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Description

FIELD OF THE INVENTION

[0001] The present invention generally relates to the field of the electrochemical cell. More particularly, the present
invention relates to an electrochemical cell for water electrolysis and/or for the production of electricity using traditional
technologies: the improvement increases the energetic yields.

BACKGROUND OF THE INVENTION

[0002] The exhaustion of fossil fuel reserves together with the environmental and climatic changes linked to their
utilization has developed new technologies which will utilize the hydrogen as source of energy. The advantages are
easily foreseeable using as energy source the sun, the renewable solar energy will be utilize to decompose the water
in hydrogen and oxygen, hydrogen burns either in conventional engines or in fuel cells without pollutants emission to
generate electric energy. Many technological aspects have still to be solved in order to implement this project, in particular
case those referring to the transformation of solar energy into electric energy and its further use for production of hydrogen
by water hydrolysis.

[0003] Presently, only 2% of the hydrogen produced comes from electrolytic processes, most of the hydrogen indus-
trially produced comes from the hydro-reforming of fossil fuels or as industrial by-product of industrial processes such
as oil refinery and PVC.

[0004] The electrolytic produced hydrogen has a high purity, but a high cost due both to the high cost of electric energy
and to the low yield, i.e. low efficiency in the energy conversion from electric energy to the chemical energy.

[0005] The incentives to improve the efficiency of the electrolytic production of hydrogen are presently small : although
the added value of high purity of electrolytic hydrogen would render the higher cost unimportant, such applications are
rare and the use of hydrogen for the production of energy is uneconomical either for production of electrolytic hydrogen
with high yields.

[0006] An improvement is expected from the continuous higher request of clean energy which foresees the use of
hydrogen both for production of electric energy and for use in the automobiles industry. In the next decade the request
of pure hydrogen will increase drastically, the need of more performing hydrogen production processes will be then
evident, i.e. not only higher energetic yields but intrinsic safe run conditions and simple hydrogen distribution network.
[0007] In order to contribute to the development of systems which avoid the use of fossil fuels such as coal or natural
gases, the choice of systems producing hydrogen from electrolysis of water is unavoidable. Environmentally friendly
electricenergy can only be produced using Aeolian systems, hydroelectric systems and finally using photovoltaic systems,
[0008] The energy sources of the first two systems are normally close enough to the site of further use of the electric
energy whereas efficiency and quantity of electricity produced using the photovoltaic systems is higher in secluded parts
of the hemisphere such as tropical and desert areas.

[0009] The photovoltaic system concentrates the solar energy and can attain up to 30% of electric conversion efficiency
through the use of a dual converter, two semiconductors with different band-gaps, receiving different fraction of radiation.
The produced photovoltaic electric energy can conveniently be used for the production of high purity hydrogen and
oxygen by water electrolysis. The H, stored as a metal hybrid is conveniently transported to the site of use and production
of electric energy.

[0010] A major goal in electro-conversion of solar energy is the use of electricity to produce H, and O, of high purity
using water electrolysis, transporting the produced H, and O, to the utilization site and recombining them in a fuel cell
for the production of electric energy.

[0011] Consequently in order to minimize the energy losses there is the need of developing electrolysers and fuel
cells of simple geometry and high efficiency, which can be simply adapted either as electrolyser or as fuel cell.

[0012] Besides the above describe system, where large size electrolysers and fuel cells are foreseen, there is a need
of developing technologies suitable for use in residential power system.

[0013] Alkaline electrolyser and alkaline cell based upon the technology of the alkaline fuel cells (AFC) were the most
promising. These cells have been successfully used in the Apollo project and have the highest output voltage among
fuel cells; furthermore, they may be operated over wide ranges of pressure and temperature. The technology behind
the electrodes has been refined in the 1980’s and uses low cost materials, C and Ni-mesh. The AFC needs pure gases
in input which limited their application and the further development of this technology.

[0014] The AFC are competitive with polymeric electrolyte fuel cells (PEFC). The AFC advantageously does not need
the presence of costly separation diaphragms or membranes, avoiding the known problems arising from their degradation,
and of noble metals catalyzed primary electrodes.

[0015] The alkaline fuel cells advantageously use low cost, carbon/nickel-mesh porous electrodes which can effectively
be employed in a modified cell working as electrolyser.
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[0016] The alkaline fuel cells are easily polluted from the carbon dioxide contained in the hydrogen produced from the
hydro-reforming of the fossil fuels. Such a problem does not exist when the hydrogen is produced from the water
hydrolysis. The hydrogen can be then used in a fuel cell producing electric energy and closing the energy cycle of
transformation of energy from electric energy into chemical energy and from chemical energy to electric energy with a
total energy yield above the 50%.

[0017] Document FR-A-1 452 701 discloses an electrochemical fuel cells module made up of couples of porous
electrodes forming the anodes and the cathodes and delimitating external gaseous areas and internal areas containing
the electrolyte and connected by an external electric circuit, a pressure modulator generating in use a pressure cycle
acting at the outlet of the electrolyte.

[0018] Documents US-A-3 338 747 and US-A-3 391 028 both disclose application of pressure pulses via the gas
supply circuit to the gas side of porous electrodes of the fuel cell.

[0019] The alkaline fuel cells are the type of fuel cells with higher yield, up to 65%, and able to work from room
temperature up to 200°C and at pressure up to 200 bar; this high flexibility allows the choice of the most suitable operative
conditions either for optimize the total yields or for reduce the complexity and cost of the plants.

DISCLOSURE OF THE INTENTION

[0020] Scope of the present invention is the improvement of the yield of an electrochemical cell with porous electrodes
able to be used either as electrolyser or as fuel cell.

[0021] Unexpectedly, its has been found that by applying a pressure modulation to the electrolyte the yield improves
up to 30% using the conventional cell with porous carbon/nickel-mesh electrodes.

[0022] According to first aspect of the present invention, there are provided electrochemical cells modules made up
of couples of catalytic multilayer porous electrodes forming the anodes and the cathodes and delimitating external
gaseous areas and internal areas containing the electrolyte and connected by an external electric circuit. The cell module
comprises pressure modulators generating in use two pressure cycles independently synchronized but of opposite phase
acting at the inlet and at the outlet of the circulating electrolyte, multilayer porous electrodes weeping on the gas side,
and means for exchanging heat in the porous electrodes of the cell modules through the electrolyte flowing into the
electrochemical cell.

[0023] According to a preferred embodiment the multilayer porous electrodes are of the conductive and hydrophobic
type on the gas side, the conductive and catalytic middle layers are hydrophobic and hydrophilic, and a hydrophilic layer,
non-conductive and non-catalytic, is on the electrolyte side.

[0024] Furthermore, the present invention provides an electrochemical process utilizing the claimed electrochemical
cells according to which the pressure on the gas side is maintained a a pressure P up to 200 bar; the electrolyte pressure
is varied stepwise between P+dP and P+dp by generating on the electrolyte positive pressure waves of amplitude dP
and dp at the frequency f., heat is exchanged in the porous electrodes of the cell modules through the electrolyte flowing
into the electrochemical cell.

[0025] Further, embodiments of the present invention are herewith described and claimed in the dependent claims.
[0026] These and other objects, features and advantages of the presentinvention will become clearer from the following
detailed description when read in conjunction with the accompanying drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] For a better understanding of the present invention, reference is made to a detailed description to be read in
conjunction with the accompanying drawings in which:

Fig. 1 - the electrochemical cells modules battery and modulators according to the invention
Fig. 2 - Hydrogen thermodynamic data

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0028] Preferred embodiments of the electrochemical module according to the present invention are described in
detail below by referring to the accompanying drawings.

[0029] Alkaline fuel cells use an electrolyte that is an aqueous solution of potassium hydroxide (KOH) retained in
porous electrodes. The concentration of KOH can be varied with the fuel cell operating temperature, which ranges from
65°C to 220°C. The charge carrier for an AFC is the hydroxyl ion (OH-) that migrates from the cathode to the anode
where they react with hydrogen to produce water and electrons. Water formed at the anode migrates back to the cathode
to regenerate hydroxyl ions. The chemical reactions at the anode and cathode in an AFC are shown below. This set of
reactions in the fuel cell produces electricity and by-product heat.
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Anode Reaction: 2Hy,+40H =>4H,0+4¢
Cathode Reaction: 0, +2H,0+4e =>40H
Overall Net Reaction: 2 H, + O, => 2 H,0

[0030] In the alkaline electrolysis cell, this set of reactions uses electricity and absorbs heat :

Cathode Reaction: 4H,0+4e=>2H,+40H-
Anode Reaction: 40H=>0,+2H,0+4e"
Overall Net Reaction: 2 H,0 =>2H, + O,

[0031] In the prior art Alkaline Fuel Cell (AFC) or alkaline electrolysis cell (AEC) the aqueous solution of potassium
hydroxide (KOH) electrolyte circulates between the porous gas-electrodes.

[0032] Wedefine as "Electrochemical Thermodynamo" ETC the electrochemical cell that can, without particular chang-
es, work either as fuel cell or electrolysis cell, with the combined effect brought by the heat exchange inside of the porous
electrodes between the fluctuating electrolyte and the catalytic active centers because of the pressure pulses : the so
called thermo-dynamic electrochemical process.

[0033] Figure 1 shows an Electrochemical Thermodynamo according to the invention. A battery of modules of bipolar
cells 11 is represented. Each module is formed of a couple of porous electrodes (15) defining three zones, one filled
with electrolyte (14) and the other two (16) external to the electrodes filled with gas at the same pressure P. On the
frame of the battery anodic and cathodic gas adduction ducts (19, 20) are depicted. The porous electrodes (15) are of
the weeping type and the drops are drawn from the ducts (17, 18) and recycled back to the electrolyte circuit. Two ducts
(2, 3) in connection with the electrolyte inlet and outlet are shaped on the frame. Numeral (21) refers to the electrical
connection to the electric circuit.

[0034] The valves pressure modulators are schematically represented on the top of the figure.

[0035] The modulators are moved by a not drawn external motor for the circulation of the electrolyte into the electro-
chemical cells modules through the feeding pipes (1 and 2), the draining pipes (3 and 4).

[0036] The rotating shaft (9) moves the cams(10) which work through the followers (0) of the tappet rods on the fungus
heads of the valves (7) with return springs so that when a valve is open the other is closed and vice versa.

[0037] Numerals (1) and (4) indicate respectively the electrolyte inlet and outlet, connected to two tanks at pressure
P + dP and P + dp, respectively. The modulators define two parts (5a-electrolyte, 5b-oil) : the part 5a has two chambers
separated by a vertical septum (6) and each chamber, in electrolytic ambient, has two volumes one lower and one higher
intercommunicating that are separated by bored plate (8) and connected through the valve (7). In the depicted embodiment
the mechanical system opens and closes the valves alternatively, creating the alternating pressures which transmit
waves to the cells modules.

[0038] The electrolyte flows in the prior art EC or FC at constant flow rate. According to the present invention in an
ETC the flow rate is varied by modulating the pressure of the electrolyte. The electrodes of an ETC are those known in
the art. They are porous and formed in sandwich multilayer assembly, by juxtaposition and heat sinterised under pressure,
on a metallic mesh which will later constitute the electric conductor. The mesh is to be found on the gas side. The different
layers present hydrophobic layers with macro-porous and micro-porous matrix containing hydrophilic metal-catalytic
clusters.

[0039] The electrodes constituents can be for instance mixtures of carbon powders and PTFE (politetrafluorineethyl-
ene) or similar binders. The ratio binders/carbon powders is higher in the layers close to gas side and the metallic mesh
connectors and lower on the side of the alkaline electrolyte, where the layers are richer in carbon catalytically activated
by metals and compounds known in the art. The electrodes, used for the AEC, further present for both cathode and
anode on the electrolyte side a non-conductive and non-catalytic, preferably hydrophilic, layer. The porous electrodes
are weeping at the gas side in.the form of drops. The electrolyte drops are recycled into the electrolytic cell.

[0040] The pulsating flow of the electrolyte within the porous electrodes is produced by two opening/closing valves
operating on the inlet and in the outlet of the electrolyte to/from a module or to/from the cells modules battery.

[0041] Considering P the pressure of the gases at the anode or cathode side, the valve at the electrolyte inlet side
produces an overpressure P+dP and alternatively the valve at the electrolyte outlet side an overpressure P+dp, where
dP > dp.

[0042] The electrolyte, exhibiting the intrinsic incompressibility property of the liquids, transmits instantaneously to the
electrolyte, within the electrodes, the pressure waves. The waves act in every direction and particularly towards the
porous electrodes.

[0043] The explanation of the innovation advantages can be based on a microscopic model of the standard process
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occurring at the electrode, where the main potential drop, diffusion polarization and charge transfers, are due to the
bubbles formation near the reaction centers; in the innovation the flow of electrolyte through the active sites decreases
these phenomena and increases the efficiency of the electrochemical cell.

[0044] Further, the electrolysis of the water is an endothermic reaction ; the active centers, particularly where oxygen
evolves, become cold-spots, which hinder the oxygen evolution. Advantageously, due to the pressure modulation, the
heat exchange takes place between cold-spots and the electrolyte flowing through the pores, the temperature distribution
throughout the porous electrodes is improved, i.e. permanence of the isothermic materials structures, together with the
electrode average life.

[0045] According to a further embodiment of the invention there is a heat supply to the cell , heat as external source.
Accordingly, part of the energy needed by the water electrolysis is supplied by the direct transformation of heat into
chemical energy. The mechanical energy dissipated for assuring an effective pressure modulation is unimportant com-
pared to the electrical and energetic yield increases and the improvement of the electrodes lives.

[0046] Advantageously, the electrochemical cell according to the invention can be utilized, without substantial changes
of the cell geometry and electrode constitution, |either in an electrolyser or in a fuel cell. The electrodes for the electrolysis
cell present on the electrolyte side additionally a porous layer preferably hydrophilic, non-conductive and non-catalytic.
[0047] Figure 2 represents the diagram of the hydrogen thermodynamic data , i.e. hydrogen production by electrolysis
as function of the temperature. For voltage above the thermo-neutral potential, which varies only slightly with the variation
of temperature, the electrolysis occurs with heat evolution, heat which must be taken away; whereas for voltage within
the thermo-neutral line and the reversible potential line the production of hydrogen occurs by adsorbing both heat and
electricity.

[0048] Contrary during the water synthesis in a fuel cell the low solubility of H, and O, in the electrolyte decreases
their concentration and hinders their migration towards the reaction centers especially on the cathodes hot spots where
the O, reduces to OH- and migrates towards the anodes to react with the hydrogen oxidized to form water. The overall
transformation of chemical energy into electric energy is hindered and consequently the yield of the fuel cell decreases.
[0049] The electrochemical cell according to the invention cools the hot-spots since it solves this problems by applying
on the electrolyte side an overpressure dP (the gas side has the working pressure P) followed by an overpressure dp
lower than dP. The higher overpressure dP, acting on the electrolyte, causes the flow of the electrolyte towards the
interior of the porous electrode, crossing at the beginning the hydrophobic macro-and micro-porosities and further flowing
into the hydrophilic metal catalytic clusters. During part of the cycle at lower overpressure dp the electrolyte flows back,
as the result of the hydrophobic capillary forces and of the hydraulic phenomena of the hydrophilic catalytic clusters.
The two overpressures are applied for angular cycles of length 1p and 1, where 1p < 1, at the frequency f = 1/T where
T=1tp+1,

[0050] Through the pressure pulses of the electrolyte increases the quota of energy which goes to useful work in both
Electrolysis, conversion of electric energy to chemical energy, and Synthesis, conversion of chemical energy to electric
energy.

[0051] The electrolyte fluctuations inside of the porous electrodes determine volumes for the heterogeneous catalytic
reactions that drop the electrodic overvoltages, improve the kinetics while the electrodes are quite isothermic.

[0052] Accordingtothe invention, under dynamic pressure conditions a catalytic electrode volume has been generated,
which replaces the interface of the three phases of the static process and determines the anodic activation (heat supply
for the electrolysis) and cathodic activation (cold supply for the synthesis).

[0053] The heat exchange is concerning the catalytic metal clusters of the O,-porous electrodes where the entropy
variation heats are very much greater than the H,-porous electrodes and where the electrodic overvoltages are big in
the static process.

[0054] The innovation improves the catalytic activity and kinetic enhancement of the electrochemical reactions.
[0055] In the process according to the invention the frequency of the pressure modulation varies between few Hertz
up to some tens of Hertz, in the range from 1 to 50/60 Hz, whereas the pressure difference dP - dp, in the inter-electrodic
space, varies from 1 meter up to some tens of meters of liquid heads, in the range from 1 to 30 m.

[0056] The electrodes are porous carbon based and there are some examples : the porosity varies around 1-10 nm
for the transport hydrophilic layers at the electrolyte side as well as around 1-20 nm for the diffusive and transport
hydrophobic layers at the gas side onto the metallic mesh of current distribution. The intermediate catalytic layers have
hydrophobic and hydrophilic micro-porosities 0.1 - 1 nm, whereas the catalytic and hydrophilic porosities have dimensions
around 0.01-0.005 nm, where is concentrated mostly the total catalytic surface. The electrodes are produced by syn-
terising carbon powders, which have been previously activated with catalytic metals or compounds known in the art and
consequently brought together with PTFE or similar binders using process known in the art and described in International
J. Hydrogen Energy, Vol. 10, No. 5, pp. 317-324, 1985.

[0057] With the low cost carbon electrodes according to the invention the produced or consumed current is limited to
0,2-0,3 A/cm? (technical current) in order to maximize the energy quota which goes to useful work.

[0058] The electrodic current can be higher than the technical current and the delivered voltage in the fuel cell increases
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up to 0.9 V when a pressure modulation is applied to the cell, whereas for the equal value of current density the voltage
in the same fuel cell, without pressure modulation, is of 0.7 V.

[0059] Analogously, in the electrolyser according to the invention working at the equal current density the applied
voltage decreases from 1.9 V for the static process down to 1.4 V with the dynamic functioning electrolyser, which
indicates that the electrolysis occurs by both heat consumption and electric energy according to the diagram of figure 2.
[0060] The electricyield (EL.Y) is respectively the ratio V¢ /E e, for the fuel cell - AFC and E,,/V ¢ for the electrolysis
cell- AEC and the energetic yield (EN.Y) is the ratio Vg /Vyp, for the AFC e Vi, /V g for the AEC where V,,, equals
the thermo-neutral potential.

[0061] The maximum energetic yield for the thermo-assisted electrolysis at 25°C, being V,,,,,=1.48V and E,,,=1.23V is:

ENY . ‘ . = thv/E[ev = 120%

[0062] At 80°C V,,,=1.49V and E,,= 1.18V and the above indicated data give the results :

FCs FCqy EC, Cq
ELY from59% to76% from62% to84%
ENY from47% to60% from78% to 106%

Where subscripts "s" and "d" stand for static process and dynamic process.
[0063] In the dynamic electrolysis process the voltage drops to1.4 Volt and the consumption of electric energy is :

14 V x 53.604 AW 224 Nm® =  3.35 KWW/Nm’ H,

[0064] In the static electrolysis process the voltage increase up to 1.9 Volt and the consumption of electric energy is :

1.9V x 53.604 Al 224 Nm’> =  4.55 KWh/Nm'H,

[0065] In the dynamic electrolysis process the energy consumption drops more than 1 K Wh/Nm3 H,, in other words
the efficiency increases of 35% and the overall conversion of electric energy into chemical energy is higher than 80%.
The electrolysis occurs because of the combined action of heat and electric energy supply.

[0066] Analogously, the fuel cell with the delivered voltage of 0.9 V gives:

0.9 V x 53.604 Ab/22.4Nm3 = 2.15 Kwh/Nm3 H2

[0067] In the dynamic fuel cell the energy conversion efficiency increases of 28% and the conversion of chemical
energy into electric energy reaches the 75%.

[0068] The total cycle of the conversion from electrical to chemical energy and back has the EL.Y of 64%

[0069] The electrochemical cell according to the invention can advantageously be used either as electrolyser or as
fuel cell using the same low cost electrodes which show a higher durability. The cell according to the invention has
intrinsic security due to the higher pressure at the electrolyte side with regards to the gas side of the porous electrodes
because of the hydrophobic character of the electrodes and the cell is intrinsically safe and does not necessitate the
use of costly membranes or diaphragms for separating anodes and cathodes.

[0070] A software program commands the timing of the pulses modulator at the frequency "f' and controls the electrolytic
overpressures difference "dP - dp". A data acquisition board does all data logging including the electrical quantities in
order to optimize the power and the energy quota which transforms into useful work in agreement with the needs of the
plant.

[0071] The dynamic modulation of the electrolyte within the pores of the electrodes increases the efficiency of the
electrochemical cell since the contact time of the multi-phase interface gas + liquid + solid active centers is approaching
the reaction times of the electrochemical reactions. The heat exchange within the porosity of the electrodes has improved
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and the decrease of cold- or hot-spots has enhanced the life of the electrodes; the specific reactive surface per volume
unity is increased and the mass transport of reactants and reaction products is superior.

[0072] The electrochemical cells according to the invention can be advantageously integrated in the present energy
production systems which produce heat as waste by-product, such as the nuclear and conventional thermo-generating
energy plants. This waste heat can be used as heat source in the electrolysis cells according to the invention increasing
the overall energy yield.

[0073] In the world that changes the scenarios are manifold with the presence of nuclear energy and petrol.

[0074] Analogously, the surplus electric energy produced by the power stations in off-peak hours can be used in a bi-
functional Electrolysis/Synthesis plant according to the invention, which turns out the surplus energy into hydrogen and
oxygen directly at high pressure, that can be used, when needed during the peak hours, to generate electric energy
using the fuel cells according to the invention.

[0075] Further, it is foreseen its use in residential energy systems with zero emissions, based on the solar energy,
photovoltaic and thermal panels and on the use of hydrogen as energy vector. This system is capable to work either
connected to an electric network or locally to realize a simple hydrogen’s production and distribution.

[0076] The invention puts together Electrochemistry & Electronics realizing the energy savings either in the chemical
industry, in the automotive industry, in the residential power generation and in the nuclear and thermo power generators
through the above described enhanced use of heat.

Claims

1. The electrochemical cells modules made up of couples of catalytic multilayer porous electrodes forming the anodes
and the cathodes and delimitating external gaseous areas and internal areas containing the electrolyte and connected
by an external electric circuit characterized in that the cell module comprises:

* pressure modulators generating in use two pressure cycles independently synchronized but of opposite phase
acting at the inlet and at the outlet of the circulating electrolyte,

» multilayer porous electrodes weeping on the gas side, and

* means for exchanging heat in the porous electrodes of the cell modules through the electrolyte flowing into
the electrochemical cell.

2. The electrochemical cell according to claim 1 wherein:
« the multilayer porous electrodes are conductive and hydrophobic on the gas side,
« the conductive and catalytic middle layers are hydrophobic and hydrophilic, and
+ a non-conductive, non-catalytic, and preferably hydrophilic, layer is on the electrolyte side.
3. Theelectrochemical cell according to claims 1-2 wherein the pressure modulators are linked with two tanks containing
in use the electrolyte at two different pressures and each connected respectively at the inlet and at the outlet of the

cell by a valve.

4. The electrochemical cell according to claims 3 wherein the opening section of the outlet valve S and of the inlet
valve s are such that S>s.

5. The electrochemical cell according to claims 1-4 wherein the pressure modulators modulate in use at a frequency
in the range from 1-60 Hz, preferably in the range from 1- 50 Hz.

6. The electrochemical cell according to claims 1 to 5 wherein
* in use an energy source provides an external continuous current to the porous electrodes such that at the
cathode there is H, formation and at the anode there is O, formation, and
« in use the electrolyte is an aqueous solution of KOH.

7. The electrochemical cell according to claim 6, wherein the cell is an electrolyser.

8. The electrochemical cell according to claims 1 to 5 wherein

« the electrolyte is an aqueous solution of KOH, and
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« electric energy is drawn from the porous electrodes by feeding the gas sides of the electrodes with respectively
H, and O,.

9. The electrochemical cell according to claim 8, wherein the cell is a fuel cell.
10. Electrochemical process utilizing the electrochemical cells of claims 1 to 9 comprising the following steps:
» maintaining on the gas side a pressure P up to 200 bar;
« varying at the internal side discontinuously the electrolyte pressure in the range P+dP and P+dp
« generating onto the electrolyte pressure positive waves of amplitude dP and dp with the frequency f: when
one valve is open the other is closed and vice versa,
+ exchanging heat in the porous electrodes of the cell modules through the electrolyte flowing into the electro-
chemical cell.
11. Electrochemical process according to claim 10 wherein the overpressures are such that dP > dp, preferably the two
overpressures are applied for cycles of length typ and 1y, where 14p < 14, at the frequency f=1/T where T = 14p +
Tqp MoOre preferably the two overpressures are applied at a frequency in the range from 1-60 Hz, preferably in the
range from 1- 50 Hz.
12. Electrochemical process according to claims 10 to 11 wherein:
« external heat is supplied,
* an energy source provides an external continuous current to the porous electrodes such that at the negative
electrode there is H, formation and at the positive electrode there is O, formation, and
« the electrolyte is an aqueous solution of KOH.
13. Electrochemical process according to claims 10 to 11 wherein:
« the electrolyte is an aqueous solution of KOH, and
» electric energy is drawn from the porous electrodes by feeding the gas sides of the electrodes with respectively
H, and O,.
Patentanspriiche
1. Elektrochemische Zellenmodule, bestehend aus Paaren von porésen katalytischen Mehrschichtelektroden, welche
die Anoden und die Katoden bilden und duRRere und innere Gasbereiche, welche den Elektrolyt enthalten, abgrenzen
und durch eine externe elektrische Schaltung verbunden sind, dadurch gekennzeichnet, dass diese Zellmodule
umfassen:
* Druckmodulatoren, welche im Gebrauch zwei Druckzyklen erzeugen, die unabhangig, jedoch mit entgegen-
gesetzt gerichteter Phase synchronisiert sind und an der Eintrittsstelle und an der Austrittsstelle des zirkulie-
renden Elektrolyten wirken,
« porése Mehrschichtelektroden, die auf der Gasseite Wasser abgeben, und
« Mittel fir den Warmeaustausch in den porésen Elektroden der Zellmodule ber den in die elektrochemische
Zelle hinein flieBenden Elektrolyten.
2. Elektrochemische Zelle nach Anspruch 1, bei welcher:
« die porésen Mehrschichtelektroden auf der Gasseite leitend und hydrophob sind,
« die leitenden und katalytischen Mittelschichten hydrophob und hydrophil sind und
« sich auf der Elektrolytseite eine nichtleitende, nichtkatalytische und vorzugsweise hydrophile Schicht befindet.
3. Elektrochemische Zelle nach den Anspriichen 1 - 2, bei welcher die Druckmodulatoren mit zwei Tanks verbunden
sind, welche im Gebrauch den Elektrolyten unter zwei unterschiedlichen Driicken enthalten und jeder jeweils an
den Eingang und den Ausgang der Zelle Uber ein Ventil angeschlossen ist.
4. Elektrochemische Zelle nach Anspruch 3, bei welcher die Offnungsquerschnitte des Austrittsventils S und des
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Eintrittsventils s dergestalt ausgelegt sind, dass S > s ist.

Elektrochemische Zelle nach den Ansprichen 1 - 4, bei welcher die Druckmodulatoren im Gebrauch bei einer
Frequenz im Bereich von 1 - 60 Hz, vorzugsweise im Bereich von 1 - 50 Hz modulieren.

Elektrochemische Zelle nach den Anspriichen 1 - 5, bei welcher

«im Gebrauch eine Energiequelle den pordsen Elektroden einen duReren Gleichstrom dergestalt zufihrt, dass
an der Katode die Bildung von H, und an der Anode die Bildung von O, erfolgt, und
« im Gebrauch der Elektrolyt eine wasserige KOH-L6sung ist.

Elektrochemische Zelle nach Anspruch 6, bei welcher die Zelle ein Elektrolyseur ist.
Elektrochemische Zelle nach den Anspriichen 1 - 5, bei welcher

« der Elektrolyt eine wasserige KOH-L6sung ist und
« aus den pordsen Elektroden elektrische Energie gezogen wird, indem den Gasseiten der Elektroden H, bzw.
O, zugefiihrt wird.

Elektrochemische Zelle nach Anspruch 8, bei welcher die Zelle eine Brennstoffzelle ist.

Elektrochemischer Vorgang, bei welchem die elektrochemischen Zellen der Anspriiche 1 bis 9 genutzt werden und
welcher die folgenden Schritte umfasst:

« Aufrechterhaltung eines Druckes P bis zu 200 Bar auf der Gasseite;

» Veranderung des Elektrolytdrucks auf der Innenseite auf diskontinuierliche Weise im Bereich P+dP und P+dp;
* Erzeugung von positiven Wellen der Amplitude dP und dp mit der Frequenz f auf dem Elektrolytdruck; wenn
ein Ventil offen ist, ist das andere geschlossen ist bzw. umgekehrt;

» Warmeaustausch in den pordsen Elektroden der Zellmodule ber den in die elektrochemische Zelle einflie-
Renden Elektrolyt.

Elektrochemischer Vorgang nach Anspruch 10, bei welchem die Uberdriicke dergestalt sind, dass dP > dp, wobei
vorzugsweise die zwei Uberdriicke fir Zyklen der Lénge t4p und T4p anliegen, wobei t4p < 14, bei der Frequenz f
=1/Tund T = t4p + 14, sind, wobei starker vorzuziehen ist, dass die zwei Uberdriicke bei einer Frequenz im Bereich
von 1 - 60 Hz, vorzugsweise im Bereich von 1 - 50 Hz anliegen.

Elektrochemischer Vorgang nach den Anspriichen 10 bis 11, bei welchem:

» Warme von aufRen zugefihrt wird,

* eine Energiequelle den pordsen Elektroden einen dulReren Gleichstrom dergestalt zuflihrt, dass an der nega-
tiven Elektrode die Bildung von H, und an der positiven Elektrode die Bildung von O, erfolgt, und

* der Elektrolyt eine wasserige KOH-L6sung ist.

Elektrochemischer Vorgang nach den Anspriichen 10 bis 11, bei welchem
» der Elektrolyt eine wasserige KOH-Ldsung ist und

+ aus den pordsen Elektroden elektrische Energie gezogen wird, indem den Gasseiten der Elektroden H, bzw.
O, zugefiihrt wird.

Revendications

Modules de pile électrochimique constitués de couples d’électrodes poreuses multicouches catalytiques formant
les anodes et les cathodes et délimitant des zones gazeuses externes et des zones internes contenant I'électrolyte
et connectées par un circuit électrique externe, caractérisés en ce que le module de pile comprend :

» des modulateurs de pression générant, lors de leur utilisation, deux cycles de pression synchronisés indé-
pendamment mais ayant des phases opposées, agissant a I'entrée et a la sortie de I'électrolyte en circulation,
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* des électrodes poreuses multicouches débordant sur le c6té gaz, et
» des moyens pour échanger la chaleur dans les électrodes poreuses des modules de pile par l'intermédiaire
de I'électrolyte circulant dans la pile électrochimique.

Pile électrochimique selon la revendication 1, dans laquelle :

* les électrodes poreuses multicouches sont conductrices et hydrophobes sur le coté gaz,
* les couches médianes conductrices et catalytiques sont hydrophobes et hydrophiles, et
* une couche non conductrice, non catalytique et de préférence hydrophile, est sur le coté électrolyte.

Pile électrochimique selon les revendications 1 et 2, dans laquelle les modulateurs de pression sont liés a deux
réservoirs contenant, lors de I'utilisation, I'électrolyte sous deux pressions différentes, et connectés chacun respec-
tivement a I'entrée et a la sortie de la pile par une valve.

Pile électrochimique selon la revendication 3, dans laquelle la section d’ouverture de la valve de sortie S et celle
de la valve d’entrée s sont telles que S > s.

Pile électrochimique selon les revendications 1 a 4, dans laquelle les modulateurs de pression modulent, lors de
I'utilisation, a une fréquence située dans la plage allant de 1 a 60 Hz, de préférence dans la plage allant de 1 a 50 Hz.

Pile électrochimique selon les revendications 1 a 5, dans laquelle

* lors de I'utilisation, une source d’énergie fournit un courant continu externe aux électrodes poreuses de fagon
qu’au niveau de la cathode il y ait formation de H, et qu’au niveau de I'anode il y ait formation de O,, et
* lors de l'utilisation, I'électrolyte est une solution aqueuse de KOH.

Pile électrochimique selon la revendication 6, dans laquelle la pile est un électrolyseur.
Pile électrochimique selon les revendications 1 a 5, dans laquelle

« I'électrolyte est une solution aqueuse de KOH, et
* I'énergie électrique est tirée des électrodes poreuses par alimentation des c6tés gaz des électrodes avec
respectivement H, et O,.

Pile électrochimique selon la revendication 8, dans laquelle la pile est une pile a combustible.

Procédé électrochimique utilisant les piles électrochimiques des revendications 1 a 9, comprenant les étapes
suivantes :

* maintien sur le c6té gaz d’une pression P allant jusqu’a 200 bar ;

« variation du cété interne de la pression de I'électrolyte en discontinu dans la plage allantde P +dP aP +dp ;
* génération sur I'électrolyte d’'ondes positives de pression d’amplitudes dP et dp avec une fréquence f : quand
une valve est ouverte, 'autre est fermée et vice versa ;

» échange de chaleur dans les électrodes poreuses des modules de pile par I'intermédiaire de I'électrolyte
circulant dans la pile électrochimique.

Procédé électrochimique selon la revendication 10, dans lequel les surpressions sont telles que dP > dp, de préfé-
rence les deux surpressions sont appliquées pendant des cycles de longueurs t4p et Tdp ol Tgp < Tdp ala fréquence
F=1/TouT =1y + 14, ; mieux encore les deux surpressions sont appliquées a une fréquence située dans la plage
allant de 1 a 60 Hz, de préférence dans la plage allant de 1 a 50 Hz.

Procédé électrochimique selon les revendications 10 et 11, dans lequel :
« de la chaleur externe est fournie,
« une source d’énergie fournit un courant continu externe aux électrodes poreuses de fagon qu’au niveau de

I'électrode négative il y ait formation de H, et qu'au niveau de I'électrode positive il y ait formation de O,, et
« I'électrolyte est une solution aqueuse de KOH.

10
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13. Procédé électrochimique selon les revendications 10 et 11, dans lequel :

EP 1711972 B9

« I'électrolyte est une solution aqueuse de KOH ; et

* I'énergie électrique est tirée des électrodes poreuses par alimentation des c6tés gaz des électrodes avec

respectivement H, et O,.

11



EP 1711972 B9

§

549

l

e =

il

11}

4
\n\\
m
%
7
7
“—A
T~
7
“?/
4
/)
7
7
-
/
/i
“ g
7
A7

{3 V]

<

)i
i

A

___ e ___L

PUVPUNEPIIPURIEE PRI e

1T RIS
. -

W=
L

—.

ol ™
-

I |

e e b

[ TS S S
USRI S

- s o e e

AU
S N

4

’

o 21

7~
— N

12



Cell potential, V

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

1.0

0.9

EP 1711972 B9

Electricity used to make
hydrogen, waste heat evolved

—
Thermoneutral voltage .
Heat and electricity
used to make hydrogen -
-

generation

impossible
1 1 { ! 1 i
50 100 150 200 250 300

Temperature, “C

FI1G. 2

13



EP 1711972 B9
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.
Patent documents cited in the description
« FR 1452701 A[0017] ¢ US 3391028 A [0018]
e« US 3338747 A[0018]
Non-patent literature cited in the description

e International J. Hydrogen Energy, 1985, vol. 10 (5),
317-324 [0056]

14



	bibliography
	description
	claims
	drawings

