REPLACE,B}ENT SHEETS SG [err] Description : paged .1 .. to paged [err]

d S aged rr] to paged [err err
ngreljal n}‘ear] pAgstrc[igt ]: pageg [eEr] 10[pa ]ed [eﬁg§59§aﬁe§ 4 5

DATE OF RECEI PT [err] "1 | MPROVEMENT IN ELECT
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The present invention relates to the generation of hydrogen gas and oxygen gas

from water, either as an admixture or as separated gases, by the process of electrolysis,
and relates further to applications for the use of the liberated gas. Embodiments of the
invention particularly relate to apparatus for the efficient generation of these gases, and
to use of the gases as a thermal source in atomic welding or cutting, and in gaseous

waste disposal.

Background Art
The technique of electrolysing water in the presence of an electrolyte such as

sodium hydroxide (NaOH) or potassium hydroxide (KOH) to liberate hydrogen and
oxygen gas Ciz, 02) is well known. The process involves applying a DC potential
difference I;etween two or more anode/cathode electrode pairs and delivering the
minimum epergy required to break the H-O bonds (i.e. 68.3 kcal per mole @ STP).
The gases are produced in the stoichiometric proportions for O5:H, of 1:2 liberated
respectively from the anode (+) and cathode (-).

Reference can be made to the following texts: "Modern Electrochemistry,
Volume 2, John O'M. Bockris and Amulya K.N. Reddy, Plenum Publishing
Corporation", "Electro-Chemical Science, J. O'M. Bockris and D.M. Drazic, Taylor
and Francis Limited" and "Fuel Cells, Their Electrochemistry, J. O'M. Bockris and S.
Srinivasan, McGraw-Hill Book Company”.

A discussion of experimental work in relation to electrolysis processes can be
obtained from "Hydrogen Energy, Part A, Hydrogen Economy Miami Energy
Conference, Miami Beach, Florida, 1974, edited by T. Nejat Veziroglu, Plepum
Press”. The papers presented by J. O'M. Bockris on pages 371 to 379, by F.C. Jensen
and F.H. Schubert on pages 425 to 439 and by John B. Pangborn and John C. Sharer

on pages 499 to 508 are of particular relevance. [~ REPLACED SHEETS  SG
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fromthe anode (+) and cathode (-). Reference can be to t ol'l owi ng
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K. N. Reddy, Pl enum Publ i shing
: conductivity, which is a function of temperature), achievable current density and
; anode/cathode potential difference. The total energy delivered must be sufficient to
< disassociate the water ions to generate hydrogen and oxygen gases, yet avoid plating
(oxidation/reduction) of the metallic or conductive non-metallic materials from which
the electrodes are constructed.

Reference also is made to prior art Australian Patent No. 487062 in the name
of Yull Brown, that discloses an electrolysis cell arrangement to produce hydrogen and
oxygen on demand, together with a safety device preventing the generation of excess
pressure of the liberated gases. Fig. 2 of the Brown patent shows a number of
electrodes (20a,20b) in a series electrical arrangement between two terminals (22),
across which a voltage is applied. The cell (20) produces a gas volumetric flow rate
output, and if that output is insufficient for a particular application, then a larger
number of individual cell units must be provided, all electrically connected in series.
The end result is a large structure to be supported.

It is also not possible to produce high gas flow rates (of the order of 10,000
litres per hour) on demand from the prior art apparatus without the use of expensive
and complicated equipment, and even then the equipment suffers from low efficiencies
in the conversion of electrical energy to generate the hydrogen and oxygen gases. Thus
the large scale commercial implementation of such apparatus is not economically
viable.

Admixed hydrogen and oxygen gases (or hydroxy gas) are used as a thermal
source when burnt in a stream, for example, in furnaces. Hydrogen alone is used for
atomic cutting and often for atomic welding, although the device described in the
Brown patent performed atomic welding with admixed hydrogen and oxygen. Recent
industry practice clearly exemplifies that the presence of oxygen in a plasma arc causes

severe oxidation of the tungsten electrodes.
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suitable for a bank of electrolysis cells (i.e. by step-down transformers). The resulting
completed arrangement is inefficient electrically and cumbersome, and also can be

expensive if precise voltage and current regulation (hence gas flow regulation) is

:'-).i

required.

Combusted hydrogen and oxygen gases mixed into a single stream burn at a
very high temperature, typically of the order of 6000 °C. Hydrogen/oxygen welding
sets are generally known to oomprise of a welding tip or hand piece connected by a
dual gas hose to separate supplies of oxygen and hydrogen.

There are four other common types of welding apparatus and techniques in
use; these are oxy—acetylene welding, electric arc welding, MIG (metal-inert-gas)/TIG

' (tungsten-inert-gas) systems and plasma cutting.

i It is estimated that more than 100,000 oxy-acetylene sets are used in Australia.
Of those, approximately 70% are used primarily for the cutting of metals, with the
remainder being used as a heat source, for fusion welding of sheet metal, brazing,
silver soldering and the like. Typically oxy-acetylene sets can weld thicknesses of
metal between 0.5 mm to 2 mm. Further, thicknesses up to 140 mm can be cut, but
only where the steel contains a high percentage of iron. The reason for this is that the
iron and the oxygen are required to support the oxidation process which induces the
cutting effect. The acetylene gas provides the initial temperature to start the oxidation
reaction, being typically 850 °C. Oxy-acetylene sets require a bottled supply of both
acetylene and oxygen gas, hence the bottles must be bought or hired, then continually
maintained and refilled with use.

Electric arc welding {s a method used for welding metals of greater than 1.5
mm thickness. The principle of operation is that a hand piece is supplied with a
consumable electrode, and the work piece forms the other electrode. An AC or DC

potential difference is created between the electrodes, thus causing an arc to be struck
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Brown, that discloses an electrolysis cell arrangenent to produce hydrogen

and oxygen orercangement, tiegedrsemable wireisshfoudyd Be digon gas ¢veaplasmay, Mehich
generati on of excess
J typically is sourced from a bottled supply. TIG systems, on the other hand, require the

‘ filler wire to be hand-fed into the weld pool. MIG/TIG systems can weld from between
1 mm to 20 mm thicknesses of metals, and typically stainless steel, aluminium, mild
steel and the like. Reference can be made to a text "The Science and Practice of
Welding, Volume 2, A.C. Davies, Cambridge University Press" in respect of plasma
MIG processes.

Plasma cutting is a method of cutting by 'introducing compressed air
(comprising predominantly nitrogen) to a DC electric arc, thereby producing very high
temperatures (about 15,000 °C) and so stripping electrons from the nitrogen nucleus to
form a high temperature plasma. This plasma can be utilised to cut ferrous and non-
ferrous materials such as mild steel, stainless steel, copper, brass and aluminium.
Available plasma cutters can cut up to a 25 mm thickness and have the advantage of not
requiring bottled gas but rather utilise free air. Reference can be made to the text "Gas
Shielded Arc Welding, N.J. Henthorne and R.W. Chadwick, Newnes Technical Books"
in respect of plasma cutting.

As follows from the discussion of the prior art, no one unit or system has the
capability of performing all welding and cutting functions, and typically, one of the
systems already described would be chosen over another for any particular job. This
then requires that metal workers or other metal trades industry manufacturers must
purchase and maintain a number of different types of welding units in order to have the
capability to handle any job on demand. The costs associated with the purchase of

replacement bottled gas also are very high.
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 Ytisa forther preferred object of the invention to provide an improved
structure for an electrolysis cell for use in the generation of hydrogen and oxygen gas.
The electrolisis cell can be used in hydrogen/oxygen welding or hydrogen plasma
cutting. Other applications may relate to industrial processes where a combustible
source of fuel is required, such as incinerators, and to the incineration of intractable
wastes.

It is a yet further preferred object to provide an electrolysis cell arrangement
that allows the selective separation or admixture of hydrogen and oxygen gas into
individual gas streams.

The present invention further preferably is directed to provision of a unitary
welding unit which can provide all the welding or cutting requirements of a user.
Advantageously, no bottled supply of hydrogen or oxygen is required. Neither also is a
bottled supply of any other gas required, and for example argon in shrouded MIG/TIG
applications.

It is a yet further preferred object of the invention to provide a flashback
arrester for a hydrogen/oxygen welding or hydrogen plasma cutting tip.

Therefore, the invention discloses a cell arrangement for the electrolysis of
water to liberate hydrogen and oxygen gases, the arrangement comprising:

a plurality of anode-forming electrodes in a stacked relation, each anode
electrode comprising a flat plate through which passes one or more common first

conductive interconnecting members; and
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and wherein the anode electrodes and the cathode electrodes are interleaved.
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The invention further discloses a cell arrangement for the electrolysis of water
to liberate hydrogen and oxygen gases, the arrangement comprising:

a plurality of anode-forming electrodes interconnected by one or more first
common conductive members to be electrically in parallel, the anode electrodes being
interleaved with a plurality of cathode forming electrodes interconnected by one or
more second conductive members to be electrically in parallel, the anode electrodes and
cathode electrodes forming a cell unit; and a plurality of the cell units being electrically
connected in series.

The invention further discloses a cell arrangement for the electrolysis of water
to liberate separated or admixed hydrogen and oxygen gases, the arrangement
comprising:

a plurality of anode-forming electrodes arranged in a stacked relation, each
anode electrode comprising a flat plate through which passes one or more first
conductive interconnecting members;

a plurality of cathode-forming electrodes arranged in a spaced linear stacked
relation, each cathode electrode comprising a flat plate through which passes one or
more second conducting interconnecting members; wherein the anode electrodes and
the cathode electrodes are interleaved; and

a plurality of membranes, each membrane located between an adjacent anode
electrode and cathode electrode, the membranes allowing the passage of ionic current
between adjacent anode and cathode electrodes, but selectively blocking the flow of gas
therethrough dependant upon a pressure differential between opposite sides of a
membrane.

The invention yet further discloses an electrolysis unit for the liberation of

oxygen and hydrogen gases, the unit comprising:
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3 means to supply at least water to the anode and cathode electrodes, the supply

. means being operable to control the pressure differential of the at least water on
opposed sides of each membrane to selectively maintain separation or admixture of
liberated oxygen and hydrogen gases.

The invention further discloses a burner arrangement for use in thermal
destruction of gaseous pollutants, the burner comprising:

a hemispherical burner chamber;

a supply of hydrogen and oxygen gases in communication with the burner
chamber via a tortuous path exiting by a plurality of concentrically arranged nozzles
directed towards the epicentre of the hemispherical chamber; and

an inlet for the supply of the gaseous pollutants;

and wherein the gaseous pollutants are combusted together with the hydrogen
and oxygen gases.

The invention yet further discloses a multi-modal welding and cutting
generator, comprising:

a power supply controllable to produce a plurality of AC and DC output
voltage sources; and

an electrolysis unit coupled to the power supply, and operable to selectively
produce hydrogen and oxygen separately or as admixed hydrogen and oxygen from a
supply of water by electrolysis due to a DC voltage source of the power supply; the
hydrogen, oxygen and admixed hydrogen and oxygen, together with the output voltage
sources, being available for connection to welding and/or cutting apparatus.

The invention yet further discloses a flashback arrester for a welding tip having
use with combusted gases, the arrester comprising a meshed barrier in the stream of a

passage for the gases to be combusted, the meshed barrier having opening of a size to
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require a bottled supply of both acetyl ene and oxygen gas, hence the
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with wse. Electric arc wel di ng Is a nethod used for welding netals of
greager than 1.5  Figs. laand 1bshowa smgle cell plate respectively as a plan view and side

‘4

view;

Fig. 2 shows a stacked array of cell plates;

Fig. 3 shows, as a vertical cross-sectional view, an electrolysis cell bank;

Fig. 4 is a vertical cross-sectional view showing an arrangement of electrodes
of part of another electrolysis cell bank embodying the invention;

Fig. 5 is a perspective view of part of one electrode shown in Fig. 4;

Fig. 6 is a simplified representation of a series arrangement of the electrodes
shown in Fig. 4; |

Figs. 7a and 7b show the mechanical arrangement of a single cell stack’ in
another embodiment;

Fig. 8 shows the arrangement of a number of the cells shown in Figs. 7a and

7b;

Fig. 9 shows the series electrical configuration of a number of cells in a cell
bank;

Figs. 10a and 10b show the mechanical configuration of a cell bank assembly;

Figs. 11a and 11b show a yet further embodiment of a cell plate;

Figs. 12a and 12b show a complementary cell plate to that of Figs. 11a and
11b;

Fig. 13 shows detail of the perforations and porting of the cell plates of Figs.
11a, 11b, 12a and 12b;

Fig. 14 shows an exploded stacked arrangement of the cell plates of Figs. 11a,
11b, 12a and 12b;

Fig. 15a shows a schematic view of the gas separation system of Fig. 14;

Fig. 15b shows a stylised representation of Fig. 15a;
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Fig. 16 shows a gas collection system for use with the cell bank separation
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system of Figs. 14 and 15a;
Fig. 17 shows, as a cross-sectional view, a hydraulic scrubber and check

valve;

X %l

Fig. 18 shows, as a cross-sectional view, a welding tip of Fig. 10 including a
flashback arrester;

Figs. 19a and 19b show a burner for the destructive combustion of pollutants;

Fig. 20 shows a a block diagram of a multi modal welding and cutting
apparatus; and

Fig. 21 shows a schematic diagram of the apparatus of Fig. 20.

An electrolysis cell bank embodying the invention is constructed of a number of
hexagonally shaped electrolysis cell plates 10, one of which is shown in plan in Fig. 1a
and as a side view in Fig. 1b. Each plate 10 has three slots 12, each one arranged in
alternating side edges of the plate 10. The other sides of the cell plate 10 each are
provided with a conductive bridge or flange 14. Typically twenty individual cell plates
10 are stacked to form one complete cell 16 as shown as a side view in Fig. 2. The
total number of plates can vary in accordance with the required surface area, and thus
also is a function of plate diameter.

The stacking of adjacent individual cell plates 10 is in a reversed order, so that
the conductive bridges 12 of adjacent plates extend in opposed directions and with a
relative rotational offset of 60°. This rotational offset is for the reason that adjacent
plates 10 are to bear opposite polarity. The conductive bridges 14 are long enough to
pass through a corresponding slot 12 in an adjacent plate 10, without contacting that
plate, and so contact the next subsequent plate forming a conductive path between each
alternate plate. In this way, the completed cell structure 16 has three positive end
terminals and three negative end terminals, although Fig. 2 shows only two of the
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There, a stacking of twenty cell plates typically requires a potential difference across
the individual electrodes of each cell plate in the range of 1.55 - 2.0 volts to liberate
hydrogen and oxygen gas from the water containing an electrolyte of typically 15%
sodium hydroxide solution.

Fig. 3 shows, as a vertical cross-sectional view, seven complete cell stacks 16
arranged in a hexagonal matrix and enclosed by a steel casing 20, thereby to provide an
electrolysis cefl bank 25. The cell stacks 16 are insulated from the steel casing 20 by
nylon insulating bushes 22. The electrical interconnection of the individual cell stacks
16 is not shown, but typically the cells are connected between their respective positive
(+) and negative (-) terminals by straps to form a series connection.

It sometimes can be the case that a parallel interconnection of the cell stacks 16
is implemented. The actual electrical interconnection will depend upon the number of
individual cell plates 10 comprising each cell stack 16, the supply voltage and the
current that can be drawn from the supply.

Water is consumed as the hydrogen and oxygen gas is liberated during the
electrolysis reaction. One litre of water generates 1860 litres of admixed oxygen and
hydrogen at STP, in the volumetric proportion noted above. In the arrangement shown
water is continually supplied through the inlet port 24.

The nylon covers 18 separating adjacent stacks have the benefit of directing the
liberated gas upwardly to be collected by such as a gas outlet 26 located at the top of
the electrolysis cell bank 25. By virtue of volumetric displacement in a ratio of 1:1860,
the liberated gases are self-pressurising as they pass from the outlet port 26 into the
interconnecting pipe work (not shown), which has a far narrower cross-sectional area

than that of the cell bank.
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spine 36,38, typically constructed of resin bonded carbon material, mild steel or
- conductive polymers, from which extend eleven finger-like plates 40,42, also
constructed of carbon, steel or conductive polymer.

Fig. 5 is a perspective view of one of the electrodes 32 in which the spine 36
and plates 40 are rectangular in shape. The electrodes need not necessarily be of the
shape shown, rather can take on many other forms, one example of which will
presently be described. The common requirement for all such configurations is that the
plates be parallel and interconnected by a common member usually arranged
orthogonally to the plates.

Each pair of electrodes 32,34 are in a staggered arrangement so that the
respective outermost plates 40a,42a are offset by approximately one half of the total
length of each electrode 32,34. The respective mid-point plates are identified by the
reference numerals 40b and 42b.

Fig. 6 shows the staggering arrangement in a simplified form. Every sixth
plate is located in the space formed between the first and eleventh plate of the
respective opposed adjacent electrodes.

Referring to Fig. 4 again, two complete cell units 30 and a part of the next
respective adjacent cell units are shown. The total number of cell units is governed by
the DC supply voltage, since a minimum anode/cathode voltage is required to derive
the electrolysis process, and each adjacent cell unit is in a series electrical connection of
the parallel-arranged plates 40,42. In the electrolysis process the cells 30 are immersed
in water and electrolyte and a DC voltage is applied between the end-most plates 40c,
42c causing elemental ionic currents (some of which are represented by the dashed
arrows) to flow between the adjacent plates 40,42, and sum current-wise along the

respective spines 36,38 and plates 40,42 (shown by the solid arrows). A different
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one end cell plate 42a, through the electrolyte, passing through the mid cell plate 40b
and again through the electrolyte to the next end cell plate 42a. This proc&és causes the
accumulation of net positive charge on one side of the mid-plate 40b, and a negative

% charge on the other side.

The ionic current flow is accompanied by disassociation of the water molecules
such that oxygen and hydrogen gas is produced respectively at the anode plate and
cathode plate surfaces. The cathode plate surfaces are those surfaces towards which
ionic current flows. The converse applies for the anode plate surfaces. |

The voltage applied across the end-most plates 40c is divided equally between
the constituent cell units 30, with that fraction of the supplied voltage appearing
between the respective outer-most plates and mid-point plates 40a & 42b, 40b & 42a.

The achievable current ciensity is limited, in part, by the effective electrical
resistance of the electrolytic solution. The smaller the gap between adjacent plates
40,42 the less is the resistance. The interdigitated nature of the electrodes 32,34 means
that there is a large surface area available per unit volume, and there is a minimum
separation between electrode plates in all instances. In that case, the resistance of the
electrolyte is kept low, hence efficiency of the conversion of electrical energy to
generate the hydrogen and oxygen gases is greater than in the prior art.

By virtue of the specific arrangement shown, it is not necessary to isolate each
individual cell unit 30 from adjacent ones thereof. The ionic flow naturally will take
the path of least resistance, hence short-circuits between cell units 30, being a path
otherwise of greater resistance, are avoided. A large number of cells therefore can be
arranged to extend longitudinally, and allow direct connection to a rectified mains
power supply, thus obviating need to electrically interconnect groups of cell units by
strapping, as has been done in the prior art.

Each individual cell unit 30 satisfies the operational criteria regarding voltage,
the surface area of the plates and so on, to successfiully electrolyse water, and thereby

operates essentially independently of the adjacent cell units 30.
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respectively. The discovery that the minimum plate surface area corresponds to the

Lot

optimum gas flow rate means that the total volume occupied can be kept to a minimum.
By way of specific example, a rectified 240 V,,,, mains voltage nominally results in an
average DC voltage of 215 V, hence for direct connection to the mains via a rectifier
(i.e. without requiring a step-down transformer), a total of about one hundred and forty
cells are required. It is particularly advantageous not to require voltage transforming
equipment in terms of equipment cost, techniqal simplicity and the avoidance of losses.

Fig. 7a shows a partial cut-away side view of a cell unit 50 in accordance with
another embodiment. The cell unit 50 is similar in configuration to that of Fig. 4 except
for the number and shape of interconnecting spine members and the shape of the
electrode plates.

Fig. 7b shows an end view of the cell unit 50, and in particular the end-most

plate 52c. The plate electrodes 52,54 are hexagonal in shape. Each plate 52,54 has six
interconnecting rod-like spines 56,58 passing therethrough, one near each vertice.
Each alternate one of the spines 56 represents a common positive conductor and the
other set of alternate spines 58 represents negative conductors. Each adjacent plate
52,54 is electrically connected eithqr to the positive conductors or the negative
conductors. Spacing bushes 60 are provided between adjacent plates 52,54 to provide
electrical isolation and to provide a space in which the water and electrolyte circulates.
Connection of each spine conductor 56,58 to the respective plate electrode 52,54
typically is by a threaded nut or interference fit. The reason for connecting each plate
52,54 to three common spine conductors 56,58 is to achieve a uniform current
distribution across the whole surface area of a plate 52,54.

As can be seen in Fig. 7b, the positive spine conductors 56 extend away from

one end of the assembly for series interconnection with other arrangements of cells, as

{m:\libk]00063:BFD



applications. It is a yet further preferred obj ecthigpthe B acedn t 0
provide a flashback arrester for a hydrogen/ oxygeni i] ﬂﬂ“ri Eirogen
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whi ch passes one or nore common first conductive interconnecting nmenbers;
and REPLACENbhductdfsiafe Blanked=bff #¥fiba non-conductive end cap 62.

Fig. 8 shows a stylised form of three cell units 50 electrically comnected in

series (arranged longitudinally), and particularly the passage of the spine conductors

3 56,58. The cell units 50 are enclosed within an insulating tube 64, typically made of
PVC, which has access for communication of water to envelope the plates 52,54 and
for the generated gases to escape.

Fig. 9 shows the series electrical intercorinection of a number of cell units 50
directly connected with the DC output side of an AC/DC converter 66 (such as a simple
diode bridge rectifier) without requiring a step-down transformer.

Fig. 10a shows an end view of the mechanical arrangement of seven
assemblies (designated A-G), each consisting of three series connected cell units 50 (as
shown in F1g 8), forming a total cell arrangement 70. The cell assemblies 50 are
located within a steel cylinder 72 containing the water and electrolyte required for the
generation of the hydrogen and oxygen gases. Each group (A-G) of three cell units 50
is interconnected by means of a first group of steel connecting straps 74 at one end and
a second group of steel connecting straps 76 (not shown) at the other end, arranged to
be offset between the groups. Whilst the first straps 74 alone are shown in Fig. 10a,
both sets of the straps 74,76 are more clearly shown in Fig. 10b, which is a side view
of the groups A-G when ‘unravelled’.

The PVC tubes 64 shown in Fig. 10a insulate adjacent groups to avoid 'short-
circuiting' effects between one another. The cell arrangement 70 is very compact, and
in a comparison with the prior art Brown arrangement is only one third of the physical
size for a comparable gas volumetric flow rate, there also being a snmlar reduction in
total mass. The supply of water for the electrolysis process is by an inlet 78 located at
the bottom of the cylinder 72, with the gases produced exiting the cylinder 72 by an
outlet 80 located at the top of the cylinder. '
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Figs. 11a and 12a show further embodiments of a first and second type of cell

o
>

'i' plate 90,98 as an end view. Figs. 11b and 12b are partial cross-sectional views along

s
- 4-

the respective mid-lines as shown. Common reference numerals have been used where
appropriate. The plates 90,98 can have the function of either an anode (+) or a
cathode (-), as will become apparent. Each comprises an electrode disc 92 that is
perforated with hexagonally shaped holes 96. The disc 92 is made from steel or resin-
bonded carbon or conductive polymer material. The disc 92 is housed in a circular rim
or sleeve 94. The function of the perforations 96 is to maximise the surface area of the
electrode disc 92 and minimise the weight by over solid constructions 45%.

By way of ex@le, for a disc of diameter 28:0 mm, the thickness of the disc
must be 1 mm in order to allow the current density (which ranges from 90 A / 2,650
cm? - 100 A / 2',940 cm? of the anode or cathode) to be optimal. If the diameter of the
plate is increased, which consequently increases the surface area, it is necessary to
increase the thickness of the plate in order to maintain uniformity of conductance for
the desired current density.

The hexagonal perforations in a 1 mm disc have a distance of 2 mm between
the flats, twice the thickness of the plate in order to maintain the same total surface area
prior to perforation, and be 1 mm away from the next adjacent perforation to allow the
current density to be optimal. A 1 mm (flat to flat) distance between the hexagonal
perforations is required, because a smaller distance will result in thermal losses and a
larger distance will add to the overall weight of the plate.

The sleeve 94 is constructed of PVC material and incorporates a number of
equally spaced shaft holes 100,102. The holes are for the passage of interconnecting
shafts provided in a stacked arrangement of the plates 9@,.98 forming the common
conductor for the respective anode and cathode plates, much in the nature of the

arrangément shown in Figs. 7a and 7b. The further two upper holes 104,106 each
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Fig. 13 shows an enlarged view of a portion of the cell plate 90 shown in Fig.
11a. The port hole 104 is connected to the hexagonal perforations 96 within the sleeve
94 by an internal channel 112. A similar arrangement is in place for the other port hole
106, and for the water/electrolyte supply holes 108,110.

If it is the case that the hydrogen and oxygen gases liberated are to be kept
separate (i.e. not to be formed as an admixture), then it is necessary to separate those
gases as they are produced. In the prior art this is achieved by use of diaphragms that
block the passage of gases and effectively isolate the water/electrolyte on each side of
the diaphragm. Ionic transfer thus is facilitated by the ionically conductive nature of
the diaphragm material (i.e. a water - diaphragm - water path). This results in an
increase in the ionic resistance and hence a reduction in efficiency. Prior art patent No.
487062 describes another arrangement (see Fig. 6 thereof) that utilises magnets to cause
separation of the gases.

Fig. 14 shows an exploded stacked arrangement of four cell plates, being an
alternative stacking of two (anode) cell plates 90 and two (cathode) cell plates 98. The
two ends of the stacked arrangement of cell plates delineates a single cell unit 125.
Interposed between each adjacent cell plate 90,98 is a PTFE separation 116. Although
not shown in Fig. 14, the cell unit includes separate hydrogen and oxygen gas conduits
that respectively pass through the stacked arrangement of cell plates via the port holes
106,104 respectively. In a similar way, conduits are provided for the supply of
watet/electrolyte, respectively passing through the holes 108,110 at the bottom of the
respective plates 90,98.

Only two pairs of anode/cathode cell plates are shown. The number of such
plates can be greatly increased per cell unit 125.

Also not shown are the interconnecting conductive shafts that electrically

interconnect alternative common cell plates. The reason for having a large diameter
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hydr ogen gases, the unit conprising REPLACEMENT SHEET 2 5 1996
[ n:\1ii bk] OGfdfteRioDBoecting shaft will pass through the larger diameter hole, and not make an
electrical connection (i.e. insulated with PVC tubing) rather only forming an electrical

connection between alternate (common) cell plates.

.

The cell unit 125 shown in Fig. 14 arrangement is an exploded view. When

A '!w %

fully constructed, all the elements are stacked to be in intimate contact. Mechanical
fastening is achieved by use of one of two adhesives such as (a) "PUR-FECT LOK"
(TM) 34-9002, which is a Urethane Reactive Hot Melt adhesive with a main ingredient
of Methylene Bisbheny/Dirsocynate (MDI), and (b) "MY-T-BOND" (TM) which is a
PVC solvent based adbesive. Both adhesives are Sodium Hyroxide (20% present in the
electrolyte) resistant. In that case the water/electrolyte only resides within the area
proscribed by the cell plate sleeve 94. Thus the only path for the inlet of
water/electrolyte is by bottom channels 118,122 and the only outlet for the gases is by
the top channels 112,120, In a system constructed and tested by the inventor, the
thickness of the cell plates 90,98 is 1 mm (2 mm on the rim because of the PVC sleeve
94), with a diameter of 336 mm. The cell unit 125 is segmented from the next cell by
an insulating PVC segmentation disc 114. A segmentation disc 114 also is placed at the
beginning and end of the entire cell bank.

If there is to be no control over separation of the liberated gases, then the
PTFE membranes 116 are not provided.

The PTFE membrane 116 is fibrous and has 0.2 to 1.0 micron interstices. A
suitable type is type Catalogue Code J, supplied by Tokyo Roshi International Inc
(Advantec). The water/electrolyte fills the interstices and ionic current flows only via
the water - there is no contribution of ionic flow through the PTFE material itself. This
leads to a reduction in the resistance to ionic flow. The PTFE material also has a
"bubble point' that is a function of pressure, hence by controlling the relative pressures
at either side of the PTFE separation sheets, the gases can be ‘forced' through the
interstices to form an admixture, or otherwise kept separate. Other advantages of this
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Fig. 15aisa styhsed and exploded, schematic view of a linear array of three
series-connected cell units 125. For clarity, only six interconnecting shafts 126-131 are
shown. The shafts 126-131 pass through the respective shaft holes 102,100 in the
various cell plates 90,98 in the stacked arrangement. The polarity attached to each of
the exposed end shafts, to which the DC supply is connected also is indicated. The
shafts 126-131 do not run the full length of the three cell banks 125. The
representation is similar to the arrangement shown in Figs. 7a and 8. One third the full
DC source voltage appears across each anode/cathode cell plate pair 90,98.

Further, the gas conduits 132,133, respectively for hydrogen and oxygen, that
pass through the port holes 104,106 in the cell plates 90,98 also are shown. Ina
similar way, water/electrolyte conduits 134,135, passing through the water port holes
108,110 in the cell plates also are shown.

Fig. 15b particularly shows how the relative potential difference in the middle
cell bank 125 changes. That is, the plate electrode 90a now functions as a cathode (i.e.
relatively more negative) to generate hydrogen, and the plate electrode 98a now
functions as an apode (i.e. relatively more positive) to generate oxygen. This is the
case for every alternate cell unit. The arrowheads shown in Fig. 15b indicate the
electron and ionic current circuit. Fig. 15c is an electrical equivalent circuit
representation of Fig. 15b, where the resistive elements represent the ionic resistance
between adjacent anode/cathode plates. Thus it can be seen that the cell units are
connected in series..

Because of the change of function of the cell plates 90a and 98a, the
complementary gases are liberated at each, hence the respective channels 112 are
connected to the opposite gas conduit 132,133, Practically, this can be achieved by the
simple reversal of the cell plates 90,98.

Fig. 16 shows the three cell units 125 of Fig. 15a connected to a gas collection
arrangement. The cell units 125 are located within a tank 140 that is filled with
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and an electrolysi$s unit coupled to
sel ectively water/electrolyte level h can be viewed via the sight glass 154. In normal operation,

the different streams of hydrogen and oxygen are produced and passed from the cell
3 units 125 to respective rising columns 142,144. That is, the pressure of electrolyte on
opposed sides of the PTFE membranes 116 is equalised, thus the gases cannot admix.

The columns 142, 144 also are filled with the water/electrolyte, and as it is
consumed at the electrode plates, replenishing supply of electrolyte is provided by way
of circulation through the water/electrolyte conduits 134,135. The circulation is caused
by entrainment by the liberated gases, and by the circulatory inducing nature of the
conduits and columns.

The upper extent of the tank 140 forms two scrubbing towers 156,158,
respectively for the collection of oxygen and hydrogen gases. T:he gases pass up a
respective column 142,144, and out from the columns via openings therein at a point
within the interleaved baffles 146. The point where the gases exit the columns 142,144
is beneath the water level h, which serves to settle any turbulent flow and entrained
electrolyte. The baffles 146 located above the level h scrub the gas of any entrained
electrolyte, and the scrubbed gas then exits by respective gas outlet columns 148,150
and so to a gas receiver. The level h within the tank 140 can be regulated by any
convenient means, inchuding a float switch, again with the replenishing water being
supplied by the inlet pipe 152.

The liberated gases will always separate from the watet/electrolyte solution by
virtue of the difference in densities. Because of the relative height of the respective set
of baffles, and due to the density differential between the gases and the
water/electrolyte, it is not possible for the liberated hydrogen and dxygen gases to mix.
The presence of the full volume of water within the tank 140 maintains the cell plates in
an immersed state, and further serves to absorb the shock of any internal detonations

should they occur.
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t he fl ashbackinlet port 134 are closed. This blocks the outlet path for the oxygen gas and forces the
inlet water/electrolyte to pass to the inlet conduit 134 via a one-way check valve 139

3 and pump 138. The water/electrolyte within the tank 140 is under pressure by virtue

of its depth (volume), and the pump 138 operates to increase the pressure of
water/electrolyte occurring about the anode cell plates 90,98a to be at an increased
pressure with respect to the water/electrolyte on the other side of the membrane 116.
This pressure differential is sufficient to cause the oxygen gas to migrate through the
membrane, thus admixed oxygen and hydrogen are liberated via the gas output conduit
133 and column 144. Since there is no return path for the water/electrolyte supplied by
the pump 138, the pressure about the cell plates 90,98a will increase further, and to a
point where the difference is sufficient such that the water/electrolyte also can pass
through the membrane 116. Typically, pressure differential in the range of 1.5 - 10 psi
is required to allow passage of gas, and a pressure differential in the range of 10 - 40
psi for water/electrolyte.

While only three cell units 125 are shown, clearly any number, connected in
series, can be implemented.

Fig. 17 shows another embodiment of a check valve and scrubber unit 160 for
scrubbing liberated gas(es) before subsequent use. The unit 160 is filled with water,
typically to a level being about half the full heigﬁt of the unit. The level is regulated
by a float switch 162. Water is supplied by means of the inlet 164. A sight column
166 is also provided, which serves to give a visual indication of the water level.

The hydrogen and/or oxygen gases from the gas receiver, now under pressure,
enter by an entry tube 168 having an opening 170 at the bottom end thereof. The gases
travel down the tube 168 and out of the opening 170 to bubble upwardly on the inside
of the inner column 172, which also is filled with the supplied water, thus performing a
first scrubbing action to remove the sodium hydroxide electrolyte. The gas then enters
a further downwardly directed tube 174 and out the opened end thereof, passing again
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. 7a and 7b show the nechani cal arrangenent of a si ngl e cell
the outlet 178.

Admixed hydrogen and oxygen gases supplied from the output 178 to, say, a
welding tip (not shown) are in the correct stoichiometric proportions as a result of the
electrolysis process, and ensures that, on combustion, a neutral flame is produced. The
only products of the combustion process are heat and water vapour.

If the gases are produced separately, two check-valve scrubbers 160 are
employed, the gases can then be mixed in a mixing chamber which also will prodube
the correct stoichiometric mix.

If it is the case that there is an explosion which backs-up through the outlet 178
from a welding tip, it will be quenched by the water within the unit 160, and the energy
of the explosion absorbed by disphcing the water in both the outer chamber 176 and
the inner column 172, and which displacement also cuts off the flow of inlet gas to the
tube 168. In this way there will be no possibility of the explosion further propagating
towards an electrolysis cell bank producing the gases. The water within the unit 160
therefore acts both as a gas scrubber and also as a check valve.

Fig. 18 shows a welding tip 180 in cross-sectional detail. The hydrogen and
oXxygen gases are received along an inlet tube 182, passing by a needle valve 184 and so
into an expansion chamber 186. The expansion chamber 186 includes a flashback
control apparatus, which comprises a cylindrically arranged flashback arrester 188,
typically formed of 5 micrometer stainless steel meshing. In normal operation, the
gases flow through the flashback arrester 188 and so to the outlet or nozzle 190, where
combustion, or gas ionisation during the production of plasma, takes place.

In the event of flashback occurring, the flashback arrester 188 disallows
further rearward passage of the flame, which cannot physically pass through openings
as small as, say, 5 micrometers. Coupled with this is a heat sink effect of the material
from which the arrester 188 is constructed, which operates to dissipate the energy of
the flame and so assist in extinguishing the flame.
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gas on demand. No gas stored in bottle form is required. It is further possible to

conduct fine flame welding with a high purity of gas, and also to be able to fuse

ceramic materials.

All of the following materials can be welded: carbon steel, cast iron, stainless
steel, aluminium, brazing, silver soldering, copper and ceramics. The following
ferrous and non-ferrous materials, due to the available production of pure hydrogen
subsequently passed through a DC arc providing a hydrogen plasma stream (Hy — H)y),
can be readily cut: carbon steel, cast iron, stainless steel, aluminium, brazing and
copper.

Embodiment of the invention can provide a continuous supply of hydrogen gas
at large flow rates. As such it is well disposed to applications that consume large
quantities of hydrogen. An example of one such process is the Plascon (TM) waste
destruction process developed by the Australian CSIRO's Division of Manufacturing
Technology. A summary of the Plascon process can be found in the CSIRO Journal
"Ecos, Volume 68, Winter 1991",

One application of the hydrogen and oxygen gases produced by the apparatus
described above is in the thermal destruction of waste, and without the consumption of
atmospheric oxygen. This procedure requires an on-demand supply of hydrogen and
oxygen gas. The electrolysis apparatus described above can, in a scaled-up version,
produce the requisite gas flow rates in order to combust waste gases on a commercial
scale.

Figs. 19a and 19b show a configuration for a burner used in the destruction of
such gaseous polluting emissions. Fig. 19a shows a cross-sectional view of a burner
200. The cross-sectional view along the mid-line is shown in Fig. 19b. The burner
200 has a combustion chamber 202 that is hemispherical in shape. The emissions,
which may include a mixture of fumes containing hydrocarbons and other volatile

pollutants as a waste product of industrial processes, are injected to the combustion
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chamber by an inlet path 206. There are two sources of an admixture of gaseous
hydrogen and oxygen in stoichiometric proportions of 2:1, one each to an upper and
lower quadrant of the combustion chamber 202. These gases afe supplied by the tv;o
gas inlets 208 at points diametrically opposed on the sides of the burner 200. The
mixture of hydrogen and oxygen and emissions formed within the combustion chamber
202 is ignited by means of a spark plug 210, or the like, and burns at a temperature of
not less than 4000 °C, thus providing energy for molecular disassociation of all the
pollutants into harmless compounds that can be discharged to the atmosphere. No
atmospheric oxygen is consumed in the burning process. Complete combustion of the
pollutants is aided by the ‘focusing' effect of the combustion chamber 202, which
further improves mixing of the gas streams.

A thermocouple 212 measures the temperature within the silicone fibre
refractory heat ihsulatory material 214 surrounding the combustion chamber 202. The
cladding 216 applied to the burner 200 is typically of stainless steel.

The burner configuration is formed by seven (only four are shown)
concentrically arranged sets of nozzles 212, as is clearly shown in Fig. 19b. The
nozzles 222 are directed to commonly intersect at the epicentre 204 of the combustion
chamber 202. The cooling water, supplied by an inlet 218 and exiting by an outlet 220,
is intended to maintain the nozzles 222 at a temperature of less than 300 °C. Above
300 °C, hydroxy gas has the tendency to ‘back burn’.

The flow path of hydrogen and oxygen gases to the nozzles 222 from the inlets
208 has four 90° (minimum) correction changes. This is intended to slow the linear
momentum of the hydroxy flame in the event of a flashback, and so cause the flame to
self-extinguish. This is particularly advantageous, as hydrogen burns at a rate of 3,600
m/s.

Fig. 20 shows in block diagram form a multi-modal cutting and welding
apparatus 230. | The apparatus receives a supply of DC power provided to an AC/DC
converter 232. An AC supply is available for connection to AC electric arc welding
apparatus 234, while the converted DC output voltage is provided for connection with a

{n:\libk]00063:BFD



system of Figs. 14 and 15a; Fig. 17 shows, as a crossfh%%ggemn

i
hydraul i ¢ scrubber and check val ve; Fig. 18 shows, as :
view, a welding tip of Fig. 10 including a flashback aﬂl%ﬂ ﬂ

and | 9b show a burner for the destructive dibustion o

shows a a bl ock diagramof a multi nodal wel ding and cutting apparatus;

S

Fig. 20

and

719 23, Shouspt: SERRA Geiifoseciite biReaRPRSe! i Bic Bl Siob Wifaks e,
of hexagonal | i srb3aed 15*hi Glet@blydis Telt Gihic 288 3 the binertith O, i BHis Bask SsepRfifily ' N

plan in Fig. 1la

hydrogen and oxygen gases. The hydrogen and oxygen gases both are proﬁded toa
hydroxy gas welding apparatus 240. The hydrogen (and oxygen for secondary
injection) is made available for connection with plasma cutting apparatus 242. The
hydrogen is passed through a DC arc to produce a plasma stream, and on a secondary
injection, the oxygen is introduced into the plasma stream to produce an oxidising
plasma cutting effect which increases cutting efﬁciéncy. Thicknessés of up to 150 mm
can be cut within this process. It should be noted that introducing oxygen downstream
from the tungsten electrodes eliminates any oxidation of the electrodes.

The hydrogen gas alone also is provided to a MIG/TIG apparatus 244, with the
hydrogen in plasma form otherwise taking the place of the conventional inert gas. An
AC or DC supply also is required to form the plasma.

The converter 232 can be of any conventional design, typically baving a multi-
tapped transformer for the selection of appropriate rectified DC voltages. The
electrolysis unit 238 can be of any of the embodiments previously described, and
including the scrubber and check valve arrangements. The various cutting and welding
apparatus 234,236,240,242,244, described also are conventional.

The multi-modal apparatus 230 thus provides greater flexibility for the user in
being able to select from the one unit the particular mode of cutting or welding
required. Clearly apparatus comprised of any single or combination of welding/cutting
apparatus is contemplated by the present invention.

Fig. 21 shows the multi-modal apparatus 230 in greater detail. As previously
described, the electrolysis generator 238 separately produces gaseous hydrogen and
oxygen and can also produce gaseous hydrogen and oxygen as an admixture.

The power supply unit 232 comprises a multi-tapped transformer 246. The
reduced voltage is rectified by a bridge rectifier 247. The output rectified voltage is
then connected by terminals 248 to the cell bank 238 containing 30 cells via a contactor

249 which is activated by a pressure switch 250. The switch 250 is, in turn, activated
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arranged in alternating side edges of the plate 10. Th

and as a side viewin Fig. |b. Each plate 10 has t hr eEissShed Has kedone
f the
cell plate 10 each are provided with a condyctive bri dﬂlmlm““i ﬁ E

Typically twenty individual cell plates 10™fe stacked
16 as shown as a side viewin Fig. 2 The total nunber of plates can

cel |

0 Tormone conplete

vary in accor ' nb6r ' -l |

function of p?g??%}né;% er. zrsﬁgwg%ggﬁlﬁdggg%g %d*%gseurl{?[%ﬁ I VI ﬁé?&%éelﬁ&[l)clza%sés
10 is in a reTans ntRior 249 i§ bpérableRo $aRGNEChE ¥EpplY bFifWwerltd thE catibafness

pl ates extend in opposed directions and with a relative rotational offset
of 60. This r ohestablishimedt bf operatiorfad prashie; dhe edntattei 2491 ppaates ofldeimand Withar e
to bear opposite polarity. The conductive bridges 14 are | ong enough to
pass through useofthegaandi ng slot 12 in an adjacent plate 10, w thout
contagting that plate, and so contact the next subsequent plate form ng a
condyctive path bet liunhgasisiproduced as required, and typically a total of 15 litres at any one

time. This 15 litres of gaSses comprises 10 litres of hydrogen and 5 litres of oxygen.

The gases are sourced from the scfubbing towers 156,158 of the cell bank 238.
As a closed loop system, the pressure in each tower will compensate for the other
thereby maintaining constant desired gés production levels. If, however, the water
level is too high due to excessive use of either gas, the respective float switch 254,255
in the respective tower 156,158 will disallow gas flow by shutting the respective
solenoid valve 256,257.

The float switches 254,255 activate the solenoid valves 256,257 from an AC
supply 258 tapped from the transformer 246. Other float switches located in the check
valve and scrubber units 160 and the pressuring pump 138, also receive the AC supply
258.

Two flow regulators 261,262 are incorporated for the purpose of Mahﬁng
the desired back-pressure in the towers 156,158 in order that the system will always
have pressure even if the system is switched off and/or should the gases be exhausted
through gas outlets, the gas outlets 263,264 of the check valves/scrubber units 160 or
by the welding tip 265.

Another method of obtaining an admixture is when the hydrogen and oxygen
gases, as opposed to separated generation in the cell bank 238, is, once the gases have
passed through the check valve and scrubber units 160, a selection valve 266 allows the
gases to mix and pass to the welding tip 265 where they are ignited and combusted to
be used for the purposes of hydrogen/oxygen welding.

If the hydrogen and oxygen gases are produced separately and required for
hydrogen plasma cutting 242 and/or hydrogen plasma MIG/TIG welding 244, the

selection valve 266 disallows the admixture of the two gases.

[n:\1ibk]00063:BFD



al ternate plate. In this way, the conpleted cell structure 16 has three

positive end term nals and three negative end ter ni Tiad Sheet Has lagrdgy 2
shows only two of the 10 positive term %_s and o m ive
termnals. The cell stack 16 is envel oped by an insul (shown
in cut-away fornm). The cell plates 10 shown in Figs. [a, I'b and 2 are

suited to being in FThepowet i aﬁftaswdaeddveimﬁk&an%ﬁem' 664 gt
two cell plates 10 for%ibng eig:pﬁjér t he anode or the cathode. Paralle

stacked flat tehifomhert 246, anctuding aredotst windidg 67 alnl araniss @écto¥Gwitth 2882
There, a stacking of twenty cell plates typically requires a potenti al
di f f erence acwhigh allows a selection of a chosen output voltage level. The generated secondary AC
voltage also can be rectified by the rectifier 247 to produce a DC voltage output. All
these output voltages pass a further polarity selector 269 allowing the user to select
between an AC or DC output and to select the appropriate polarity for the DC output.

The output 248 from the power supply unit 232 is shown connected to the
electrolysis cell bank 238, however, the power supply also can connect with other
forms of welding and cutting such as indicated in Fig. 20.

A further Output 271 supplies the necessary DC power for hydrogen plasma
shroud MIG/TIG welding 244 and hydrogen plasma oxidising cutting applications 242.
Yet further AC Output 272 and DC Output 273 supply the necessary current to produce
an arc for the MIG and TIG processes.

Output voltages in the range of 20-60 Volts are required for the cell bank unit
238 and the electric arc units 234,263, whereas the MIG/TIG welding 244 operates,
typically, on an output voltage of 30-60 Volts (AC or DC). Plasma cutting and plasma
shrouding, as provided by the plasma unit 242, typically requires the supply of 120
Volts DC.
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t he individual el ectrodes_ of plate in the range of 1:55 - 2.0
volts to liberate hydr“m mﬂtm “E gas fromthe v@SéheecI@aalBaéane Beed N _
el ectrolyte of typicalt® Sl mifydr oxj.de sol uti Ugﬂ! ws, as a

vertical cross-sectional view, seven conplete cell st ed in a
hexagonal matrix and enclosed by a steel casing 20, thereby I de an
electrolysi§mﬁﬂyﬁ%ank 25. The cell stacks 16 are insulated fron1the.steeL'
casing 20 by nylon insulating bushes 22. The el ectrical interconnection o
the individual cell: stacRseligrransamensios the cletirolysippt water toHiberast hydrogen
connected between their rg&pectiv ositiye (+) and negative (-) termnals

e
by straps t 8PN E8FSe mﬂegﬁ‘?omﬂmé‘!ﬁmti mes can be tge _(I:_ﬁse t{]atla
I1el int ' th el I. stacks, 16 is_ i enent ed. e actua
B eott1 cal i nt or oo PRy P ahbde fiming R5E30cS fo o oarbEd Rtiomach gade cel |
Plates 10 ook Mnipifithe™s bt Sihf throbn Willéh BAREI Enc'S! HRAYE cOfimionctirst

4.

conductive interconnecting members; and |

a plurality of cathode-forming electrodes in a stacked relation, each cathode
electrode comprising a flat plate through which passes one or more common second
conductive interconnecting members; _

and wherein the anode electrodes and the cathode electrodes are interleaved.

2. A cell arrangement as claimed in claim 1, wh:;rein the first
interconnecting members and the second interconnecting members also pass through,
but do not intefconnect with, the cathode electrodes and the anode electrodes
respectively.

3. A cell arrangement as claimed in claim 1, wherein groups of !
consecutive anode electrodes form a cell block, and groups of consecutive cathode
electrodes form a cell block, and whereby the anode cell blocks are offset from
corresponding cathode cell blocks.

4, A cell arrangement as claimed in claim 3, wherein for each cell block,
the respective interconnecting members extend only over the cell block.

5. A cell arrangement as claimed in claim 4, wherein each electrode is
hexagonally sided, and the first interconnecting members extend through an electrode at
a point near every alternate vertice, and the second interconnécting members extend
. through an electrode at the other ones of alternate vertices.

6. A cell arrangement as claimed in claim 2, wherein each electrode is
circular, having a p_erforatéd inner area and an outer rim having holes through which
the first and seconc; interconnecting members pass.

7. An electrolysis apparatus comprising a plurality of cell arrangements

as claimed in claim 3, the cell arrangements being arranged as a cell bank formed by a
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current that can be drawn fromthe supply. ThisSheetHasBeenRe;ilaced/\ater

I's consuned as the hy ﬂmtgas I's |iberat g et
el ectrolysis reacti onﬂmwmlﬁmuﬂljlﬁ er _ggnerates 133”'":‘""%”' Eﬁ Hdm’ xed
oxygen and hydrogen at *ST®, tn Yhe® vol umetric proportion noted above. In

t he arrangenent shown water is continually supplied through the inlet port
24. The nyl opluealitgiof aks8riee ponmetiiomofickibblocks, ahdioks ohmore shid co ibanks aminged
directing the |iberated gas upwardly to be collected by such as a gas

outl et 26 | oiraa paralel ¢dmpectign.of the el ectrolysis cell bank 25. By virtue of
vol unetric displacenent in-a ratio of 1:1860, the |ibherated gases are

sel f-pressurising 8 thep eelbarrangsmenhfor dhg eleetrelypis of avaterite Iq%ﬁ@tehydrogen

i nt erconnecting pi pe work (not shown), which has a far narrower

cross- sect i ot oXygen gasess tisaErangemens COIEPIISIRG; K

REPLACENMENT SHEET 25 NOV 1996 . .
a phlurality of9 anode-forming electrodes interconnected by one or more first
o4

common conductive members to be electrically in parallel, the anode electrodes being
interleaved with a plurality of cathode forming electrodes interconnected by one or
more second conductive members to be electrically in parallel, the anode electrodes and
cathode electrodes forming a cell unit; and a pluraiity of the cell units being electrically
connected in series.

9. A cell arrangement or electrolysis apparatus as claimed in any one of
the preceding claims contained within a tank and immersed in at least water, and

further :comprising DC voltage supply means, the positive supply of which is coupled to

the anode electrodes and the negative supply of which is coupled to the cathode
electrodes by a respective ones of the interconnecting members, and whereby oxygen !
and hydrogen gases are liberated respectively from the anode electrodes and the cathode
electrodes. |

10. A cell arrangement for the electrolysis of water to liberate separated
or admixed hydrogen and oxygen gases, the arrangement comprising:

a plurality of anode-forming electrodes arranged in a stacked relation, each
anode electrode comprising a flat plate through which passes one or more first
conductive interconnecting members;

a plurality of cathode-forming electrodes arranged in é spaced linear stacked
relation, each.cathode electrode comprising a flat plate through which passes one or
more second conducting interconnecting members; wherein the anode electrodes and
the cathode electrodes are interleaved; and

a plurali& of membranes, each membrane located between an adjacent anode
electrode and cathode electrode, the membranes allowing the passage of ionic current

between adjacent anode and cathode electrodes, but selectively blocking the flow of gas
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REPLACEMENT SHEET 2 5 NOV 1996 Fig. 4 is a vertical e agedewy
shou g a?fhgfcgﬁggzﬂlmmrma gt T -
respective halves of a pai T interdigit ated el ectrodes 32,34 arranged
much in the nature of interl eaved conbs. Each electrode is f ornmed by a
conduct i ve stherethRfighllependant apory a poessuredifferdntid] batween bppositd sickes lofa
material, mld steel or conductive polyners, fromwhich extend el even
finger-1ike plembranel0, 42, al so constructed of carbon, steel or conductive
qu Yer: 11. A cell arrangement as claimed in claim 10, wherein a supply of at
least water is provided to the space surrounding each anode electrode, and a supply of
K at Jeast water is provided to the space surrounding each cathode electrode, adjacent

. anode and cathode spaces being separated by a said membrane, and wherein one of the
said water supplies can be pressurised so that a pressﬁre differential exists across each
membrane thus permitting the flow of gas liberated by the anode or cathode electrode
during electrolysis through the membrane.

12. An electrolysis unit for the liberation of oxygen and hydrogen gases,
the unit comprising:

a plurality of anode-forming electrodes interleaved with a plurality of cathode-
forming electrodes;

a plurality of separation membranes between each adjacent cathode and anode
electrode; and !

means to supply .at least water to the anode and cathode electrodes, the supply
means being operable to control the pressure differential of the at least water on
opposed sides of each membrane to selectively maintain separation or admixture of
liberated oxygen and hydrogen gases.

13. A burner arrangement for use in thermal destruction of gaseous
pollutants, the burner comprising:

a hemispherical burner chamber;

a supply of hydrogen and oxygen gases in conununicé.tion with the burner
chamber via a tortuous path exiting by a plurality of concentrically arranged nozzles
directed towards the epicentre of the hemispherical chamber; and

an inlet for the supply of gaseous pollutants;

and Wher;:iﬁ the gaseous pollutants are combusted together with the hydrogen

and oxygen gases.
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gitsg. g ils a perspective view of one of the electrodes e spine
and plates 40 ar I Ml shape. The electro qmmm n '
necessarily be of tmmmm!mru‘MMlat her .gpan take on EE!“ ns, one
exanpl e of which wil1 presently®be described. The comon requirenent for

all such configurations is that the plates be parallel and interconnected
by a common menberldisual AybunerasgelaimedtinclpimdB| funther icomppisingagnitioagheanaitp
of electrodes 32,34 are in a staggered arrangenment so that the respective

out er nost  plighits thethydtogensand oxygeatgapss and theogaspersepaflugais within Ge combustiom|
I ength of each el ectrode 32,34. The respective md-point plates are
i dentified Hshaperr ef erence nunerals 40b and 42b. Fig. 6 shows the

staggering a t i i mplifj forn E .Si I '
n T he. space 1 or Hetb-bet wAdMIBHLRT RIS A ATn e SR e Opfhofh farh Tor 857

supplied hydrogen and oxygen gases comprises at least four angled turns each of at

2

-

least 90°.
16. A multi-modal welding and cutting generator, comprising:
- a power supply controllable to produce a plurality of AC and DC output
voltage sources; and ) '
an electrolysis unit coupled to the power supply, and operable to selectively
produce hydrogen and oxygen separately or as admixed hydrogen and oxygen from a
supply of water by electrolysis due to a DC voltage source of the power supply; the
hydrogen, oxygen and admixed hydrogen and oxygen, together with the output voltage
i sources, being available for connection to welding and/or cutting apparatus.

17. A muiti-modal welding and cutting generator as claimed in claim 16,
wherein the electrolysis unit comprises:

a plurality of anode-forming electrodes arranged in a stacked relation, each
anode electrode comprising a flat plate through which passes one or more first
conductive interconnecting members; and

a plurality of cathode-forming electrodes arranged in a stacked relation, each
cathode comprising a flat plate through which passes one or more second conducting
interconnecting members; and wherein the anode electrodes and the cathode electrodes
are interleaved; and |

a plurality of membranes, each membrane located between an adjacent anode
electrode -and cathode electrode, the membranes allowing the passage of ionic current
between adjacent anode and cathode electrodes, but selectively blocking the flow of gas
therethrough depéiidant upon a pressure differential between opposite sides of a

membrane.
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respective opposed adjacent el ectrodes. Referringhisgh Bgen ‘i"i‘,j t wo
conpl ete cel [ un|tjl!lhﬂéﬂﬂﬁlmjmwmg the next respﬁ ﬁB & t cell
units are shown. T t X cell gpits is he DC
supply vol tage, since a mnimuni afode/ cathode voltage is required to derive
the electrolysis process, and each adjacent cell unit is in a series

el ectrical connectil8n of A mmlpaneddlarelding andjcuttipg generatt, as Zlaimad tibglaim 17,
el ectrolysis process the cells 30 are_imersed in water and el ectrolyte and
a DC vol t agewhereinpd supply of akleast watee iipravided o theesspaomsurroundingeachpgode

el emental ionic currents (some_of which are represented by the dashed
arrows) to feleareds.#0da sunplynef atleast wateh s proxidedto the SPaGFHSIKTAUNEHIE ¢ach e
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i membrane, and wherein one of the said water supplies can be pressurised so that a
27
% . . . ‘s
pressure differential exists across each membrane thus permitting the flow of gas

liberated by the anode or cathode electrode during electrolysis through the membrane.
19. A flashback arrester for a welding tip having use with combusted
gases, the arrester comprising a_meshed barrier in the stream of a passage for the gases
to be combusted, the meshed barrier having opening of a size to allow free passage of
the gases, and to impede passage of a flashback by the flashback flame being unable to

pass the barrier, and so to be extinguished.
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12°current path is foll owed at each m d-plate. For exanple, the DC current
travels fromone end cell plate 42a, through the el ectrol yte, passing
through the md cell plate 40b and again through the electrolyte to the
next end cell plate 42a. This process cauges the accunul ati on of net
positive charge on one side of the md-plate 40b, and a negative charge on
the other side. The ionic current flow is acconpani ed by di sassoci ati on of

the water nol ecul es sudMPROVEMENTS IN ELECTROLYSISSYSTEMSIuced

respectively at the anode plate and cat hode plate surfaces. The cathode
pl ate surfaces are those surfaces t owABSTRACLTh ionic current flows. The
converse applies for the anode plate surfaces. The vol tage applied across
t he end-nost plates 40c is divided equally between

A cell arrangement for the electrolysis of water to liberate hydrogen and

oF
&
-
*

¥ oxygen gases is described. A cell unit (125) has a stacked arrangement of segmentation
disks (114), a first type of (anode) cell plates (90), a second type of (cathode) cell plates

(98) and separation membranes (116). Interconnecting conductive shafts (126-131) pass
through holes (100,102) of the cell plates (90,98) to have selective electrical
interconnection therewith. Water and electrolyte is supplied by inlet ports (108,110) to
immerse the cell plates (90,98). The membranes (116) normally isolate adjacent
cathode and anode plates (30,98) from the mixing of liberated oxygen and hydrogen

. gases whilst allowing ionic current flow. By selective adjustment of the
water/electrolyte pressure differential on respective sides of the separation membranes
(116), admixture of the liberated gases can be produced. The liberated gases discharge
by outlet ports (104,106).

Fig. 14

Sheet Has Been Replaced
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thé eonstituent cell units 30, with that fraction of the supplied voltage
appeari ng between the respective outer-nost plates and m d-point plates 40a
& 42b, 40b & 42a. The achievable current density is limted, in part, by
the effective electrical resistance ofqjhe egc =Cc 4ol iﬁg. T

smal l er the gap between adjacent plates 40,4 t@ 54 t$ sTstghce.
The interdigitated nature of the el ectrodes , 34 ans that there is a

| arge surface area avail able per unit volune, and there is a m ni num
separation between electrode plates in all instances. In that case, the

resi stance of tH#& 6l ectrol yKe kept boif hence effici y of the
nerate the hydrogeyg apd oxygen gases
irtue of thédspeCittq arran nt
sary to isolate egach individual celllf unit/30~<from
The ionic flowwaturally will takelfhe path of |east
en cell units 30, |bg a path
_//2 _

shown, it is not n
adj acént ones therjeof.
resigtance, hence fshort-circuits bet
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otherwi se of greater resistance, are avoided. A large nunber of cells
therefore can be arranged to extend longitudinally, and allow direct
connection to a rectified mains power supply, thus obviating need to

el ectrically interconnect groups of caé 2nits by strapping, as has been
done in the prior art. Each individual Jé | unit 30 satisfies the
operational criteria regarding voltage, the surface area of the plates and -
so on, to successfully electrolyse water. and hareby operates essentially
i ndependently of the adjacent cell units 30. REPLACEMVENT SHEET 2 5 NOV
1996 REPLACEMENT SHEET -
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2 5 NOV.1996 13 Testing has established that for a tenperature range [err],

a DC voltage in the range 1.47 -

(i.e.

1.56 V applied across one cel
across one half of a conplete electrode 32 or 34) a m ninmum (and the

unit 30

opti mum) anode current density of 0.03%/28/ cn? is required to generate a gas

flowrate of about 340 - 300 1/h per

kWh respectively. The discovery that

the m ni num pl ate surface area corresponds to the optimumgas flow Cate

means that the tota

vol une occupi ed can be kept to a mni
ctified 240 [err]
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eqpfpnent in ternms of equipnment cost, technical sinplicity and the
avoi dance of |osses. Fig. 7a shows a partial cut-away side view of a cell .
unit 50 in accordance with another enbodinment. The cell unit 50 is simlar
in configuration to that of Fig. 4 excgms3 for the nunber and shape of
i nt erconnecting spine nmenbers and the shape of the electrode plates. Fig.
7b shows an end view of the cell unit 50, and in particular the end-nost
pl ate 52c. The plate el ectrodes 52,54 are hexagonal in shape. Each plate
52,54 has six interconnecting rod-1like spines 56,58 passing therethrough,
one near each-vertice. Each alternate one of the spines 56 represents a
common positive conductor and the other set of alternate spines 58
represents negative conductors. Each adjacent plate 52,54 is electrically
connected either to the positive conductors or the negative conductors.
Spackng bushes 60 are provi ded between adj acent p[§;e§’52,54 to provide

2

¥ 42

FIG. S
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el ettrical isolation and to provide a space in which the water and
efectrolyte circul ates. Connection of each spine conductor 56,58 to the.
respective plate electrode 52,54 typically is by a threaded nut or
interference fit. The reason for conne f}pg each plate 52,54 to three
comon spi ne conductors 56,58 is to ac ve a uniformcurrent distribution
across the whole surface area of a plate 52,54. As can be seen in Fig. 7b,
t he positive spine conductors 56 extend away from one end of the assenbly
for series interconnection with other arrangenents of .cells, as 14 do
t hree negative spine conductors 58 fromthe other end. Al unconnected ends
of the

So _30 30 _ 30 30
ACa I 6 g & / & / .
T\ A4 Oc
406 ’j4ob
+ S2a o _ !
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contuctors are bl anked-off with a non-conductive end cap 62. Fig. 8 shows a
stylised formof three cell units 50 electrically connected in series
(arranged longitudinally), and particularly the passage of the spine
conductars 56,58. The cell units 50 argypgncl osed within an insulating tube
64, typically made of PVC, which has access for comunication of water to .
envel ope the plates 52,54 and for the generated gases to escape. Fig. 9
shows the series el ecg cal interconnectionetg@ nunber of cell units 50
directly connect®ef w DC out put side/of an éf DC.converter 66 (such
d}g %
S

as a sinple digge rectifier) withgit req g a step-down -
transf or ner. % hows an end view ©Of the/nechanical arrapngenent of
seven assenbl i eS—{

connected cell ung

rat-etd A6 —each—const-sH mg—of—t hree sefi es
N0 (as shown in Fig. 8), formng a total ¢ell
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l ocated within a steel cylinder 72 containing the water and el ectrolyte

required for the generation of the hydrogen and oxygen gases. Each group

(A-G of three cell units 50 is interconnected by nmeans of a first group of

steel ‘connecting straps 74 at one end gngdsa second group of steel

connecting straps 76 (not shown) at the other end, arranged to be offset

bet ween the groups. Wiilst the first straps 74 alone are showmn in Fig. 10a,’

both sets of the straps 74,76 are nore clearly skhgwn in Fig. |1 Gb, which is

a-side view of the groups A-G %en “unravel I\Rd"' . \fhe PVC {fibes 64 shown in
a

Fig. 10a i nsul ate adjacent grou to avoi d_ gHort-\circujtfing' effects
Fzﬁ‘gqm‘ent is act, and in a

bet ween one another. The cell
conparison with the prior art Brown aLr]anngant |$ion|i§ gne third of the

physical size for a conparable gas voldnergic flo rall , Jthere also being a
simlar reduction in total nmass., Theg l]Ipp Y of wa e}r 1 r{the el ectrolysis
proggss is by an inlet 78 Iocatgd at '
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h Y
the ‘bottom of the cylinder 72, with the gases produced exiting the cylinder
72 by an outlet 80 located at the top of the cylinder. 5 NOV REPLACENMENT
SHEET 2 5 NOV 1996 15 Electrical connection to a DC power supply is across
the totality of the cell, and in the agnafgement is at a central term nal
82 on the underside cell A and a central termnal 84 on the top side of
cell G respectively.
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FIG. 9
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Y
Figs. 1la and 12a show further enbodi ments of a first and second type of
cell plate 90,98 as an end view. Figs. 11 b and 12b are parti al
cross-sectional views along the respective md-lines as shown. Conmon
reference nunerals have been used wher g appropriate. The plates 90,98 can
have the function of either an anode ($Y or a cathode (-), as will becone
apparent. Each conprises an electrode disc 92 that is perforated with
hexagonal | y shaped holes 96. The disc 92 is nade fromsteel or resin-
bonded carbon or conductive polynmer material. The disc 92 is housed in a
ci.rcular rimor sleeve™4. The function of the perforations 96 is to
maxi m se the surface area of the electrode disc 92 and m nim se the wei ght
by over solid constructions 45% By way of exanple, for a disc of dianeter
280 mm the thickness of the disc nust5fe 1 in order to al ¥ the
currgnt density (which ranges from90 A cn2 - 100 A/ 1,940 [err]




)
plate is increased, which consequently increases the surface area, it is
necessary to increase the thickness of the plate in order to maintain
uniformty of conductance for the desired current density. The hexagonal
perforations in a 1 nmdisc have a diggapee of 2 nm between the flats,
twi ce the thickness of the plate in order to maintain the sanme total
surface area prior to perforation, and be 1 nmmaway fromthe next adjacent
perforation to allow the current density to be optimal. A1 nm(flat to
flat) di stance between the hexagonal perforations is required, because a
smal | er distance will result in thermal |osses and a |arger distance wll
add to the overall weight of the plate. The sleeve 94 is constructed of PVC
mat erial and incorporates a nunber of equally spaced shaft hol es 100, 102.
The holes are for the passage of interconnecting shafts provided in a
stacked arrangenent of the plates 90,98 form ng the common
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conductor for the respective anode and cathode plates, nuch in the nature
of the arrangenent shown in Figs. 7a and 7b. The further two upper holes
104, 106 each REPLACEMENT SHEET 25 NOV 1996 16 support a conduit
respectively for the out-flow of oxygen agg hydr ogen gases respectively.
The further holes 108,110 at the bot t ot dE3t he sl eeve 94 are provi ded for
the inlet of water and electrolyte to the respective cell plates 90, 98.

Fig. 13 shows an enlarged view of a portion of the cell plate 90 shown in
Fig.
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1l a." The port hole 104 is connected to the hexagonal perforations 96 wthin
the sleeve 94 by an internal channel 112. A simlar arrangenent is in place
for the other port hole 106, and for the water/electrolyte supply holes
108,110. If it is the case that the hygp n@g@n and oxygen gases liberated are
to be kept separate (i.e. not to be for as an adm xture), then it is
necessary to separate those gases as they are produced. In the prior art
this is achieved by use of dlaphragns that bIock t he passage of gases
effectively isol af 2\ : Nada . SiWe Jof the di aphrag

| opic transfer thQs » : “"cond ive /ature o™

t he di aphragm mat ‘ e (lat er t hi s .

results in an incl : : ehde a raduction |‘£)
ef-ficiency. Prior art patent No. 487062 descrlbes another arr angenent e
Fig. % thereof) that utilises magnets to cause separation ofgghe gasestl\
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Fig. 14 shows an expl oded stacked arrangenent of four cell plates, being an
alternative stacking of two (anode) cell plates 90 and two (cathode) cel

pl ates 98. The two ends of the stacked arrangenment of cell plates
delineates a single cell unit 125. Intgﬁﬁgsed bet ween each adj acent cel
plate 90,98 is a PTFE separation 116. t hough not shown in Fig. 14, the
cell unit includes separate hydrogen and oxygen gas conduits that
respectively pass through the stacked arrangenent of cell plates via the
port holes 106, 104 respectively. In a simlar ¢, conduits are provided
for the supply of water/electrolyte, respectfvely passing through the holes
108,110 at the bottom of the respective plagtes 90,98. Only two pairs of
anode/ cat hode cell plates are shown. The Aupber of such plates can be
greatly increased per cell unit 125. Al ot shown are the interconnecting
conduétive shafts that electrically
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i nf erconnect alternative conmon cell plates. The reason for having a | arge
di anet er REPLACEMENT SHEET 2 5 NOV 1996 17 hole in one cell plate
adjacent to a smaller dianeter hole in the next cell plate, is so that an
i nterconnecting shaft will pass througgﬂ&ge | arger di aneter hole, and not
make an el ectrical connection (i.e. insSUl*dted with PVC tubing) rather only
formng an electrical connection between alternate (commo cell plates.

The cell unit 125 shown |@1ﬁ|§§ angemnmen an exﬂ:‘: ed view. Wen
1 N/

(AT

2

-&

V)74

/18

/10
FIG. 14

108




fully. constructed, all the elenents are stacked to be in intimte contact.
Mechani cal fastening is achieved by use of one of two adhesives such as (a)
"PUR- FECT LOK" (TM 34-9002, which is a Uethane Reactive Hot Melt adhesive
with a main ingredient of Methylene Bi gghgny/ Dirsocynate MDl ), and (b)
"MY-T-BOND (TM which is a PVC solvent based adhesive. Both adhesives are
Sodi um Hyroxi de (20% present in the electrolyte) resistant. In that case
the water/electrolyte only resides within the area proscribed by the cell
plate sleeve 94. Thus the only path for the inlet of water/electrolyte is
by bottom channel s 118,122 and the only outlet for-the gases is by the top
channel s 112,120. In a systemconstructed and tested by the inventor, the

t hi ckness of the cell pI ates 90,98 is 1 mm (2 nmmon the rimggcause of the
PVC sl eeve 94), vvltlit di angter of 336 nm The cell unit 123%s,ssegnented
from%he next @ul atimg PVC segment au@ di%t 11K gf
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begi’nning and end of the entire cell bank. If there is to be no control
over separation of the |iberated gases, then the PTFE nenbranes 116 are not
provi ded. The PTFE nenbrane 116 is fibrous and has 0.2 to 1.0 m cron
interstices. A suitable type is type C@ga%pgue Code J, supplied by Tokyo
Roshi International Inc (Advantec). Th ter/electrolyte fills the
interstices and ionic current flows only via the water - there is no
contribution of ionic flow through the PTFE material itself. This leads to

a reduction in the resistance to ionic flow The PTFE naterial also has a

"bubbl e point' that is a function of pressure, hencebp” controlli.ng the
ron sheets, the gases

rel ative pressures at either side of the PTFE separa
can be 'forced)y hrough the izég sti to fgﬁﬁn@qza m xture, or othéflgi se

kept separate. her advant%ﬁ? f this
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REPLACEMENT SHEET 2 5 NOV 1996 18 arrangenent include a | esser cost of
construction, inproved operational efficiency and greater resistance to
faults. Fig. 15a is a stylised, and expl oded, schematic view of a |inear
array of three series-connected cell upytz 125. For clarity, only six

i nterconnecting shafts 126-131 are shown. The shafts 126-131 pass through
the respective shaft holes 102,100 in the various cell plates 90,98 in the
stacked arrangenent. The polarity attached to each of the exposed end
shafts, to which the DC supply is connected also is indicated. The
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shaf'ts 126-131 do not run the full length of the three cell bank 125. The
representation is simlar to the arrangenent shown in Figs. 7a and 8. One
third the full DC source voltage appears across each anode/ cat hode cel
plate pair 90,98. Further, the gas condgy¢s 132, 133, respectively for
hydr ogen and oxygen, that pass through the port holes 104,106 in the cel
pl ates 90,98 also are shown. In a simlar way, water/electrolyte conduits
134, 135, passing through the water port holes 108,110 in the cell plates
al so are shown. Fig. 15b particularly shows how the relative potenti al
difference in the mddle cell bank 125 changes. That is, the plate

el ectrode 90a now functions as a cathode (i.e. relatively nore negative) to
generate hydrogen, and the plate el ectrode 98a now functi ons as an anode
(t.e..relatively nore positive) to generate oxygen. This is the case for
everyﬁalternate cell unit. The arrowheads shown in Fig. |5b indicate the
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el ectron.-and ionic current circuit. Fig. 15c is an electrical equival ent
circuit representation of Fig. 15b, where the resistive elenents represent
the ionic resistance between adjacent anode/cathode plates. Thus it can be
seen that the cell units are connected ﬁﬂzﬁeries.. Because of the change of
function of the cell plates 90a and 98a, the conpl enentary gases are

| i berated at each, hence the respective channels 112 are connected taq the
opposite gas conduit 132,133. Practically, this can be achieved by the
sinple reversal of the cell plates 90,98. Fig. 16 shows the three cel

units 125 of Fig. 15a connected to a gas collection arrangenent. The cel
units 125 are located within a tank 140 that is filled with
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REPIPACEMENT SHEET 2 5 NOV 1996 19 water/electrolyte to the level h

I ndi cated. The water is consuned as e electrolysis process proceeds, and
repl eni shing supply is provided via the inlet 152. The water/electrolyte
| evel h can be viewed via the sight glass 154. In normal operation, the
di fferent streans of hydrogen and oxygé®2Z3re produced and passed fromthe
cell units 125 to respective rising colums 142,144. That is, the pressure °
of electrolyte on opposed sides of the PTFE nmenbranes 116 is equali sed,

t hus the gases cannot adm x. The colums 142, 144 also are filled with the
water/electrolyte, and as it is consuned atthe el ectrode plates,.

repl eni shing supply of electrolyte is proqg4 by way
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of v rcul ation through the water/electrol yte conduits 134, 135. The
circulation is caused by entrainnment by the |iberated gases, and by the
circulatory inducing nature of the conduits and col ums. The upper extent
of the tank 140 forns two scrubbing tg%Fri 156, 158, respectively for the
col l ection of oxygen and hydrogen gas /2¥ne gases pass up a respective
colum 142,144, and out fromthe colums via openings therein at a point
within the interleaved baffles 146. The point where the gases exit the
colums 142,144 is beneath the water | evel h, which serves to settle any
turbulent flow and entrained electrolyte. The baffles 146 | ocated above the
| evel h scrub the gas of any entrained electrolyte, and the scrubbed gas
then exits by respec 'éf gas outlet colums 148,150 and so to a gas

recei ver. The | evel i thin the tank 140 rean—be=egul ated by any
convehi ent means, ifncluding a float swtchxixgain with the replenishing
wat ef being - _
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supﬁlied by the inlet pipe 152. The |iberated gases will always separate
fromthe water/electrolyte solution by virtue of the difference in
densities. Because of the relative height of the respective set of baffles,
and due to the density differenti al bg? n the gases and the
water/electrolyte, it is not possible for the |iberated hydrogen and oxygen
gases to m x. The presence of the full volune of water within the tank 140
mai ntains the cell plates in an inmersed state, and further serves to
absorb the shock of any internal detonations should they occur.

REPLACEMENT SHEET '
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¢ 3
2 59NOV 1996 20 In the event that a gas adnmixture is required, then firstly
the two flow val ves 136,137 respectively |located in the oxygen gas outl et
conduit 132 and water/electrolyte inlet port 134 are closed. This bl ocks
the outlet path for the oxygen gas and forces the inlet water/electrolyte
to pass to the inlet conduit 134 via g3gne-way check valve 139 and punp
138. The water/electrolyte within the tank 140 is under pressure by virtue.
of its depth (volune),and the punp X$8 operates to increase the pressure
of water/electrolgje oggurring about §he anode cell plates 90,98a to be at

an increased presfure w&i respect [EE the water/electrolyte on the othersg

side of the nenbrghe 11 T o differential is sufficient to ca@ys

t he oxygen gas to mygrafe rough the penbrane, thus adm xed oxygen and
6er§§a Vi a‘f% but condui t 1 .
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o f Desctiption : paged ... to paged .22
133 and cfdlhna'l 1 Blaings)t hepegsds.Phto pegask AL pht h for th water/el ectrolyte
suppl i ed by “t-he purp DkaWingts)e pagab.sute pagalit.. te cel |
increase further,| ghdhdsgn@ PQipagedVitte pabal di.f ference | 5 1 4

that the mater/el ctrolyte al so can pass through the nenbran

Typi cal ly, pressu n ub?dﬂ&nge of 1.5 - 10 psi is required
to all ow passage PO VENTINTSSIC BLECTROL YRES 593q:ME 10 -
40 psi for mater/electrolyte v%lle onIy three cell units 125 are shown,
clearly any nunber, connected in series, can be inplenented. Fig. 17 shoms
anot her enbodi nment and. scrubber unit 16Q for scrubbing

| i berat ed gas(es) WEAThe unit 160 is filled with water,

| Vel i s regurat Eée'bybi' o b o BF o S5 Shrbnd 8 oy s

inlet 164. A sight ﬁ;(% %r, either as an admixture or as separated gases, by the process of electrolysis,

and relates further to applications for the use of the liberated gas. Embodiments of the
invention particularly relate to apparatus for the efficient generation of these gases, and
to use of the gases as a thermal source in atomic welding or cutting, and in gaseous
waste disposal. - -

&
Background Art
The technique of electrolysing water in the presence of an electrolyte such as
sodium hydroxide (NaOH) or potassium hydroxide (KOH) to liberate hydrogen and
; oxygen gas (I~i2, O,) is well known. The process involves applying a DC potential
difference between two or more anode/cathode electrode pairs and delivering the
minimum energy required to break the H-O bonds (i.e. 68.3 kcal per mole @ STP).
The gases are produced in the stoichiomettic proportions for Oy:H, of 1:2 liberated
respectively from the anode (+) and cathode (). o
Reference can be made to the following texts: "Modern Electmchemstry,
Volume 2, John O'M. Bockris and Amulya K.N. Reddy, Plepnm Pubhshmg
Corporation”, "Electro-Chemical Science, J. O'M. Bockris and D.M. Drazic, Taylor
and Francis Limited" and "Fuel Cells, Their Electrochemistry, J. O'M. Bockris and S.
Srinivasan, McGraw-Hill Book Company".
A discussion of experimental work in relation to electrolysis processes can be '
obtained from “Hydrogen Energy, Part A, Hydrogen Economy Miami Energy
Confereny Miwmi Beach, Florida, 1974, edited by T. Nejat Vezxroglu, Plenum '?h

Press™, ;:fmg pa};ers presented by J. O'M. Bockris on pages 371 to 379, by F.C. Jeu:-

and F.H., Séhubert on pages 425 to 439 and by John B. Pangborn and Jo
REPLACEMENT SHEE

on pages 499 to 508 are of particular relevance.




166, S so provided, which serves to give a visual indication of the water
| evel . The hydrogen and/ or oxygen gases fromthe gas receiver, now under
pressure, enter by an entry tube 168 having an opening 170 at the bottom
end thereof. The gases travel down the tube 168 and out of the opening 170
to bubble upwardly on the inside of the inngr colum 172, which also is
filled wth the supplied water, thus performng a first scrubbing action to
renove the sodi um hQaraomacks-sshales theoimownt of pas pradutddaiepenisaipona thbdtesf
downwardly directed tube 174 and out the opened end thereof, passing again
REPLACEMENT Syiiables, inclygiing dwatype and concentration of the electrolytic solution used, the

anode/cathode electrode pair surface area, the electrolytic resistance (equatihg to ionic
conductivity, which is a function of temperature), achievable current déhsity and
anode/cathode potential difference. The total energy delivered must be sufficient to
disassociate the water ions to generate hydrogen and oxygen gases, yet avoid plating
(oxidation/reduction) of the metallic or conductive non-metallic materials from which
the electrodes_ are constructed.

Reference also is made to prior art Australian Patent No. 487(—)::6‘_2_ in the name
of Yull Brown, that discloses an electrolysis cell arrangement to produ%i&d'rogen and
oxygen on demand, together with a safety device preventing the generation of excess
pressure of the liberated gases. Fig. 2 of the Brown patent shows a number of
electrodes (20a,20b) in a series electrical arrangement between two terminals (22),
across which a voltage is applied. The cell (20) produces a gas volumetric flow rate
output, and if that output is insufficient for a particular application, then a larger
number of individual cell units must be provided, all electrically connected in series.
The end result is a large structure to be supported.

It is also not possible to produce high gas flow rates (of the ox_'_(léf‘bf 10,000
litres per hour) on demand from the prior art apparatus without the use_gf giff)ensive
and complicated equipment, and even then the equipment suffers from low efficiencies
in the conversion of electrical energy to generate the hydrogen and oxygen gases. Thus
the large scale commercial implementation of such apparatus is not economicalily
viable.

Admixed hydrogen and oxygen gases (or hydroxy gas) are used as a thermal
source when burnt in a stream, for example, in furnaces. Hydrogen alone is used for
atomic cutting and often for atomic welding, although the device described in the
Brown patent performed atomic welding with admixed hydrogen and oxygen. Recent

industry practice clearly exemplifies that the presence of oxygen in a plasma arc causes

severe oxidation of the tungsten electrodes. REPLACEMEXT SHEET
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21 through the water in the outer chanber 176 to be further scrubbed and so
to be stored under pressure within the space above the water level, to be
avail abl e for supply fromthe outlet 178. Admi xed hydrogen and oxygen gases
supplied fromthe output 178 to, say, a welding tip (not shown) are in the
correct stoichionetric proportions as a resyilt of the electrolysis process,
and ensures that, on conbustion, a neutral flame is produced. The only

products of the conbusof the mobiemssaxpemeﬂcemm implemarititig thedeapplicdtiont iet@ases
are produced separately, two check-val ve scrubbers 160 are enpl oyed, the
gases can t hdged&o incombrata eéecnucal syitchgeab tr travksferim miains snpply veltagesae 4 leeel
correct stoichionetric m x. it Is the case that there is an expl osion
whi ch backs- $pitable feigh b@mi@of)ﬂpcptgqug_ls;:gells (i.e. by step-down transformers). The resulting

completed arrangement is inefficient electrically and cumbersome, and 4lso can be
expensive if precise voltage and current regulation (hence gas flow regulation) is
required.

Combusted hydrogen and oxygen gases mixed into a single stream burn at a
very high temperature, typically of the order of 6000 °C. Hydtogen/oxygen welding
sets are generally known to comprise of a welding tip or hand piece connected bya
dual gas hose to separate supplies of oxygen and hydrogen. 7%

There are four other common types of welding apparatus and techniques in
use; these are oxy-acetylene welding, electric arc welding, MIG (metal-inert-gas)/TIG

| (tungsten-inert-gas) system:s and plasma cutting.

It is estimated that more than 100,000 oxy-acetylene sets are used in Australia.
Of those, approximately 70% are used primarily for the cutting of metals, with the
remainder being used as a heat source, for fusion welding of sheet metal, brazing,
silver soldering and the like. Typically oxy-acetylene sets can weld thicknesses of
metal between 0.5 mm to 2 mm. Further, thicknesses up to 140 mm canq‘ffe cut, but
only where the steel contains a high percentage of iron. The reason forthls- is-that the
iron and the oxygen are required to support the oxidation process which induces the
cutting effect. The acetylene gas provides the initial temperature to start the oxidation
reaction, being typically 850 °C. Oxy-acetylene sets require a bottled supply of both
acetylene and oxygen gas, hence the bottles must be bought or hired, then continually
maintained and refilled with use.

Electric arc welding fs a method used for welding metals of greater than 1.5
mm thickness. The principle of operation is that a hand piece is supplied with a
consumable electrode, and the work piece forms the other electrode. An AC or DC

potential difference is created between the electrodes, thus causing an arc to be struck

REPLACEMENT SHEET
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froma welding tip, it will be quenched by the water within the unit 160,
and the energy of the expl osion absorbed by displacing the water in both
the outer chanber 176 and the inner colum 172, and which di spl acerment al so
cuts off ithe flow of inlet gas to the tube 168. In this way there will be
no possibility of the explosion further progagating towards an el ectrolysis
cel | bank producing the gases. The water within the unit 160 therefore acts
bot h as a gaswben thedwnd pieteds brought inte peeimityiof the Work pidd®. sHaearcaanddedisad
tip 180 in cross-sectional detail. The hydrogen and oxygen gases are

recei ved al on§ fuse phweld metsbpieges togadeT-ng by a needl e val ve 184 and so into
an expansi on chanber 186. The expansi on chanber 186 i ncludes a fl ashback

control apparatus, YROSYsEaisre based-areund 3,eontmpys, wire feadowatem. o mepecknown

t 188, typical]y f d 5. m. t ai nl teel . | ng.
nor mal - oper at MEARCERR: Yot SARaRle Wird { PO Mty RPN GF AGUEER BBt o

to the outl ettnycaﬁ? %széo%rée%oﬁom%&ﬂed supply. TIG systems, on the other hand, require the

filler wire to be hand-fed into the weld pool. MIG/TIG systems can weld from between
1 mm to 20 mm thicknesses of metals, and typically stainless steel, aluminium, mild
steel and the like. Reference can be made to a text "The Science and Practice of
Welding, Volume 2, A.C. Davies, Cambridge University Press" in respect of plasma
MIG processes. :%

Plasma cutting is a method of cutting by introducing compressed air
(comprising predominantly nitrogen) to a DC electric arc, thereby producing very high
temperatures (about 15,000 °C) and so stripping electrons from the nf&ogen nucleus to
form a high temperature plasma. This plasma can be utilised to cut ferrous and non-
ferrous materials such as mild steel, stainless steel, copper, brass and aluminium.
Available plasma cutters can cut up to a 25 mm thickness and have the advantage of not

requiring bottled gas but rather utilise free air. Reference can be made to the text "Gas

Shielded Arc Welding, N.J. Henthorne and R.W. Chadwick, Newnes Technical Books"

—

Ii"

in respect of plasma cutting. LR

As follows from the discussion of the prior art, no one unit or system has the
capability of performing all welding and cutting functions, and typically, one of the
systems already described would be chosen over another for any particular job. This
then requires that metal workers or other metal trades industry manufacturers must
purchase and maintain a number of different types of welding units in order to have the
capability to handle any job on demand. The costs associated with the purchase of

replacement bottled gas also are very high.

REPL&CE?VE_EET .‘%H.EET
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coitbusty on, or gas ionisation during the production of plasma, takes place.
In the event of flashback occurring, the flashback arrester 188 di sall ows
further rearward passage of the flanme, which cannot physically pass through
openings as small as, say, 5 mcroneters. Coupled with this is a heat sink
effect of the material fromwhich the arre8ter 188 is constructed, which
operates to dissipat he energy of the flane and so assist in

ext i ngui shi . LACEMEENT SHEET 25 NOV 1996 22

It is a preferred object of the present invention to provide an arrangement
whereby hydro;gen and oxygen gases can be produced by electrolysis in a manner that
avoids one or more of the foregoing disadvantages. In that sense, the electrolysis
apparatus is compact and offers greater efficiencies than the prior art for comparative
gas flow rates.

 Itis a further preferred object of the invention to provide an improved
structure for an electrolysis cell for use in the generation of hydrogen and oxygen gas.
Theekxinﬂysk¢xﬂlcanbetwedinlwﬂnu;mﬁnqmpnumﬂﬁngorhydﬁikmgﬂamna
anﬁng.lDﬂwIappﬁunkmmnuw1%h&ﬂnimhmuﬁﬂpuxx&wsvﬂwn:a%%imumﬂﬂe
source of fuel is required, such as incinerators, and to the incineration of intractable
wastes.

It is a yet further preferred object to provide an electrolysis cell arrangement
that allows the selective separation or admixture of hydrogen and oxygen gas into
individual gas streams.

The present invention further preferably is directed to provision of a unitary
welding unit which can provide all the welding or cutting requirements of a user.
Advantageously, no bottled supply of hydrogen or oxygen is required. Neither also is a
bottled supply of any other gas required, and for example argon in shr?ﬁdgngIG/TIG
applications. |

It is a yet further preferred object of the invention to provide a flashback
arrester for a hydrogen/oxygen welding or hydrogen plasma cutting tip.

Therefore, the invention discloses a cell arrangement for the electrolysis of
water to liberate hydrogen and oxygen gases, the arrangement comprising:

a plurality of anode-forming electrodes in a stacked relation, each anode
electrode comprising a flat plate through which passes one or more common first

conductive interconnecting members; and




The, usep of hydrogen and/ or oxygen in welding and cuttng by electrolysis

all ows tenperatures of the order of 6000 [err] to be achieved with the
ability to produce gas on demand. No gas stored in bottle formis required.
It is further possible to conduct fine flang weldi ng vvith a high purity of
gas, and also to be able to fuse ceram c erials. of the follow ng

;JF‘L?J U :EPa??ng,4 iy 3¢ 3tlafs- ?ogr!m%%%écro R eataﬁ#ﬁ%fa%?neeacbmaswdag
h%;SEZnagubs%g%ueﬁH?/ agglg??% ough a % arc owogg S“ﬁ’fﬁ%ﬁ%ﬁ’on g '5£lrjnrae

stream [err] copdictive ih@Adoh¥erfig mefmBERON St eeI cast iron, stainless steel,
al umi nium brazing and copper. Enbodi nent of the invention can provi de a

continuous supply GhdRvkkreRahe 8aGde electrodes and the cathode electrodes are interleaved.

The invention further discloses a cell arrangement for the electrolysis of water
to liberate hydrogen and oxygen gases, the arrangement comprising:

a plurality of anode-forming electrodes interconnected by one or more first
common conductive members to be electrically in parallel, the anode electrodes being
interleaved with a plurality of cathode forming electrodes interconneciéd by one or
more second conductive members to be electrically in parallel, the an%électrode’s and -
cathode electrodes forming a cell unit; and a plurality of the cell units being electrically
connected in series.

The invention further discloses a cell arrangement for the electrolysis of: water
to liberate separated or admixed hydrogen and oxygen gases, the arrangement
comprising:

a plurality of anode-forming electrodes arranged in a stacked relation, each
anode electrode comprising a flat plate through which passes one or more first
conductive interconnecting members; -

a plurality of cathode-forming electrodes arranged in a spaceﬁiﬁéjﬁr‘; stacked
relation, each cathode electrode comprising a flat plate through which passes one or
more second conducting interconnecting members; wherein the anode electrodes and
the cathode electrodes are interleaved; and

a plurality of membranes, each membrane located between an adjacent anode
electrode and cathode electrode, the membranes allowing the passage of ionic current
between adjacent anode and cathode electrodes, but selectively blocking the flow of gas
therethrough dependant upon a pressure differential between opposite sides of a
membrane.

The invention yet further discloses an electrolysis unit for the liberation of

oxygen and hydrogen gases, the unit comprising] REP LACEME"&T SHEET
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atzlargg flowrates. As such it is well disposed to appl ijcBEPIAGEMENE:SHEET
consune | arge quantities of hydrogen. An exanple of one 4u process is th
Pl ascon (TM waste destruction process devel oped by the uétrzis' G594R0 s:
D vision of Manufacturing Technol ogy. A sunmary of the Plijagcon “process can
be found in the CSIRO Journal "Ecos, Volun# 68, Wnter 149i—-@re

application of the en and o en S r od

descri bed above |sa|1%i txéﬂg{gregqq Pa‘?Fp’S rl%é‘éﬂ[%ew}&é
consunption 8‘? at rm):ﬁ% er,i c oxygen Thi s procedure requires an on-denand
supply of hy 1 Egne gen gas. The el ectrolysis apparatus descri bed

order to conbust Sﬁé’éﬁ a&ﬁvséﬁ%%&ﬁmeEﬁn‘%‘#‘%ﬁegf&?w%%%@%?cgﬁ§%&13§ie e o

a configurat Eﬁ:ﬁtrﬁ@é fgburner used in the destruction of

W

means to supply at least water to the anode and cathode electrodes, the supply
means being operable to control the pressure differential of the at least water on
opposed sides of each membrane to selectively maintain separation or admixture of
liberated oxygen and hydrogen gases.

The inventioh further discloses a burner arrangement for use %_th__e_rmal

-
R -

destruction of gaseous poflutants, the burner comprising: e

a hemispherical burner chamber;

a supply of hydrogen and oxygen gases in communjcation with the burner
chamber via a tortuous path exiting by a plurality of concenfrically arranged nozzles
directed towards the epicentre of the hemispherical chamber; and

an inlet for the supply of the gaseous pollutants;

and wherein the gaseous pollutants are combusted together with the hydrogen
and oxygen gases.

The invention yet further discloses a multi-modal welding and cufting
generator, comprising: ST

a power supply controllable to produce a plurality of AC and DC output
voltage sources; and

an electrolysis unit coupled to the power supply, and operable to selectively
produce hydrogen and oxygen separately or as admixed hydrogen and oxygen from a
supply of water by electrolysis due to a DC voltage source of the power supply; the
hydrogen, oxygen and admixed hydrogen and oxygen, together with the output voltage
sources, being available for connection to welding and/or cutting apparatus.

The invention yet further discloses a flashback arrester for a welding tip having
use with combusted gases, the arrester comprising a meshed barrier in the stream of a

passage for the gases to be combusted, the meshed barrier having opening of a size to




sych ggseous polluting em ssions. Fig. 19a shows a cross-sectional view of
a burner 200. The cross-sectional view along the md-line is shown in Fig.
19b. The burner 200 has a conbustion chanber 202 that is hem spherical in
shape. The em ssions, which may include a m xture of funmes containing

hydr ocar bons and other volatile pollutant®$ as a waste product of industrial
processes, are inhjected tq the conmbustion [n:\I|ibk]00063: BFD REPLACENMENT
SHEET 2 5 Nalow drge passage of the gases, and to impede passage of a flashback by the flashback

flame being unable to pass the barrier, and so to be extinguished.

Brief Descriotion of the Drawi

Figs. 1a and 1b show a single cell plate respectively as a plan view and side
view; -

Fig. 2 shows a stacked array of cell plates;

Fig. 3 shows, as a vertical cross-sectional view, an electrolysis cell bank;_

~ Fig. 4 is a vertical cross-sectional view showing an #rrangeméﬁi of electrodes

of part of another electrolysis cell bank embodying the invention; =

Fig. 5 is a perspective view of part of one electrode shown in Fig. 4;

Fig. 6 is a simplified representation of a series arrangement of the electrodes
shown in Fig. 4; : |

Figs. 7a and 7b show the mechanical arrangement of é single cell stack in
another embodiment; |

Fig. 8 shows the arrangement of a number of the cells shown in Figs. 7a and
Tb;

Fig. 9 shows the series electrical configuration of a number of célis in a cell

e
ooy

bank; A F;“"' -

Figs. 10a and 10b show the mechanical configuration of a cell bank assembly;

Figs. 11a and 11b show a yet further embodiment of a cell plate;

Figs. 12a and 12b show a complementary cell plate to that of Figs. 11a and
11b;

Fig. 13 shows detail of the perforations and porting of the cell plates of Figs.
11a, 11b, 12a and 12b;

Fig. 14 shows an exploded stacked arrangement of the cell plates of Figs. 11a,
11b, 12a and 12b;

Fig. 15a shows a schematic view of the gas separation system of Fig, 14;

JERFNT SH
Fig. 15b shows a stylised representation of Fig. 15a; BEPLAF > . SﬁEET
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chanber, by an inlet path 206. There are two sources of an { {
gaseous hydrogen and oxygen in stoichionmetric proportions cfﬁgﬁ‘&#’m‘gm SpHAc'zH

to an upper and | ower quadrant of the combustion chanber 2Q2.| These gases
are supplied by the two gas inlets 208 ab poi nts dianmetricdl Iy 2piN@ed9%,m
t he sides of the burner 200. The m xture”of hydrogen and ojydgen and

park plug 210, B e SpovEat SRR TRl R SRRk R el 180 gy Yol T hon

4000 [err], thusgfrQuidkli I eét@ ' soci.ation of .all the
pol | utants intoﬁ fnﬁgggagg gﬁ%gs hgﬁr&%@n gged‘?ist%ﬁger%@ab%% StRgauon
at nospher ey 8¢ PREPIMELE 19xy0en is consuned in the burning process.
Conpl ete combustion of the pollutants is aided by the 'focusing' effect of

the conbustion chigi@ishaRs, aséRs-bebtibha vidwiRd Byd@aulld scritbePhnd BRegas
streans. A thernocouple 212 neasures the tenperature within the silicone
fibre valve;
Fig. 18 shows, as a cross-sectional view, a welding tip of Fig. 10 including a
flashback arrester;
Figs. 19a and 19b show a burner for the destructive combustion of pollutants;
~ Fig. 20 shows a a block diagram of a multi modal welding and utting
apparatus; and ' =

Fig. 21 shows a schematic diagram of the apparatus of Fig. 20.

An electrolysis cell’bank embodying the invention is constructed of a number of
hexagonally shaped electrolysis cell plates 10, one of which is shown in plan in Fig. 1a
and as a side view in Fig. 1b. Each plate 10 has three slots 12, each one arranged in
alternating side edges of the plate 10. The other sides of the cell plate 10 each are
provided with a conductive bridge or flange 14. Typically twenty individul cell plates
10 are stacked to form one complete cell 16 as shown as a side view in ﬁ; ‘f'Z—E""'__The
total number of plates can vary in accordance with the required surface area, and thus
also is a function of plate diameter.

The stacking of adjacent individual cell plates 10 is in a reversed order, so that
the conductive bridges 12 of adjacent plates extend in opposed directions and with a
relative rotational offset of 60°. This rotational offset is for the reason that adjacent
plates 10 are to bear opposite polarity. The conductive bridges 14 are long enough to
pass through a corresponding slot 12 in an adjacent plate 10, without contacting that
plate, and so contact the next subsequent plate forming a conductive path between each
alternate plate. In this way, the completed cell structure 16 has three positive end

terminals and three negative end terminals, although Fig. 2 shows only two of the



refractory heat insulatory material 214 surrounding the conbustion chanber
202. The cladding 216 applied to the burner 200 is typically of stainless
steel. The burner configuration is forned by seven (only four are shown)
concentrically arranged sets of nozzles 212, as is clearly shown in Fig.
19b. The nozzles 222 are directed to conﬂ@hly I ntersect at the epicentre

738 and ox ROV abtaRa HATORE o 08 ndtafivs BRmrRt: ofiecton Sh0LG, 6 omtions Eglzgt
Fhe-t endonca ifladie (538 Gt BPorShia HARCL Pnobed PRI 1oTKELIIN TH8S 1a2°
the nozzl esy’gd 4 ﬁfy@lﬁ%géé Bkﬁgﬁg%q%ﬁiel?e? eleOical £ e&gﬁ%%cﬁggiag%it%am

changes. This Is Inten to w | near nonefitum

in the evenrtl®atds 10 fiahag Lithé e 28044 8e EdtBodd ame to sel f-extingui sh.
This is particularly advant ageous, as hydrogen burns at a rate of 3,600

Paralle} stacked flat cell plates are described in Australian Patent No. 487062.

There, a stacking of twenty cell plates typically requires a potential difference across
the individual electrodes of each cell plate in the range of 1.55 - 2.0 volts to liberate
hydrogen and oxygen gas from the water containing an electrolyte of typically 15%

sodium hydroxide solution. -

Fig. 3 shows, as a vertical cross-sectional view, seven completéﬁell' stacks 16
arranged in a hexagonal matrix and enclosed by a steel casing 20, thereby to provide an
electrolysis cell bank 25. The cell stacks 16 are insulated from the steel casing 20 by

" nylon insulating bushes 22. The electrical interconnection of the individual cell stacks
¢ 16 is not shown, but typically the cells are connected between their respective:positive
(+) and negative (-) terminals by straps to form a series connection.

It sometimes can be the case that a parallel interconnection of the cell stacks 16

is implemented. The actual electrical interconnection will depend upon the number of

individual cell plates 10 comprising each cell stack 16, the supply voltage-#nd the

T

current that can be drawn from the supply. .

Water is consumed as the hydrogen and oxygen gas is liberated during the
electrolysis reaction. One litre of water generates 1860 litres of admixed oxygen and
hydrogen at STP, in the volumetric proportion noted above. In the arrangement shown
water is continually supplied through the inlet port 24.

The nylon covers 18 separating adjacent stacks have the benefit of directing the
liberated gas upwardly to be collected by such as a gas outlet 26 located at the top of
the electrolysis cell bank 25. By virtue of volumetric displacement in a ratio of 1:1860,
the liberated gases are self-pressurising as they pass from the outlet port 26 into the

interconnecting pipe work (not shown), which has a far narrower cross-sectional area

than that of the cell bank. REPLAGEMENT SHEET
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mss. Fikg. 20 shows in block diagramforma multi-nodal c t,EP""]‘m-:ME T.SHE nd

apparatus 230. The apparatus receives a supply of DC po
AC/ DC converter 232. An AC supply is available for conneft 025 NOXC1996
el ectric arc wel ding apparatus 234, while e converted out put vol t age
I's provided for connection wth a REPLACEMENT SHEET 2§ 5 NOV 1996 24 DC

electric arc vel di pgy of jsGUektichl cRRRAeaioHE! viok-shdRngthe

al so

provided to gn

-

of an electrolysis cell in accordance with a further embodiment. The basic cell unit 30
is constituted by respective halves of z; pair of interdigitated electrodes 32,34 arranged
much in the nature of interleaved combs. Each electrode is formed by a conductive
spine 36,38, typically constructed of resin bonded carbon material, mild steel or
conductive polymers, from which extend eleven finger-like plates 40,42, also
constructed of carbon, steel or conductive polymer.

Fig. 5 is a perspective view of one of the electrodes 32 in which the spine 36
and plates 40 are rectangular in shape. The electrodes need not nece‘s‘_s‘”ari_l'y be of the
shape shown, rather can take on many other forms, one example of wiiieh ;/ﬂl
presently be described. The common requirement for all such configurations is that the
plates be parallel and interconnected by a common member usually arranged
orthogonally to the plates. .

Each pair of electrodes 32,34 are in a staggered arrangement so that the
respective outermost plates 40a,42a are offset by approximately one half of the total
length of each electrode 32,34. The respective mid-point plates are identified by the
reference numerals 40b and 42b.

Fig. 6 shows the staggering arrangement in a simplified form. Every sixth
plate is located in the space formed between the first and eleventh platc“’i: of the -
respective opposed adjacent electrodes. ‘

Referring to Fig. 4 again, two complete cell units 30 and a part of the next

respective adjacent cell units are shown. The total oumber of cell units is governed by

the DC supply voltage, since a minimum anode/cathode voltage is required to derive

the electrolysis process, and each adjacent cell unit is in a series electrical connection of
the parallel-arranged plates 40,42. In the electrolysis process the cells 30 are immersed
in water and electrolyte and a DC voltage is applied between the end-n_lost plates 40c,
42¢ causing elemental jonic currents (some of which are represented by the dashed
arrows) to flow between the adjacent plates 40,42, and sum current-wise along the

respective spines 36,38 and plates 40,42 (shown by the solid arrows). A different



| Se prow ded to an electrolysis cell unit 238 for the generation of, in this
case, separated hydrogen and oxygen gases. The hydrogen and oxygen gases .
both are provided to a hydroxy gas wel di ng apparatus 240. The hydrogen (and
oxygen for secondary injection) is nmade avail able for connection with

pl asma cutting apparatus 242. The hydrogeh2is passed through a DC arc to

ot rodu ﬁdp%ﬁﬁgﬁﬁﬁa‘éﬁ Eﬁa@;%%éta?%%} BEF B (or Bl BPR Rt fveis Bomng
£ . . . e Thi
be. out w t noRe Efd BB B it difbugh hFHERCUIye T BUSIERTAoan Rl il oo gl AT ©°°
downst r eam ba@ApAil FhiouBH HheEle@hite t8 RS nétt efid Ba teAD4, i dcggk' s Qlusdd e

I g% to a %’I appar at us

el ectrodes. The hydrogen gas al ohe also is provi _
244, W th t aecuinilsGEeof hdt pokitiveRhir@e BnQnb 8ideioFf ¢hd Mlid-pLitd 40b, rahaaqlegétﬁé;e

conventional inert gas. An AC or supply also is required to formthe
pl asma. charge on the other side.

The ionic current flow is accompanied by disassociation of the water molecules
such that oxygen and hydrogen gas is produced respectively at the anode plate and
cathode plate surfaces. The cathode plate surfaces are those surfaces towards which
ionic current flows. The converse applies for the anode piate surfaces.

The voltage applied across the end-most plates 40c is divided equally.-between
the constituent cell units 30, with that fraction of the supplied voltage appearing
between the respective outer-most plates and mid-point plates 40a & 42b, 40b & 42a.

The achievable current density is limited, in part, by the effective electrical
resistance of the electrolytic solution. The smaller the gap between adjacent plates
40,42 the less is the resistance. The interdigitated nature of the electrodes 32,34 means
that there is a large surface area available per unit volume, and there is 2 minimum
separation between electrode plates in all instances. In that case, the resistance of the
electrolyte is kept low, hence efficiency of the conversion of electrical energy to
generate the hydrogen and oxygen gases is greater than in the prior art. -~

By virtue of the specific arrangement shown, it is not necessary to isolate each
individual cell unit 30 from adjacent ones thereof. The ionic flow naturally will take
the path of least resistance, hence short-circuits between cell units 30, being a path
otherwise of greater resistance, are avoided. A large number of cells therefore can be
arranged to extend longitudinally, and allow direct connection to a rectified mains
power supply, thus obviating need to electrically interconnect groups of cell units by
strapping, as has been done in the prior art.

Each individual cell unit 30 satisfies the operational criteria regarding voltage,
the surface area of the plates and so on, to successfully electrolyse water, and thereby

MFNT SHEET
operates essentially independently of the adjacent cell units 30. RM.‘ ) ﬂ\l
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The converter 232 can be of any conventional design,

vol tages. The electrolysis unit 238 can be of any of
previ ously described, and including the scrubber and ¢h¢ck val ve
arrangenents. The various cutting and welldi ng appar at §is"

appar at s 230 hilSoie FRereatihl i fi 3 FRpaRye FiReiatBoet 10 7ok Bz o
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hydrogen and oxygen and can also producé gaseous ydrogen an
adm xt ure. respectively. The discovery that the minimum plate surface area corresponds to the

optimum gas flow rate means that the total volume occupied can be kept to a minimum.
By way of specific example, a rectified 240 V,,,, mains voltage nominally results in an
average DC voltage of 215 V, hence for direct connection to the mains via a rectifier
(i.e. without requiring a step-down trénsformer), a total of about one hundred and forty
cells are required. It is particularly advantageous not to require voltage transforming
equipment in terms of equipment cost, techmcal simplicity and the avoidance of losses.

Fig. 7a shows a partial cut-away side view of a cell unit 50 in accordance with
another embodiment. The cell unit 50 is similar in conﬁgmation to that of Fig. 4 except

! for the number and shape of interconnecting spine members and the shape of the
electrode plates.

Pig. 7b shows an end view of the cell unit 50, and in particular the end-most

plate 52c. The plate electrodes 52,54 are hexagonal in shape. Each plate 52,54 has six
interconnedting rod-like spines 56,58 passing therethrough, one near each-vertice.
Each alternate one of the spines 56 represents a common positive conductor and the
other set of alternate spines 58 represents negative conductors. Each adjaceﬁt plate:
52,54 is electrically connected either to the positive conductors or the negative
conductors. Spacing bushes 60 are provided between adjacent plates 52,54 to provide
electrical isolation and to provide a space in which the water and electrolyte circulates.
Connection of each spine conductor 56,58 to the respective plate electrode 52,54
typically is by a threaded nut or interference fit. The reason for connecting each plate
52,54 to three common spine conductors 56,58 is to achieve a uniform current
distribution across the whole surface area of a plate 52,54.

As can be seen in Fig. 7b, the positive spine conductors 56 extend away from

one end of the assembly for series interconnection with other arrangements of cells, as



The power supply unit 232 conprises a multi-tapped transfornmer 246. The
reduced voltage is rectified by a bridge rectifier 247. The out put
rectified voltage is then connected by termnals 248 to the cell bank 238
containing 30 cells via a contactor 249 which is activated by a pressure
switch 250. The switch 250 is, in turn, deéivated REPLACENENT SHEET 2 5
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supply of noWRlicthR drl idkkd-ofARth 23bn-conductive end cap 62.

Fig. 8 shows a stylised form of three cell units 50 electrically connected in
series (arranged longitudinally), and particularly the passage of the spine conductors
56,58. The cell units 50 are enclosed within an insulating tube 64, typically made of
PVC, which has access for communication of water to envelope the plates 52,54 and
for the generated gases to escape.

* Fig. 9 shows the series electrical interconnection of a number of cell units 50
directly connected with the DC outpﬁt side of an AC/DC converter 66 (such' as a simple
dhxk:bﬂdgenmxﬂinjvﬁﬂnnmramﬂﬁﬁgas&ma&nﬂntnumﬁnnmr. S

Fig. 10a shows an end view of the mechanical arrangement of seven
assemblies (designated A-G), each consisting of three series connected cell units 50 (as
shown in Fig. 8), forming a total cell arrangement 70. The cell éssemblies 50 are

t located within a steel cylinder 72 containing the water and electrolyte required for the
generation of the hydrogen and oxygen gases. Each group (A-G) of three cell units 50
is interconnected by means of a first group of steel connecting straps 74 at one end and
a second group of steel connecting straps 76 (not shown) at the other end, arranged to
be offset between the groups. Whilst the first straps 74 alone are shown in Fig. 10a,
both sets of the straps 74,76 are more clearly shown in Fig. 10b, which is a'side view
of the groups A-G when "unravelied'. |

The PVC tubes 64 shown in Fig. 10a insulate adjacent groups to avoid ‘short-
circuiting' effects between one another. The cell arrangement 70 is very compact, and
in a comparison with the prior art Brown arrangement is only one third of the physical
size for a comparable gas volumetric flow rate, there also being a similar reduction in
total mass. The supply of water for the electrolysis process is by an inlet 78 located at
the bottom of the cylinder 72, with the gases produced exiting the cylinder 72 by an
outlet 80 located at the top of the cylinder.

REPLACEMENT SHEET
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on:;establi shnent of operational pressure. The contactor P S %ET :
dermand with use of the gas. Thus gas is produced as requ rjed, and typicaglljy
atotal of 15 litres at any one tine. This 15 litres of ssﬁSNOVp’IWGeS 10
litres of hydrogen and 5 litres of oxygen,_ The gases ar ourced fromt
scrubbing towers 156, 158 of the cell bankl®38. As a clo ed"‘l“"c')op SySt tre

Constant dosi 1 oo JRersebireFAR FLSEE poffr Sifphdpros aﬁﬁg%%o
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the respectdfinfo8LoR Kk o M&e 3§@e1?@7rcsﬂ_&ﬁv oat sw tches 254, 255 activate
t he sol enoi é*\ﬁ/al ves 256,257 froman AC supp 258 tapped fromthe

transformer 246. yihiier1d dqapl2:59Hdw Rasher @EBbEFhdnts 6116 i1k second type of cell

L.

plate 90,98 as an end view. Figs. 11b and 12b are partial cross-sectional views along
the respective mid-lines as shown. Common reference numerals have been used where
appropriate. The plates 90,98 can have the function of either an anode (+) or a
cathode (-), as will become apparent. Each comprises an electro@e disc 92 that is
perforated with he;cagonaliy shaped holes 96. The disc 92 is made from é;eel or resin-
bonded carbon or conductive polymer material. The disc 92 is houscd-i‘ff-’a: circular rim -
or sleeve 94. The function of the perforations 96 is to maximise the surface area of the
electrode disc 92 and mxmnuse the weight by over solxd constructions 45%.
By way of example for a disc of dxameter 280 mm, the thickness of the disc

must be 1 mm in order to allow the current density (which ranges from 90 A / 2,650
cm? - 100 A / 2,940 cm? of the anode or cathode) to be optimal. If the diameter of the
plate is increased, which consequently increases the surface area, it is necessary to
increase the thickness of the plate in order to maintain uniformity of conductance for
the desired current density. -

The hexagonal perforations in a 1 mm disc have a distance of 2 rm;l between
the flats, twice the thickness of the plate in order to maintain the same total surface area
prior to perforation, and be 1 mm away from the next adjacent perforation to allow the
current density to be optimal. A 1 mm (flat to flat) distance between the hexagonal
perforations is required, because a smaller distance will result in thermal losses and a
larger distance will add to the overall weight of the plate.

The sleeve 94 is constructed of PVC material and incorporates a number of
equally spaced shaft holes 100,102. The holes are for the passage of interconnecting
shafts provided in a stacked arrangement of the plates 90,98 forming the common
conductor for the respective anode and cathode plates, much in the nature of the

arrangément shown in Figs. 7a and 7b. The further two upper holes 104,106 each
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hydr ogen/ oxygen We'F‘i‘é.”fB shows an enlarged view of a portion of the cell plate 90 shown in Fig.

11a. The port hole 104 is connected to the hexagonal perforations 96 within the sleeve
94 by an internal channel 112. A similar arrangement is in place for the other port hole
106, and for the water/electrolyte supply holes 108,110.

| If it is the case that the hydrogen and oxygen gases liberated are to be kept
separate (i.e. not to be formed as an admixture), then it is necessary to separate those
gases as they are produced. In the prior art this is achieved by use of diaphragms that -
block the passage of gases and effectively isolate the water/electrolyte on each side of
the diaphragm. Ionic transfer thus is facilitated by the ionically conductive nature of
the dia'phrégm material (i.e. a water - diaphra:gm - water path). This results in an
increase im the ionic resistance and hence a réduction in efficiency. Prior art patent No.
487062 describes another arrangement (see Fig. 6 thereof) that utilises magnets to cause
separation of the gases.

Fig. 14 shows an exploded stacked arrangement of four cell plates, being an
alternative stacking of two (anode) cell plates 90 and two {(cathode) cell plates 98. The
two ends of the stacked arrangement of cell plates delineates a single cell unit 125.
Interposed between each adjacent cell plate 90,98 is a PTFE separation 116. Although
not shown in Fig. 14, the cell unit includes separate hydrogen and oxygen gas conduits
that respectively pass through the stacked arrangement of cell plates via the port holes
106,104 respectively. In a similar way, conduits are provided for the supply of
water/electrolyte, respectively passing through the holes 108,110 at the bottom of the
respective plates 90,98.

Only two pairs of anode/cathode cell plates are shown. The number of such
plates can be greatly increased per cell unit 125.

Also not shown are the interconnecting conductive shafts that electrically

interconnect alternative common cell plates. The reason for having a large diameter
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electrical connection (i.e. insulated with PVC tubing) rather only forming an electrical

connection between alternate (common) cell plates.

The cell unit 125 shown in Fig. 14 arrangement is an exploded view. When
fully constructed, all the elements are stacked to be in intimate contact. Mechanical
fastening is achieved by use of one of two adhesives such as (a) "PUR-FECT LOK"
(TM) 34-9002, which is a Urethane Reactive Hot Melt adhesive with a main ingredient
of Methylene Bispheny/Dirsocynate (Mi)l), and (b) "MY-T-BOND" (TM) which is a
PVC solvent based adhesive. Both adhesiw}es are Sodium Hyroxide (20 %present in the -
electrolyte) resistant. In that case the water/electrolyte only resides within the area
proscribed by the cell plate sleeve 94. Thus the only path for the inlet of
water/electrolyte is by bottom channels 118:122 and the only outlet for the gases is by

: the top channels 112,120. In a system constructed and tested by the inventor, the
thickness of the cell plates 90,98 is 1 mm (2 mm on the rim because of the PVC sleeve
94), with a diameter of 336 mm. The cell unit 125 is segmented from the next cell by
an insulating PVC segmentation disc 114. A segmentation disc 114 also is placed at the
beginning and end of the entire cell bank. -

If there is to be no control over separation of the liberated gases, then the
PTFE membranes 116 are not provided.

The PTFE membrane 116 is fibrous and has 0.2 to 1.0 micron interstices. A
suitable type is type Catalogue Code J, supplied by Tokyo Roshi International Inc
(Advantec). The water/electrolyte fills the interstices and ionic current flows only via
the water - there is no contribution of ionic flow through the PTFE material itself. This
leads to a reduction in the resistance to ionic flow. The PTFE material also has a
'bubble point' that is a function of pressure, hence by controlling the relative pressures
at either side of the PTFE separation sheets, the gases can be 'forced' through the

interstices to form an admixture, or otherwise kept separate. Other advantages of this
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various cell plates 90,98 in the stacked arrangement. The polarity attached to each of
the exposed end shafts, to which the DC supply is connected also is indicated. The
shafts 126-131 do not run the full length of the three cell banks 125. The
representation is similar to the arrangement shown in Figs. 7a and 8. One third the full
DC source voltage appears across each anode/cathode cell plate pair 90,98. -

Further, the gas conduits 132,133, respectively for hydrogen and oxygen, that
pass through the port holes 104,106 in the cell plates 90,98 also are shown. In a
similar way, watcr/eléctrolyte conduits 134,135, passing through the water port holes
108,110 in the cell plates also are shown.

Fig. 15b particularly shows how the relative potential difference in the middle
cell bank 125 changes. That is, the plate electrode 90a now functions as a cathode (i.e.
relatively more negative) to generate hydrogen, and the plate electrode 98a now
functions as an anode (i.e. relatively more positive) to generate oxygen. This is the
case for every alternate cell unit. The arrowheads shown in Fig. 15b indicate the
electron and ionic current circuit. Fig. 15c is an electrical equivalent circuit
representation of Fig. 15b, where the resistive elements represent the ionic resistance
between adjacent anode/cathode plates. Thus it can be seen that the cell units are
connected in series..

Because of the change of function of the cell plates 90a and 98a, the
complementary gases are liberated at each, hence the respective channels 112 are
connected to the opposite gas conduit 132,133. Practically, this can be achieved by the
simple reversal of the cell plates 90,98.

Fig. 16 shows the three cell units 125 of Fig. 15a connected to a gas collection
arrangement. The cell units 125 are located within a tank 140 that is filled with
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water/electrolyte to the level h indicated. The water is consufied as the electrolysis
process proceeds, and replenishing supply is provided via the inlet 152. The -
water/electrolyte level h can be viewed via the sight glass 154. In normal 6peration,

the different streams of hydrogen and oxygen are produced and passed from the celt
units 125 to respective rising columns 142,144. That is, the pressure of electrolyte on
opposed sides of the PTFE membranes 116 is equalised, thus the gases cannot admix.

The columns 142, 144 also are filled with the water/electrolyte, and as it is
consumed at the electrode plates, replenishing supply of electrolyte is provided by way
of circulation through the water/electrolyte conduits 134,135. The circulation is caused
by entrainment by the liberated gases, and by the circulatory inducing nattire of the
conduits and columns.

The upper extent of the tank 140 forms two scrubbing towers 156,158,
respectively for the cc;llection of oxygen and hydrogen gases. The gases pass up a
respective column 142,144, and out from the columns via openings therein at 2 point *
within the interleaved baffles 146. The point where the gases exit the columns 142,144
is beneath the water level h, which serves to settle any turbulent flow and entrained
electrolyte. The baffles 146 located above the level h scrub the gas of any entrained
electrolyte, and the scrubbed gas then exits by respective gas outlet columns 148,150
and so to a gas receiver. The level h within the tank 140 can be regulated by any
convenient means, including a float switch, again with the replenishing water being
supplied by the inlet pipe 152.

The liberated gases will always separate from the water/electrolyte solution by
virtue of the difference in densities. Because of the relative height of the respective set
of baffles, and due to the density differential between the gases and the
water/electrolyte, it is not possible for the liberated hydrogen and oxygen gases to mix.
The presence of the full volume of water within the tank 140 maintains the cell plates in
an immersed state, and further serves to absorb the shock of any internal detonations

should they occur.
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inlet water/electrolyte to pass to the inlet conduit 134 via a one-way check valve 139

and pump 138. The water/electrolyte within the tank 140 is under pressure by virtue
of its depth (volume), and the pump 138 operates to increase the pressure of
water/electrolyte occurring about the anode cell plates 90,982 to be at an increased
pressure with respect to the water/electrolyte on the other side of the membrane 116.
This pressure differential is sufficient to cause the oxygen gas to migrate through the
membrane, thus admixed oxygen and hydrogen are liberated via the gasoutput conduit
133 and column 144. Since there is no return path for the water/electrolyte supplied by
the pump 138, the pressure about the cell plates 90,98a will increase further, and to a
1;0int where the différence is sufficient such that the water/electrolyte also can pass
through the membrane 116. Typically, pressure differential in the range of 1.5 - 10 psi
is required to allow passage of gas, and a pressure differential in the range of 10 - 40
psi for water/electrolyte.

While only three cell units 125 are shown, clearly any number, connected in
series, can be implemented.

Fig. 17 shows another embodiment of a check valve and scrubber unit 160 for
scrubbing liberated gas(es) before subsequent use. The unit 160 is filled with water,
typically to a level being about half the full beight of the unit. The level is regulated
by a float switch 162. Water is supplied by means of the inlet 164. A sight column
166 is also provided, which serves to give a visual indication of the water level.

The hydrogen and/or oxygen gases from the gas receiver, now under pressure,
enter by an entry tube 168 having an opening 170 at the bottom end thereof. The gases
travel down the tube 168 and out of the opening 170 to bubble upwardly on the inside
of the inner column 172, which also is filled with the supplied water, thus performing a
first scrubbing action to remove the sodium hydroxide electrolyte. The gas then enters

a further downwardly directed tube 174 and out the opened end thereof, passing again
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welding tip (not shown) are in the correct stoichiometric proportions as a result of the

electrolysis process, and ensures that, on combustion, a neutral flame is produced. The
only products of the combustion process are heat and water vapour.

If the gases are produced separately, two check-valve scrubbers 160 are
employed, the gases can then be mixed in a mixing chamber which also will produce
the correct stoichiometric mix. —~ s

If it is the case that there is an explosion which backs-up through the outlet 178
from a welding tip, it will be quenched by the water within the unit 160, and the energy
cif the explosion absorbed by displacing the water in both the outer chamber 176 and
the inner column 172, and which displacement also cuts off ithe flow of inlet gas to the
tube 168. In this way there will be no possibility of the explosion further propagating
towards an electrolysis cell bank producing the gases. The water within the unit 160
therefore acts both as a gas scrubber and also as a check valve.

Fig. 18 shows a welding tip 180 in cross-sectional detail. The hydrogen and
oxygen gases are received along an inlet tube 182, passing by a needle valve 184 and so
into an expansion chamber 186. The expansion chamber 186 includes a flashback:
control apparatus, which comprises a cylindrically arranged flashback arrester 188,
typically formed of 5 micrometer stainless steel meshing. In normal operation, the
gases flow through the flashback arrester 188 and so to the outlet or nozzle 190, where
combustion, or gas ionisation during the production of plasma, takes place.

In the event of flashback occurring, the flashback arrester 188 disallows
further rearward passage of the flame, which cannot physically pass through openings
as small as, say, 5 micrometers. Coupled with this is a heat sink effect of the material
from which the arrester 188 is constructed, which operates to dissipate the energy of

the flame and so assist in extinguishing the flame.
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allows temperatures of the order of 6000 °C to be achieved with the ability to produce

gas on demand. No gas stored in bottle form is required. It is further possible to
conduct fine flame welding with a high purity of gas, and also to be able to fuse
ceramic materials.

All of the following materials can be welded: carbon steel, cast iron, stainless
steel, aluminium, brazing, silver soldering, copper and ceramics. The following
ferrous and non-ferrous materials, due to the available production of pure hydrogen

subsequently passed through a DC arc ﬁroviding a hydrogen plasma stream (Hy, — Hj),

can be readily cut: carbon steel, cast iron, stainless steel, aluminium, brazing-and

copper.

Embodiment of the invention can provide a continuous supply of hydrogen gas

at large flow rates. As such it is well disposed to applications that consume large

i quantities of hydrogen. An example of one such process is the Plascon (TM) waste
destruction process developed by the Australian CSIRO's Division of Manufacturing
Technology. A summary of the Plascon process can be found in the CSIRO Journal
"Ecos, Volume 68, Winter 1991".

One application of the hydrogen and oxygen gases produced by the apparatus
described above is in the thermal destruction of waste, and without the consumption of
atmospheric oxygen. This procedure requires an on-demand supply of hydrogen and
oxygen gas. The electrolysis apparatus described above can, in a scaled-up version,
produce the requisite gas flow rates in order to combust waste gases on a commercial

scale,

Figs. 19a and 19b show a configuration for a burner used in the destruction of

such gaseous polluting emissions. Fig. 19a shows a cross-sectional view of a burner
200. The cross-sectional view along the mid-line is shown in Fig. 19b. The burner
200 has a combustion chamber 202 that is hemispherical in shape. The emissions,
which may include a mixture of fumes containing hydrocarbons and other volatile

pollutants as a waste product of industrial processes, are injected to the combustion

[n:\1ibk100663:BFD
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mixture of hydrogen and oxygen and emissions formed within the combustion chamber
202 is ignited by means of a spark plug 210, or the like, and burns at a temperature of
not less than 4000 °C, thus providing energy for molecular disassociation of all the
pollutants into harmless compounds that can be discharged to the atmosphere. No
atmospheric oxygen is consumed in the burning process. Complete combustion of the
pollutants is aided by the 'focusing' effect of the combustion chamber 202, which
further improves mixing of the gas streams.

A thermocouple 212 measures the temperature within the silicone fibre
refractory heat insulatory material 214 surrounding the combustion chamber 202. The
cladding 216 applied to the burner 200 is typically of stainless steel.

The burner configuration is formed by seven (only four are shown)
concentrically arranged sets of nozzles 212, as is clearly shown in Fig. 19b. The
nozzles 222 are directed to commonly intersect at the epicentre 204 of the combustion
chamber 202. The cooling water, supplied by an inlet 218 and exiting by an outlet 220,
is intendc?d to maintain the nozzles 222 at a temperature of less than 300 °C. Above
300 °C, hydroxy gas has the tendency to ‘back burn’.

The flow path of hydrogen and oxygen gases to the nozzles 222 from the inlets
208 has four 90° (minimum) correction changes. This is intended to slow the linear
momentum of the hydroxy flame in the event of a flashback, and so cause the flame to
self-extinguish. This is particularly advantageous, as hydrogen burns at a rate of 3,600
m/s.

Fig. 20 shows in block diagram form a multi-modal cutting and welding
apparatus 230. | The apparatus receives a supply of DC power provided to an AC/DC
converter 232. An AC supply is available for connection to AC electric arc welding

apparatus 234, while the converted DC output voltage is provided for connection with a
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hydroxy gas welding apparatus 240. The hydrogen (and oxygen for secondary
injection) is made available for connection with plasma cutting apparatus 242. The
hydrogen is passed through a DC arc to produce a plasma stream, and on a secondary
hﬂedmnythc(»qgenishnnxhuzdinu>ﬂmlﬁmnnas&auntopmmhuzauloxkﬁﬁng
plasma cutting effect which increases cufting efﬁciéncy. Thicknesses of up to 150 mm
mnlbecutwmmhlﬁﬁspnxxs& It should be noted that introducing oxygen downstream
from the tungsten electrodes eliminates any oxidation of the electrodes.

The hydrogen gas alone also is provided to a MIG/TIG apparatus 244, with the
hydrogen in plasma form otherwise taking the place of the conventional inert gas. An
AC or DC supply also is required to form the plasma.

The converter 232 can be of any conventional design, typically having a multi-
tapped transformer for the selection of appropriate rectified DC voltages. The
electrolysis unit 238 can be of any of the embodiments previously described, and
including the scrubber and check valve arrangements. The various cutting and welding
apparatus 234,236,240,242,244, described also are conventional.

The multi-modal apparatus 230 thus provides greater flexibility for the user in
being able to select from the one unit the particular mode of cutting or welding
required. Clearly apparatus comprised of any single or combination of welding/cutting
apparatus is contemplated by the present invention.

Fig. 21 shows the multi-modal apparatus 230 in greater detail. As previously
described, the electrolysis generator 238 separately produces gaseous hydrogen and
oxygen and can also produce gaseous hydrogen and oxygen as an admixture.

The power supply unit 232 comprises a multi-tapped transformer 246. The
reduced voltage is rectified by a bridge rectifier 247. The output rectified voltage is
then connected by terminals 248 to the cell bank 238 containing 30 cells via a contactor

249 which is activated by a pressure switch 250. The switch 250 is, in turn, activated
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Thus the contactor 249 is operable to remove the supply of power to the cell bank 238
on establishment of operational pressure. The contactor 249 operates on demand with
use of the gas.

Thus gas is produced as required, and typically a total of 15 litres at any one
time. This 15 litres of gasses comprises 10 litres of hydrégen and 5 litres of oxygen.

The gases are sourced from the scfubbing towers 156,158 of the cell bank 238.
As a closed loop system, the pressure m each tower will compensate for the other
thereby maintaining constant desired gas production levels. if, however, the water
level is too high due to excessive use of either gas, the respective float switch 254,255
in the respective tower 156,158 will disallow gas flow by shutting the respective
solenoid valve 256,257.

The float switches 254,255 activate the solenoid valves 256,257 from an AC
supply 258 tapped from the transformer 246. Other float switches located in the check
valve and scrubber units 160 and the pressuring pump 138, also receive the AC supply
258. |

Two flow regulators 261,262 are incorporated for the purpose of mﬁintaining
the desired back-pressure in the towers 156,158 in order that the system will always
have pressure even if the system is switched off and/or should the gases be exhausted
through gas outlets, the gas outlets 263,264 of the check valves/scrubber units 160 or
by the welding tip 265.

Another method of obtaining an admixture is when the hydrogen and oxygen
gases, as opposed to separated generation in the cell bank 238, is, once the gases have
passed through the check valve and scrubber units 160, a selection valve 266 allows the
gases to mix and pass to the welding tip 265 where they are ignited and combusted to
be used for the purposes of hydrogen/oxygen welding.

If the hydrogen and oxygen gases are produced separately and required for
hydrogen plasma cutting 242 and/or hydrogen plasma MIG/TIG welding 244, the

selection valve 266 disallows the admixture of the two gases.
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voltage also can be rectified by the rectifier 247 to produce a DC voltage output. All

these output voltages pass a further polarity selector 269 allowing the user to select
between an AC or DC output and to select the appropriate polarity for the DC output.

The output 248 from the power supply unit 232 is shown connected to the
electrolysis cell bank 238, however, the power supply also can connect with other
forms of welding and cutting such as indicated in Fig. 20.

A further Output 271 supplies the necessary DC power for hydrogen plasma
shroud MIG/TIG welding 244 and hydrogen plasma oxidising cutting applications 242.
Yet further AC Output 272 and DC Output 273 supply the necessary current to produce
an arc for the MIG and TIG processes.

Output voltages in the range of 20-60 Volts are required for the cell bank unit
238 and the electric arc units 234,263, whereas the MIG/TIG welding 244 operates,
typically, on an output voltage of 30-60 Volts (AC or DC). Plasma cutting and plasma
shrouding, as provided by the plasma unit 242, typically requires the supply of 120
Volts DC.
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13. - *sA;burner arrangenent for use in thernmal destruction of gaseous _

pol | utants,

the burner conprising: a hem spherical burner chanber; a suppl y

of hydrogen and oxygen gases in communication with the ﬂm ia a
tortuous path exiting by a plurality of cogqentrl cal | y” Lﬂnﬁm ,m

directed towards the epicentre of the hem spheri cal chafbet

and af ihl et

for the suppCLAEMSyaseous pol lutants; and wherein the gaseous pol | utants
are conbusted together with the hydrogen and oxygen gases. REPLACEMENT
SHEET 25 NOV 1996 I. A cell arrangement for the electrolysis of water to liberate hydrogen

and oxyg;en gases, the arrangement comprising:

a plurality of anode-forming eléctrodes in a stacked relatidn, each anode
electrode comprising a ﬂz;t plate through which passes one or more common first
conductive interconnecting members; and

a plurality of cathode-forming electrodes in a stacked relation, each cathode
electrode comprising a flat plate through which passes one or more common second
conductive interconnecting members; _

and wherein the anode electrodes and the cathode electrodes are interleaved.

2. A cell arrangement as claimed in claim 1, wherein the first

interconnecting members and the second interconnecting members also pass through,

" but do not interconnect with, the cathode electrodes and the anode electrodes

i respectively.

3. A cell arrangement as claimed in ciaim 1, wherein groups of
consecutive anode electrodes form a cell block, and groups of consecutive cathode
electrodes form a cell block, and whereby the anode cell blocks are offset from
corresponding cathode cell blocks.

4, A cell arrangement as claimed in claim 3, wherein for each cell block,
the respective interconnecting members extend only over the cell block.

5. A cell arrangement as claimed in claim 4, wherein each electrode is
hexagonally sided, and the first interconnecting members extend through an electrode at
a point near every alternate vertice, and the second interconnecting members extend
through an electrode at the other ones of alternate vertices.

6. A cell arrangement as claimed in claim 2, wherein each electrode is
circular, having a p_erforatéd inner area and an outer rim having holes through which
the first and seconc; interconnecting members pass.

7. An electrolysis apparatus comprising a plurality of cell arrangements

as claimed in claim 3, the cell arrangements being arranged as a cell bank formed b
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[err] (30 ,14. A burner as claimed in claim13, furt her conprisin
ignition neans to ignite the hydrogen and oxygen gase mmmn“ﬂﬂﬁi ‘HL
pollutants within the conbustion chanber. 15. A bu

claim 14, wherein the tortuous path for tha suppl i ed hy'dr §geh ahd oxygen
gases conprises at least four angled turns gach of at least [err]. 16. A

nul ti - nodal ﬁﬁllrﬂ t?%gaar&rﬁwcaiu%ugﬁ g lcafi %[ock? rdel &Qnoﬁ: SARVELH ﬁﬁ@c@lg}‘ranged '

control |l abl et uce urality of DC out put
in a parallel connection.

8. A cell arrangement for the electrolysis of wﬁter to liberate hydrogen
and oxygen gases, the arrangement comprising:

a plurality of anode-forming electrodes interconnected by one or more first
common conductive members to be electrically in parallel, the anode electrodes being
interleaved with a plurality of cathode forming electrodes interconnected by one or
more second conductive members to be electrically in parallel, the anode electrodes and
cathode electrodes forming a cell unit; and a plurafity of the cell units being electrically
connected in series.

9, A cell arrangement or electrolysis apparatus as claimed in any one of
the preceding claims contained within a tank and immersed in at least water, and

further :compri..sing DC voltage supply means, the positive supply of which is coupled to
the anode electrodes and the negative supply of which is coupled to the cathode
electrodes by a respective ones of the interconnecting members, and whereby oxygen
and hydrogen gases are liberated respectively from the anode electrodes and the cathode
electrodes.

10. A cell arrangement for the electrolysis of water to liberate separated
or admixed hydrogen and oxygen gases, the arrangement comprising:

a plurality of anode-forming electrodes arranged in a stacked relation, each
anode electrode comprising a flat plate ﬂuough which passes one or more first
conductive interconnecting members;

a plurality of cathode-forming electrodes arranged in a spaced linear stacked
relation, each.cathode electrode comprising a flat plate through which passes one or
more second conducting interconnecting members; wherein the anode electrodes and
the cathode electrodes are interleaved; and

a pluralitﬁr' of membranes, each membrane located between an adjacent anode
electrode and cathode electrode, the membranes allowing the passage of ionic current

between adjacent anode and cathode electrodes, but selectively blocking the flow of gas

P .
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vol fage sources; and an electrolysis unit coupled to t I and
operable to selectively produce hydrogen and oxygen seg l Hﬂﬁﬂj l
adm xed hydrogen and oxygen from a supply of water by I . to a

DC vol tage source of the power supply; thezyydr ogen, oxygen and adm xed
hydr ogen and oxygen, together with the output voltage sources, being

avai | abl e f Ohef@3AEH dePerdant\BicH 4 Preafste AfférehfiAlKbREdRoFP0sRe skiés of a A
mui I ti-nodal wel ding and cutting generator as clained in claim 16, wherein

the el ectrolmembrdateit conprises: a plurality of anode-form ng el ectrodes
arranged in a stacked relation, each anode el ectrode conprising a flat
ptate through whi chl.passdéscebiharangement a$ clasnedcimnclaim 10 ewhenein 8 Supfay tafrag
menbers; and a plurality of cathode-form ng el ectrodes arranged in a
st acked r el deastrwatemisiprovided to the space surrounding each anode electrode, and a supply of
. at least water is provided to the space surrounding each cathode electrode, adjacent
anode and cathode spaces being separated by a said membrane, and wherein one of the
said water supplies can be pressurised so that a pressﬁre differential exists across each
membrane thus penmttmg the flow of gas liberated by the anode or cathode electrode
during electrolysis through the membrane.
12. An electrolysis unit for the liberation of oxygen and hydrogen gases,
the unit comprising:
a plurality of anode-forming electrodes interleaved with a plurality of cathode-
forming electrodes;
a plurality of separation membranes between each adjacent cathode and anode
electrode; and !

means to supply .at least water to the anode and cathode electrodes, the supply
means being operable to control the pressure differential of the at least water on
opposed sides of each membrane to selectively maintain separation or admixture of
liberated oxygen and hydrogen gases.

13, A burner arrangement for use in thermal destruction of gaseous
pollutants, the burner comprising:

a hemispherical burner chamber;

a supply of hydrogen and oxygen gases in communicétion with the burner
chamber via a tortuous path exiting by a plurality of concentrically arranged nozzles
directed towards the epicentre of the hemispherical chamber; and

an inlet for the supply of gaseous pollutants;

and wherein the gaseous pollutants are combusted together with the hydrogen

and oxygen gases.
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cat hode gonprising a flat plate through which passes one or nore second

conducting interconnecting nenbers; and wherein the Hmnﬁumlruﬂﬂ"ﬂﬁ"im and .
t he cathode el ectrodes are interleaved; and a pluralli each
menbrane | ocat ed between an adj acent anods el ectrode and cdt h8de®el ectrode,
t he nenbranes all ow ng the passage of ion'g current between adjacent anode

her ot hr ough- dependant oo e B Ca R erur b fitifg 1fadon means 0 ¢
of a nmenbr apaite MRPhHFohENInEOkiFe g dseNaAd the @8seous pollutants within the combustion
chamber. o
15. A burner as claimed in claim 14, wherein the tortuous path for the
supplied hydrogen and oxygen gases comprises at least four angled turns each of at
least 90°.
16, A multi-modal welding and cutting generator, comprising:
- a power supply controllable to produce a plurality of AC and DC output
voltage sources; and ) .

-an electrolysis unit coupled to the power supply, and operable to selectively
produce hydrogen and oxygen separately or as admixed hydrogen and oxygen from a
supply of water by electrolysis due to a DC voltage source of the power supply; the
hydrogen, oxygen and admixed hydrogen and oxygen, together with the output voltage

f sources, being available for connection to welding and/or cutting apparatus.

17. A muiti-modal welding and cutting generator as claimed in claim 16,
wherein the electrolysis unit comprises:

a plurality of anode-forming electrodes arranged in a stacked relation, each
anode electrode comprising a flat plate through which passes one or more first
conductive interconnecting members; and

a plurality of cathode-forming electrodes arranged in a stacked relation, each
cathode comprising a flat plate through which passes one or more second conducting
interconnecting members; and wherein the anode electrodes and the cathode electrodes
are interleaved; and

a plurality of membranes, each membrane located between an adjacent anode
electrode and cathode electrode, the membranes allowing the passage of ionic current
between adjacent anode and cathode electrodes, but selectively blocking the flow of gas

therethrough depeiidant upon a pressure differential between opposite sides of a

membrane.
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31 18# « ; A nulti-nodal welding and cutting generator as clainmed in claim

17, wherein a supply of at |east water is provided to tI" , rroundi ng
each anode el ectrode, and a supply of at |east water is ﬂaﬂmﬂgmgﬂ,ﬂ lj
space surroundi ng each cathode el ectrode,3fdj acent anode*and ca ces
bei ng separated by a said nmenbrane, and wherein one of the said water

suppl i es can be p8essurA sastisaodilaweldingrand cuttimgdidnbratenis cthinted i daiacngss
each nmenbrane thus permtting the flow of gas liberated by the anode or
cat hode el wberciniea shppiynof @k deast wiatesiis pravideddo thdspace sbrraneding @ach angde
fl ashback arrester for a weldi ni; tip having use with conbusted gases, the
arrester caepreds, sgda supmly of phleasewaien i previded éo theofpage parseumgting oacht he
gases to be conbusted, the neshed barrier having opening of a size to allow
free passagphede electrode, adjacent anode and cathode spaces being separated by a said
membrane,' and wherein one of the said water supplies can be pressurised so that a
pressure differential exists across each membrane thus permitting the flow of gas
liberated by the anode or cathode electrode during electrolysis through the membrane.
19. A flashback arrester for a welding tip having use with combusted
gases, the arrester comprising a_meshed barrier in the stream of a passage for the gases
to be combusted, the meshed barrier having opening of a size to allow free passage of
. the gases, and to impede passage of a flashback by the flashback flame being unable to

pass the barrier, and so to be extinguished.
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the, gaseg, and to i npede passage of a flashback by the flashback flame
bei ng unable to pass the barrier, and so to be extingui shed. REPLACEMENT

SHEET 2 5 NOV 1996
32

IMPROVEMENTS IN ELECTROLYSIS SYSTEMS
ABSTRACT

A cell arrangement for the electrolysis of water to liberate hydrogen and
oxygen gases is described. A cell unit (125) has a stacked arrangement of segmentation
disks (114), a first type of (anode) cell platés (90), a second type of (cathode) cell plates
(98) and separation membranes (116). Interconnecting conductive shafts (126-131) pass
through holes (100,102) of the cell plates (90,98) to have selective electrical
interconnection therewith. Water and electrolyte is supplied by inlet ports (108,110) to
immerse the cell plates (90,98). The membranes (116) normally isolate adjacent
cathode and anode plates (90,98) from the mixing of liberated oxygen and hydrogen
gases whilst allowing ionic current flow. By selective adjustment of the
water/electrolyte pressure differential on respective sides of the separation membranes
(116), admixture of the liberated gases can be produced. The liberat;d gases discharge
by outlet ports (104,106).

Fig. 14




