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APPARATUS FOR THE ELECTROLYTIC PRODUC-
TION OF HYDROGEN AND OXYGEN FOR THE
SAFE CONSUMPTION THEREQF
Willianx A. Rhodes and Raymond A. Henes, Phoenixz,
Ariz,, assignors to Henes Manufacturing Co., Phoenix,
Ariz., a corporation of Arizona
Filed Mar. 23, 1962, Ser. No. 182,726
10 Claims. (CL 204--272)

This application is a continuation-in-part of a co-pend-
ing application of William A. Rhodes, Serial Number
108,164, filed May 5, 1961, and now abandoned, for
Means and Method for the Electrolytic Production of Hy-
drogen and Oxygen for the Safe Consumption Thereof.

This invention relates to a means and method for the
electrolytic production of hydrogen and oxygen and for
the safe consumption thereof, by a torch or other means
controlling the combustion of these gases.

It has been a problem to utilize a mixture of hydrogen
and oxygen in a torch and particularly so when hydrogen
and oxygen is produced electrolytically and delivered in
a common conduit to such a torch. The explosion haz-
ards of this mixture of gases have been difficult to alleviate.

Additionally, it has been a problem to control the pro-
duction quantity of hydrogen and oxygen, and to dispose
of excess of these gases without creating a hazardous
condition. Furthermore, a simple, economical and relia-
ble arrestor for use in stopping combustion of these gases,
as it flashes back from a torch toward the generator of
such gases, has been very difficult to develop.

Accordingly, it is an object of the invention to provide
a means for electrolytically producing a mixture of hy-
drogen and oxygen from water and to conduct the mix-
ture directly to a torch for combustion thereof, without
the hazard of dangerous explosions.

Another object of the invention is to provide mnovel
means for resisting flame travel, in a balanced mixture of
hydrogen and oxygen from a torch to a production source
of hydrogen and oxygen.

Another object of the invention is to provide means for
electrolytically producing hydrogen and oxygen, having a
bleed-off pressure regulator disposed in the path of a
forced air draft which dilutes the excess production of
hydrogen and oxygen combustible in the atmosphere.

Another object of the invention is to provide a novel
bleed-off pressure regulator for use in handling various
compressible fluids,

Another object of the invention is to provide a novel
generator for electrolytically producing hydrogen and
oxygen in water.

Another object of the invention is to provide a torch
and safe means, coupled thereto, for electrolytically pro-
ducing hydrogen and oxygen and for safely delivering a
mixture of these gases to said torch.

Another object of the invention is to provide a very
simple and economical torch means having a safe source
of electrolytically produced hydrogen and oxygen.

Another object of the invention is to provide a genera-
tor wherein hydrogen and oxygen are electrolytically pro-
duced in the presence of a highly concentrated alkali in
water, whereby the size of the generator may be reduced
in size versus gas delivery volume ratio not attained here-
tofore.

Another object of the invention is to provide a genera-
tor for electrolytically producing hydrogen and oxygen;
said generator comprising novel, resilient pressure relief
mechanism to prevent damage to the generator in the
event combustion of hydrogen and oxygen takes place
therein.

Another object of the invention is to provide a novel
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combination of hydrogen and oXygen generator; a recti-
fier for supplying energy to the generator and a bleed-off
pressure regulator for controlling pressure of the mixture
of hydrogen and oxygen and oxygen passing from said
generator; a blower disposed to force a draft of air over
said rectifier for cooling the same disposed to force air
over said bleed-off pressure regulator to dilute the excess
mixture of hydrogen and oxygen bled therefrom, to there-
by render said bleed-off mixture non-combustible.

Another object of the invention is to provide a very
compact generator for electrolytic production of hydrogen
and oxygen which is provided with novel extended sur-
face area anode and cathode structure formed of concen-
tric tubular members whereon annular surfaces are pro-
vided with circumferential ridges and grooves.

Amnother object of the invention is to provide a novel
generator for electrolytically producing hydrogen and
oxygen wherein a very simple float structure readily in-
dicates the finid level in the generator and is readily acces-
sible by removing a filler cap from a filler neck through
which water may be added to the electrolyte in the gen-
erator.

Another object of the invention is to provide a novel
generator for electrolytically producing hydrogen and
oxygen wherein a novel frame heat sink structure supports
the generator and other components thereof including an
A.C.-D.C. power supply means which also dissipates heat
to the frame and heat sink structure, of the invention.

Another object of the invention is to provide a novel
generator for electrolytically producing of hydrogen and
oxygen which delivers a mixture of hydrogen and oxygen
through a novel tank of methyl alcohol or equivalent ma-
terial whereby such material is entrained in the mixture of
hydrogen and oxygen and may be burned to reduce the
oxygen content in the area of the flame and at a high
temperature cone of a torch and around an area of ma-
terial being welded so that such material, when welded,
is not readily oxidized.

Another object of the invention is to provide a novel
generator for the production of hydrogen and oxygen and
means coupled thereto to provide for an increase in the
B.t.u. output of a hydrogen and oxygen flame which is
fed from the generator of the invention.

Further objects and advantages of the invention may
be apparent from the following specification, appended
claims and accompanying drawings, in which:

FIG. 1 is a diagrammatic view of an electrolytic hydro-
gen and oxygen producing generator together with a con-
duit means for delivering the hydrogen and oxygen to a
torch and including flash-back arrestors and a power sup-
ply to the generator as well as a blower for cooling the
rectifier and diluting bleed-off gas from the generator;

FIG. 2 is an axial sectional view of the electrolytic
hydrogen and oxygen generator;

FIG. 3 is an enlarged side elevational view of the torch,
of the present invention, showing portions thereof, broken
away and in section to amplify the illustration;

FIG. 4 is an enlarged fragmentary sectional view of a
flash-back arrestor of the present invention;

FIG. 5 is an enlarged fragmentary sectional view of
the bleed-off pressure regulator of the invention;

FIG. 6 is an enlarged fragmentary side elevational view
of a modified form of the flash-back arrestor of the inven-
tion showing portions broken away and in section to
amplify the illustration;

FIG. 7 is an end view of a modified form of generator
for the electrolytic production of hydrogen and oxygen;

FIG. 8 is a side elevational view thereof;

FIG. 9 is a top or plan view of the modified generator
for the electrolytic production of hydrogen and oxygen,
as shown in FIGS. 7 and 8 of the drawings;
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FIG. 10 is a sectional view taken from the line 19—19¢
of FIG. 9;

FIG. 11 is a sectional view of a hydrocarbon fluid en-
trainment tank of the present invention; and

FIG. 12 is a fragmentary seciional view of a further
modification of the invention.

As shown in FIG. 1 of the drawings, an electrolytic
hydrogen and oxygen generator 10 is provided with an
anode 12 and cathode 14, electrically coupled to electrical
conductors 16 and 18, respectively, which is supplied
energy by means of a rectifier 28 receiving energy through
conductors 22 and 24 from a transformer 26 coupled to a
conventional alternating current line 28.

Hydrogen and oxygen produced by the generator 10
passes from an outlet 30 in the top of the generator 10
and into a tube 32 which is coupled to one upstanding leg
34 of a U-tube flash-back arrestor 36. Another tubular
conduit is coupled to the opposite upstanding leg 4¢ of the
U-tube flash-back arrestor 36 and this tube 38 conducts
the mixture of hydrogen and oxygen to an inlet 42 of a
bleed-off pressure regulator 44.

The bleed-off pressure regulator 44 is provided with a
bleed-off outlet 46 disposed to deliver excess hydrogen
and oxygen to the atmosphere and will be hereinafter
described. The bleed-off pressure regulator 44 is pro-
vided with an outlet 48 to which a flexible conduit 50 is
connected. The opposite end of this conduit 5¢ is con-
nected to a torch valve 532 disposed to deliver the mixture
of hydrogen and oxygen to a torch 54 having a top 56 at
which combustion of hydrogen and oxygen takes place.

Referring now to details of the electrolytic hydrogen
and oxygen generator, as shown in FIG. 2, it will be seen
that the anode 12 provides a cover for the generator.
This cover is coupled to the cathode 14, which generally
forms the tank structure of the generator.

The cathode 14 comprises a long slender cylindrical
tank portion 58 composed of pure iron from which hy-
drogen bubbles are produced, as will be hereinafter de-
scribed. This cylindrical tank portion 58 is provided
with an angular flange 60 which is slightly spaced from a
similar flange 64 of the anode 12. Disposed between the
flange 69 and 62 is a compressible O-ring 66 preferably
made of resilient dielectric material such as rubber, or its
equivalent. Bolts €8 extend through the flanges 60 and
€2 and nuts 76, screwthreaded on the bolts 68, engage a
washer 72, which bears against compression springs 74,
engaging the flange 60, whereby the flanges 66 and 64 are
forced toward each other into firm feeling engagement
with the O-ring 66. Insulator sleeves 73 fit in openings
75 in the flange 64 and the bolts 68 extend through central
openings 77 in the insulating sleeves 73.

The anode 12 is provided with a central cover portion
76 having a nickel-plated iron cylindrical section 78,
welded or otherwise secured thereto, and extending down-
wardly and concentrically into the tank-shaped portion 58
of the cathode 14. The cathode 14 is pure iron and is
provided with a bottom portion 80 having a pure iron
upstanding cylindrical portion 82 welded or otherwise
secured thereto. This cylindrical portion 82 of the cath-
ode 14 is disposed concentrically of the cylindrical por-
tion 78 of the anode, as hereinbefore described.

The tank portion 58 of the cathode 14 is partially filled
with a solution of alkali and water. This solution is
highly concentrated, the alkali being in an amount equal
to that of the water, as for example, the weight of the
alkali substantially equals the weight of the water.

The solution of water and alkali is disposed at a level
slightly above an upper end 84 of the cylindrical portion
§2 of the cathode 14.

As shown in FIG. 2 of the drawings, the upper surface
of the solution is disposed as indicated by the line A and
the cylindrical portion 78 of the anode is provided with
openings 86 which are partially above and below the
level A. These openings 86 permit foam to pass from a
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space 88 between the outer wall of the cylindrical portion
58 and the cylindrical portion 78.

The cylindrical portion 82 of the cathode is provided
with openings 99 in its lower portion to permit circulation
of the solution in the direction of arrows B, shown in
FiG. 2 of the drawings.

During hydrogen and oxygen production, bubbles of
both gases rise upwardly in the solution and foaming
of the solution takes place at the upper surface thereof.
This foaming action causes the solution to foam over into
the upper open end 84 of the cylindrical portion 82, which
causes a constant downfiow of the solution therein. The
openings 98 permit this downward flow and escape of the
solution outwardly of the cylindrical portion 82 near the
Jower interior of the tank portion 58 of the cathode.
These openings 90 are below a lower open end 92 of the
cylindrical portion 78 of the anode so that the solution
may circulate freely from the interior of the cylindrical
portion 82 outwardly through the openings 90 and back
into the tank portion 58 of the cathode.

The openings 86 in the cylindrical portion 78 of the
anode permit foam and bubbles to pass from a space 88
hereinbefore described, into the interior of the cylindrical
portion 78 of the anode.

In the central cover portion 76 of the anode, an outlet
orifice 94 is provided to control flash-back into the gen-
erator 19, as will be hereinafter described in detail. This
orifice 94 provides an outlet for a mixture of hydrogen
and oxygen produced in the generator 10.

As shown in FIG. 2 of the drawings, the central cover
portion 76 of the anode is provided with a screwthreaded
filler plug 96, which may be removed to permit the addi-
tion of water to the alkali solution in the generator 10.

The tubular conduit 32 is coupled to a hollow cylin-
drical sleeve 100, welded or otherwise secured in the
central cover portion 76 of the anode to provide an out-
let for the mixture of hydrogen and oxygen produced in
the generator. The orifice 94, as hereinbefore described,
is disposed in the lower end of the tube 100 and this orifice
may be approximately .050 of an inch in diameter as com-
pared to an orifice diameter of .040 of an inch at the tip
56 of the torch 54, as will be hereinafter described in
detail.

Direct current is supplied to the anode and cathode
structures of the generator 10, in accordance with the
concentration of the alkali, such as sodium hydroxide, or
an equivalent ionizing agent, and water. The direct cur-
rent is applied with low voltage and relatively high am-
perage, as for example, 4 volts at 250 amperes is suitable
when using the foregoing, substantially saturated solution
of alkali and water. This provides for a current density
of approximately 1 ampere to 1 square inch or less of the
generator area.

It will be appreciated that the foregoing proportions of
alkali and water represent a substantially saturated solu-
tion in which the alkali and water are substantially equal
in weight. This highly concentrated solution tends to
minimize electrical resistance with attendant temperature
rise in the electrolyte and therefore permits the system to
operate with low voltage and relatively high amperage.
Additionally, it will be understood that, due to low resist-
ance of the electrolyte, the efficiency of the system is high
with a maximum production of hydrogen and oxygen gases
in proportion to the size of the generator.

The flash-back arrestor 34 is a U-shaped tube having up-
standing legs 36 and 40. This tube 34 contains non-in-
flammable liquid 192, which partially fills the legs 36
and 40.

The leg 36 is coupled to the tube 32 and disposed to
receive a mixture of hydrogen and oxygen gases in a direc-
tion of the arrow C, in FIG. 4 of the drawings. The gases
bubble through the liquid 102 and move upwardly in the
leg 40 in a direction of the arrow D, in FIG. 4. The mix-
ture of gases then passes upwardly through the tube 38
toward the bleed-off pressure regulator 44.






