Office de la Propriete Canadian CA 2708139 C 2016/08/16

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 708 1 39
Findustrie Canada Industy Canada (12 BREVEL CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2008/12/04 (51) Cl.Int./Int.Cl. C256B 1/02 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2009/06/18 C258 9/00 (2006.01)
- _ (72) Inventeur/Inventor:
(45) Date de delivrance/lssue Date: 2016/08/16 GEURTS. DAVID. NZ
(85) Entree phase nationale/National Entry: 2010/06/04 L
(73) Proprietaire/Owner:
(86) N° demande PCT/PCT Application No.: NZ 2008/000327 PRINTER RIBBON INKERS P.R.I. LIMITED, NZ
(87) N° publication PCT/PCT Publication No.: 2009/0/5590 (74) Agent: G. RONALD BELL & ASSOCIATES

(30) Priorite/Priority: 2007/12/10 (NZ564225)

(54) Titre : GENERATEUR D'HYDROGENE
(54) Title: A HYDROGEN GENERATOR

5
24
il
] | 6
Q00O elelelelolelelelelnlsle \
— /UJ.AJ J, |
rd | “h
14 ISANN
20 HHAH
4 |
I 19
| o r.a-"..---". rﬂ‘
OOOOOOOOOOOOP POOOOO
D) 16
22

26
16

(57) Abrege/Abstract:

A hydrogen generator comprising an enclosure, a series of spaced plates contained within the enclosure and defining between
them liquidtight cells, with a plate forming a first wall of each cell of a nobler material than a plate forming a second wall of that cell,
and where a first place of the series Is an anode arranged to be connected to a power supply and the last plate of the series Is a
cathode arranged to be connected to a power supply, an inlet to each cell arranged to allow an electrolyte to flow into the cell, and
an outlet from each cell arranged to allow an electrolyte and hydrogen gas to flow out of the cell.
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& (57) Abstract: A hydrogen generator comprising an enclosure, a series of spaced plates contained within the enclosure and defining
O\ petween them liquidtight cells, with a plate forming a first wall of each cell of a nobler material than a plate forming a second wall

O
=

of that cell, and where a first place of the series is an anode arranged to be connected to a power supply and the last plate of the series
is a cathode arranged to be connected to a power supply, an inlet to each cell arranged to allow an electrolyte to flow into the cell,
and an outlet from each cell arranged to allow an electrolyte and hydrogen gas to flow out of the cell.
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“A HYDROGEN GENERATOR?”

FIELD OF THE INVENTION

The present invention is genetally related to a hydrogen generator and patticulatly, although

not exclusively, related to a hydrogen generator comprising a plurality of cells.

BACKGROUND TO THE INVENTION

Hydrogen gas has many industrial applications, such as combustion 1n engines in ordet to
power vehicles. Hydtogen can be flammable and therefore it can be dangerous to store and
transport on vehicles that ate powered by it. Howevet, producing hydrogen on board a vehiclé can
be metticient. | .

It is an object of the present invention to provide an improved hydrogen generator or at

least to provide the public with a useful choice.

SUMMARY OF THE INVENTION

In a first aspect the invention broadly consists in a hydrogen generator comprising:

an enclosure;

a series of spaced plates contained within the enclosute and defining between them

liquidtight cells, with a plate forming a first wall of each cell of a nobler material than a plate

forming a second wall of that cell, and where a first plate of the seties 1s an anode arranged to be
connected to a power supply and the last plate of the series is a cathode arranged to be connected
to a powet supply;

an inlet to each cell arranged to allow an electrolyte to flow into the cell; and

an outlet from eacil cell aﬁ'anged to allow an electrolyte and hydrogen gas to tlow out of
the cell, '

Preferably, the enclosure%cbmprises a series of lower support members arranged to hold ot
suppott lower edges of the plates.

Preferably the enclosure comprises a seties of upper suppott membets arranged to hold or
suppott upper edges of the plates..

Preferably the hydrogen generator compzises a péwer supply connected to the anode and
the cathode. Mote preferably, the power supply 1s a DC power supply.

Preferably, the hydrogen generator comprises a dump chamber provided below the cells.
More preferably, the hydrogen generator comprises at least one dump pott from each cell to the
dump chamber. Even more preferably, the hydrogen generator comptises a2 dump gate associated

with each dump pott.
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Preferably, the hydrogen generator comptises an associated fluid delivery system arranged

to continuously or semi-continuously pass fluid electrolyte through the cells.

In a second aspect the invention broadly consists in a marine vessel comprising a hydrogen

generator of the first éspect of the invention atranged to supply hydrogen as a fuel to an engine of
the vessel.

The hydrogen generator of the matine vessel of the second aspect of the invention magr
have any of the preferred features as mentioned in relation to the first aspect of the mvention.

Preferably, the marine vessel comprises an inlet in or associated with a hull'of-the vessel for
salt water and pipework arranged to deliver salt water from the inlet to the hydrogen generator as
| electrolyte for the hydrogen generator.

In a third aspect the invention broadly consists in a power generator comptising a

hydrogen generator of the first aspect of the invention arranged to supply hydrogen as a fuel to an

electricity generating turbine.

The hydtogen generator of the power generator of the third aspect of the invention may
have any of the preferred features as mentioned in relation to the first aspect of the mvention.

In a fourth aspect the invention broadly consists in method of genetating hydrogen
comprising:

(a) feeding an electrolyte through an inlet in an enclosure into liquidtight cells formed from

a series of spaced plates within the enclosure, where a first wall of each cell 1s of a nobler material

than a second wall of that cell, and where a first plate of the seties is arranged to be an anode and a
last plate of the series is arranged to be a cathode;

(b) supplying power to the anode and the cathode to mnduce current flow in the electrolyte
in each cell to generate hydrogen; and :

(c) collecting the hydrogen through an outlet from the enclosure.

Preferably, the method of generating hydrogen comptises supplying power from a DC
powerz supply. o |

In a fifth aspect the invention broadly consists in a hydrogen generator comptising:

an enclosure; and

a serles of si)aced plates contained within the enclosute and defining between them

liquidtight cells, with a plate forming a fitst wall of each cell of a nobler matetial than a plate

forming a second wall of that cell, and where a first plate of the seties is an anode atranged to be
connected to a power supply and the last plate of the series is a cathode arranged to be connected

to a power supply.
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Preferably, the hydrogen generator comprises an inlet to each cell arranged to allow an
electrolyte to flow mnto the cell. .

Preferably, the hydrogen generator comprises an outlet from each cell arranged to allow an
electrolyte and hydrogen gas to flow out of the cell.

Preferably, the enclosute comprises a seties of lower support members artanged to hold ot
suppott lower edges of the plates. |
- Preferably, the enclosure comptises a series of upper support members atranged to hold or
suppott upper edges of the plates.

Preferably, the hydrogen generator éomprises a power supply connected to the anode and

the cathode. More preferably, the pow"er supply 1s a DC power sup‘ply.

Preferably, the hydrogen generator comptises a dump chamber provided below the cells.
More preferably, the hydrogen genetrator comprises. at least one dump port from each cell to the
dump chamber. Even more pteferably, the hydrogen generator comprises a dump gate assoclated
with each dump pott.

Preferably, the hydrogen generator comprises an associated fluid delivery system arranged

to continuously or semi-continuously pass fluid electrolyte through the cells.

In a sixth_ aspect the invention broadly consists in a marine vessel comptising a hydrogen
- generator of the fifth aspect of the invention arranged to supply hydtogen as a fuel to an engine of
the vessel.
- The hydrogen generator of the matine vessel of the sixth aspect of the invention may have
any of the preferred features as mentioned in relation to the fifth aspect of the invention.
Preferably, the matine vessel comprises an inlet in or associated with a hull of the vessel for
salt water and pip ework arranged to deliver salt water from the inlet to the hydrogen generator as
electrolyte for the hydrogen generatot. |

In a seventh aspect the invention broadly consists in a power generator comptising a

—r

hydrogen generator of the fifth aspect of the invention arranged to supply hydrogen as a fuel to an

electricity generating turbine.

The hydrogen generator of the power generator of the seventh aspect of the invention may

have any of the preferred features as mentioned in relation to the fifth aspect of the invention.

In an eighth aspect the invention broadly consists in a method of generating hydrogen
comprising:

(a) providing an electrolyte into liquidtight cells in an enclosure, the cells formed from a
series of spaced plates within the enclosute, whete a first wall of each cell is of a nobler matetial
than a second wall of that cell, and where a first plate of the series is arranged to be an anode and a

Jast plate of the series 1s arranged to be a cathode;
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(b) supplying power to the anode and the cathode to induce current flow in the electrolyte

in each cell to generate hydrogen; and

(c) collecting the hydrogen from the cells.

Preferably, the method of generating hydrogen comprises supplying powet from a DC
powert supply.

The terms “more noble” and “less noble” as used in this specification and claims mean that

as between two metals that one is more reactive with the electrolyte than the other, or that one
resists corrosion more than the other when the two are exposed to an electrolyte, and “noble”
“nobler” have a corresponding meaning.

The term “comprising” as used 1n this specification and claims means “consisting at least in
part of”. When interpreting each statement in this specification and claims that includes the term
“comprising”, features other than that or those prefaced by the term may also be present. Related
terms such as “comprise” and “comprises” are to be interpreted in the same manner.

The invention consists in the foregoing and also envisages constructions of which the
following gives examples only.

In a ninth aspect, there is provided a hydrogen generator comprising: an enclosure to

contain an aqueous electrolyte; an anode and a cathode in the enclosure and electrical connections
to the anode and cathode for passing an electrical current through the electrolyte in the enclosure
to cause an electrolysis reaction to take place to decompose the electrolyte and produce hydrogen
oas; a series of spaced plates contained within an enclosure and defining between them cells,
between the anode and the cathode, a plate forming a first wall of each cell consisting of a relatively

more noble material selected from the group consisting of a noble metal, a noble semi-metal, or a

noble composite and a plate forming a sccond wall of said each cell consisting of a relatively less
noble material selected from the group consisting of a noble metal, a noble semi-metal, or a noble
composite such that a concutrent galvanic reaction will take place between the plates
simultaneously with said electrolysis reaction to further produce hydrogen gas, the cells being
liquidtight from each other, said cells comprising electrolyte flow ports for electrolyte flow through
said cells, said electrolyte flow ports being of sufficient length that electron tlow between cells will
occur predominantly through said spaced plates defining between them said cells; and a gas outlet
for feeding out hydrogen gas from the enclosure; wherein the first wall faces the second wall across
a first gap and the second wall faces a different first wall of an adjacent cell across a second gap.

In a tenth aspect, there is provided a method of generating hydrogen comptising: (a)
providing an aqueous electrolyte into an enclosure, comprising an anode and a cathode in the

enclosure, with electrical connections to the anode and cathode for passing an electrical current
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through the electrolyte to cause an electrolysis reaction to take place to decompose the electrolyte
and produce hydrogen gas, the enclosure also comprising, a series of spaced plates within the

enclosure defining between them cells between the anode and the cathode, a plate forming a first

wall of each cell consisting of a relatively mote noble material selected from the group consisting of

a noble metal, a noble semi-metal, or 2 noble composite and a plate forming a second wall of said
each cell consisting of a relatively less noble material selected from the group consisting ot a noble

metal, a noble semi-metal, or a noble composite such that a concurrent galvanic reaction takes

place between the plates simultaneously with said electrolysis reaction to further produce hydrogen
oas, the cells being liquidtight from each other and comprising electrolyte flow potts for electrolyte
flow through said cells, said electrolyte flow ports being of sufficient length that electron flow
between cells will occur predominantly through said spaced plates defining between them said cells;
(b) supplying power to the anode and the cathode to induce current flow in the electrolyte to cause
an electrolysis reaction to take place to generate hydrogen; and (c) collecting the hydrogen from
the cells; wherein the first wall faces the second wall across a first gap and the second wall faces a

different first wall of an adjacent cell across a second gap.
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will be described by way of example only and with

reference to the drawings, in which:

Figure 1 is a partial cutaway perspective view of a hydrogen generator of the invention;
Figure 2 is a cross-section view along the line AA’ of the hydrogen generator of Fig. 1;
Figure 3 is a close up elevation view of two cells of the hydrogen generator of Fig. 1; and

Figure 4 is a schematic view of a hydrogen genetation system.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The invention generally relates to 2 hydrogen generator used to produce hydrogen gas. The

hydrogen generator has an enclosure and an anode and a cathode. Omne or motc plates are
provided in the enclosure between the anode and cathode. An electrolyte is provided between the
plates so that a galvanic ot redox reaction occurs simultaneously with an electrolysis reaction
between the plates when a current is caused to flow between the anode and cathode, producing
hydrogen gas.

Referring to Figs. 1, 2, and 3, a hydrogen generator 2 comptises an enclosure 4. Preterably,
the enclosure 4 is made from plastic such as polycarbonate, or a composite material such as micarta,

or any other suitable matetial. The enclosure 4 may include a lid 5 that can be removed in order to

access the inside of the hydrogen generator 2. The hydrogen generator also comprises an
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anode 6, and a cathode 8, which are collectively refetred to as electtodes. The anode 6 and cathode
8 comprise metal plates. Preferably, the anode 6 and cathode 8 are made from the same material.

Preferably, the anode 6 and cathode 8 are made from a Ztelatively unteactive or noble metal such as

for example stainless steel. However any suitable metal or material may be used. Preferably, the

anode 6 and cathode 8, oppose each other at opposite ends of the enclosure-4. The anode 6 and
cathode 8 ate both arranged to be connected to a pox;rer supply through one or more electrical
connections. Each electrical connection may be formed for example by connecting a wite 12 onto
the electrode, and then connecting the wires to a power supply. Al;cernatively the wire 12 may for

example be bolted onto the electrode, and may include a spring connection, a pressure connection,

or any other suitable connection. Mote than one electrical connection may be made between each
electrode and the power supply to provide redundancy in case of connection failure. Preferably,
the power supply is 2 DC powet supply, ot a pulsed DC power supply, however any suitable powet
supply may be used. Generally, the anode 6 will be connected to the positive terminal of the power
supply, and the cathode 8 will be connected to the negative terminal of the power supply.

The hydrogen generatot 2 also comptises at least one plate 14 provided in the enclosure 2
between the anode 6 and cathode 8. Preferably, a plurality of plates 14 are provided in the
enclosure 2 between the anode 6 and cathode 8. For example, twenty, forty, sixty, or eighty plates
14 may be provided, however any suitable number may be used. Generally, providing mote metal
plates 14 may result in production of more hydrogen gas. The plates 14 may be any suitable size

such as 30cm x 30cm and are preferably all the same size and also the same size as the anode 6 and

cathode 8. Generally, a plate with a larger surface area may result in production of more hydrogen
gas. The plates 14 atre preferably made from a relatively noble material such as a noble metal, a
péble semi-metal, a noble composite, or any other suitable material. Referring only to Figs. 2 and
3, adjacent plates are made from a mote noble or less ﬁoble than their neighbours. For example,
every even plate 14a in the seties of plates 14 is made from a more noble matetial than the odd
plates 14b. Conversely, the odd plates 14b ate less nobie than the even plates 14a. Preferably, all
of the even plates 14a ate made from the one particular material and all of the odd plates 14b are

made from a different patticular material of lower nobility. For example, the even plates 14a may

be made from stainless steel and the odd plates 14b may be made from alumimium. Alternatively,
the even plates 14a may be less noble than the odd plates 14b. Preferably, the anode 6 and cathode
8 are the first and last plates 14 of the series of plates 14. Preferably, the anode 6 and cathode 8 ate

more noble than the plates 14 adjacent to them. Alternatively, the anode 6 and cathode 8 ate less
noble than the plates 14 adjacent to them. The seties of plates 14 alternate between mote noble

plates and less noble plates.
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Referring agzﬁn to Figs. 1, 2, and 3, preferably the plates 14 are provided in the enclosute 2

spaced apart and substantially parallel to the electrodes and substantially parallel to one anothert,

however they may be provided in any suitable orientation. Preferably, the enclosure 2 has a seties

of lower support membets 16 and a series of upper support members 13 used to support the

electrodes 6, 8 and the plates 14. More preferably, the support members 16, 18 are made from the
same matetial and atre integral with the enclosure 2, however, the support members 16, 18 may be
made from any suitable non-conductive material. The upper support members 18 may be attached
to the lid 5 and may be removed from the hydrogen. genetator 2 when ﬁtéhe lid 5 is removed. Joins
between the suppott members 16, 18 and the enclosute 2 are liquidtight. Preferably, each -of the
electrodes 6, 8 and the plates 14 ate supported on their lower edges by a lower support member 16-

"\

and on their upper edges by an upper support member 18. Any joins between the support

members 16, 18 and the electrodes 6, 8 or plates .14 are liqudtight. Any joins between the

enclosute 2 and electrodes 6, 8 or plates 14 are liquidtight. In a preferred embodiment, there may
be a series of grooves provided on the inside walls of the enclosure 2 arranged to suppoit the plates

14. A groove may run vertically between a lower support member 16 and 1its cottesponding upper |

support member 18. The plates 14 may be slotted into these grooves and slid down until the lower
edge: contacts the lowe£ support member 16. The lowet support member 16 may have a groove
along its length to help support the lowet écige of the plate 14. When the plates 14 and electrodes
have been placed in the enclosure 4, the lid 5 and upper support members 18 may be fitted. The
uppet suppott members 18 may have grooves running along their lengths to support the upper
edges of the plates 14. These grooves may provide liquidtight joins between the plates 14, and the
enclosure 4 and the support members 16, 18. In this embodiment, it may be possible to easily
replace the plates 14 and eleétyodes for example if they reach the end of their consumable life due
to gz;lvanic consumption, corrosion, if they require cleaning, or for any other reason. The lid 5 and
uppe:‘c support members 18 may be removed to reveal the top edges of the old plates 14 and
elecﬁodes. The old plates 14 and electrodes may be temoved by sliding them out of the grooves
and then replaced by sliding new plates 14 and electrodes into the grooves. The lid 5 and upper
support members 18 may then be replaced. Alternatively in other embodiments, petmanent
wate.rtight joins may Ee made with an adhesive or bonding agent, or by fusing the two materials
together, or 1n any other suitable manner.

This alternating nobility arrangement of electrodes and plates 1..4 creates a seties of cells 20.
Each cell 20 comptzises a first element of a relatively more noble plate 14 and a second element of a
relatively less noble plate 14. Adjacen\t cells 20 share a plate 14. FElectrolyte is not able to flow

through or around the plates 14 6rasupport members 16, 18 — each cell 20 1s liquidtight from all
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other cells 20. This configuration of plates 14 to form cells 20 may cause a galvanic or redox
reaction to occur when an electrolyte is provided in the cell 20. |

Each cell 20 has an associated inlet 22 and outlet 24. The inlet and outlet may be apertures
through the enclosure adjacent to each cell. Preferably, the inlet apertute 22 is provided near the
bottom of the cell 20 on a face of the enclosure 4. Mote preferably, the inlet aperture is provided
below the plates 14 and between the lower support members 16 if they are provided. Preferably,
the outlet aperture 24 is provided near the top of the cell 20 on a face of the enclosure 4. More
preferably, the outlet apetture is provided above the plates 14 and between the upper support
members 18 if they are provided. For example, referring to Fig. 4, the outlet aperture 24 may be
provided near the top of the enclosure 4 and near the centre of its 1engt11. Altérnatively, the outlet
‘aperture 24 may be provided neat the top of the enclosutre 4 and on the opposite face as the nlet
aperture 22. Alternatively, the outlet apertute 24 may be provided near the top of the enclosute 4
and on the same face as the inlet aperture 22. The outlet aperture 24 may be provided on the lid 5.
The apertures 22, 24 may be provided in any suitable position and be of any suitable size. The mlet
aperture 22 may provide an inlet for an electrolyte to flow into a cell 20 and the outlet aperture 24
may provide an ;outlet for an electrolyte and hydrc;gen to flow out of a cell 20. Having the inlet
aperture 22 below the outlet apefture 24 may help. flush fresh electrolyte into the cell 20 and flush :
reacted electrolyte out of the cell 20.

Referring again to Figs. 1, 2, and 3, priot to using the hydrogen generator 2, an electrolyte
(not shown) is provided in each cell 20. Preferably, the electrolyte is salt water, however any
suitable electrolyte may be used. Preferably, the faces of the plates 14 are entitely surrounded by
the electrolyte to avoid oxidation or corrosion of the plates 14. Having the support members 16,
18 tnay help ensure that the faces of the plates 14 are consistently and entirely surrounded by the
electrolyte when the hydrogen generator 2 is in use. The uppet sﬁpport members 18 may act as
ballasts so that the electrolyte level will not drop below the top of the plates 14 if the hydrogen
generator 2 1s tipped ot rolled. h

Power may be supplied to the anode 6 and cathode 8, so that electrox; flow may be mduced
i the electroiyte in each cell 20. Generally, an electrolysis reaction takes place mn the electrolyte,
resulting in the production of hydrogen gas (H,). By-products such as oxygen gas (O, and
hydroxide (OH—) patticles majr also be produced. A concutrent galvanic reaction may take place in
each cell 20 between the .plate:s 14, \J.Vhere electrons flow from the less noble metal plate to the
mote noble metal plate. The galvanic reaction boosts the electrolysis reaction so that less energy is
required to decompose the electrolyte and produce hydrogen. 0as.

When the hydrogen generator 2 is in use, the hydrogen gas may fise to the top of the cells
20. Other by-products, such as oxygen oas, may also tise to the 1top of the cells 20. Some by-
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products, such as hydroxide particles, may sink to the bottom of the cells 20. The lower support

members 16 may contain between them the build-up of such by-product and prevent them trom

coming nto contact with the plates 14. If by-product builds up sufficiently to settle directly against

a plate 14 ot bridge between plates it could fuse ot adhere to the plate 14 and adversely affect the

performance of the hydrogen generator 2. By-product mé.y be collected in a dump system 26

which may be provided below the cells 20. Referting only to Fig. 3, a dump system 26 may

comprise a dump port 28 below each cell 20 which may be cylindrical, cubic, tapeted, or any other

suitable shape and may run along the entire length of the cell 20. Altetnatively, the dump ports 28
may be provided discretely along the length of the cell 20. The dump ports 28 may be constructed

as apertures in the base of the enclosute 4. Each dump port 28 may have an associated dump gate

30 which may normally be closed but may open to dump collected by-product from the hydrogen

oenerator 2. The dump gates 30 may have an associated actuator 31 to open ot close the dump

oates 30. The actuator 31 may be pneumatic, hydraulic, an electric device, or any other suitable
type of actuator. Alternatively, thete may be no dump ports and the by-products may collect
directly on the dump gates 30. The actuator 31 may cause the dump gates 30 to open 1n order to
flush by-product from the cells 20 mto a drain or dump chamber below. |

Referring to Fig. 4, a system for generating hydrogen includes the hydrogen genei'atoi 2.
The electrolyte may be introduced‘::into a heat exchanger 32, such as a shell and tube heat.
exchanger, through an inlet 33. Preferably, the heat exchanger 32 is suitably sized and shaped to
remove any ait ot other gases from the electrolyte before it enters the hydrogen generator 2.
Introducing these gases is undesirable as it may oxidise the plates 14. The electrolyte 1s preterably
salt water. The electrolyte is preferably heated to 30°C — 50°C or hotter. Heating the electrolyte
may help improve production rates of hydrogen gas :is generally a hotter electrolyte decomposes
faster thén a colder electrolyte. |

The electrolyte may be transfetted to an inlet manifold 34 for example with a pump and
valve system. The inlet manifold 34 preferably has one input pipe and a number of output pipes
35 equal to the number of cells 20 in the hydtogen generator 2. Each output pipe 35 may be
connected to an inlet aperture 22 of the hydrogen generator 2 in order to supply the electrolyte to
the cells 20. 'fhe eléctrolyte may be continuously fed into each cell 20 so that there is a constant
flow of fresh electrolyte which has not undergone a redox reaction.

As the electrolyte ;:irculatés through the cell 20 it may undetgo a redox reaction in which
hydrogen gas and other by-products are produced. The hydrogen and reacted electrolyte may be’
fed out of the cell 20 through the outlet apertute 24. Fach cell 20 and outlet aperture 24 may have
an associated pipe 37 which may transfer the electrolyte and hydrogen to an outlet manifold 36.

The outlet manifold 36 may have an associated attestor to prevent the hydrogeh from igniﬁng,
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however atrestors may be provided in the system at any suitable point. Preferably, the inlet

manifold output pipes 37 and the outlet manifold input pipes 37 ate long enough to provide a

suitable electrolytic resistance between the cells 20. This may be so that electron transfer between

cells 20 is ditectly through the plates 14, and not through the electrolyte circuit via the manifolds
34, 36. | ’

The hydrogen and electrolyte may pass through the outlet pipe ot the outlet manifold 36
into a separator 38. The hydrogen may be separated from the electrolyte and then stored ot
transferred for combustion. The electrolyte may be re-circulated back into the system, for example
" into the heat exchanger 32, but is preferably discharged. The hydrogen may be dischatged through
a valve 39 and the electrolyte may be discharged through an outlet 41. If a by-product of the redox

reaction, such as oxygen, has contaminated the hydrogen, this may be separated at any point in any
suitable way, for example by using a membrane ot using sorption ot ctyogenic distillation methods.

Preferably, the system has one ot mote processots 40. The processors 40 may control the
power supply 42 which supplies power to the anode 6 and cathode &. Preferably, the powet supply
42 is a DC power supply. The powet supply 42 may have a positive terminal which may be

connected to the anode 6, and a negative terminal 45 which may be connected to the cathode 8.

The processors 40 may also be connected to one or more sensors 46. The sensors 46 and

processor 40 may for example monitor the temperature at suitable points of the system such as at

the outlet of the heat exchanger 32, the voltage and current being drawn by -the hydrogen

generator, the volume of hydrogen produced, or any other suitable characteristic of the system.

The processor 40 may log data for later analysis or may be arranged to shut down the system 1f

adverse conditions are detected. The processors 40 may control the dump gate actuators 31 to

open and close. The dump gates 28 may open and close periodically or on demand. When the
dump gates 28 open unwanted by-products flush out of the bottom of the cells 20 through a drain
44. This may cause the electrolyte to also flush while the dump gates 28 ate open. The processors

40 may cause the pumps to boost the flow rate of the electrolyte through the system while the

dump gates 28 are open in ordet to minimise the time that the electrolyte isn’t entirely covering the
faces of ’rhe plates 14. Alternatively, one ot mote boost pumps may be provided to increase the
electrolyte tlow rate. |

The hydrogen generator 2 or the system including the hydrogen generator 2 may be used to
power a vehicle, particulatly 2 marine vessel such as a boat. In a marine vessel application, the
electrolyte may be seawater that may be soutced from the sea that the vessel floats on, though an
inlet on the submerged part of the hull of the boat for example. The seawater may be fed into the

heat exchanger 32 which may heat the seawater by using heat soutced from the engine cooling

system. “The hydrogen generated may then be used to power the engine ot the marine vessel such
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as an inboard motor or an outboard motor. The engine may run -an alternator that may supply

power to the anode 6 and cathode 8 directly or through a power converter.

The foregoing desctiption of the invention includes preferred forms thereof. Modifications

may be made thereto without departing from the scope of the invention as defined in the

accompanying claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A hydrogen generator comprising:

an enclosure to contain an aqueous electrolyte;

an anode and a cathode in the enclosure and electrical connections to the anode and
cathode for passing an electrical current through the clectrolyte in the enclosure to cause an
electrolysis reaction to take place to decompose the electrolyte and produce hydrogen gas;

a scries of spaced plates contained within an enclosure and defining between them cells,
between the anode and the cathode, a plate torming a first wall of each cell consisting of a relatively
more noble material selected from the group consisting ot a noble metal, a noble scmi-metal, or a
noble composite and a plate forming a second wall ot said each cell consisting of a relatively less
noble material selected from the group consisting of a noble metal, a noble semi-metal, or a2 noble
composite such that a concurrent galvanic reaction will take place between the plates
simultaneously with said electrolysis reaction to further produce hydrogen gas, the cells being
liquidtight from each other, said cells comprising electrolyte tlow ports for electrolyte tlow through
said cells, said electrolyte flow ports being of sufficient length that electron tlow between cells will
occur predominantly through said spaced plates defining between them said cells; and

a gas outlet for feeding out hydrogen gas from the enclosure;

wherein the first wall faces the second wall across a first gap and the second wall faces a

different first wall of an adjacent cell across a second gap.

2. A hydrogen generator according to claim 1 where the enclosure comprises a series of lower

support members arranged to hold or support lower edges of the plates.

3. A hydrogen generator according to claim 1 or 2 where the enclosure comprises a series of

upper support members arranged to hold or support upper edges of the plates.

4. A hydrogen generator according to any one of claims 1 to 3 comprising a power supply

connected to the anode and the cathode.

5. A hydrogen generator according to any one of claims 1 to 4 comprising a dump chamber

provided below the cells.
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6. A hydrogen generator according to claim 5 comprising at least one dump port from said

each cell to the dump chamber.

7. A hydrogen generator according to claim 6 comprising a dump gate associated with each

dump port.

8. A hydrogen generator according to any one of claims 1 to 7 comprising an associated fluid
delivery system arranged to continuously or semi-continuously pass fluid electrolyte through said

cach cell.

9. A hydrogen generator according to any one of claims 1 to 8 comprising 2 common outlet

from said each cell arranged to allow electrolyte and hydrogen gas to tlow out of the cell.

10. A hydrogen generator according to any one of claims 1 to Y where the enclosure comptises

a series of lower support members arranged to hold or support lower edges of the plates.

11. A marine vessel comprising a hydrogen generator according to any one of claims 1 to 10

arranged to supply hydrogen as 2 fuel to an engine of the vessel.

12. A marine vessel according to claim 11 comprising an inlet in or associated with a hull of
the vessel for salt water and pipework arranged to deliver salt water from the inlet to the hydrogen

generator as electrolyte for the hydrogen generator.

13. A power generator comprising a hydrogen generator according to any one of claims 1 to 9

arranged to supply hydrogen as a fuel to an electricity generating turbine.

14. A method of generating hydrogen comprising:

(a) providing an aqueous electrolyte into an enclosure, comptising an anode and a cathode

in the enclosure, with electrical connections to the anode and cathode for passing an electrical
cutrent through the electrolyte to cause an electrolysis reaction to take place to decompose the
electrolyte and produce hydrogen gas, the enclosure also comprising, a seties of spaced plates

within the enclosure defining between them cells between the anode and the cathode, a plate

forming a first wall of each cell consisting of a relatively more noble material selected from the
group consisting of a noble metal, a noble semi-metal, or a noble composite and a plate forming a

second wall of said each cell consisting of a relatively less noble material selected from the group
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conststing of a noble metal, 2 noble semi-metal, or 2 noble composite such that a concurrent
galvanic reaction takes place between the plates simultaneously with said electrolysis reaction to
further produce hydrogen gas, the cells being liquidtight from each other and comprising
electrolyte flow ports for clectrolyte flow through said cells, said electrolyte flow ports being of
sufficient length that clectron flow between cells will occur predominantly through said spaced
plates defining between them said cells;

(b) supplying power to the anode and the cathode to induce current flow tn the electrolyte
to cause an electrolysis reaction to take place to generate hydrogen; and

(c) collecting the hydrogen from the cells;
wherein the first wall faces the second wall across a first gap and the second wall faces a different

first wall of an adjacent cell across a second gap.
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