
WO 2010/084102PCT/EP2010/050538 1 Electrolysis method, device and system
This invention concerns an electrolysis method" an electrolysis device and
a system for use of electrolysis gases for 5combustion, in particular for
combustion engines, for example piston or turbine engines.              It
has been known for sometime to obtain hydrogen and oxygen or a
stoichiometric mixture thereof (referred to below as Brown's gas or
detonating gas) from water by electrolysis. It has also been 10 proposed
for sometime to use electricity from renewable energy sources in this
electrolysis in order thus to be able to use the hydrogen obtained by
electrolysis as a renewable fuel. So far these proposals have had limited
success, mainly due to the low efficiency of existing electrolysis devices.
15In 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. 20The 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. 25The 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 30with 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 themselves and unexpectedly increases the
efficiency of the electrolysis by collision between the molecules.
Preferably said electrolysis electrode is vibrated at a resonance
frequency. As a result the two effects are amplified further and 5the
efficiency of the electrolysis is even higher.              Preferably said
liquid electrolyte contains water so that said separated gas is a
combustible hydrogen-containing gas. As a result an effective fuel can be
obtained from water with high efficiency. Preferably the combustible
hydrogen-containing gas is 10  burned and the hot exhaust gasses resulting
from this combustion preheat the liquid water and/or combustible
hydrogen-containing gas. By this use of regenerative heat, the efficiency
of both the electrolysis and the combustion can be increased. The present
invention also relates to an electrolysis device 15comprising:
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 20for 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 25elements,              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.  WO
2010/084102PCT/EP2010/050538 3 Preferably said vibration frequency may be a
resonance frequency.             Preferably said electrolysis device is
fitted with an electricity supply from renewable energy sources in order
thus to reduce the 5consumption of fossil fuels and the associated
greenhouse effect.             The present invention also relates to a
combustion system containing said electrolysis device, a combustion device
and a gas line between the electrolysis device and the combustion device
for feeding a combustible electrolysis gas to the combustion device. As a
result 10electricity in some circumstances can be converted into thermal
energy in a useful manner.             Preferably said gas line contains a
safety bubbler. This prevents a flash-back from the combustion device from
damaging the electrolysis vessel. 15Preferably 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 30circumstances
electricity can be converted into mechanical energy in a useful manner.  WO
2010/084102PCT/EP2010/050538 4              Details relating to the
invention are described below with reference to the following figures.
Figure 1 is a diagram of an electrolysis electrode according to one
embodiment of the invention. 5Figure 2 is a diagrammatic depiction of an
electrolysis device according to one embodiment of the invention with a
pair of electrolysis electrodes such as those in figure 1.
Figure 3 is a diagrammatic depiction of a combustion system according to an
embodiment of the invention including an 10electrolysis device such as that
in figure 1 and a combustion engine.              The electrolysis
electrode 1 shown in figure 1 is a thin platelike electrode of stainless
steel with an electrical contact 2 and a piezo element 3 attached to the
surface of the electrode by means of an isolating adhesive. This piezo
element 3 contains a piezo-electric ceramic 15 disc 4 with a first
centrally located electrical contact 5 and an outer ring 6 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 25element 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.  WO
2010/084102PCT/EP2010/050538 5             The contacts 2 of the electrodes
1 are in turn connected to an electrolysis circuit 12 of the control module
11. The electrolysis circuit 12 is itself connected to the vibration
circuit 10 in order to apply a pulse width regulated voltage between the
electrodes 1 of each electrode pair, 5 wherein the frequency of this pulse
width regulated voltage is a lower harmonic frequency synchronised with the
resonance frequency of the vibration circuit.             In use, via 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 15mm thickness: Vibration
circuit 10 Electrolysis circuit 11 Frequency [MHz] Output voltage [V]
Frequency [kHz] Output voltage 



[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  WO 2010/084102PCT/EP2010/050538 6
electrolysis if the internal pressure becomes too high. The over-pressure
valve 15 is also set to prevent the internal pressure from rising above a
dangerous level. The electrolyte level sensor 16 is also connected with the
motor control module 26 in order to activate the supply of electrolyte 5
via a supply line 17 if the electrolyte level falls below a specific level.
This supply line 17 can as shown connect the electrolysis vessel 8 with an
electrolyte tank 18 and have a pump 19 connected with the control module
26, and a non-return valve so that in use the electrolyte level in the
electrolysis vessel 8 remains above the electrodes 1. 10The electrolysis
vessel 8 is connected with the combustion engine 13 via a gas line 20 so
that the electrolysis gas can be supplied to the combustion engine 13.
Connected to the gas line 20 are a non-return valve 21, an electronically
controlled valve 22, a safety bubbler 23 and a vacuum pump 24 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 WO
2010/084102PCT/EP2010/050538 7 heat exchangers 38, 39. The first heat
exchanger 38 is connected with line 20a to preheat the combustible
electrolysis gas. The second heat exchanger 39, regulated by the control
valve 40 controlled by the motor control module 26, preheats the
electrolysis vessel 8. 5In use, the combustible electrolysis gas produced
in the electrolysis vessel 8 is brought via line 20 and non-return valve 21
and electrical solenoid valve 22 into the safety bubbler 23. The
combustible electrolysis gas is pumped out of the safety bubbler 23 by the
vacuum pump 24. The combustible electrolysis gas then passes through the 10
water separator 25 to separate out any water droplets which are carried
into the gas line 20 (car judder or similar) before the combustible
electrolysis gas enters the engine 13. Via lines 20a and 20b respectively,
the combustible electrolysis gas is sent to the motorised control valve 27
and the electrically controlled three-way valve 28. These valves are 15
controlled by the motor control module 26 according to the load on the
engine 13. Downstream of valve 27, the combustible electrolysis gas is
preheated by heat exchanger 38 before being supplied to the engine 13. The
bridging of line 20b is active at a constant engine load. The combustible
electrolysis gas is then supplied to the engine 13 via the line 2020c.
When acceleration is required from the engine 13, the three-way valve 28
switches over in order to be able to pass a flow of combustible
electrolysis gas from the gas storage tank 29 to the engine 13 via line
20b. The 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.
30The 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  WO
2010/084102PCT/EP2010/050538 



8 embodiment the piezo elements are attached to the electrodes using an
insulating adhesive, a conductive adhesive may also be alternatively used.
For these reasons the description and drawing of the present application
serve simply and solely as illustrations.  WO 2010/084102PCT/EP2010/050538
9 Claims              1. Electrolysis method for separation of electrolysis
gasses from a liquid electrolyte via at least one electrolysis electrode
under electrical voltage, characterised in that said electrolysis electrode
is 5  vibrated artificially with a vibration frequency and said electric
voltage of the electrolysis electrode oscillates with a lower harmonic
frequency of said vibration frequency.              2. Electrolysis method
according to claim 1, wherein said vibration frequency is a resonance
frequency. 103.Electrolysis method according to one of claims 1 or 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 15gasses 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 25connected 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.  WO
2010/084102PCT/EP2010/050538 10              6. Electrolysis device
according to claim 5, wherein said regulator is a pulse width regulator.
7. Electrolysis device according to one of claims 5 or 6, wherein said
vibration frequency is a resonance frequency of the 5electrodes.
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 10between 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 15gas 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 


