conbustible

hydr ogen-containing gas is burned and the hot exhaust 15gasses resulting
fromthis conbustion preheat the liquid water and/or the conbustible

hydr ogen- cont ai ni ng gas.



5. Electrolysis device conprising: a) an electrolysis
vessel wth at |east one pair of substantially simlar el ectrodes each
conpri si ngoanoalsembri cal | y conductive 20 nmterial w thpamprh@otsisssal
contact for connection to an electrolysig circuit, and a piezo elenment with
two electrical contacts for connection to a separate vibration circuit,

b) an electrolysis circuit connected to saié el ectrodes, wherein each of
the two el ectrodes of an electrode pair is nected to the circuit with

inverse polarity, and 4 Electrolysis metHod %N'égp%?étﬂﬁar gr %@c&ro@%@em ed

to said piezo el enents, and cteris hat
sai d vi brati ogasses from laalquidr elgatralyte vieo at deastodne Me(dmlyms aledttege with a

vi bration frequency, and sai d el ectroly cir al so nected to
sai d requl at ol on SRERal el FofreTRriReh B iRelad Hlsctiohv it SRer R ROl v <
circuit wiih gigrearariACiEMPWGh 4 QWWfr@ﬁuéﬁdzgﬂaﬁd kel eRietid equREcyf WO
2010/ 084102PCT/ EP2010/ 050538 10 | ectrol ysis device

accordi ng to theelacyolysitk elsictrodai esailiejes axitbr auléwar parseniy treauergyupbht or .
7. Electrol ys'éaig erja?gnglge%gjrg igg to one of clains 5 or 6, wherein said

vibration fre nce frequency of the 5el ectrodes.

8. Electrolysis device accor glaugrolysi®mretbbdchecording te® claimwi1y th@éreln
electricity supply froma renewabl e energy source.

Conbust i on sy§@@ﬁ4'%@ﬁﬁﬂlf’éﬂ%§nﬁ)ﬁ'Se@é%ﬁqr@n%l ESQYePCke accor di ng to any of
claims 5 {g 8, a combusgion %’f‘é’é‘b z\flon hgé‘sacl: %Q@Q}n‘@eﬁpclﬁnﬁs 1 or

el ectrol ysis device and the co evi ce pply t
2, wherein said liquid electrolyte contains water so that said separated

electrolysis gasses contain a combustible hydrogen-containing gas.
4. Electrolysis method according to claim 3, wherein the
combustible hydrogen-containing gas is burned and the hot exhaust
15 gasses resulting from this combustion preheat the liquid water and/or the
combustible hydrogen-containing gas.
5. Electrolysis device comprising:
a) an electrolysis vessel with at least one pair of
substantially similar electrodes each comprising an electrically conductive
20  material with an electrical contact for connection to an electrolysis circuit,
and a piezo element with two electrical contacts for connection to a
separate vibration circuit,
b) an electrolysis circuit connected to said
electrodes, wherein each of the two electrodes of an electrode pair is
25  connected to the circuit with inverse polarity, and
C) a vibration circuit connected to said piezo
elements, and
characterised in that said vibration circuit has
a regulator to control the output voltage with a vibration frequency and
30 said electrolysis circuit is also connected to said regulator in order to
control the output voltage of the electrolysis circuit with a lower harmonic
frequency of said vibration frequency.



conmbustion device with a conbustible electrolysis gas. 10.
Conbustion system according to claim9, wherein said gas |ine conprises a

saf ety bulbl2e10/084102 11. Conbustion system aecomPeng/os533€! ai m
10, wherein said 15gas line also containg a non-return val ve connected
before the safety bubbler. 12. Conbustion system according to

fo said gas Tine, b Eledrofys A acconiag 3o e B cor HHG Sy of
claine 8 to 1daqASoMd A nalsctiidttsdquritBe al so connected to the combustion
device with at q east ong Léeat exc%?anger connected to the gas |ine and/or
el ectrol ysi s tank. 7. Electrolydig.dediceh @sconming ya tand at otaicisng ero6any of
claims 8 to 1%, MOSrebly SAdusSRESLLSY G8Vh ChdhafcS ORBYSENST Singide: 20
5 electrodes.
8. Electrolysis device according to one of claims 5 to 7, with
an electricity supply from a renewable energy source.
9. Combustion system comprising an electrolysis device
according to any of claims 5 to 8, a combustion device and a gas line
10  between the electrolysis device and the combustion device to supply the
combustion device with a combustible electrolysis gas.
10. Combustion system according to claim 9, wherein said
gas line comprises a safety bubbler.
11. Combustion system according to claim 10, wherein said
15 gas line also contains a non-return valve connected before the safety
bubbler.
12. Combustion system according to any of claims 8 to 11,
with an electrolysis gas storage tank also connected to said gas line.
13. Combustion system according to any of claims 8 to 12,
20 with an exhaust pipe also connected to the combustion device with at
least one heat exchanger connected to the gas line and/or electrolysis
tank.
14. Combustion system according to any of claims 8 to 13,
wherein said combustion device is a combustion engine.

25



