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(57) ABSTRACT

Systems, apparatuses, and methods for generating electric
power via conversion of water to hydrogen and oxygen.
According to an aspect, a method includes applying super-
heated steam across a catalyst surface within a catalyst
chamber to generate ionized steam plasma. The method
further includes forming an anode and a cathode between
molecules of the ionized steam plasma. The method also
includes using the anode and the cathode to generate elec-
tricity.
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FIG. 3

Super-Heated Steam Generator
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SYSTEMS, APPARATUSES, AND METHODS
FOR GENERATING ELECTRIC POWER VIA
CONVERSION OF WATER TO HYDROGEN
AND OXYGEN

CROSS REFERENCE

[0001] This application claims the benefit of the U.S.
Provisional Application Ser. No. 62/381,765 filed on Aug.
31, 2016 and titled SYSTEMS, APPARATUSES, AND
METHODS FOR GENERATING ELECTRIC POWER BY
CONVERTING WATER TO HYDROGEN AND OXY-
GEN, the disclosure of which is incorporated herein by
reference in its entirety.

TECHNICAL FIELD

[0002] The presently disclosed subject matter relates to
power generation. More particularly, the presently disclosed
subject matter relates to systems, apparatuses, and methods
for generating electric power via conversion of water to
hydrogen and oxygen.

BACKGROUND

[0003] As the world’s population expands, so too does its
need for energy. Increased energy consumption is needed to
power mobile devices, vehicles and electronics, as well as to
power the various industrial, commercial, transportation,
and residential sectors. Indeed, the Global Energy Statistical
Yearbook provided by Enerdata shows that the U.S. alone
consumed 2,204 Mtoe of energy in 2016, while China
consumed 3,123 Mtoe of energy. Yet the world’s energy
sources such as coal, oil and gas, to name a few, are finite.
Furthermore, the increased use of these energy sources
results in an increased production of noxious gases that
contribute to global warming and adversely affect the envi-
ronment. As such, renewable energy sources are needed.

[0004] Hydrogen (H,) is one such renewable energy
source because hydrogen is abundantly available. There are
several known methods for producing hydrogen. Some
examples of these known methods include coal gasification,
partial oxidation of oil, reformation of methane steam, and
biomass gasification, to name a few. Although these methods
can generate hydrogen, a significant disadvantage and limi-
tation of each of these methods is the co-production of
carbon dioxide, which is a regulated emission.

[0005] A more efficient method of generating hydrogen
without also creating carbon dioxide is through the elec-
trolysis of water. This method allows for the production of
carbon free hydrogen and oxygen molecules. Electrolysis
uses a direct electric current to drive an otherwise non-
spontaneous chemical reaction. The voltage needed for
electrolysis to occur is called the decomposition potential.

[0006] Current methods used to separate water into hydro-
gen and oxygen come with strong safety concerns. In at least
one implementation, a mixture of hydrogen and oxygen
remains present inside a catalyst chamber and throughout
the system’s tubing until the mixture is delivered to the point
of combustion. This can result in dangerous ignitions inside
the catalyst chamber.

[0007] Accordingly, there is a need for improved systems
and techniques for separating the gaseous hydrogen and
oxygen mixture.
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SUMMARY

[0008] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter.

[0009] Disclosed herein are systems, apparatuses, and
methods for generating electric power via conversion of
water to hydrogen and oxygen. According to an aspect, a
method includes applying super-heated steam across a cata-
lyst surface within a catalyst chamber to generate ionized
steam plasma. The method further includes forming an
anode and a cathode between molecules of the ionized steam
plasma. The method also includes using the anode and the
cathode to generate electricity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The foregoing summary, as well as the following
detailed description of various embodiments, is better under-
stood when read in conjunction with the appended drawings.
For the purposes of illustration, there is shown in the
drawings exemplary embodiments; however, the presently
disclosed subject matter is not limited to the specific meth-
ods and instrumentalities disclosed. In the drawings:
[0011] FIGS. 1A, 1B, 1C, 1D, and 1E depict an example
system for systems, apparatuses, and methods for generating
electric power via conversion of water to hydrogen and
oxygen in accordance with embodiments of the present
disclosure;

[0012] FIG. 2 depicts another example system in accor-
dance with embodiments of the present disclosure;

[0013] FIG. 3 shows the super-heated steam generator that
can be used in the system depicted in FIG. 2 in accordance
with embodiments of the present disclosure;

[0014] FIG. 4 shows the magnetic catalyst chamber that
can be used in the system depicted in FIG. 2 in accordance
with embodiments of the present disclosure;

[0015] FIG. 5 shows the cyclonic separator that can be
used in the system depicted in FIG. 2 in accordance with
embodiments of the present disclosure;

[0016] FIG. 6 shows the fuel cell that can be used in the
system depicted in FIG. 2 in accordance with embodiments
of the present disclosure;

[0017] FIG. 7 is a flowchart of an example method for
systems, apparatuses, and methods for generating electric
power via conversion of water to hydrogen and oxygen in
accordance with embodiments of the present disclosure; and
[0018] FIG. 8 is a block diagram of an example monitor
and control system for systems, apparatuses, and methods
for generating electric power via conversion of water to
hydrogen and oxygen in accordance with embodiments of
the present disclosure.

DETAILED DESCRIPTION

[0019] The presently disclosed subject matter is described
with specificity to meet statutory requirements. However,
the description itself is not intended to limit the scope of this
patent. Rather, the inventors have contemplated that the
claimed subject matter might also be embodied in other
ways, to include different steps or elements similar to the
ones described in this document, in conjunction with other
present or future technologies.
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[0020] As the world’s population and corresponding
energy needs continue to expand, it becomes readily appar-
ent that current finite energy sources will not be able to keep
pace with these demands. Indeed, energy resources from
fossil fuels like coal, oil and gas, to name a few, are expected
to be depleted within the next few decades. This is quite
alarming. As such, there is a strong need for renewable
energy sources.

[0021] Electrolysis stands as a viable means from which
renewable electricity can be generated without adversely
affecting the environment. However, current electrolysis
methods raise safety concerns since hydrogen gas is a
product of electrolysis and it is toxic. In addition, current
electrolysis techniques require the use of an external current
source, which can be cumbersome and add to the safety
concerns. Therefore, it is desirable to create a new apparatus
and method to enable safer and more efficient electrolysis of
water into hydrogen and oxygen molecules for use in fuel
cells to generate direct current electricity, wherein the cur-
rent source is internally generated and the fuel cell is
efficient at generating electricity.

[0022] As referred to herein, the term “computing device”
should be broadly construed. It can include any type of
device including hardware, software, firmware, the like, and
combinations thereof. A computing device may include one
or more processors and memory or other suitable non-
transitory, computer readable storage medium having com-
puter readable program code for implementing methods in
accordance with embodiments of the present disclosure. A
computing device may be, for example, a server. In another
example, a computing device may be any type of conven-
tional computer, such as a laptop computer or a tablet
computer or a desktop computer. In another example, the
computing device may be a type of network device such as
a router or a switch. In another example, the computing
device may be a programmable logic controller. In another
example, the computing device may be a battery powered
Internet of Things (IoT) device. In another example, the
computing device may be a microcontroller. In another
example, a computing device may be a mobile computing
device such as, for example, but not limited to, a smart
phone, a cell phone, a pager, a personal digital assistant
(PDA), a mobile computer with a smart phone client, or the
like. A typical mobile computing device is a wireless data
access-enabled device (e.g., an iPHONE® smart phone, a
BLACKBERRY® smart phone, a NEXUS ONE™ smart
phone, an iPAD® device, or the like) that is capable of
sending and receiving data in a wireless manner using
protocols like the Internet Protocol, or IP, and the wireless
application protocol, or WAP. This allows users to access
information via wireless devices, such as smart phones,
mobile phones, pagers, two-way radios, communicators, and
the like. Wireless data access is supported by many wireless
networks, including, but not limited to, CDPD, CDMA,
GSM, PDC, PHS, TDMA, FLEX, ReFLEX, iDEN, TETRA,
DECT, DataTAC, Mobitex, EDGE and other 2G, 3G, 4G
and LTE technologies, and it operates with many handheld
device operating systems, such as PalmOS, EPOC, Win-
dows CE, FLEXOS, 0S/9, JavaOS, i0S and Android. Typi-
cally, these devices use graphical displays and can access the
Internet (or other communications network) on so-called
mini- or micro-browsers, which are web browsers with
small file sizes that can accommodate the reduced memory
constraints of wireless networks. In a representative embodi-
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ment, the mobile device is a cellular telephone or smart
phone that operates over GPRS (General Packet Radio
Services), which is a data technology for GSM networks. In
addition to voice communication, a given mobile device can
communicate with another such device via many different
types of message transfer techniques, including SMS (short
message service), enhanced SMS (EMS), multi-media mes-
sage (MMS), email WAP, paging, or other known or later-
developed wireless data formats. Although many of the
examples provided herein are implemented on servers in a
datacenter, the examples may similarly be implemented on
any suitable computing device or computing devices.

[0023] In accordance with the embodiments, the present
disclosure provides systems, apparatuses, and methods for
generating electric power via conversion of water to hydro-
gen and oxygen. For instance, FIG. 1A to 1E illustrate an
example system for systems, apparatuses, and methods for
generating electric power via conversion of water to hydro-
gen and oxygen. Referring to FIG. 1A, the system includes
a deionized water reservoir 100 that may act as the water
source for the steam plasma electrolysis. The system also
includes a lobular pump 102 that may act to pump the water
from the water reservoir 100 into, in an example, the class
400 boiler 106, which then boils the water to create steam.
In another example, a two-zone steam generator and steam
super-heater may be employed to produce the super-heated
steam. From there, the steam travels into the magnetic
catalyst chamber 110. Next, condensates are trapped via the
condensate trap 112 that then gets pumped back 104 into the
water reservoir 100 using, in an example, a non-electric
condensate pump 108. Steam that is not caught by the
condensate trap 112 proceed to the rechargeable catalytic
hydrogen fuel cell (RCHFC) 116 in a controlled manner, as
monitored and controlled by the hydrogen sensor and con-
trol valve 114. The rechargeable catalytic hydrogen fuel cell
116 contains a cellular fluidized bed 118 for reduction of, in
an example, alumina in order to recharge the aluminum
gallium alloy catalyst in this example.

[0024] FIG. 1B shows the magnetic catalyst chamber 110,
the condensate trap 112, the hydrogen sensor and control
valve 114, the rechargeable catalytic hydrogen fuel cell 116,
and the cellular fluidized bed 118 in more detail. The
magnetic catalyst chamber 110 receives the dry steam from
the class 400 boiler 106 prior to converting that dry steam
into hydrogen gas and oxygen gas within the magnetic
catalyst chamber 110. In an example, the rechargeable
catalytic hydrogen fuel cell 116 is constructed in a cellular
fashion using a mesh material. In an example, the mesh
material can be a Dynapore® mesh material. Each recharge-
able catalytic hydrogen fuel cell 116 can be preloaded with,
in an example, an aluminum/gallium alloy that releases
hydrogen when water is added due to a resulting oxidation
of the alloy. The rechargeable catalytic hydrogen fuel cell
116 is recharged using the hydrogen and oxygen gases from
the magnetic catalyst chamber 110. That is, the hydrogen
from the magnetic catalyst chamber 110 can be used by the
rechargeable catalytic hydrogen fuel cell 116 to recharge the
oxidized aluminum/gallium alloy back to a metallic state,
thus enabling the release of water vapor, i.e. steam. This
steam can also then be caught by the condensate trap 112 for
recycling back into the system.

[0025] FIG. 1C shows the magnetic catalyst chamber 110
in more detail. In an example, the catalyst surface within the
magnetic catalyst chamber 110 is formed into a sintered
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metal plug shape that contains straight tubular paths for the
steam to proceed through the chamber 110. The magnetic
catalyst chamber 110 may be constructed using, in an
example, an aluminum tube and brass adapter end caps that
adapts from %4" NPT (national pipe thread) to 2" NPT
diameter on one end of the aluminum tube and 2" NPT to 14"
NPT on the other end of the aluminum tube. Inside both of
the brass adapter fittings may be a fluidizing media, such as
a Dynapore® fluidizing media, wherein the media is a
screen-like material that provides an even flow through the
catalyst surface residing inside the magnetic catalyst cham-
ber 110. In an example, the catalyst surface can be granular.
[0026] FIG. 1D shows the magnets within the magnetic
catalyst chamber 110 in more detail. In an example, the
magnets are rare earth permanent magnets such as high
energy, anisotropic N42SH Neodymium magnets. These
powerful magnets can be arranged around the circumference
of the magnetic catalyst chamber 110 wherein the chamber
can be, for instance, constructed of a non-magnetic material.
An example of the non-magnetic material was previously
described in FIG. 1C.

[0027] FIG. 1E shows an enlarged image of the recharge-
able catalytic hydrogen fuel cell 116 that can be used in the
system shown in FIG. 1A.

[0028] Examples that can embody the presently disclosed
subject matter are now described in more detail.

[0029] FIG. 2 depicts another example system in accor-
dance with embodiments of the present disclosure. The
steam plasma electrolysis process begins with a generation
of steam in the super-heated steam generator 200. In an
example, the steam can be created by conventional methods
such as heating a pressure vessel using electricity, using a
heat exchanger, and/or using combustion technologies in
order to raise the steam to a temperature of about 350° C. to
about 450° C. Likewise, energy sources for this system can
be harvested from wind, solar, waste reclamation, and “off
peak” grid electrical sources. Returning now to the gener-
ated steam, the steam then travels from the steam generator
200 to the catalyst chamber 202, i.e. the magnetic catalyst
chamber 202, via, in an example, a stainless-steel tube. The
catalyst chamber 202 can be comprised of a large aluminum
tube with two opposing ends, wherein each end comprises a
stainless-steel wire mesh pressed together to cause an even
flow of the super-heated steam. In an example, the stainless-
steel wire mesh is a type of fluidizing media, such as a
Dynapore® fluidizing media.

[0030] Still referring to FIG. 2, the catalyst chamber 202
comprises a catalyst surface upon which a reaction with the
generated steam takes place. The catalyst surface comprises
one of multi-walled carbon nanotubes, aluminum-gallium
alloys, chromium and chromium-rare earth alloys, cobalt,
cobalt samarium alloys, manganese, molybdenum, nickel,
niobium, zirconium, palladium, and germanium. The gen-
erated steam gets applied across the catalyst surface within
the catalyst chamber 202 to generate ionized steam plasma,
which is also known as steam plasma. The catalyst chamber
202 contains one or more of the catalyst surface, wherein the
catalyst surface is arranged so that it would allow for an even
flow of the steam through the catalyst chamber 202. To do
so, the catalyst surface must be configured so that its shape
and particle size allows for optimum even steady flow within
the catalyst chamber 202. Some examples of possible shapes
and configurations include at least one of a sintered plug, a
nanotube, a microtube, and a granular shape.
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[0031] Still referring to FIG. 2, the catalyst chamber 202
can be surrounded by an array of, in an example, high energy
anisotropic magnets. The magnets can be, for example, high
energy anisotropic N42SH Neodymium magnets having an
energy density of at least 1.3 Tesla. The magnets are
positioned in a configuration to achieve a predetermined
density of magnetic flux within the catalyst chamber 202 in
order to create a magnetic field within the catalyst chamber
202. Specifically, the magnets are arranged so that they
cover at least 80% of a length of the catalyst chamber 202
and are substantially, linearly centered within the catalyst
chamber 202. This is done to ensure that a maximum density
of magnetic flux is achieved within the catalyst chamber
202. FIG. 4, as is subsequently described, shows the catalyst
chamber 202 and its processes in more detail.

[0032] Still referring to FIG. 2, as the ionized steam
plasma moves through the magnetic field within the catalyst
chamber 202, it acts as an electrical conductor, thereby
creating an electrical current. Thus, an electromotive force is
created by the movement of the ionized steam plasma
through the magnetic field within the catalyst chamber 202.
Unlike other electrolysis processes which rely upon an
external current source, the electrical current in the present
disclosure is generated internally within the catalyst cham-
ber 202 via the movement of the ionized steam plasma
through the magnetic field. Furthermore, the creation of the
electromotive force causes electrolysis of the ionized steam
plasma, leading to a formation of an anode and a cathode
between the two ionized steam plasma molecules. This
unique manner of electrolysis, i.e. steam plasma electrolysis,
subsequently causes a molecular dissociation of hydrogen
molecules from oxygen molecules, as depicted by the fol-
lowing chemical reaction:

H,0 (aq)ssH,0% (aq)+OH™ (aq).

After the steam plasma electrolysis, the resulting mixture of
hydrogen gas, oxygen gas, and a small amount of water
vapor then exits the catalyst chamber 202.

[0033] Still referring to FIG. 2, this mixture of hydrogen
gas, oxygen gas, and the small amount of water vapor then
proceeds to the cyclonic separator 204 for separation. The
cyclonic separator 204 is comprised of an inner and outer
body. The outer body has a venturi configuration, while the
inner body has a configuration that comprises fins and
egg-shaped projections. This configuration enables heavier
gases, like oxygen and water vapor, to spin towards the
outside of the cyclonic separator 204 and to exit in a
perpendicular manner to the cyclonic separator 204. That is,
the oxygen gas and the water vapor exit via an outlet
positioned in a substantially perpendicular manner to the
cyclonic separator 204. Meanwhile, the lighter hydrogen gas
goes straight through the cyclonic separator 204. FIG. 5, as
is subsequently described, shows the cyclonic separator 204
and its processes in more detail.

[0034] Still referring to FIG. 2, the separated gases now
move to their respective manifolds: the heavier gases oxy-
gen and water vapor go to the oxygen manifold 206, while
the lighter hydrogen gas goes to the hydrogen manifold 208.
In an example experiment, an analysis of the hydrogen gas
shows a 99% purity level.

[0035] Still referring to FIG. 2, a user can engage an
automated selector valve that is part of this system in order
to either compress and store the gases or to use them in the
at least one fuel cells 210 to generate electricity. If a



US 2018/0062190 Al

selection for compression is made, then a conventional
compressor can be used to, for instance, refuel a hydrogen
vehicle or for some other hydrogen demands. In contrast, if
a selection is made to generate electricity, then the gases will
be sent to the at least one fuel cells 210 to generate the direct
current electricity. Each fuel cell 210 has anode terminal and
cathode terminal connections attached thereto. The fuel cell
210 receives the hydrogen gas in the anode terminal, while
it receives the oxygen gas in the cathode terminal. FIG. 6, as
is subsequently described, shows the fuel cell 210 and its
processes in more detail. The electricity generated by each
fuel cell 210 is, in an example, at least 500 W at 12V.
[0036] Still referring to FIG. 2, in an example, the system
shown in FIG. 2 comprises an array of 48 to 64 fuel cells 210
that are arranged and plumbed so that the oxygen and
hydrogen gases may be evenly distributed to these fuel cells
210. Continuing this example, the fuel cells 210 can be in
sets of 12 fuel cells 210 arranged in a series configuration,
and then also arranged in a parallel configuration. This unit
of fuel cells 210 can then be wired to an inverter to provide
alternating current power. A direct current power outlet may
also be provided. Multiple units of fuel cells 210, configured
as described above, can be joined together to provide larger
amounts of current, if so desired.

[0037] FIG. 3 shows an enlarged image of the super-
heated steam generator 200, 300 that can be used in the
system shown in FIG. 2 in accordance with embodiments of
the present disclosure.

[0038] FIG. 4 shows an enlarged image of the magnetic
catalyst chamber 202, 400 that can be used in the system
depicted in FIG. 2 in accordance with embodiments of the
present disclosure. The catalyst chamber 202, 400 receives
the dry hot steam 402, i.e. the generated steam, that origi-
nates from the super-heated steam generator 200, 300. As
was previously described above, the dry hot steam 402 is
eventually dissociated via the unique method of steam
plasma electrolysis that stems from the creation of an
electromotive force and an internal current generation.
[0039] Still referring to FIG. 4, an example configuration
for the catalyst surface is shown. Specifically, the catalyst
surface has been formed into a sintered plug configuration
404, which enables straight tubular paths for the dry hot
steam 402 to proceed through the catalyst chamber 202, 400.
In addition, powerful magnets are arranged around the
circumference of the catalyst chamber 202, 400, which itself
comprises a non-magnetic material 406. In an example, the
magnets are high energy anisotropic N42SH Neodymium
magnets with an energy density of at least 1.3 Tesla.
[0040] Still referring to FIG. 4, upon steam plasma elec-
trolysis, the dissociated hydrogen gas 410, oxygen gas 408,
and a small amount of water vapor then exit the magnetic
catalyst chamber 202, 400. This mixture then goes to the
cyclonic separator 204, which is described in FIG. 5 below.
[0041] FIG. 5 shows an enlarged image of the cyclonic
separator 204, 500 that can be used in the system depicted
in FIG. 2 in accordance with embodiments of the present
disclosure. A cut away view of the cyclonic separator 204,
500 is given in order to show its distinctive shape. The
cyclonic separator 204, 500 has two bulbous shapes at its
opposing ends, wherein the bulbous shapes have tapered
ends where they connect to each other via a singular tube. As
was previously mentioned, the cyclonic separator 204, 500
has an outer body with a venturi configuration, while the
inner body has a configuration that comprises fins and
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egg-shaped projections. Indeed, this configuration can be
seen here in the cut away view.

[0042] Still referring to FIG. 5, the dissociated hydrogen
gas 410, oxygen gas 408, and a small amount of water vapor
that exited the catalyst chamber 202, 400 now enter the
cyclonic separator 204, 500 for separation. The dissociated
hydrogen gas 410 and oxygen gas 408 are conveyed 502 via,
in an example, stainless-steel tubing into the cyclonic sepa-
rator 204, 500 whose distinctive shape is designed to sepa-
rate the dissociated hydrogen gas 410 and oxygen gas 408.
As was previously mentioned, this shape allows heavier
gases, like oxygen gas 408 and water vapor, to spin towards
the outside of the cyclonic separator 204, 500 and to exit in
aperpendicular manner 504 from the cyclonic separator 204,
500. Meanwhile, the lighter hydrogen gas 410 goes straight
through 506 the cyclonic separator 204, 500.

[0043] FIG. 6 shows an enlarged image of the at least one
fuel cell 210, 600 that can be used in the system depicted in
FIG. 2 in accordance with embodiments of the present
disclosure. The plurality of fuel cells 210, 600 can be wired
in series or in parallel depending on whether an increase in
voltage or an increase in current is desired. If an increase in
voltage is desired, then the fuel cells 210, 600 are wired in
series, while an increase in current is achieved by a parallel
wiring of the fuel cells 210, 600. As previously mentioned,
the oxygen from the oxygen manifold 206 is conveyed 602
to the cathode side of the fuel cell 210, 600, while the
hydrogen from the hydrogen manifold 208 is conveyed 604
to the anode side of the fuel cell 210, 600.

[0044] Still referring to FIG. 6, the fuel cell 210, 600
shows components that are radially dispersed from a central
circular core. The radial components are the plurality of
substrate loops that are attached to a central circular core
comprising a central hydrogen fuel tube. The central hydro-
gen fuel tube comprises a cylindrical tube that extends the
height of the fuel cell 210, 600 with perforations throughout
the height to route gases to the plurality of substrate loops
that radiates out from the central hydrogen fuel tube. The
substrate loops comprise an interior that serves as an anode
and an exterior that serves as a cathode. That is, the inner
substrate loop serves as an anode for receiving hydrogen gas
604, while the outer substrate loop serves as a cathode for
receiving oxygen gas 602. The substrate loops comprise, in
an example, a semi-permeable polytetrafluoroethylene
(PTFE) with a thickness range of about 0.2 mm to about 0.5
mm thick, wherein the anode and cathode sides are each
sputtered to a thickness of about 20 to 200 Angstroms on
opposing sides of the substrate loop. In an example, each
fuel cell 210, 600 has 18 such substrate loops which are
attached radially to the central hydrogen fuel tube. The
central hydrogen fuel tube and the plurality of substrate
loops are placed in a sealed cylindrical housing. This enables
the oxygen gas 602 to be routed to the outside of the
substrate loop, i.e. to the cathode side of the substrate loop.
[0045] Still referring to FIG. 6, the anode is created, in an
example, by applying a gradient mix of anode materials and
sputtering or air brushing the anode materials onto one side
of the substrate. In this example, the following anode
materials can be applied in the order listed, although other
suitable materials and order can be used: (1) indium tin
oxide; (2) lanthanum nickel aluminum alloy; (3) nickel
cobalt oxide nano-powder suspended in a thin adhesive
carrier; and (4) palladium doped with yttrium suspended in
a thin adhesive carrier. Here, the nickel cobalt oxide is
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applied by air brushing. Essentially, ultra-thin layers of the
anode materials can be sputtered or air brushed onto the
substrate until the anode materials reach a thickness of
between 20 Angstroms to 200 Angstroms. Likewise, the
cathode materials can be sputtered or air brushed onto the
opposing side of the substrate to a thickness of between 20
Angstroms to 200 Angstroms. In this example, the following
cathode materials can be applied in the order listed, although
other suitable materials and order can be used: (1) graphene
or carbon nanotube; (2) cerium oxide suspended in a thin
adhesive carrier; and (3) strontium ferrite powder suspended
in a thin adhesive carrier. Here, the cerium oxide and
strontium ferrite are applied by air brushing. Thus, the anode
and cathode are created by applying ultra-thin layers of a
gradient mix of materials, as previously described, to oppos-
ing sides of the substrate via sputtering or thin film air
brushing techniques.

[0046] Still referring to FIG. 6, the fuel cell 210, 600
contains electrodes 608 on top of the fuel cell 210, 600. The
electrodes 608 serve as an outlet for outputting the generated
direct current electricity. That is, these electrodes are for the
direct current electricity generated from the fuel cell 210,
600. The electrodes 608 are comprised of, in an example,
brass metal rods that extend from making contact with the
substrates to the outside of the fuel cell 210, 600. One
electrode is the anode electrode because it makes contact
with the anode side of the substrates inside the fuel cell 210,
600. Likewise, the other electrode is the cathode electrode
because it makes contact with the cathode side of the
substrate.

[0047] Still referring to FIG. 6, the fuel cell 210, 600 is
also encased within a fuel cell housing 606 that houses the
central hydrogen fuel tube and the substrate loops. In an
example, the fuel cell housing 606 comprises non-electri-
cally conductive materials, such as clear acrylic tube and
plates. In another example, the non-electrically conductive
material may be a ceramic type material or a fluoro-plastic
material. A terminal 610 for receiving the hydrogen gas from
the hydrogen manifold 208 is located on top of the fuel cell
210, 600, while a terminal 612 for receiving the oxygen gas
from the oxygen manifold 206 is located on the bottom of
the fuel cell 210, 600. In an example, the terminal 610 for
receiving the hydrogen gas is denoted the anode terminal.
Likewise, the terminal 612 for receiving the oxygen gas is
denoted the cathode terminal. Each fuel cell 210, 600 can
produce, in an example, about 500 W of direct current
electricity at 12V. The direct current electricity is generated
within the fuel cell 210, 600 by a reaction of the hydrogen
gas with the oxygen gas to produce water vapor, heat, and
the direct current electricity. Water vapor and condensed
water resulting from this reaction is removed via a bottom
side port of the fuel cell 210, 600.

[0048] FIG. 7 illustrates a flowchart of an example method
for systems, apparatuses, and methods for generating elec-
tric power via conversion of water to hydrogen and oxygen
in accordance with embodiments of the present disclosure.
The method of FIG. 7 is described by example as being
implemented by the systems shown in FIG. 1 and FIG. 2,
although it should be understood that the method may be
implemented by any suitable system(s).

[0049] Still referring to FIG. 7, the method includes apply-
ing 700 super-heated steam across a catalyst surface within
a catalyst chamber 202, 400 to generate ionized steam
plasma. The method also includes forming 702 an anode and
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a cathode between molecules of the ionized steam plasma.
The method further includes using 704 the anode and
cathode to generate electricity. In an example, the electricity
is direct current electricity and the generation is performed
using fuel cells 210, 600. The method steps of FIG. 7 have
previously been described in further detail in relation to the
other figures.

[0050] FIG. 8 illustrates a block diagram of an example
monitor and control system 800 for systems, apparatuses,
and methods for generating electric power via conversion of
water to hydrogen and oxygen in accordance with embodi-
ments of the present disclosure. The monitor and control
system 800 comprises a housing unit 802 that houses the
computing device 804 and the internal controller 806. The
monitor and control system 800 also comprises an external
controller 810 and a receiver 808 for the external controller
810. The computing device 804 comprises the internal
controller 806 which comprises, in an example, a data logger
and a plurality of sensors to monitor data characteristics. The
data characteristics comprises at least one of a temperature,
a pressure, an electrical power usage, a gas flow, a gas
analysis, an electrical power generation, an output voltage
from at least one of a fuel cell, and an input current
characteristic. That is, the plurality of sensors can monitor
these data statistics and provide it to the data logger for
cataloging. This information then becomes available to the
internal controller 806 in order to monitor the conditions for
generating electricity, including the output conditions. That
is, the internal controller 806 can be used to monitor the
health of the system for, in an example, preventative health
maintenance purposes. In another example, the internal
controller 806 may comprise a programmable logic control-
ler, as is subsequently described.

[0051] Still referring to FIG. 8, the computing device 804
comprises an external controller 810 to manage operating
parameters and report data characteristics upon a user
request. The computing device 804 may also change the
operating parameters when directed to do so by the external
controller 810, as is subsequently described. In an example,
the operating parameters comprise at least one of a gas flow,
a temperature in a steam generation system, and a shutdown
of operation. The user request can be done via a user
interface, wherein the user interface and the computing
device 804 can be implemented by hardware, software,
firmware, or combinations thereof. The computing device
804 may include a user interface, such as a display (fore.g.,
touchscreen display), a touchpad, and/or the like. The com-
puting device 804 may be any suitable computer such as a
laptop computer, a tablet computer, or a desktop computer.
In another example, the computing device 804 may be a
mobile computing device. In yet another example, the
computing device 804 may be a battery powered Internet of
Things (IoT) device. In another example, the computing
device 804 may be a programmable logic controller, wherein
the programmable logic controller acts as an internal con-
troller of the computing device 804. In the latter example,
the programmable logic controller can comprise a supervi-
sory control and data acquisition program that enables it to
communicate wirelessly with the computing device 804 and
the external controller 810. An example of one such super-
visory control and data acquisition program is the Invensys
Wonderware & Foxboro Evo™ Integration program by
Schneider Electric. The wireless communication can be
done, in an example, via photo-optical coupling of the
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programmable logic controller to a wireless transmitter
operating on a spread spectrum of frequencies in order to
encrypt the communications.

[0052] Still referring to FIG. 8, the external controller 810
of the computing device 804 comprises a master control
program with signals that operate via a triple encryption
spread over a spectrum in an upper radio bandwidth. In an
example, the upper radio bandwidth comprises a bandwidth
in the 30 or 300 mHz band. The spread spectrum denotes a
change in frequency as data is being transmitted so that only
a receiver 808 on the same frequency can receive the data.
In an example, the external controller 810 can be a master
control that can be used to command the computing device
804 to change operating parameters, as well as to report
operating conditions on demand. In an example, the oper-
ating conditions reported on demand can be temperature,
pressure, flow in different locations of the system, output
voltage from each of the fuel cells, and input current into the
super-heated steam generator 200, 300.

[0053] Still referring to FIG. 8, the computing device 804
and the internal controller 806 are encapsulated within the
housing unit 802 in order to isolate the internal controller
806 and the computing device 804 from external interfer-
ence. External interference can adversely affect the comput-
ing device’s 804 ability to monitor, manage, and change the
operating parameters. In an example, the housing unit 802 is
comprised of stainless-steel.

[0054] Still referring to FIG. 8, the receiver 808 provides
a communication mechanism for the external controller 810
to command the computing device 804. In an example, the
receiver 808 is positioned on an exterior of the housing unit
802 and is optically coupled to the internal controller 806.
That is, the receiver 808 is placed outside of the signal
blocking enclosure, i.e. the housing unit 802, in order to
avoid interference issues. The internal controller 806 can
communicate with the receiver 808 since the receiver 808 is
optically coupled with the computing device 804.

[0055] Still referring to FIG. 8, the computing device 804,
internal controller 806, and external controller 810 may, in
an example, include implementations via a computer read-
able storage medium (or media) having computer readable
program instructions. Possible implementations of which are
described subsequently.

[0056] The present subject matter may be a system, a
method, and/or include an implementation by a computer
program product. The computer program product may
include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present
subject matter.

[0057] The computer readable storage medium can be a
tangible device that can retain and store instructions for use
by an instruction execution device. The computer readable
storage medium may be, for example, but is not limited to,
an electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
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ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

[0058] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device via a net-
work, for example, the Internet, a local area network, a wide
area network and/or a wireless network. The network may
comprise copper transmission cables, optical transmission
fibers, wireless transmission, routers, firewalls, switches,
gateway computers and/or edge servers. A network adapter
card or network interface in each computing/processing
device receives computer readable program instructions
from the network and forwards the computer readable
program instructions for storage in a computer readable
storage medium within the respective computing/processing
device.

[0059] Computer readable program instructions for carry-
ing out operations of the present subject matter may be
assembler instructions, instruction-set-architecture (ISA)
instructions, machine instructions, machine dependent
instructions, microcode, firmware instructions, state-setting
data, or either source code or object code written in any
combination of one or more programming languages,
including an object oriented programming language such as
Java, Smalltalk, C++ or the like, and conventional proce-
dural programming languages, such as the “C” program-
ming language or similar programming languages. The
computer readable program instructions may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, in order to
perform aspects of the present subject matter.

[0060] Aspects of the present subject matter are described
herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems), and computer
program products according to embodiments of the subject
matter. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer readable program instruc-
tions, where applicable.
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[0061] These computer readable program instructions may
be provided to a processor of a general-purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.
[0062] The computer readable program instructions may
also be loaded onto a computer, other programmable data
processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or
other device implement the functions/acts specified in the
flowchart and/or block diagram block or blocks.
[0063] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and/or com-
puter program products according to various embodiments
of'the present subject matter. In this regard, each block in the
flowchart or block diagrams may represent a module, seg-
ment, or portion of instructions, which comprises one or
more executable instructions for implementing the present
disclosure. In some alternative implementations, the func-
tions noted in the block may occur out of the order noted in
the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions, where
applicable.
[0064] While the embodiments have been described in
connection with the various embodiments of the various
figures, it is to be understood that other similar embodiments
may be used or modifications and additions may be made to
the described embodiment for performing the same function
without deviating therefrom. Therefore, the disclosed
embodiments should not be limited to any single embodi-
ment, but rather should be construed in breadth and scope in
accordance with the appended claims.
What is claimed:
1. A method comprising:
applying super-heated steam across a catalyst surface
within a catalyst chamber to generate ionized steam
plasma;
forming an anode and a cathode between molecules of the
ionized steam plasma; and
using the anode and the cathode to generate electricity.
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2. The method of claim 1, wherein the super-heated steam
has a temperature between about 350° C. and about 450° C.

3. The method of claim 1, wherein the catalyst surface
comprises one of multi-walled carbon nanotubes, alumi-
num-gallium alloys, chromium and chromium-rare earth
alloys, cobalt, cobalt samarium alloys, manganese, molyb-
denum, nickel, niobium, zirconium, palladium, and germa-
nium.

4. The method of claim 1, wherein the catalyst surface has
a configuration that comprises at least one of a sintered plug,
a nanotube, a microtube, and a granular shape.

5. The method of claim 1, wherein applying super-heated
steam comprises routing the super-heated steam through a
stainless-steel tube to an end of a large aluminum tube of the
catalyst chamber.

6. The method of claim 1, wherein the catalyst chamber
has two opposing ends that each comprises a stainless-steel
wire mesh for causing an even flow of the super-heated
steam.

7. The method of claim 6, wherein the stainless-steel wire
mesh comprises a fluidizing media.

8. The method of claim 1, wherein using the anode and the
cathode to generate electricity comprises molecularly dis-
sociating hydrogen molecules from oxygen molecules via
steam plasma electrolysis.

9. The method of claim 1, further comprising:

arranging high energy anisotropic magnets around the
catalyst chamber to achieve a predetermined density of
magnetic flux within the catalyst chamber;

creating a magnetic field within the catalyst chamber;

passing the ionized steam plasma through the magnetic
field; and

generating an electric current internally within the catalyst
chamber resulting from the passage of the ionized
steam plasma through the magnetic field.

10. The method of claim 9, wherein the high energy
anisotropic magnets comprise N42SH Neodymium magnets
having an energy density of at least 1.3 Tesla.

11. The method of claim 9, wherein arranging high energy
anisotropic magnets comprises positioning the magnets in a
configuration to cover at least 80% of a length of the catalyst
chamber and such that the magnets are substantially, linearly
centered within the catalyst chamber.

12. The method of claim 9, wherein generating an electric
current occurs via creating an electromotive force.

13. A system comprising:

a catalyst chamber that applies a super-heated steam
across a catalyst surface to generate ionized steam
plasma;

a cyclonic separator comprising an outer body and an
inner body, wherein the cyclonic separator separates a
hydrogen gas, an oxygen gas, and a water vapor
derived from the ionized steam plasma;

at least one manifold that receives the separated hydrogen
gas, oxygen gas, and water vapor; and

at least one fuel cell comprising an anode terminal and a
cathode terminal, wherein the at least one fuel cell:
receives the oxygen gas and the hydrogen gas; and
generates a direct current electricity from the received

oxygen gas and hydrogen gas.

14. The system of claim 13, wherein the catalyst surface
comprises one of multi-walled carbon nanotubes, alumi-
num-gallium alloys, chromium and chromium-rare earth
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alloys, cobalt, cobalt samarium alloys, manganese, molyb-
denum, nickel, niobium, zirconium, palladium, and germa-
nium.

15. The system of claim 13, wherein the outer body has
a venturi configuration and the inner body has a configura-
tion that comprises fins and egg-shaped projections.

16. The system of claim 13, wherein the cyclonic sepa-
rator:

directly throughputs the hydrogen gas through the

cyclonic separator;

spins the oxygen gas and the water vapor towards the

outside of the cyclonic separator; and

exits the oxygen gas and the water vapor via an outlet

positioned in a substantially perpendicular manner to
the cyclonic separator.

17. The system of claim 13, wherein the at least one
manifold comprises a hydrogen manifold and an oxygen
manifold.

18. The system of claim 17, wherein the hydrogen mani-
fold receives the hydrogen gas and the oxygen manifold
receives the oxygen gas and the water vapor.

19. The system of claim 13, wherein the at least one fuel
cell further comprises electrodes that serve as an output for
the generated direct current electricity.

20. The system of claim 13, wherein the at least one fuel
cell receives the hydrogen gas in the anode terminal.

21. The system of claim 13, wherein the at least one fuel
cell receives the oxygen gas in the cathode terminal.

22. The system of claim 13, wherein the at least one fuel
cell comprises a plurality of substrate loops that are attached
to a central hydrogen fuel tube in a radial manner.

23. The system of claim 22, wherein the central hydrogen
fuel tube comprises a cylindrical tube that extends the height
of the fuel cell with perforations throughout the height to
route gases to the plurality of substrate loops with the
plurality of substrate loops comprising:

an interior that serves as an anode; and

an exterior that serves as a cathode.

24. The system of claim 23, wherein the central hydrogen
fuel tube routes the hydrogen gas to the interior of the
plurality of substrate loops and routes the oxygen gas to the
exterior of the plurality of substrate loops.

25. The system of claim 23, wherein the anode comprises
anode materials on one side of a semi-permeable polytetra-
fluoroethylene (PTFE) substrate with a substrate thickness
ranging from about 0.2 millimeters to about 0.5 millimeters,
and wherein the cathode comprises cathode materials on an
opposing side of the substrate.

26. The system of claim 23, wherein the central hydrogen
fuel tube and the plurality of substrate loops are placed in a
sealed cylindrical housing.
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27. The system of claim 13, wherein the at least one fuel
cell generates the direct current electricity comprises:

a reaction of the hydrogen gas with the oxygen gas within
the at least one fuel cell to produce a water vapor, a
heat, and the direct current electricity; and

a bottom side port of the at least one fuel cell to remove
the water vapor and a condensed water.

28. The system of claim 13, wherein each of the at least
one fuel cell generates at least 500 W of the direct current
electricity at 12V.

29. The system of claim 13, further comprising:

an automated selector valve to enable a selection of at
least one of:

a transmittal of the hydrogen gas and the oxygen gas to
at least one of the fuel cell for production of direct
current electricity; and

a transmittal of the hydrogen gas and the oxygen gas to
a compressor to refuel a hydrogen vehicle.

30. A monitor and control system comprising:

a computing device comprising an internal controller and
an external controller, wherein the computing device:
manages operating parameters; and
reports data characteristics upon a user request;

a receiver for the external controller to command the
computing device; and

a housing unit that isolates the internal controller and the
computing device from external interference.

31. The system of claim 30, wherein the housing unit

comprises stainless-steel.

32. The system of claim 30, wherein the internal control-
ler comprises:

a programmable logic controller comprising a supervisory
control and data acquisition program that communi-
cates wirelessly with the programmable logic control-
ler;

a data logger; and

a plurality of sensors to monitor data characteristics.

33. The system of claim 32, wherein data characteristics
comprise at least one of a temperature, a pressure, an
electrical power usage, a gas flow, a gas analysis, an
electrical power generation, an output voltage from at least
one of a fuel cell, and an input current characteristic.

34. The system of claim 30, wherein the operating param-
eters comprise at least one of a gas flow, a temperature in a
steam generation system, and a shutdown of operation.

35. The system of claim 30, wherein the external con-
troller comprises a master control program with signals that
operate via a triple encryption spread over a spectrum in an
upper radio bandwidth, wherein the upper radio bandwidth
comprises at least one of a 30 mHz band and a 300 mHz
band.

36. The system of claim 30, wherein the receiver is
positioned on an exterior of the housing unit and is optically
coupled to the internal controller.
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