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ambridge, (GB) a proton-conducting membrane (60), a cathode (50) contact 

ing a first side, or cathodic side, of the membrane, an anode 
(21) Appl. No.: 11/817,519 (70) contacting a second side, or anodic side, of the mem 

brane, and a source of water for Supply to the membrane. In 
(22) PCT Filed: Mar. 3, 2006 use, an electrolysis Voltage applied between the cathode and 

e a 9 the anode causes electrolysis of the water to generate oxygen 
gas at the anode. Atmospheric oxygen, i.e. oxygen in the air, 

(86). PCT No.: PCT/GB2OO6/OOOT61 is Substantially prevented from coming into contact with the 
cathode. For an acidic proton-conducting membrane this Sub 

S371 (c)(1), stantially prevents the formation of hydrogen peroxide at the 
(2), (4) Date: Jul. 8, 2008 cathode. 
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OXYGEN GENERATION APPARATUS AND 
METHOD 

0001. The invention relates to an oxygen generation appa 
ratus and a method of generating oxygen. In particular, it is 
concerned with the generation of oxygen for use in the treat 
ment of wounds and sores. However, it will be clear to those 
skilled in the art that the invention also has many other appli 
cations requiring oxygen or hydrogen generation. However, it 
will be clear to those skilled in the art that the invention also 
has many other applications requiring oxygen or hydrogen 
generation. 
0002 There is evidence in the literature that the supply of 
oxygen to a wound site can promote the healing of the wound. 
This applies to both humans and animals. Topical oxygen 
therapy, as it is known, encourages the growth of fresh skin 
tissue to close and heal wounds. It is believed that oxygen 
dissolves in tissue fluids and improves the oxygen content of 
the intercellular fluids. 
0003 Various methods have been described for the supply 
of oxygen to wounds. In some instances, the affected limb is 
placed in a chamber (U.S. Pat. No. 4,003,371 and U.S. Pat. 
No. 3,744,491) or a bag (U.S. Pat. No. 5,154,697 and U.S. 
Pat. No. 5,478.310) of oxygen that is fed from an oxygen 
cylinder. This approach is impractical for many patients as it 
restricts the mobility of the patient and necessitates the use of 
control valves to control the flow of oxygen. Furthermore, 
when healthy skin is exposed to gasses containing high con 
centrations of oxygen, it is possible that vasoconstriction and 
tissue destruction may occur. 
0004. In an alternative approach, U.S. Pat. No. 5,578,022, 
U.S. Pat. No. 5,788,682 and U.S. Pat. No. 5,855,570 describe 
devices that are incorporated into or above bandages that are 
placed over the wound. The oxygen is produced electro 
chemically by ionisation of the oxygen in the air at a cathode 
to form hydrogen peroxide that dissolves in a proton-con 
ducting membrane adjacent the cathode. The hydrogen per 
oxide diffuses through the membrane to an anode where the 
hydrogen peroxide is decomposed to form water and pure 
oxygen that is transmitted to the wound. 
0005. The presence of hydrogen peroxide is not welcomed 
by physicians as it can kill healthy cells. It is desirable to be 
able to produce pure oxygen for healing of wounds without 
the use of a hydrogen peroxide intermediate; Unfortunately, 
all known proton-conducting membranes are highly acidic 
and under these conditions hydrogen peroxide is formed 
when oxygen is ionised at a cathode. 

SUMMARY OF INVENTION 

0006 The invention provides an oxygen generation appa 
ratus, a catalytic apparatus, a method of reducing hydrogen 
venting, a method of generating oxygen, and a method of 
Supplying water as defined in the appended independent 
claims, to which reference should now be made. Preferred or 
advantageous features of the invention are defined in depen 
dent Sub-claims. 
0007 An oxygen generator for an oxygen-generation 
apparatus according to the invention comprises a proton 
conducting membrane, a cathode contacting a first side, or 
cathodic side, of the membrane, an anode contacting a second 
as side, oranodic side, of the membrane, and a source of water 
for Supply to the membrane. In use, an electrolysis Voltage 
applied between the cathode and the anode causes electroly 
sis of the water to generate oxygen gas at the anode. Atmo 
spheric oxygen, i.e. oxygen in the air, is Substantially pre 
vented from coming into contact with the cathode. For an 

Jan. 8, 2009 

acidic proton-conducting membrane this may substantially 
prevent the formation of hydrogen peroxide at the cathode. 
0008. The use of a proton-conducting membrane as an 
electrolyte is known from fuel-cell technology. One example 
of a Suitable proton-conducting membrane is Dupont 
Nafion(R), a perfluorosulfonate polymer that is highly perme 
able to water. 
0009 Water may be supplied to the proton-conducting 
membrane at its anodic side, i.e. the side of the membrane 
contacting the anode. If this is the case, dissociation of water 
takes place at the anode and protons migrate to the cathode, 
where they are discharged as hydrogen, and oxygen is dis 
charged at the anode. In such a case the evolved oxygen may 
contain a larger proportion of water than in the alternative 
embodiments described below and oxygen may need to be 
separated from this water before use. The hydrogen dis 
charged at the cathode may contain liquid water, due to hydra 
tion of the migrating proton, and this may need to be sepa 
rated from it if the hydrogen is to be used. 
0010 Water may be supplied to the proton-conducting 
membrane at its cathodic side, i.e. the side of the membrane 
contacting the cathode. In this case water diffuses through the 
membrane, for example controlled by a concentration gradi 
ent. Hydrated hydrogen ions may migrate through the mem 
brane due to the electro-osmotic flux proportional with the 
cell current. Oxygen produced by electrolysis of the water at 
the anode may advantageously be substantially free of water 
or contain a lower level of water vapour, unless water is also 
simultaneously being Supplied on the anodic side of the mem 
brane. 
0011. In a preferred embodiment water may, advanta 
geously, be supplied to the proton-conducting membrane 
from an edge or edges of the membrane. Water Supplied in 
Such a way may, preferentially, Saturate the entire membrane 
by diffusion. 
0012 Water may alternatively be supplied to the proton 
conducting membrane by a combination of the possibilities 
described above, for instance from an edge and from the 
cathodic side simultaneously. 
0013 Hydrogen generated at the cathode may be vented 
directly to the atmosphere. Preferably a vent or vent means of 
a pre-determined shape and dimensions is provided Such that 
the rate of hydrogen generation at the cathode produces a 
hydrogen flow through the vent, which is sufficient to prevent 
the Substantial inflow of atmospheric oxygen through the 
vent. As described above, if oxygen contacts the cathode 
during electrolysis it may be ionised and disadvantageously 
form hydrogen peroxide. The required shape and dimensions 
of the vent to prevent substantial in-flow of air or atmospheric 
oxygen will depend upon the Volume and rate of hydrogen 
produced by the generator. The Volume of hydrogen produced 
in a given time may depend on a number of factors such as 
applied Voltage, area of membrane and Volume of membrane. 
0014. The vent or vent means may comprise one or more 
vents, or may comprise a gas-permeable membrane through 
which the hydrogen flows or diffuses. The vent or vent means 
may also, or alternatively, comprise one or more one-way 
valves. 
00.15 Optionally, the hydrogen may flow into a cathode 
chamber before being vented to the atmosphere from the 
cathode chamber. 
0016. Hydrogen generated at the cathode may advanta 
geously flow or diffuse away from the cathode through a 
gas-permeable membrane. Such a membrane may act as, or 
form part of the vent or vent means and may advantageously 
prevent ingress of contaminants such as dust and/or liquid to 
the cathode and the proton-conducting membrane. Advanta 
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geously, such a gas-permeable membrane may be arranged 
either in contact with the cathode or spaced from the cathode. 
0017 Advantageously, hydrogen generated at the cathode 
may be used, for example as a standard gas Supply for cali 
bration. 
0018. In a further aspect of the invention, the oxygen 
generation apparatus may comprise an oxidation catalyst at 
which hydrogen generated at the cathode reacts with atmo 
spheric oxygen. 
0019 Advantageously, oxygen in the atmosphere may be 
prevented from reaching the cathode by the chemical reaction 
at the oxidation catalyst with the cathodically-generated 
hydrogen. The presence of the oxidation catalyst may also 
advantageously reduce or eliminate the Volume of hydrogen 
vented to the atmosphere. 
0020. In certain circumstances, particularly where vol 
umes of hydrogen generated are high, if the hydrogen is 
vented to the atmosphere it may concentrate in the region of 
the oxygen generator and form a potential explosion risk. A 
generator in which the volume of hydrogen vented to the 
atmosphere is reduced or is eliminated may therefore pose 
less of a safety risk than one that does vent hydrogen to the 
atmosphere (that is one in which provision is not made to 
reduce or eliminate hydrogen venting). 
0021. The oxidation catalyst may comprise any material 
that catalyses the reaction between hydrogen and oxygen. A 
particularly efficacious catalyst is platinum. Platinum may be 
present for example in the form of a foil or as a sputtered 
coating or as platinum particles loaded into a matrix. Such as 
a carbon matrix. 
0022 Preferably the product of the reaction between 
hydrogen and atmospheric oxygen at the oxidation catalyst is 
water. Advantageously, such water may be returned to a 
Source of water for Supplying water to the proton-conducting 
membrane or returned directly to the proton-conducting 
membrane itself. Water consumed during electrolysis may 
thereby be replenished by water formed by the reaction of 
electrolytically-produced hydrogen and atmospheric oxygen 
at the oxidation catalyst. 
0023. In one aspect, the invention provides a water-recy 
cling apparatus for an oxygen generator, comprising an oxi 
dation catalyst as described. The water-recycling apparatus 
may be positioned either adjacent to or spaced from the cath 
ode at which hydrogen is produced. 
0024. In one embodiment, a gas-and-liquid-permeable 
membrane separates the oxidation catalyst from the cathode. 
Hydrogen generated at the cathode may advantageously pass 
through the membrane to reach the oxidation catalyst. Water 
generated at the catalyst, or a proportion of the water, may 
then pass from the catalyst back through the membrane to the 
cathode and the proton-conducting membrane. 
0025 Atmospheric oxygen may advantageously flow 
through a gas-permeable/liquid-impermeable membrane to 
reach the oxidation catalyst. This may prevent water gener 
ated at the catalyst from flowing or diffusing to the atmo 
sphere and being lost from the oxygen-generation apparatus. 
0026. In a further aspect the invention also provides a 
method of generating oxygen by electrolysis of water, in 
which water is Supplied to a proton-conducting membrane 
and electrolysed to generate oxygenatan anode and hydrogen 
at a cathode, and atmospheric oxygen is substantially pre 
vented from contacting the cathode. 
0027. Two advantageous ways of preventing access of 
atmospheric oxygen to the cathode, namely venting of hydro 
gen produced at the cathode through a vent or restriction or 
vent means of predetermined shape and dimensions, and 
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reaction of hydrogen with atmospheric oxygen at a catalyst, 
have already been described above. 
0028 Advantageously, oxygen may be produced using a 
generation apparatus or method according to the invention in 
a Sufficient Volume for Supplying to a wound or sore of a 
patient for therapeutic purposes. Preferably oxygen can be 
produced at a rate of between 1 and 20 ml per hour. Particu 
larly preferably oxygen may be produced at a rate of about 15 
ml per hour. Advantageously, oxygen may be produced at a 
pressure of about 50 mbar above atmospheric pressure. The 
flow of oxygen from the apparatus may be fixed, or advanta 
geously the flow of oxygen may be variable, for instance by 
varying the electrolysis current. This may conveniently be 
controlled, for example, by a Suitably programmed electronic 
controller. A variable oxygen flow may allow a physician to 
maintain an optimum oxygen flow to a wound during the 
healing process. 
0029. It is noted above that in a preferred embodiment 
oxygen may be produced at about 50mbarabove atmospheric 
pressure. In more general terms, a cathodic chamber of an 
oxygen generator embodying the invention may operate at a 
different pressure from an anode chamber. For example, if the 
anode chamber is at atmospheric pressure, the cathode cham 
ber may operate at an elevated pressure. If the oxygen gen 
erator is used to produce oxygen for treating wounds, the 
elevated pressure output may advantageously be employed 
with a suitably-designed dressing to help remove exudate 
from a wound. 
0030 Advantageously, oxygen formed by the electrolysis 
of water according to the invention may substantially avoid 
the production of hydrogen peroxide and may thus be suitable 
for therapeutic use. 
0031 Advantageously, an oxygen-generation apparatus 
embodying the invention may operate continuously. This may 
allow oxygen to be supplied to a wound 24 hours a day for a 
predetermined period, for example for seven days. 
0032. Advantageously, an oxygen generator embodying 
the invention may be designed for use in any orientation. This 
may enhance portability of the oxygen generator. 
0033. In this document reference is made to the generation 
of oxygen, for example in the terms "oxygen-generation 
apparatus' and “method of generating oxygen'. As the skilled 
person would readily appreciate, the output of Such an appa 
ratus or method need not be pure oxygen, and these terms 
should be construed accordingly, for example to encompass 
oxygen concentration. Thus, for example, the output of an 
oxygen generator may comprise oxygen at a concentration 
greater than that of oxygen in the environment of the oxygen 
generator. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

0034 Specific embodiments of the invention will now be 
described by way of example, with reference to the drawings, 
in which: 
0035 FIG. 1 shows an exploded cross-sectional view of an 
oxygen generator according to a first embodiment of the 
invention; 
0036 FIG. 2 shows a cross-section of an assembled oxy 
gen generator according to the first embodiment; 
0037 FIG. 3 shows an external perspective view of an 
assembled oxygen generator showing electrical connections, 
water feeding holes and oxygen gas outlet; 
0038 FIG. 4 is a schematic diagram of a membrane elec 
trode assembly for an oxygen generator embodying the 
invention; 
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0039 FIG.5 shows an exploded cross-sectional view of an 
oxygen generator according to a second embodiment of the 
invention; 
0040 FIG. 6 shows an exploded cross-sectional view of an 
oxygen generator according to a third embodiment of the 
invention; 
0041 FIG.7 shows an exploded cross-sectional view of an 
oxygen generator according to a fourth embodiment of the 
invention; 
0042 FIG. 8 is a schematic illustration of an oxygen gen 
eration apparatus comprising an oxygen generator, an elec 
trical circuit, and a power Supply encapsulated in an ergo 
nomic box; and 
0043 FIG.9 is a graph showing the stability of the voltage 
during a current-controlled experiment using an apparatus 
according to the first embodiment of the invention. 
0044 An oxygen generator for an oxygen generation 
apparatus according to a first embodiment of the invention 
will now be described with reference to FIGS. 1, 2, 3, and 4. 
The generator comprises a first end-plate 100 and a second 
end-plate 105, between which various layers of materials are 
sandwiched. These layers are, in order starting with the layer 
immediately adjacent the first end-plate, a first separator 10; 
a first gas-permeable/liquid-impermeable membrane 20; an 
oxidation catalyst 30; a gas-permeable/liquid-permeable 
membrane 40; a porous cathode 50; a proton exchange mem 
brane (PEM) 60; a porous anode 70; a second gas-permeable/ 
liquid-impermeable membrane 80; and a second separator 
90, the second separator being disposed immediately adja 
cent the second end-plate. When the apparatus is assembled, 
as illustrated in FIG. 2, all of these layers are pressed together 
in close contact with each other. 
0045. The layered structure consisting of the first gas 
permeable/liquid-impermeable membrane, the oxidation 
catalyst, the gas-permeable/liquid-permeable membrane, the 
porous cathode, the PEM, the porous anode, and the second 
gas-permeable/liquid-impermeable membrane, can be 
termed a membrane electrode assembly (MEA). FIG. 4 shows 
the layers in the MEA schematically. 
0046. In this embodiment, the end plates are circular, of 
about 70 mm diameter, and the layers forming the MEA are 
all of 25 mm diameter, except for the PEM layer which is of 
larger diameter as described below. The MEA is positioned 
coaxially between the end plates. 
0047. The end-plates are made from polymethyl 
methacrylate (PMMA). Each is formed with a central hole for 
receiving an electrode connector 119. The first end-plate has 
one or more small inlet holes 106 through it, offset from the 
centre of the end plate but opening onto the MEA, to allow 
inflow of air to a first, cathodic, side of the MEA. The second 
end-plate has a similarly-offset small vent hole 107 to vent 
oxygen liberated at a second, anodic, side of the MEA from 
the apparatus. The second end plate also has two water chan 
nels 130 which allow water to be charged to an annular water 
compartment 125, which encircles the MEA. 
0048. When assembled, the two end-plates are separated 
by inner and outer o-rings 110 and 115 positioned coaxially 
between the end plates. The o-rings are made of rubber in the 
embodiment but could be made from any other suitable cor 
rosion-resistant flexible material used for sealing. The water 
compartment 125 is formed by a space bounded by the two 
end-plates, the inner o-ring and the outer o-ring. An annular 
recess 120 in the second end-plate between the o-rings allows 
a greater volume of water to be held within the compartment 
than would beachievable without it. Water can be fed into, or 
removed from, the compartment through the water channels. 
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0049. The first and second separators are 25 mm discs of 
gas-permeable corrosion-resistant metal mesh. The separa 
tors are electrical conductors and are coupled to a power 
supply by means of the electrode connectors 119. Each con 
nector is a bolt that passes through a hole in the centre of the 
first or second separator and through the central hole in the 
first or second end-plate A washer and a nut are placed on the 
end of each bolt extending from each end plate, thereby 
clasping each separator to its end-plate and forming a good 
electrical contact with the separator. The washers maintain a 
gas-tight seal of the hole through each end-plate, and good 
electrical connections can be made of the end of each bolt 
extending from each end plate. 
0050. The first gas-permeable/liquid-impermeable mem 
brane is made from a 25 mm disc of a hydrophobic carbon 
fibre paper containing PTFE. 
0051. The gas-permeable/liquid-permeable membrane is 
made from a 25 mm disc of an electrically-conducting PTFE 
impregnated carbon cloth with low hydrophobicity, loaded on 
one side with Pt. The low hydrophobicity of this layer means 
that it is permeable to both liquids and gases. 
0.052 The Pt-coating or layer on the surface of the gas 
permeable/liquid-permeable membrane faces the first gas 
permeable/liquid-impermeable membrane and forms the oxi 
dation catalyst layer. 
0053. The PEMlayer is an approximately 48 mm diameter 
disc of Nafion(R) sheet with a dry thickness of 40 micrometers. 
Nafion(R) is a commercially-available proton-conducting 
membrane known in fuel-cell technology, and acts as an 
electrolyte in the apparatus. 
0054. A central circular portion of the Nafion(R) membrane 
(a portion of approximately 25 mm diameter), which will in 
the assembled oxygen generator form part of the MEA, is 
sputter coated with Pt on each side through an aluminium 
pattern or mask to form the porous cathode and anode layers. 
Platinum is electrically conductive and also acts as a catalyst 
for reactions at the respective electrodes. 
0055 When assembled, an outer portion of the PEM 45 
extends radially outwards, between the inner o-ring and the 
first end plate, into the water compartment and, in use, Sup 
plies water by diffusion to the central portion of the PEM 46. 
0056. Thus, the outer portion of the PEM acts as a wick 
Supplying water by diffusion in the membrane to the central 
portion of the PEM, which is disposed between the anode and 
the cathode. 
0057 The second gas-permeable/liquid-impermeable 
membrane is made from a 25 mm diameter disc of an elec 
trically-conducting polytetrafluorethylene (PTFE)-impreg 
nated carbon cloth with high hydrophobicity, loaded on one 
side with Pt. The Pt-coated surface of the membrane faces 
towards the anode and the PEM. 

0058. The end plates are fastened together using bolts 118, 
which pass through bolt-holes 117 near the radially-outer 
edges of the end-plates. The bolts are fastened tightly enough 
to compress the o-rings between the two end-plates and hold 
the MEA firmly between the separators. 
0059. The separators and all the layers in the MEA apart 
from the PEM are electrical (electronic) conductors. The 
PEM is an ion conductor, however. Nuts threaded onto the 
threaded rods forming the electrode connectors 119 fasten the 
first and second separators to their respective end-plates and 
also retain leads for electrically coupling the anode and cath 
ode, via the various conducting layers of the MEA, to a 4.5V 
1.7 Ah lithium metal-hydride battery. 
0060 FIG. 3 is a perspective view of the assembled gen 
erator of FIG. 2 and shows portions of water feed pipes 131 
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feeding the water channels and an oxygen vent pipe 135 
attached to the vent hole in the second end-plate. 
0061. To generate oxygen, water is charged to the water 
compartment through the water channels and the compart 
ment is then sealed. The outer portion of the PEM, disposed in 
the water compartment, absorbs water and the central portion 
of the PEM becomes saturated with water by diffusion. This 
embodiment has a central portion of area approximately 5 
cm (in the form of the disc of about 25 mm diameter) of 
proton-conducting membrane structure, and can contain 
approximately 5 ml of water. 
0062. When apotential is applied between the cathode and 
the anode, water within the central portion of the PEM is 
electrolysed. In this embodiment, consumption of electricity 
is approximately 0.14W, and this can be satisfied by a power 
Source Such as a rechargeable lithium metal-hydride battery, 
allowing about 70 hours between charges. The power source 
may be a mobile phone battery, a fuel cell or other similar 
portable power source. 
0063. The Pt anode catalyses the electrolytic reaction, 

1 
H2O = 2H" + 5 O. (pure) +2e. 

0.064 Oxygen gas passes through the second gas-perme 
able/liquid-impermeable membrane and then through the 
second separator and out of the generator via the vent hole. 
Because the second gas-permeable/liquid-impermeable 
membrane is not permeable to liquid, water within the PEM 
does not pass through to the vent hole. 
0065 Hydrogen ions remain within the PEM and are 
transported to the cathode. The Pt cathode catalyses the elec 
trolytic reaction, 

Hydrogen gas generated at the cathode passes through the 
gas-permeable/liquid-permeable membrane and reaches the 
oxidation catalyst. The oxidation catalyst catalyses the 
chemical reaction between oxygen in atmospheric air (which 
enters via the inlet hole in the first end-plate and passes 
through the gas-permeable/liquid-impermeable membrane to 
reach the oxidation catalyst) and hydrogen generated electro 
lytically at the cathode. 

1 
H. + O. (air) = H.O 

0066. This reaction prevents substantial quantities of 
hydrogen from being vented into the atmosphere. The reac 
tion also prevents Substantial quantities of atmospheric oxy 
gen from contacting the cathode, where it could be ionised to 
form hydrogen peroxide. 
0067 Water generated in this chemical reaction passes 
through the gas-permeable liquid-permeable membrane to 
the PEM and may thus replenish water consumed by elec 
trolysis in the central portion of the PEM. The gas-permeable/ 
liquid impermeable membrane, the oxidation catalyst and the 
gas-permeable/liquid permeable membrane thus form a 
water-recycling apparatus. 
0068 The oxygen-generation apparatus according to the 

first embodiment of the invention may be viewed as an oxy 
gen-concentration device. Dilute oxygen present in air (at a 
concentration of approximately 21% by Volume) is chemi 
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cally reacted with hydrogen to form water, which is then 
electrolysed to form pure oxygen. The overall reaction may 
thus be written: 

1 1 
5 O}(air) 50. (pure) 

0069. In a 0.08 A current-controlled experiment using the 
apparatus described above, operating continuously for a 
period of seven days, a 15 ml/hour oxygen flow was generated 
and no hydrogen flow out of the apparatus was detected by a 
hydrogen detector. FIG.9 shows the stability of the voltage at 
this fixed current over the period of seven days. 
0070 Although in this specific embodiment the oxidation 
catalyst forms part of the MEA there is no need for it to be so. 
For example, hydrogen could be generated at the cathode and 
vented via a tube to a catalyst layer, where it could react with 
atmospheric oxygen to form water. This water could then be 
routed back, for example through a further tube or channel, to 
the PEM or to the water compartment, thus providing a water 
recycling apparatus spaced from the PEM. Alternatively, 
water generated at the oxidation catalyst could simply be 
discarded. If the water is discarded, the advantages of reduc 
ing hydrogen venting and reducing hydrogen peroxide for 
mation may still beachieved. If the water is recycled, then the 
water consumption of the apparatus may also advantageously 
be reduced. 
0071 Although the electrolytic catalyst/electrode mate 
rial used at the cathode and the anode is platinum, any suitable 
catalyst/electrode combination could be used at either the 
cathode or the anode. A conducting anode, for example made 
of carbon, could be coated with a layer of a platinum catalyst. 
A non-platinum electrolytic catalyst could also be used pro 
viding it catalyses the respective cathode or anode reactions 
sufficiently. 
0072. In the first embodiment described above the plati 
num electrodes are deposited on the PEM as sputtered layers. 
The platinum could equally well be a porous foil sandwiched 
between the PEM and an outer membrane, or it could be 
plated onto the PEM or on to one of the membranes on either 
side of the PEM and then abutted against the PEM. Likewise, 
the oxidation catalyst could be any catalyst, or catalyst plus 
Support material, that catalyses the chemical reaction 
between hydrogen and oxygen Sufficiently. 
0073. The materials used to manufacture the first and sec 
ond gas-permeable/liquid-impermeable membranes and the 
gas-permeable/liquid-permeable membrane need not be 
made from the specific materials identified above. Such mem 
branes can be made from any materials possessing the 
required properties with respect to gas and liquid permeabil 
ity. Preferably such membranes are electronically conducting 
as it is convenient to couple the power Supply to the anode and 
cathode through the various layers in the MEA. This need not 
be so, however, and the power Supply could be coupled 
directly to the anode and the cathode allowing the membranes 
to be made from non-conductive materials. 
0074 Typically, the first and second gas-permeable/liq 
uid-impermeable membranes will be conductive and made 
from any Suitable hydrophobic porous cloth, paper or com 
posite (for example plastic composites containing carbon, 
graphite, carbon nanotubes or some combination thereof). 
0075 Typically, the gas-permeable/liquid-permeable 
membrane will be conductive and made from any suitable 
hydrophilic porous cloth, paper or composite (for example 
plastic composites containing carbon, graphite, carbon nano 
tubes or some combination thereof). 
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0076 Although the MEA of the first embodiment 
described above effectively forms a disc of approximately 25 
mm diameter it is clear that the MEA need not be disc-shaped. 
Square or any other shape MEAS may also be effective. In the 
above example the effective area of the MEA is approxi 
mately 5 cm. The effective area of MEA may be smaller than 
5 cm, for instance 3 cm or 1 cm. Likewise the effective area 
of MEA may be greater than 5 cm, for example 8 cm or 10 
cm. To change the effective area of the MEA (for a circular 
MEA) the diameter of the various layers in the MEA could be 
increased or decreased for instance down to 20 mm or 15 mm 
or 10 mm diameter or up to 30 mm or 35 mm or 40 mm 
diameter. In the above example where the water is supplied to 
the central portion of the PEM by diffusion from a water 
supply in contact with the outer portion of the PEM, an upper 
limit on the dimensions of the MEA may be set by the maxi 
mum distance that water can diffuse through the PEM from 
the outer portion. Such a dimension may be dependent on the 
material properties and thickness of the particular PEMused, 
and on the shape of the MEA and the shape of the water 
reservoir or compartment. 
0077. The construction of an apparatus according to the 
invention need not involve a generator identical to that shown 
in FIG. 1. A second embodiment of an oxygen generator 
according to the invention is shown in FIG. 5. The water 
compartment is formed by annular recesses in both end-plates 
121 and 122 and thus has a volume approximately double that 
of the water compartment described in relation to the first 
embodiment above. The increased volume of the water com 
partment in the second embodiment may advantageously 
increase the operational time of the device. The MEA struc 
ture in the second embodiment is as described for the first 
embodiment. 

0078. A third embodiment of an oxygen generator accord 
ing to the invention is illustrated in FIG. 6, where the two 
end-plates are bonded together with an adhesive at a portion 
of their surface 200. This embodiment only requires the use of 
a single o-ring 110 and the water compartment is formed by 
an annular cavity 124 bounded by the o-ring, the two end 
plates and the adhesive bond. The adhesive may be reactively 
cured, UV cured, thermoplastic or solvent based. The adhe 
sive may be a cyanoacrylate, a silicone, a polyurethane, an 
epoxy, or any other kind of adhesive. The MEA structure in 
the third embodiment is as described for the first embodiment. 
0079 Although reacting atmospheric oxygen with hydro 
gen evolved from the cathode is an advantageous method of 
preventing Substantial quantities of atmospheric oxygen con 
tacting an interface with the cathode and the PEM, there are 
alternative methods of preventing this. 
0080. In a fourth embodiment illustrated in FIG. 7 the 
oxygen-generation apparatus does not catalyse the reaction 
between hydrogen and atmospheric oxygen to form water. In 
this embodiment, the MEA does not include an oxidation 
catalyst layer or a first gas-permeable/liquid-impermeable 
membrane as described in the first embodiment, but does 
comprise a stack of layers sandwiched between first and 
second separators 10, 90 and consisting of a first gas-perme 
able/liquid-impermeable membrane 42, a porous cathode 50. 
a proton-conducting polymer membrane (PEM) 60, a porous 
anode 70, and a second gas-permeable/liquid-impermeable 
membrane 80. Hydrogen generated at the cathode passes 
through the first gas-permeable/liquid-impermeable mem 
brane and is vented to the atmosphere via a hydrogen vent 210 
formed through a first end-plate of the apparatus. The diam 
eter and length of the hydrogen vent are predetermined Such 
that the flow of vented hydrogen is sufficient to prevent sub 
stantial influx of air. In an alternative embodiment, the vent 
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may be coupled to a vent tube of predetermined shape and 
dimension or to a one-way valve such that Substantial influx 
of air is avoided. 
I0081. The first gas-permeable/liquid-impermeable mem 
brane may, if its properties are suitably selected or predeter 
mined, be sufficient to prevent atmospheric oxygen from 
reaching the cathode while hydrogen is passing through the 
membrane away from the cathode, and so avoid the need for 
(or effectively replace) the vent of predetermined shape and 
dimensions. Such a membrane may also advantageously pre 
vent atmospheric contaminants such as dirt or chemical con 
taminants from reaching the cathode and damaging the appa 
ratuS. 

I0082 In the fourth embodiment the water in the compart 
ment is not replenished by means of a chemical reaction and 
therefore an oxygen generator designed with a larger water 
compartment, such as that described in the third embodiment 
(FIG. 5), may advantageously have a longer running life 
before the need to recharge the supply. 
I0083. As illustrated in FIG. 8, the oxygen generator of any 
of the embodiments described above 310 may be connected 
though an electrical circuit 320 to a power supply 330 and 
encapsulated in an ergonomic box 300. Pure oxygen may then 
be vented from the box via flexible plastic tubing 340, which 
may be used to deliver the oxygen to a sterile dressing 350 
fixed to a wound. The box may have a means for fixing to a 
belt or a pocket, so that the oxygen-generation apparatus can 
be worn, and may be made of a light-weight durable plastic 
material. Such as polyethylene, polypropylene, vinyl, nylon, 
rubber, leather, various impregnated or laminated fibrous 
materials, various plasticized materials, cardboard, impreg 
nated paper, etc. 
I0084 Preferably, the box is portable and may allow a 
patient unrestricted mobility while wearing the complete 
oxygen-generation apparatus. 

1. An oxygen-generation apparatus comprising 
a proton-conducting gas impermeable membrane; 
a cathode contacting a first side of the membrane; 
an anode contacting a second side of the membrane; and 
a source of water for Supply to the membrane; 
whereby application of an electrolysis voltage between the 

cathode and the anode causes electrolysis of the water to 
generate oxygen gas at the anode, 

and whereby passage of oxygen to the cathode is Substan 
tially prevented. 

2-31. (canceled) 
32. An oxygen-generation apparatus according to claim 1, 

in which hydrogen is generated at the cathode, flows away 
from the cathode and is vented to the atmosphere through a 
hydrogen venting means such that flow of atmospheric oxy 
gen to the cathode is Substantially prevented during operation 
of the generator. 

33. An oxygen-generation apparatus according to claim32, 
in which the hydrogen venting means comprises one or more 
vent holes of predetermined dimensions. 

34. An oxygen-generation apparatus according to claim32, 
in which the hydrogen venting means comprises a gas-per 
meable membrane. 

35. An oxygen-generation apparatus according to claim34. 
in which the gas-permeable membrane is in contact with the 
cathode. 

36. An oxygen-generation apparatus according to claim32, 
in which the hydrogen venting means comprises a cathode 
chamber into which hydrogen flows from the cathode before 
being vented to the atmosphere. 
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37. An oxygen-generation apparatus according to claim 1, 
further comprising a catalyst, at which the hydrogen gener 
ated at the cathode reacts with atmospheric oxygen. 

38. An oxygen-generation apparatus according to claim37. 
in which the hydrogen and atmospheric oxygen react to form 
Water. 

39. An oxygen-generation apparatus according to claim38, 
in which the formed water is returned to said source of water 
or to said proton-conducting membrane. 

40. An oxygen-generation apparatus according to claim37. 
in which said atmospheric oxygen flows through a gas-per 
meable membrane to the catalyst. 

41. An oxygen-generation apparatus according to claim 1, 
in which an assembly comprising the proton-conducting 
membrane is retained between two end-plates, the end-plates 
being joined together so as to form a watertight seal therebe 
tWeen. 

42. A catalytic apparatus for use with an oxygen generator, 
in which the oxygen generator produces hydrogen at a cath 
ode, the catalytic apparatus comprising a catalyst at which at 
least a portion of said hydrogen reacts with atmospheric oxy 
gen. 

43. A catalytic apparatus according to claim 42, for use 
with an oxygen generator which electrolyses water to pro 
duce the hydrogen at the cathode and oxygen at an anode, 
wherein the hydrogen and atmospheric oxygen react to pro 
duce water and the water is returned to the oxygen generator 
for further electrolysis. 

44. A catalytic apparatus according to claim 42, in which 
the atmospheric oxygen passes through a gas-permeable/liq 
uid-impermeable membrane to reach the catalyst. 

45. A catalytic apparatus according to claim 42, in which 
the hydrogen passes through a gas-permeable membrane to 
reach the catalyst. 

46. A catalytic apparatus according to claim 45, in which 
said gas-permeable membrane is also liquid-permeable. 

47. A method of generating oxygen by electrolysis com 
prising the steps of Supplying water to a proton-conducting 
membrane, the membrane being in contact with an anode on 
one side of the membrane and a cathode on the other side of 
the membrane; 
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electrolysing the water to generate oxygen at the anode: 
and 

preventing Substantial access of oxygen to the cathode. 
48. A method of generating oxygen according to claim 47. 

in which hydrogen is generated at the cathode, comprising the 
step of venting the hydrogen from the apparatus So as Sub 
stantially to prevent flow of atmospheric oxygen to the cath 
ode. 

49. A method of generating oxygen according to claim 47. 
comprising the step of reacting hydrogen generated at the 
cathode with atmospheric oxygen at a catalyst. 

50. A method of generating oxygen according to claim 49, 
in which the catalysed reaction between hydrogen and atmo 
spheric oxygen produces water, and comprising the step of 
Supplying at least a portion of said produced water to the 
proton-conducting membrane. 

51. A method for reducing venting of hydrogen from an 
oxygen generator that produces hydrogen at a cathode, by 
reacting at least a portion of the hydrogen with atmospheric 
oxygen at a catalyst. 

52. A method according to claim 51, in which the oxygen 
generator electrolyses water to produce the hydrogen at the 
cathode and oxygen at an anode and the hydrogen Subse 
quently reacts with the atmospheric oxygen at said catalyst, 
further comprising the step of Supplying at least a portion of 
the water to the oxygen generator. 

53. A method of supplying water to an electrolysis portion 
of a proton-conducting membrane disposed between a cath 
ode contacting a first side of the membrane and an anode 
contacting a second side of the membrane, by diffusion 
through the thickness of the membrane from a water source in 
contact with a portion of said membrane extending beyond 
said cathode and said anode. 

54. A method according to claim 53, in which electrolysis 
of the water occurs on the application of an electrolysis Volt 
age between the cathode and the anode resulting in the gen 
eration of oxygen gas at the anode. 

55. A method according to claim 54, in which water Sup 
plied to the electrolysis portion of the membrane and con 
sumed by electrolysis is replaced by water from said water 
SOUC. 


