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[57] ABSTRACT

A gas-operated combustion engine for driving a vehi-
cle, the vehicle carrying a hydrogen gas generator in-
cluding a magnesium electrode immersed in a salt-
water electrolyte. The rate of gas evolution in the gen-
erator is controlled as a function of demand, the gas’
being intermixed with air and supplied to the cylinders
of the engine.

14 Claims, 1 Drawing Figure
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1
GAS-OPERATED INTERNAL COMBUSTION
ENGINE

Matter enclosed in heéavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

This invention relates generally to gas-operated inter-
nal-combustion engines, and more particularly to a
combined engine and gas-generator assembly wherein
the engine is operated by hydrogen gas produced in a
generator borne by a vehicle driven by the engine.

In a gasoline-operated internal-combustion engine,
the thermal energy which is released when the liquid
fuel is burned, is converted into mechanical energy.
The engine includes a carburetor wherein gasoline is
mixed with air to form a combustible mixture which is
compressed in a cylinder and ignited by an electric
spark. Gases created in the cylinder by the combustion
of the mixture expand and thrust the cylinder piston
downwards. The piston imparts a rotary motion to the
crankshaft of the engine. The spent gases are removed
trom the cylinder and replaced by a fresh gas-and-air
mixture so that a fresh cycle can begin.

In order to avoid pollution of the atmosphere result-
“ing from the combustion products of gasoline, it is
known to operate an internal-combustion engine with
propane or other inflammable guses rather than with a
liquid fuel. In this instance, the internal-combustion en-
gine is unchanged. except that the carburetor is ad-
Justed to accommodate the use of gas rather than liquid
fuel.

The disadvantage of existing gas-operated engines is
that the fuel gas is stored in pressurized tanks having a
limited capacity. Since gases such as propane have a
relatively limited energy content, frequent replacement
of the tanks is necessary. Moreover, a tank of highly
flammable gas represents a serious hazard, and in the
event of an accident an explosion may occur.

OUTLINE OF THE DRAWING

For a better understanding of the invention as well as
other objects and further features thereof, reference is
made to the following detailed description to be read
in conjunction with the accompanying drawing, whose
single FIGURE shows an assembly in accordance with
the invention.

SUMMARY OF THE INVENTION

In view of the foregoing, it is the primary object of
this invention to provide a combined engine and gas-
generator assembly wherein hydrogen produced in the
generator is utilized as the fuel for the engine.

More particularly, it is an object of the invention to
provide an assembly of the above type in which the
amount of hydrogen produced is controlled as a func-
tion of engine demund, to prevent the excess build-up
of gas and to obviate gas hazards.

Also an object of the invention is to provide an as-
sembly in which hydrogen is generated by the interac-
tion of magnesium and a saline solution.

Bricfly stated, these objects are attained in a com-
bined engine and gas-generator assembly wherein hy-
drogen is generated in a tank wherein magnesium and
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carbon electrodes are immersed in a sea-water bath,
the rate of hydrogen generation being controlled by a
variable-resistance path connecting the electrodes. The
hydrogen evolved in the tank is supplied through an ad-
justable valve into a carburetor where it is intermixed
with air; the mixture being fed into the cylinders of an
internal-combustion engifie.

DESCRIPTION OF THE INVENTION

According to one embodiment of the invention, a
pair of electrodes is suspended in a tank' containing
highly saturated sea water. Preferably, the electrodes
are suspended in sea water concentrated to such extent
as to produce supersaturation so that undissolved salt

‘collects at the bottom of the bath.

Orne electrode is composed of magnesium while the
remaining electrode preferably is composed of carbon.
The tank is sealed except for a conduit provided for the
escape of gas from the container. Means are provided
for interconnecting the exposed ends of the electrode
through a suitable variable electrical load. In the event
that the gas produced is to be utilized as the fuel in the
engine of an automotive vehicle, the load may com-
prise electrical devices such as electric lamps. ctc.,
used in the operation of the vehicle. In any event, the
load preferably is in the form of a variable potentiom-
eter under the control of the operator and means are
provided for open-circuiting the electrodes.

With the electrodes open-circuited, there is a chemi-
cal reaction between the magnesium electrode and the
liquid contents of the tank acting very slowly to pro-
duce hydrogen gas which is led out through the con-
duit. Upon closing the circuit between the two elec-
trodes, electric current is caused to flow therebetween
dependent upon the magnitude of the load and gas is
generated at a higher rate than with the electrodes
open-circuited. The rate of production of the hydrogen
varies in proportion to the current flow which is in-
versely proportional to the resistance of the variable
potentiometer and may be controlled by the operator.

The reaction is accompanied by the decomposition
of the magnesium electrode and the formation of mag-
nesium hydroxide which is deposited in the bottom of
the tank and the reaction continues until the magne-
sium electrode is entirely decomposed, whereupon the
magnesium hydroxide is removed and a new magne-
sium electrode is arranged in the tank and the liquid
contents thereof are replenished. The magnesium hy-
droxide may be processed to recover its magnesium
content for further use as desired. Polarization of the
carbon electrode by the gas formed in the reaction is
prevented by agitation of the carbon electrode through
any suitable means for that purpose.

In another embodiment of the invention, powdered
magnesium is introduced into a tank containing water
highly saturated with sea-water salts. Reaction between
the magnesium and the saturated water results in the
production of gas at an uncontrolled rate and such gas
preferably is stored in an expansible chamber from
which it is later withdrawn as desired. However, the re-
action may be controlled by means of an automatic
magnesium powder or pellet dispenser which dis-
charges magnesium into the tank as a function of hy-
drogen demand. In this modification, as well as in the
other, the reaction yields magnesium hydroxide which
as before may be processed to obtain magnesium. After
the reaction is completed, the ingredients of the tank -



Re. 28,547

3

are replenished for a further production of the gas. The
production of the gas according to this embodiment
may be facilitated by the addition of powdered carbon
or powdered zinc.

The gas produced according to either of the proce-
dures above described, when mixed with air in the
proper proportions, is highly explosive, and when this
gas is mixed with air in the proper proportions through
a simple valve or jet arrangment and brought to proper
compression in a combustion chamber of an engine, it
may be ignited by standard ignition means.

In order to appreciate the advantages of the inven-
tion, a thermodynamic analysis will now be presented,
comparing the hydrogen energy system to the conven-
tional fossil-fuel system utilizing gasoline as the energy
source. According to page 1,446 of the 28th edition
1944) of the Handbook of Chemistry and Physics, a
mol weight of hydrogen {two grams) provides 104,100
B.t.u.’s (net), or a total of about 23,608,000 B.t.u.’s/Ib.

According to the same publication (page 1,446), gas- 2

oline provides 20,750 B.t.u.’s/lb. Assuming that an au-
tomobile travels a distance of 200 miles and requires
13 gallons of gas (80 pounds), the total thermal output
of the gasoline will be 1,660,000 B.t.u.’s. Assuming
magnesium is now employed to create the source of
energy, the amount of magnesium equivalent to
1,660,000 B.t.u.’s (100-percent conversion efficiency
assumed) is determined as follows:

One mol of magnesium (24.3 grams) will react with

2 mols of water to form 1 mol of hydrogen (2 grams) -

The amount of hydrogen equivalent to 1,660,000
B.t.u.’s is 31.7 grams, which corresponds to about 386
grams of magnesium, or 0.85 pound. Thus, on a ther-
modynamic basis, a car travelling 200 miles requires

-
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80 pounds (13 gallons) of gasoline (1,660,000 B.t.u.’s), ~

which corresponds to about 0.85 pound of magnesium.
The energy cost for gasoline at approximately $0.40
per gallon comes to about $5.20, while the cost for
magnesium, at approximately $0.34. Assuming the
magnesium-hydrogen system to be only 10 percent
efficient, the energy cost would be in the neighbor-
hood of $3.40, which is still less than the cost of con-
ventional fuel, the magnesium-hydrogen system
having the added advantage of avoiding air pollution.
The actual efficiency of the magnesium-hydrogen
system is, of course, much higher than 10 percent,
hence the realistic costs of operating a vehicle is much
cheaper than with gasoline.

An arrangement for practicing the invention, as s

shown in the FIGURE, includes a tank 10 borne in a ve-
hicle 11, such as an automobile or truck, which is
driven by an internal-combustion engine of standard
design, represented by block 12. Tank 10 is preferably

formed of non-corrosive metal, and is provided with an 3

insulating liner, the tank including a gas-discharge out-
let 13.

The tank is filled with sea-water or a salt solution 14
which is highly saturated to a point at which the water
is incapable of dissolving more salt. Supported within
tank 10 is a magnesium electrode 15 which is insulated
from the metal tank. A second electrode 16, preferably
composed of carbon and also insulated from the tank,
is supported therein, the second electrode being
mounted for agitation through a flexible seal in the wall
of the tank by an external vibrator which is energized
from the storage battery of the vehicle or from energy
derived by galvanic action from the tank electrodes.
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The purpose of the vibrator is to agitate the carbon
electrode to dislodge gas collecting thereon, thereby to
prevent polarization of the electrode.

Connected between the electrodes is a potentiometer
18 in series with a switch 19. When switch 19 is open
and the electrodes unloaded, gas is generated very
slowly and is discharged through outlet 13 leading to a
valve 20. Assuming that the valve is closed, hydrogen
will collect in a reserve tank 21. The purpose of reserve
tank 21 is to collect a small supply of hydrogen gas for
starting purposes, before an adequate gas build-up oc-
curs when closing the switch prior to driving the vehi-
cle.

When switch 19 is closed, gas is electrolytically gen-
erated at a rate which depends on the load resistance
introduced by potentiometer 18. In practice, potenti-
ometer 18 is adjusted to a level sufficient to supply no
more hydrogen than is necessary to operate the engine,
thereby avoiding an excessive build-up of gas that
might lead to a hazardous condition. The adjustment of
the potentiometer may be manual, or it may be auto-
matically controlled in response to a pressure sensor 24
disposed in the tank to regulate the amount of gas gen-
erated as a function of demand, as reflected by the
pressure within the tank.

Hydrogen from outlet 13 is fed through valve 20 into
a carburetor 22, where it is intermixed with air in an ap-
propriate ratio, such as 1-to-7, the explosive mixture
then being fed into the cylinders of engine 12. The ve-
hicle accelerator 23 is operatively linked to valve 20 to
vary the amount of hydrogen fed into the carburetor,
thereby to control vehicle speed.

While there have been shown and described pre-
ferred embodimenis of a gas-operated internal-
combustion engine in accordance with the invention, it
will be appreciated that many changes and modifica-
tions may be made therein without, however, departing

“from the essential spirit of the invention.

For example, though the system has been described
in conjunction with an internal-combustion engine, it is
usable for fueling any type of burner or engine capable
of consuming hydrogen in place of the existing fuel.
Also, in place of carbon electrodes, the tank itself may
be fabricated of carbon or provided with an inner liner
of carbon.

Another way of controlling the amount of gas gener-
ated is by adjusting the degree of immersion of the
magnesium electrode in the electrolyte, thereby vary-
ing the effective electrode surface. Also, in lieu of a sin-
gle magnesium electrode, one may provide a bank of
magnesium plates, thereby greatly augmenting the area
of activity and the rate of gas production.

The magnesium electrodes are preferably in alloy
form, the alloy being such as to inhibit polarization of
the electrode. For this purpose, an alloy consisting es-
sentially of 93 percent magnesium and 7 percent zinc,
by weight, has been found suitable. It is also possible to
alloy magnesium with iron to minimize polarization ef-
fects.

In practice, reserve tank 21 may be combined with a
compressor to provide an adequate supply of fuel to
improve acceleration of the engine. In lieu of salt wa-
ter. one may use other ionizable compounds to provide
a magnesium-corrodable aqueous electrolyte. It is in-
tended therefore in the annexed claims to encompass
all such changes and modifications.

I claim:
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I. A gos-operated internal-combustion engine
“adapted to drive a vehicle and having a carburetor,
comprising:

A. a gas generator mounted on said vehicle, said gen-
erator including a tank having a salt-water electro-
lyte and a magnesium electrode suspended in said
electrolyte to cause hydrogen to evolve in the tank,

B. adjustable means coupled to said generator to vary
the rate at which hydrogen is evolved in said tank,

C. means to feed hydrogen from said tank into said
carburetor to intermix with air to produce a com-
bustible mixture,

D. means to supply said mixture to the cylinders of
said engine,

E. meuns to sense the amount of hydrogen consumed
by the engine to produce a control sigrial as a func-
tion thereof, and

F. means responsive to said control signal to operate
said adjustable means whereby the amount of hy-
drogen evolved is not substantially in excess of that
required by the engine.

2. An engine as set forth in claim 1, wherein said tank
also has a carbon electrode immersed in the water, and
said means to vary the rate at which hydrogen is
evolved comprises a variable resistance connected be-
tween the magnesium and carbon electrodes.

3. An engine as set forth in claim 1, further including
a reserve gas tank coupled to the outlet of the gas gen-
erator to accumulate a supply of hydrogen for starting
purposcs.

4. An engine as set forth in claim 1, further including
a valve interposed between the generator and carbure-
tor. and means operatively coupling the valve to the ac-
celerator pedal of the vehicle.

5. An ¢ngine as set forth in claim 1, wherein said salt
solution is highly saturated.
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6. An engine as set forth in claim 1, wherein said salt
solution is sca water.

7. A gas generator for producing hvdrogen usable us a
Juel for an engine whose demand is variable and for sinii-
lar purposes, said generator comprising:

A. a tank having a salt water electrolvie therein:

B. a pair of electrodes disposed in said electrolvie, one
of said electrodes being formed primarily of magne-
siunt; and o

C. an electrical civeuir forming a conductive path be-
tween said electrodes to produce a current. flow in
sald puth causing hydrogen to be evolved in said
tank, said circuit including a variable resistor exter-
nal to the tunk which is adjustable to set the rate at
which hydrogen is evolved to satisfy the demand
therefor.

8. A gus generator as set forth in claim 7, wherein said

salt water is constituted by sea water.

9. A gus generator as sel forth in claim 7, wherein the
other eléctrode Is formed primarily of carbon.

10. A gus generator as set forth in claim 7. further in-
cluding means to depolarize said other electrode.

11.-A4 gas generator as set forth in claim 10. wherein
said depolarizer means is constituted by a vibrator opera-
tively coupled to said other electrode.

12. 4 gas generator as set forth in claim L1, wherein
said vibrator is electricallv-cnergized by power devived
Jrom said electrical circuit.

13. A gus generator as set forth in claim 7. further in-
cluding means antomatically 1o adjust the value of said
resistor as a function of said engine fuel demand.

14. A gas generator as set forth in claint 7. wherein
said one of said electrodes is an alloy of magnesivun and
a metal selected from the class consisting of zine and iron

1o produce a composition minimizing polarization effects.
* * * * *



