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[57] ABSTRACT
A novel electrolytic cell performs an electrolysis pro-

cess at improved efficiencies by supplying a pulsed DC
current to the electrodes thereof. In preferred embodi-
ment a generally cylindrical anode with a fluted outer
surface is surrounded by a segmented cathode having
an active area equal to the active area of the anode.
An electrolyte, which may be a 25 percent solution of
potassium hydroxide is introduced into the cell for
production of hydrogen and oxygen at the cathode
and anode respectively. The current for carrying on
the electrolysis process is provided by a transformer
which is preferably located within an oil filled cham-
ber inside the anode. Heat from this transformer and a
magnetic field also created thereby both have a bene-
ficial effect upon the reaction rates. The pulsing of the

. electrode current may in one embodiment be carried

out at a rate of between 5,000 and 40,000 pulses per
minute, with a rate of about 10,000 pulses per minute
being preferred. In such an arrangement the current
level may be about 220 amps at a duty cycle of about
0.006 and the electrode voltage may be about 3 volts.
Thus there are produced very short, sharp pulses
which have been found to be very effective in the pro-
duction of reaction products. Appropriate circuitry is
disclosed for providing a driving signal to the trans-
former, as well as an arrangement for safely taking off
the reaction products and stopping the process upon
sensing of a predetermined internal pressure.

22 Claims, 8 Drawing Figures
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ELECTROLYSIS APPARATUS

CROSS REFERENCE TO RELATED APPLICATION

This is a continuation-in-part of application Ser. No.
485,498 filed July 3, 1974 now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to electrolysis and has particu-
lar, but not exclusive, application to the electrolysis of
water to form hydrogen and oxygen.

In electrolysis a potential difference is applied be-
tween an anode and a cathode in contact with an elec-
trolytic conductor to. produce an electric current
through the electrolytic conductor.

Many molten salts and hydroxides are electrolytic
conductors but usually the conductor is a solution of a
substance which dissociates in the solution to form
ions. The term “electrolyte” will be used herein to refer
to a substance which dissociates into ions, at least to
some extent, when dissolved in a suitable solvent, The
resulting solution will be referred to as an “electrolyte
solution”.

Faraday’s Laws of Electrolytis provide that in any
electrolysis process the mass of substance liberated at
an anode or cathode is in accordance with the formula

m=2zq

where ‘
m is the mass of substance liberated in grams,
z is the electrochemical equivalent of the substance,
and
q is the quantity of electricity passed, in coulombs.
An important consequence of Faraday’s Laws is that
the rate of decomposmon of an electrolyte is depen-
_dent on current and is independent of voltage. For
~example, in a conventional electrolysis process in
which a constant current I amps flows for ¢ seconds, g
*=It and the mass of material deposited or dissolved will
depend on I regardless of voltage, provided that the
voltage exceeds the minimum necessary for the elec-
“trolysis to proceed. For most electrolytes, the minimum
voltage is very low.

The prior art shows electrolytic reactions employing
DC or rectified AC which necessarily will have a ripple
component; an example of the former being shown for
instance in Kilgus U.S. Pat. No. 2,016,442 and an ex-
ample of the latter being shown in Emic et al U.S. Pat.
No. 3,485,742. It will be noted that the Kilgus patent
also discloses the application of a magnetic field to the
electrolyte, which field is said to increase the produc-
tion of gas at the two electrodes.

SUMMARY OF THE INVENTION

The present invention aims at making more effective
use of a source of electrical energy to generate prod-
ucts of electrolysis than hereto has been possible. In the
method of the invention a pulsating current is applied
to an electrolytic conductor maintained withiii an elec-
trolytic cell. In accordance with this method pulses of
quite high current value and appropriately low voltage
can be generated in the electrolytic conductor by a
quite modest direct current input supply to produce a
greatly increased yield of electrolysis products over
that which could be achieved by passing the supply
current through the conductor. This pulsating current
is to be distinguished from normal variations which
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2
occur in rectification of AC current, and as hereinafter
employed the term pulsed current will be taken to
mean a current having a duty cycle of less than 0.5.

The apparatus of the invention is adapted to practice
the foregoing method and moreover has a novel config-
uration which improves electrolytic reactions by reduc-
ing electrical losses and producing increased electron
mobility, and accordingly it is an object of this inven-
tion to provide electrolysis apparatus having such a
novel configuration.

Another object of the invention is to provide a
method of electrolysis comprising putting a mass of an
electrolytic conductor between and in contact with an
anode and a cathode disposed about the anode and
applying pulses of electrical energy so as to induce a
pulsating current in the electrolytic conductor.

The said pulses of electrical energy may be obtained
by electrical conversion of a constant direct current
supply of substantially uniform voltage and current. In
one electrolysis method according to the invention the
pulses of electrical energy as applied between the
anode and cathode are each at a greater current value
than said uniform current and a lower voltage value
than said uniform voltage whereby the pulsating cur-
rent in the electrolytic conductor is comprised of pulses
each having a greater current value than said uniform
current and a lower voltage value than said uniform
voltage. In an alternative electrolysis process according
to the invention, the pulses of electrical energy as ap-
plied between the anode and cathode are each at a
relatively high voltage which is sufficient to cause the
anode and cathode to discharge in such a manner as to
produce within the electrolytic conductor pulses of
current which are greater than said uniform current
and constitute said pulsating current.

A still further object of the invention is to provide
electrolysis apparatus comprising:

a. an electrolytic cell to hold an electroltic conductor
and including an anode and a cathode to contact
the electrolytic conductor, and

b. electrical supply means to apply between the
anode and cathode of the electrolytic cell pulses of
electrical energy to induce a pulsating current in
the electrolytic conductor.

As previously mentioned, the invention is particu-
larly applicable to the electrolysis of water or aqueous
solutions to generate hydrogen and oxygen gases and,
in order that the invention may be more fully ex-
plained, apparatus designed specifically for such gener-
ation of hydrogen and oxygen will now be described in
detail with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, FIG. 1 is one possible circuit. dia-
gram for the apparatus; ,
FIG. 2 is a circuit diagram for a slightly modlfled ‘
form of the apparatus;

FIG. 3 is a plan view of an electrolytic cell of the
apparatus;

FIG. 4 is a cross-section on the line 4—4 in FIG. 3;

FIG. 5 is a cross-section on the line 5—S5 in FIG. 4;

FIG. 6 is a plan view of the electrolytic cell with
certain upper parts removed,

FIG. 7 is a cross-section on the line 7—7 in FIG 3;
and

FIG. 8 is a cross-section on the line 8—8 in FIG. 3.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS |

The illustrated apparatus comprises an electrolytic
cell denoted generally as 11 and having an anode 12
and cathode 13..In accordance with the present inven-
tion, pulses of electrical energy are applied between the
anode 12 and cathode 13 and this produces pulses of
high current flow through an electrolyte solution in the
cell. Two alternative circuits for producing the pulsés
of electrical energy are shown n FIGS. 1 and 2.

The two circuits illustrated in FIGS. 1 and 2 are
largely the same and like parts have been identified by
like reference numerals. The only differences between
the two circuits lie in the winding of a final stage trans-
former which is installed within the anode of cell 11
and the electrical connections of the secondary coil of
that transformer.

In each circuit a source of direct current electrical
energy, which may for example be a 12 volt battery, is
connected between terminals 14, 15 so that line 16
from terminal 14 may be considered as receiving -a
positive input and line 17 from terminal 15 may be
considered ‘as a common negative for the circuit. Line
16 includes a simple ON/OFF master control switch 18.

Each of the illustrated circuits comprises pulse gener-
ator.circuitry comprising unijunction transistor Q1 with
associated resistors R1, R2, R3 and capacitors C2 and
C3.-This circuitry produces pulses which are used to
trigger an NPN silicon power transistor Q2 which in
sturn provides via a. capacrtor C4 trlggermg pulses for a
thynstor Tl . .

. Resistor Rl and a capacrtor Cl are - connected in
series in a line 21 extendin g to one of the fixed contacts
of a relay RL1. The coil 26 of relay RL1 is connected
between line 16 and a line 27 which extends from the
moving contact of the. relay to the common negative
line 17 via a normally closed pressure operated switch
19. The pressure control line 20 of switch 19 is con-
nected in a manner to be described below to a gas
collection chamber of electrolytic cell 11 in order to
provide a control connection whereby -switch 19 is
opened when the gas in the collection chamber reaches
a certain pressure. However, provided that switch 19
remains closed, relay RL1 will operate when master
control switch 18 is closed to provide a connection
between lines 21 and 27 thereby to connect capacitor
C2 to the common negative line 17. The main purpose
of relay RL1 is to provide a slight delay in this connec-
tion between the capacitor C2 and the common nega-
tive line 17 when the circuit is first energized. This will
delay the generation of triggering pulses to thyrister Tl
until a required electrical condition has been achieved
in the transformer circuitry to be described below. It is
preferred that relay RL1 be hermetically sealed and
have a balance armature so that it can operate: in any
position and can withstand substantial shock or vibra-
tion:

When the connection between capacitor C2 and line
17 is made via relay RL1, unijunction transistor Q1 will
act as an oscillator to provide positive output pulses in
line 24 at a pulse rate which is controlled by the ratio of
R1:Cl-and at a pulse strength determined by the ratio
of R2:R3. These pulses will charge the capacitor:C3.
Electrolytic capacitor C1 is connected directly be-
tween the common positive line 16 and the common
negative line 17 to filter the circuitry from all static
noise. »
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Resistor R1 and Capacitor C2 are chosen such that at
the input to transistor Q1 the pulses will be of saw tooth
form. This will control the form of the pulses generated
in the subsequent circuitry, and the saw tooth pulse
form is chosen since it is believed that it produces the
most satisfactory operation of the pulsating circuitry. It
should be stressed, however, that other pulse forms,
such as square wave pulses, could be used. Capacitor
C3, which is charged by the output pulses of transistor
Q1, discharges through a resistor R4 to provide trigger-
ing signals for transistor Q2. Resistor R4 is connected
to the common negative line 17 to serve .as a gate cur-
rent limiting device for transistor Q2.

The triggering signals produced by transistor Q2 via
the network of capacitor C3 and resistor R4 will be in
the form of positive pulses: of sharply.spiked form. The
collector. of transistor Q2 is connected to the positive
supply line 16 through resistor R6 while the emitter of
that_transistor is connected to the common negative
line 17 through resistor R5. These resistors R5.and R6
control the strength of current pulses applled to a ca-
pacitor C4 which drscharges through a resistor R7 to
the common negative line 17, thereby to apply, trigger-
ing signals to the gate of thyristor T1. The gate of thy-
ristor T1 receives a negative bias from the common
negatlve line via resistor R7 which thus serves to pre-
vent tnggermg of the thyristor by the inrush currents.

The triggering pulses applied to the gate of thyristor
T1 will be very sharp spikes occurring at the same
frequency as the saw tooth wave form pulses estab-
lished by unijunction transistor Q1. It is preferred that
this frequency be of the order of 10,000 pulses per
minute and details of specific circuit components
which will achieve this result are listed:below. Transis-
tor Q2 serves as an interface between unijunction tran-
sistor Q1 and thyristor T1, preventing backflow of emf
from the.gate of the thyrlstor which might otherwise
interfere with the operation of transistor Q1. Because
of the high voltages being handled by the thyristor and
the high back emf applied to transistor: Q2, the latter
transistor must be mounted on a heat sink.

The cathode of thyristor T1is connected viaa llne 29
to the common negative line 17 and the anode is con-
nected via a line 31 to the center of the secondary coil
32 of a first stage transformer TR1. The two. ends: of
transformer coil 32 are connected via diodes D1 and
D2 and a line 33 to. the common negative line 17 to
provide full wave rectification of the transformer out-
put.

First stage transformer TR1 has three primary. coils
34, 35, 36 wound together with secondary coil 32
about a core 37. This transformer -may be of conven-
tional half cup construction with a ferrite core. The
secondary coil may be wound on to a coil former dis-
posed about the core and-primary coils 34 and 36 may
be wound in bifilar fashion over the secondary coil. The
other primary coil 35 may then be wound over the coils
34, 36. Primary coils 34 and 36 are connected at one
side by a line 38 to the uniform positive potential of
circuit line 16.and at their other sides by lines 39, 40 to
the collectors. of transistors Q3, Q4. The emitters of
transistors Q3, Q4 are connected permanently via a
line 41 to the common negative line 17. A capacitor C6
is connected between lines 39, 40 to act as a filter
preventing any potential dlfference between the collec-
tors of transistors Q3, Q4.

The two ends of primary coil 35 are connected by
lines 42, 43 to the bases of transistors Q3, Q4. This coil





















