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THERMOPHOTOVOLTAIC ELECTRICAL POWER GENERATOR

CROSS-REFERENCES OF REEATED APPLICATIONS
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filed January 19, 2016; 62/298,431, filed February 22, 2016; 62/311,89¢6, filed March 22,
2016; 62/317.230, filed April 1, 2016; 62/318,694, filed Apnil 5, 2016; 62/326,527, filed
April 22, 2016; 62/338,041, filed May 138, 2016; 62/342,774, filed May 27, 2016;
62/353,426, filed June 22, 2016; 62/355,313, filed June 27, 2016; 62/364,192, filed June 19,
2016; 62/368,121, filed July 28, 2016; 62/380,301, filed August 26, 2016, 62/385,872, filed
September 9, 2016; 62/411,398, filed October 21, 2016; 62/434,331, filed December 14,
2016; and 62/446,256, filed January 13, 2017, all of which are incorporated herein by
reference.

SUMMARY OF THE DISCELOSURE

The present disclosure relates to the field of power generation and, in particular, to
systems, devices, and methods for the generation of power. More specifically, embodiments
of the present disclosure are divected to power generation devices and systems, as well as
related methods, which produce optical power, plasma. and thermal power and produces
electrical power via an optical {o electric power converter, plasma to electric power
converter, photon to electric power converter, or a thermal fo electric power converter. In
addition, embodiments of the present disclosure describe systems, devices, and methods that
use the ignition of a water or water-based fuel source to generate optical power, mechanical
power, electrical power, and/or thermal power using photovoltaic power converters. These
and other related embodiments are described in detail in the present disclosure.

Power generation can take many forms, harnessing the power from plasma.

Successful commercialization of plasma may depend on power generation systems capable of

efficiently formung plasma and then captoring the power of the plasma produced.
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Plasma may be formed during iguition of certain fuels. These fuels can include water
or waler-based fuel source. During ignition, a plasma cloud of electron-siripped atoms i3
formed, and high optical power may be released. The high optical power of the plasma can
be hamessed bv an electric converter of the present disclosure. The ions and excited state
atoms can recombine and undergo electronic relaxation to emit optical power. The optical
power can be converted to electricity with photovoltaics.

Certain embodiments of the present disclosure are directed to a power generation
system comprising: a plurality of electrodes configured to deliver power to a fuel o ignile the
fuel and produce a plasma; a source of electrical power configured to deliver electrical
energy to the plurality of electrodes; and at least one photovoltaic power converter positioned
to receive at least a plurality of plasma photons.

In one embodiment, the present disclosure is directed to a power system that
generates at least one of electrical energy and thermal energy comprising:

at least one vessel capable of a maintaining a pressure of below, at, or above

atmospheric;

reactants, the reactants comprnsing:
ay at least one source of catalvst or a catalyst comprising nascent H,0;
by at least one source of HL,G or HL0;
c) at least one source of atomic hydrogen or atomic hydrogen; and
d} amolien metal;
at teast one molten metal imjection system comprising a molten mwetal reservoir
and an electromagnetic pump,
at least one additional reactants injection system, wherein the additional
reactants comprise:
a) at least one source of catalyst or a catalyst comprising nascent H,0;
b} at least one source of H,O or HO, and
¢} at least one source of atomic hydrogen or atomic hydrogen.
at least one reactants ignition system comprising a source of electrical power,
wherein the source of electrical power receives electrical power from the power
converter;
a system to recover the molten metal;
at least one power converter or outpul system of at least one of the light and
thermal output 1o electrical power and/or thermal power.
In an embodiment, the molien metal ignition system comprises:
a) at least one set of electrodes 1o confine the molten metal; and
by a source of electrical power to deliver a short burst of high-current electrical

energy sufficient fo cause the reactants to react to form plasma.
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The electrodes may comprise a refractory metal.

In an embodiment, the source of electrical power that delivers a short burst of high-

current electrical energy sufficient to cause the reactants to react to form plasma

comprises ai least one supercapacitor.

The molten metal injection svstem may comprise an electromagnetic pump

comprising at least one magnet providing a magnetic field and current source io

provide a vector-crossed current component.

The molten metal reservoir may comprise an inductively coupled heater.

The molten metal ignition system may comprise at least one set of electrodes that are

separated to form an open cireui, wherein the open circuit is closed by the injection

of the molten metal to cause the high current to flow to achieve ignition.

The molten metal ignition system current may be in the range of 500 A to 56,000 A,

The circuit of the molten metal ignition system may be closed by metal injection to

cause an ignition frequency in the range of 1 Hxz to 10,000 Hz wherein the molien

metal comprises at least one of silver, silver-copper alloy, and copper and the addition

reactants may comprise at least one of H,0O vapor and hydrogen gas.

In an embodiment, the additional reactants injection system may comprise at least one

of a computer, H,O and H; pressure sensors, and fow controllers comprising at least

one or more of the group of a mass flow coniroller, a pump, a syringe pump, and a

high precision electronically controliable valve; the valve comprising at least one of a

needle valve, proportional electronic valve, and stepper motor valve wherein the valve

1s controlled by the pressure sensor and the computer to maintain at least one of the

H>0O and H» pressure at a desired value.

The additional reactants mjection sysiem may maintain the H,O vapor pressure in the

range of 0.1 Torrto 1 Toir.

in an embodiment, the system to recover the products of the reactants coroprises at

least one of the vessel comprising walls capable of providing flow to the melt under

gravity, an electrode electromagnetic pump, and the reservoir in commumication with

the vessel and {urther comprising a cooling system to mainiain the reservoir af a lower

temperature than another portion of the vessel to cause metal vapor of the molten

metal to condense in the reservoir

wherein the recovery system may comprse an elecirode electromagnetic pump

comprising at least one magnet providing a magnetic field and a vector-crossed

ignition current component.

In an embodiment, the power system comprises a vessel capable of a maintaiming a
pressure of below, at, or above atmospheric comprising an inner reaction celi, a top cover

comprising a blackbody radiator, and an outer chamber capable of maintaining the a pressure
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of below, at, or above atmospheric.

wherein the top cover comprising a blackbody radiator 18 maintained at a temperature
in the range of 1000 K 1o 3700 K

wherein at least one of the inner reaction cell and top cover comprising a blackbody
radiator comprises a refractory metal having a high emissivity.

The power system may comprise at least one power converter of the reaction power
output comprising at least one of the group of a thermophotovoltaic converter, a photovoltaic
converter, a photoelecironic converter, a plasmadynamic converter, a thermionic converter, a
thermoelectric converter, a Sterling engine, a Brayton cycle engine, a Rankine cycle engine,
and a heat engine, and a heater.

In an embodiment, the light emitted by the cell is predominantly blackbody radiation
comprising visible and near infrared light, and the photovoltaic cells are concentrator cells
that comprise at least one compound chosen {rom perovskite, crystalline silicon, germanium,
gallium arsenide (GaAs). gallivm antimonide {GaSh), mdiwo gallium arsenide (InGaAsy,
mdivro galliom arsenide antimonide (nGadsib), ndium phosphide arsemde antimonide
{inP AsSh) InGaP/InGaAs/Ge, lmAlGaP/AlGaAs/GalnNAsSb/Ge, GalnP/GaAsP/SiGe;
GalnP/GaAsP/S1; GalnP/GaAsP/Ge; GalnP/GaAsP/81/81Ge; GalnP/GaAs/InGaAs;
GalnP/GaAs/GaloNAs; GalnP/GaAs/InGaAs/InGaAs; GalnP/Ga(In)As/InGads; GalnP-
GaAs-wafer-InGaAs; GalnP-Ga(ln)As-Ge; and GalnP-GalnAs-Ge.

In an embodiment, the light ennitted by the cell 1s predominantly ultraviolet light, and
the photovoltaic cells are concentrator cells that comprise at least one compound chosen from
a Group Il nitride, GaN, AIN, GaAlN, and InGaN.

The power system may further comprise a vacuum pump and at least one chiller.

In one embodiment, the present disclosure is directed to a power system that
generates at least one of electrical energy and thermal energy comprising:
at least one vessel capable of a maintaiming a pressure of below, at, or above atmospheric;

reactants, the reactants comprnsing:
ay at least one source of catalvst or a catalyst comprising nascent H,0;
by at least one source of HL,G or HL0;
c) at least one source of atomic hydrogen or atomic hydrogen; and
d)y amolten metal;
at teast one molten metal ijection system comprising a molten metal reservoir
and an electromagnetic pump,
at least one additional reactants injection system, wherein the additional
reactants comprise:
a) at least one source of catalyst or a catalyst comprising nascent H,0;

b} at least one source of H,O or HO, and
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c) atleast one source of atomic hydrogen or atonuc hydrogen;
at least one reactants ignition system comprising a source of electrical power
to cause the reactants to form at least one of light-emitting plasma and thermal-
ernitting plasra wherein the source of electrical power receives electrical power from
the power converter;
a system to recover the molten metal;
at least one power converter or output systern of at least one of the hight and
thermal output to elecirical power and/or thermal power;
wherein the molten metal ignition svstem comprises:
a) at feast one set of electrodes to confing the molten metal; and
b} a source of electrical power to deliver a short burst of high-current electrical
energy sufficient to cause the reactants to react to forra plasma;
wherein the elecirodes comprise a refractory metal;
wherein the source of electrical power to deliver a short burst of high-current
electrical energy sufficient to cause the reactants o react to form plasma comprises at
least one supercapacttor;
wherein the molten metal injection system comprises an electromagnetic pump
comprising at least one magnet providing a rmagnetic field and current sowrce to
provide a vector-crossed current component;
wherein the molten metal reservoir comprises an inductively coupled heater;
wherein the molien metal ignition system comprises at least one set of electrodes that
are separated to form an open circuit, wherein the open circuit is closed by the
mjection of the molten metal to cause the high current to flow to achieve igmition;
wherein the molten metal 1gmition system current 1s in the range of 500 A to 50,000
A;
wherein the molten metal ignition svstem wherein the circuit 1s closed to cause an
ignition frequency in the range of 1 Hz to 10,000 Hz;
wherein the molten metal comprises at least one of silver, silver-copper alloy, and
copper;
wherein the addition reactants comprise at least one of Hy(b vapor and hydrogen gas;
wherein the additional reactants injection system comprises at least one of a
compuier, FoO and H; pressure sensors, and flow controllers comprising at least one
or more of the group of a mass flow controller, a pump, a syringe pump, and a high
precision electronically controllable valve; the valve comprising at least one of a
needle valve, proportional eleciromc valve, and stepper motor valve wherein the valve
is controlled by the pressure sensor and the computer to maintain at least one of the

H, O and H;, pressure at a desired value;
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wherein the additional reactants injection system maintains the H,O vapor pressure in
the range of 0.1 Torr to 1 Torr;

wherein the system to recover the products of the reactants comprises at east ong of
the vessel comprising walls capable of providing flow to the melt under gravity, an
electrode electromagnetic pump, and the reservoir in communication with the vessel
and further comprising a cooling system to maintain the reservoir at a lower
temperature than another portion of the vessel (o cause metal vapor of the molten
metal {0 condense i the reservoir;

wherein the recovery system cormprising an electrode electromagnetic purop
comprises al feast one magnet providing a magnetic field and a vector-crossed
ignition cirrent component;

wherein the vessel capable of a maintaining a pressure of below, at, or above
aimospheric comprises an inner reaction cell, a top cover comprising a blackbody
radiator, and an outer chamber capable of maintaining the a pressure of below, at, or
above atmospheric;

wherein the top cover comprising a blackbody radiator is maintained at a temperature
in the range of 1000 K 10 3700 K;

wherein at least one of the mmer reaction cell and top cover comprising a blackbody
radiator comprises a refractory metal having a high emissivity;

wheren the blackbody radiator further comprises a blackbody temperature sensor and
controller;

wherein the at least one power converter of the reaction power ouiput comprises at
least one of the group of a thermophotovoltaic converter and a photovoltaic converter;
wherein the light emitted by the cell is predominantly blackbody radiation comprising
visible and near infrared light, and the photovoliaic cells are concentrator cells that
cornprise at least one compound chosen from crystalline silicon, germanium, galliurn
arsemide (GaAs), galiiom antimonide (GaBb}, indivm gallivm arsenide (InaAg),
mdium gallium arsenide antimonide (InGGaAsSh), and mdivm phosphide arsenide
antimonide (TP AsSh), Group BV semiconduciors, mGaP/InGaAs/Ge;
InAlGaP/AlGaAs/GalnNAsSb/Ge, GalnP/GaAsP/S1Ge; GalnP/GaAsP/Si;
GalnP/GaAsP/Ge; GalnP/GaAsP/S1/81Ge; GalnP/GaAs/InGaAs;
GalnP/GaAs/GalnNAs; GalnP/GaAs/InGaAs/InGaAs; GalnP/Ga(lniAs/InGaAs;
GalnP-GaAs-wafer-InGaAs; GalnP-Gal{In)As-Ge; and GalnP-GalnAs-Ge, and

the power system further comprises a vacuum pump and at least one chiller.

In one embodiment, the present disclosure is directed to a power system that
generates at least one of electrical energy and thermal energy comprising:

at least one vessel capable of a maintaiming a pressure of below, at, or above atmospheric;
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reactants, the reactants comprising:
a) at least one source of HO or HL(;
by HZ gas; and
¢} amolien metal;
at least one molten metal mjection system comprising a molten metal reservoir
and an electromagnetic pump;
at least one additional reactants injection system, wherein the additional
reactants comprise;
ay at least one source of H,0 or H,0, and
by H2;
at least one reactants ignition sysiem comprising a source of electncal power
to cause the reactants to form at least one of light-emitting plasroa and thermal-
emitiing plasma wherein the source of electrical power receives electrical power from
the power converter;
a system to recover the molten metal;
at least one power converter or output system of ai least one of the light and
thermal output to electrical power and/or thermal power;
wherein the molten metal ignition sysiem comprises:
a) at least one set of electrodes o confine the molten metal; and
b} a source of electrical power to deliver a short burst of high-current electrical
energy sufficient to cause the reactants to react to form plasma;
wherein the electrodes comprise a refraciory metal;
wherein the source of electrical power to deliver a short burst of hugh~current
electrical energy sufficient to cause the reactants to react to form plasma comprises at
least one supercapacitor;
wherein the molten metal injection system comprises an electromagnetic pump
comprising at least one magnet providing a magnetic field and current source io
provide a vector-crossed current component;
wherein the molten metal reservoir comprises an inductively coupled heater to at least
initially heat a metal that forms the molten metal;
wherein the molten metal ignition svstem comprises at least one set of electrodes that
are separated to form an open circuit, wherein the open circuit 1s closed by the
miection of the molten metal to cause the high current to flow to achieve ignition;
wherein the molten metal ignition system current 1s in the range of 500 A to 50,000
A,
wherein the molten metal ignition svstem wherein the circuit is closed to cause an

igmition frequency in the range of | Hz to 10,000 Hz;

-~
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wherein the molten metal comprises at least one of silver, silver-copper alloy, and
copper;

wherein the additional reactants injection system comprises at least one of a
computer, H,O and H; pressure sensors, and flow controllers comprising at least one
or more of the group of a mass flow controller, a pump, a syringe pump, and a high
precision electronically controllable valve; the valve comprising at least one of a
needle valve, proportional elecironic valve, and stepper motor valve wherein the valve
is controlled by the pressure sensor and the computer to maintain at least one of the
H,0 and H, pressure at a desired value;

wherein the additional reactants injection system mainiains the H,O vapor pressure in
the range of 0.1 Torr to 1 Torr:

wherein the system to recover the products of the reactants comprises at least one of
the vessel comprising walls capable of providing flow to the melt under gravity, an
electrode electromagnetic pump, and the reservoir in conumunication with the vessel
and further comprising a cooling system to maintain the reservoir at a lower
femperature than another portion of the vessel to cause metal vapor of the molten
metal to condense in the reservoir;

wherein the recovery system comprising an electrode electromagnetic pump
comprises af feast one magnet providing a magnetic field and a vector-crossed
ignition current component;

wherein the vessel capable of a mamtaining a pressure of below, at, or above
atmospheric comprises an inner reaction cell, a top cover compnsing a high
temperature blackbody radiator, and an outer chamber capable of mantaining the a
pressure of below, at, or above atmospheric;

wherein the top cover comprising a blackbody radiator is maintained at a temperature
in the range of 1000 K 10 3700 K;

wherein af least one of the inner reaction cell and top cover comprising a blackbody
radiator comprises a refractory metal having a high emissivity;

wherein the blackbody radiator further comprises a blackbody temperature sensor and
controller;

wherein the at least one power converter of the reaction power output comprises at
least one of a thermophotovoltaie converter and a photovoltaic converter;

wherein the Hight emitted by the cell is predominantly blackbody radiation comprising
visible and near infrared light, and the photovoltaic cells are concentrator cells that
comprise al least one compound chosen from crystalling silicon, germanium, galbum
arsenide (GaAs), galiium antimonide (GaSh), mdium galliom arsenide {InGaAs),

mdium galbium arsenide antimonide {nGaAsSh), and mdium phosphide arsenide
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antimonide (InPAsSb), Group HI/V semiconductors, nGaP/InGaAs/Ge;
AIGaP/AlGaAs/GalnNAsSb/Ge; GalnP/GaAsP/SiGe; GalnP/GaAsP/Sy
GalnP/GaAsP/Ge; GalnP/GaAsP/S1/81Ge; GalnP/GaAs/InGaAs;
GalnP/GaAs/GalnNAs; GalnP/GaAs/InGaAs/InGaAs; GalnP/Ga(ln)As/InGaAs;
GalnP-GaAs-wafer-InGaAs; GalnP-Gal{ln)As-Ge; and GalnP-GalnAs-Ge, and
the power system further comprises a vacuum pump and at least one chiller,
In one embodiment, the present disclosure is directed to a power system that
eenerates at least one of electrical energy and thermal energy comprising:
at least one vessel capable of a maintaining a pressure of below, at, or above
atmospheric;
reactants, the reactants comprnsing:
a) atleast one source of catalvst or a catalyst comprising nascent H,O;
by at least one source of HoG or H0;
¢y at least one source of atonmuc hydrogen or atomic hydrogen; and
d} amolien metal;
at least one molten metal mjection system comprising a molten metal reservoir
and an electromagnetic pump;
at least one additional reactants injection system, wherein the additional
reactants comprise;
a) at least one source of catalyst or a catalyst comprising nascent H,0;
b} at least one source of H:0 or Hx(O, and
¢} at least one source of atomic hydrogen or atomic hydrogen;
at least one reactants ignition system comprising a source of electrical power
o cause the reactants {o form at least one of light-emutting plasma and thermal-
emitting plasma wherein the source of electiical power receives electrical power from
the power converter;
a system to recover the molten metal;
at least one power converter or outpit system of at least one of the light and
thermal output to electrical power and/or thermal power;
wherein the molten metal tgnition system comprises:
a) at least one set of electrodes to confine the molten metal; and
b} a source of electrical power to deliver a short burst of high-current electrical
energy sufficient to cause the reactants to react to form plasma;
wherein the electrodes comprise a refractory retal;
wherein the source of electrical power to deliver a short burst of high-current
electrical energy sufficient to cause the reactants fo react to form plasma comprises at

least one supercapacitor;
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wherein the molten metal injection systern comprises an electromagnetic pump
comprising at least one magnet providing a magnetic field and current source to
provide a vector-crossed current component;

wherein the molten metal reservoir comprises an inductively coupled heater to at least
mitially heat a metal that forms the molten metal;

wherein the molten metal ignition system comprises at least one set of electrodes that
are separated to form an open circutt, wherein the open circunt is closed by the
injection of the molten metal to cause the high current {o flow to achieve ignition;
wherein the molten metal ignition svstem current 15 n the range of 500 A to 50,000
A,

wherein the molten metal ignition system wherein the circuit is closed to cause an
ignition frequency in the range of 1 Hz to 10,000 Hz;

wherein the molten metal comprises at least one of silver, silver-copper alloy, and
copper;

wherein the addition reactants comprise at least one of HyO vapor and hydrogen gas;
wherein the additional reactants injection system comprises af least one of a
computer, H,O and H, pressure sensors, and flow controllers comprising at least one
or more of the group of a mass flow controller, a pump, a syringe pump, and a high
precision electronically controllable valve; the valve comprising at least one of a
needle valve, proportional electronic valve, and stepper motor valve wherein the valve
is conirolled by the pressure sensor and the computer to maintain at teast one of the
H, G and H; pressure at a desired value;

wherein the additional reactants injection system maintains the H,O vapor pressure in
the range of 0.1 Torr to 1 Torr;

wherein the system to recover the products of the reactants comprises at east ong of
the vessel comprising walls capable of providing flow to the melt under gravity, an
electrode electromagnetic pump, and the reservoir in communication with the vessel
and further comprising a cooling system to maintain the reservoir at a lower
temperature than another portion of the vessel (o cause metal vapor of the molten
metal {0 condense i the reservoir;

wherein the recovery svsiem comprising an electrode electromagnetic pump
comprises al feast one magnet providing a magnetic field and a vector-crossed
ignition cirrent component;

wherein the vessel capable of a maintaining a pressure of below, at, or above
aimospheric comprises an inner reaction cell, a top cover comprising a blackbody
radiator, and an outer chamber capable of maintaining the a pressure of below, at, or

above atmospheric;

10
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wherein the top cover comprising a blackbody radiator 1s maintained at a temperature
in the range of 1000 K 10 3700 K
wherein at least one of the inner reaction cell and top cover comprising a blackbody
racdiator comprises a refractory metal having a high emissivity;
wherein the blackbody radiator further comprises a blackbody temperature sensor and
controller;
wherein the at least one power converter of the reaclion power oulput comprises at
least one of the group of a thermophotovoltaic converter and a photovoltaic converter;
wherein the hight emutted by the cell is predomunantly blackbody radiation comprising
visible and near infrared hight, and the photovoltaic cells are concentrator cells that
comprise at least one compound chosen from crystalline silicon, germanium, gallium
arsenide (GaAs), galhium antimwrude (Gash), mdium gallium arsenide (InGaAs),
mdinm galhium arsemde antimomde (nGaAsSh), and indhun phosphade arsenade
ardimonide {(InPAsSh), Group HI/V semiconductors, mGaP/inGaAs/Ge;
InAlGaP/AlGaAs/GalnN AsSb/Ge; GalnP/GaAsP/Si1Ge; GalnP/GaAsP/S1,
GralnP/GaAsP/Ge, GalnP/GaAsP/S1/51Ge; GalnP/GaAs/In(GaAs;
GalnP/GaAs/GalnNAs; GalnP/GaAs/ InGaAs/InGaAs; GalnP/Ga(lnjAs/InGaAs;
GalnP-GaAs-wafer-In(GaAs; GalnP-Ga(In)As-Ge; and GalnP-GalnAs-Ge, and
the power system further comprises a vacuum pump and at least one chilier.
In another embodiment, the present disclosure is directed to a power system that
generates at least one of electrical energy and thermal energy comprnising:

at least one vessel capable of a pressure of below atmospheric;

shot coraprising reactants, the reactants comprising;
a) at least one source of catalyst or a catalyst comprising nascent H,(O:
b) at least one source of H,O or HL O
¢y atleast one source of atomic hvdrogen or atomic hydrogen; and
d) atleast one of a conducior and a conduciive matrix;

at least one shot injection system comprising at least one augmented railgun, wherein the
augmenied ratlgun comprises separated electrified rails and magnets that produce a
magnetic field perpendicular to the plane of the rails, and the circuit between the rails
15 open until closed by the contact of the shot with the rails;

at least one ignition system to cause the shot {o form at least one of light-emitiing plasma
and thermal-emitting plasma, at least one ignition system comprising:
a) at least one set of electrodes to confine the shot; and
b) a source of electrical power to deliver a short burst of high-current elecincal

energy;

wherein the at least one set of electrodes form an open circuit, wherein the open
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circuit is closed by the injection of the shot to cause the high current to flow to
achieve 1gnition, and the source of electrical power {0 deliver a short burst of high-
cuitent electrical energy comprises at least one of the following:

a voltage selected to cause a high AC, DC, or an AC-DC muxture of current
that is in the range of at least one of 100 A 10 1,000,000 A, T kA 10 100,000 A, 10 kA
10 50 kA;

a DC or peak AC current density in the range of at least oue of 100 Alers” to
1.000,000 A/cm®, 1000 A/em” to 100,000 Al/em’, and 2000 A/cm” to 50,000 Alent’;

the voltage 15 determined bv the conductivity of the solid fuel or wherein the
voltage is given by the desired current tirnes the resistance of the solid fuel sample;
the DC or peak AC voltage is in the range of at least one of 0.1 V 10 500 kV,
0.1 Vio 100kV, and 1 V1o S0kV, and
the AC frequency is in range of at least one of ¢.1 Hzto 10 GHz, 1 Hzto | MHz, 10
Hzto 100 kHz, and 100 Hz to 10 kHz.

a system to recover reaction producis of the reactants comprising at least one of gravity
and an augmented plasma railgun recovery sysiem comprising at least one magnet
providing a magnetic field and a vector-crossed cuirent component of the ignition
glectrodes;

at least one regeneration sysiem to regenerate additional reactanis from the reaction
products and form additional shot coraprising a pelletizer comprising a smelter to
form molien reactants, a sysiem to add H, and H;0 1o the molien reactants, a melt
dripper, and a water reservoir to form shot,
wherein the additional reactants comprise:

a)y atleast one source of catalyst or a catalyst comprising nascent H,G;
by at least one source of HyO or HO;

¢) at least one source of atonuc hydrogen or atomic hydrogen; and

d} at least one of a conducior and a conductive matnix; and

at least one power converter or output system of at least one of the light and thermal
output o electrical power and/or thermal power comprising at least one or more of the
group of a photovoliaic converter, a photoelectronic converter, a plasmadynamic
converter, a thermionic converter, a thermoelectric converter, a Sterling engine, a
Brayton cvcle engine, a Rankine cycle engine, and a heat engine, and a heater.

In another embodiment, the present disclosure is directed {0 a power system that
generates at least one of electrical energy and thermal energy comprising:

at least one vessel capable of a pressure of below atmospheric:

shot comprising reactants, the reactants comprising at least one of silver, copper,

absorbed hydrogen, and water;
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at least one shot injection system comprising at least one augmented railgun wherein the
augmenied ratlgun comprises separated electrified rails and magnets that produce a
magnetic field perpendicular to the plane of the rails, and the circuit between the rails
15 open until closed by the contact of the shot with the rails;
at least one ignition system to cause the shot to form at least one of light-emitting plasma
and thermal-emitiing plasma, at least one ignition system comprising’
a) at least one set of electrodes {0 confine the shot; and
b} a source of electrical power to deliver a short burst of high-current electrical
energy.
wherein the at least one set of elecirodes that are separated to form an open circuit,
wherein the open circuit is closed by the injection of the shot 16 cause the high current
to flow to achieve ignition, and he source of electrical power to deliver a short burst
of high-current electrical energy comprises at least one of the following:
a voltage selected to cause ahigh AC, BC, or an AC-DC muxture of current
that is in the range of at least one of 100 A 10 1,000,000 A, 1 kA 10 100,000 A, 10 kA
{0 50 kA:
a DC or peak AC current density in the range of at least one of 100 A/em” to
1,000,000 A/em?, 1000 A/cm’ to 100,000 A/em’, and 2000 A/em” to 50,000 Alcm™;
the voltage is determined by the conductivity of the solid fuel wherein the
voltage is given by the desired current times the resistance of the solid fuel sample;
the DC or peak AC vollage 1s in the range of at least one of 0.1 V 1o 500 kV,
01V l100kV, and 1 Vic 50 kV, and
the AC frequency is in range of at least one of 0.1 Hzto 10 GHz, 1 Hz 1o 1 MHz, 10
Hz 1o 100 kHz, and 160 Hz to 10 kHz
a system to recover reaction producis of the reactants comprising at least one of gravity
and a augmented plasma railgun recovery system comprising at least one magnet
providing a magnetic field and a vector-crossed cuirent component of the ignition
electrodes;
at least one regeneration sysiem lo regenerate additional reactants from the reaction
products and form additional shot comprising a pelletizer comprising a smelter to
form molten reactants, a svstem to add H, and H,O to the molten reactants, a melt
dripper, and a water reservoir to form shot,
wherein the additional reactants comprise ai least one of silver, copper, absorbed
hydrogen, and water;
at least one power converter or oulpul system comprising a concentrator ultraviolet
photovoltaic converter wherein the photovoltaic cells comprise at least one compound
chosen from a Group [H mitride, GaAIN, GaN, and InGaN.

13
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In another ernbodiment, the present disclosure 1s divected to a power system that
generates at least one of electrical energy and thermal energy comprising:
at least one vessel;
shot comprising reactants, the reactants comprising:
a} at least one source of catalyst or a catalyst comprising nascent H2(0;
b} at least one source of H20 or H2O;
¢) atleast one source of atomic hydrogen or atomic hydrogen; and
dy at least one of a conductor and a conductive matrix;
at least one shot injection system;
at least one shot ignition svstem (o cause the shot to form at least one of light-emutting
plasma and thermal-emitting plasma,
a system to recover reaction products of the reactants;
at least one regeneration sysiem lo regenerate additional reactants from the reaction
products and form additional shot,

wheren the additional reactanis comprise:

a} at least one source of catalyst or a catalyst comprising nascent H2(,;
b} at least one source of H20 or H2O;

¢) atleast one source of atomic hydrogen or atomic hydrogen, and

dy at least one of a conductor and a conductive matrix;

at least one power converter or output system of at least one of the light and thermal
output o electrical power and/or thermal power.

Certain embodiments of the present disclosure are directed to a power generation
systern comprising: a plurality of electrodes configured to deliver power to a fuel to ignite the
fuel and produce a plasma; a source of electrical power configured (o deliver electrical
energy to the plurality of electrodes; and at least one photovoltaic power converter positioned
to receive at least a plurality of plasma photons.

In one embodiment, the present disclosure is directed 1o a power system that
generates at least one of direct electrical energy and thermal energy comprising:

al least one vessel;

reactants comprising:

a} at least one source of catalyst or a catalyst comprnising nascent H,3;
b} at least one source of atomic hydrogen or atomic hvdrogen;
¢} at least one of a conductor and a conductive matrix; and

at least one set of electrodes to confine the hydnno reactants,

a source of electrical power to deliver a short burst of high-current elecirical energy.

a reloading system;

at least one system to regenerate the initial reactants from the reaction products, and

14
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at least one plasma dynamic converter or at least one photovoliaic converter.

In one exemplary embodiment, a method of producing electrical power may comprise
supplving a fuel 1o a region between a plurality of electrodes; energizing the plurality of
electrodes to ignite the tuel to form a plasma; converting a plurality of plasma photons into
glectrical power with a photovoltaic power converter; and outputiing at ieast a portion of the
electrical power,

In another exemplary embodiment, a method of producing electrical power may
comprise supplying a fuel to a region between a plurality of elecirodes; energizing the
plurality of electrodes to ignite the fuel to form a plasma; converting a plurality of plasma
photons into thermal power with a photovoltaic power converter; and outputiing al least a
portion of the electrical power.

in an embodiment of the present disclosure, a method of generating power may
comprise delivering an amount of fuel to a tuel loading region, wherein the fuel loading
region is located among a plurality of electrodes; igniting the fuel by flowing a current of at
least about 2.000 A/em” through the fuel by applying the current to the plurality of electrodes
to produce at least one of plasma, light, and heat; receiving at least a portion of the lightin a
photovoltaic power converter; converting the light to a different form of power using the
photovoltaic power converter; and outputting the different form of power.

in an additional embodiment, the present disclosure is directed to a water arc plasma
power sysiem comprising: at feast one closed reaction vessel; reactants comprising at least
one of source of H0 and H2O: at least one set of elecirodes; a source of electrical power to
deliver an initial high breakdown voltage of the H,0 and provide a subsequent high current,
and a heat exchanger svstermn, wherein the power system generates arc plasma, hight, and
thermal energy, and at least one photovoltaic power converier. The water may be supplied as
vapor on or across the electrodes. The plasma may be permitied to expand into a low-
pressure region of the plasma cell 1o prevent inhubition of the hyvdrino reaction due to
confinement. The arc electrodes may comprise a spark plug design. The electrodes may
comprise at least one of copper, nickel, nickel with silver chromate and zinc plating for
COTTOSIon resistance, iron, nickel-iron, chromium, noble metals, tungsten, molybdenum,
yitriom, iridium, and paliadium. In an embodiment, the water arc is maintained at low water
pressure such as in at least one range of about 0.01 Torr to 10 Torr and 0.1 Torr to 1 Tormr
The pressure range may be maimntained in one range of the disclosure by means of the
disclosure for the SF-CIHT cell. Exemplary means to supply the water vapor are at least one
of a mass flow controller and a reservoir comprising H»O such as a hvdrated zeolite or a salt
bath such as a KOH solution that off gases H,O at the desired pressure range. The water may
be suppliad by a syringe pump wherein the delivery into vacuum resulis in the vaporization

of the water,
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Certain embodiments of the present disclosure are directed to a power generation
system comprising: an electrical power source of at least about 2,000 A/cm?” or of at least
about 5,000 k¥W; a plurality of electrodes electrically couplad to the elactrical power source; a
fuel loading region configured to receive a solid fuel, wherein the plurality of electrodes is
configurad to deliver electrical power to the solid fuel to produce a plasma; and at least one
of a plasma power converter, a photovoltaic power converter, and thermal to electric power
converter positioned to receive at least a portion of the plasma, photons, and/or heat
cenerated by the reaction. Other embodimenis are directed {0 a power genaration system,
comprising: a plurality of electrodes; a fuel loading region located between the plurality of
electrodes and configured to recetve a conductive fuel, wherein the plurality of electrodes are
configured to apply a current to the conductive fuel sufficient to ignite the conductive fuel
and generate at least one of plasma and thermal power; a delivery mechanism for moving the
conductive fuel into the fuel loading region; and at least one of a photovoliaic power
converter to convert the plasma photons into a form of power, or a thermal 1o electric
converter to convert the thermal power into a nonthermal form of power comprising
electricity or mechanical power. Further embodiments are directed to a method of generating
power, comprising: delivering an amount of fuel to a fuel loading region, wherein the fuel
loading region is located among a plurality of elecirodes; igniting the fuel by flowing a
current of at least about 2,000 A/cm” through the fuel by applving the current to the plurality
of electrodes to produce at least one of plasma, light, and heat; receiving at least a portion of
the light in a photovoltaic power converter; converting the hght to a different form of power
using the phoiovoltaic power converter; and outputting the different form of power.

Additional embodiments are directed to a power generation systerm, comprising: an
electrical power source of at least about 5,000 kW, a plurality of spaced apart electrodes,
wherein the plurality of elecirodes at gast partially surround a fuel, are electrically connected
to the electrical power source, are configured to receive a current {o ignite the fuel, and at
feast one of the plurality of electrodes is moveable; a delivery mechanism for moving the
fuel; and a photovoltaic power converter configured to convert plasma generated from the
ignition of the fuel into a non-plasma form of power. Additionally provided i the present
disclosure is a power generation system, comprising: an electrical power source of at least
about 2.000 A/cm’; a plurality of spaced apart electrodes, wherein the plurality of electrodes
at least partially surround a fuel, are elecincally conmected to the electrical power source, are
configured to receive a current to ignite the fuel, and at least one of the plurality of electrodes
is moveable; a delivery mechanism for moving the fuel; and a photovoltaic power converter
configured to convert plasma generated from the ignition of the fuel into a non-plasma form
of power.

Avother embodiments is directed to a power generation system, comprising: an
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electrical power source of at least about 5,000 kW or of at least about 2,000 A/cml; a
plurality of spaced apart electrodes, wherein at least one of the plurality of electrodes
mcludes a compression mechanism; a fuel loading region configured to recetve a fuel,
wherein the fuel loading region 1s surrounded by the plurality of electrodes so that the
compression mechanism of the at least one electrode s ortented towards the fuel loading
region, and wherein the plurality of electrodes are electrically connected to the elecirical
power source and configured 1o supply power {0 the fuel received in the fuel loading region
1o ignite the fuel; a delivery mechanism for moving the fuel into the fuel icading region; and
a photoveltaic power converter configured to convert photons generated from the ignition of
the fuel inte a non~photon {orm of power. Other embodiments of the present disclosure are
directed to a power generation system, comprising: an electrical power source of at {east
about 2,000 A/cm™; a plurality of spaced apart electrodes, wherein at least one of the plurality
of electrodes includes a compression mechanism; a fuel loading region configured to receive
a fuel, wherein the fuel loading region is surrounded by the phurality of electrodes so that the
compression mechanism of the at least one electrode 1s oriented towards the fuel loading
region, and wherein the plurality of electrodes are electrically connected to the electrical
power source and configured 1o supply power to the fuel received in the fuel loading region
io ignitte the fuel; a delivery mechanism for moving the fuel into the fuel loading region; and
a plasma power converter configured to convert plasma generated from the ignition of the
fuel into a non-plasma form of power.

Embodiments of the present disclosure are also directed {o power generation system,
comprising. a plurality of electrodes; a fuel loading region swrounded by the plurality of
electrodes and configured to receive a fuel, wherein the plurality of electrodes is configured
io ignite the fuel located in the fuel loading region; a delivery mechanism for moving the fuel
mio the fuel loading region; a photovoltaic power converter configured to convert photons
generated from the 1grution of the fuel into a non-photon form of power: a rerooval system
for removing a byproduct of the ignited fuel; and a regeneration svstem operably coupled to
the removal system for recycling the removed byproduct of the ignited fuel into recvcled fuel.
Certain embodiments of the present disclosure are also directed to a power generation
system, comprising: an electrical power source configured to output a current of at least about
2,000 A/cm” or of at least about 5,000 kW a plurality of spaced apart electrodes electrically
connecied to the electrical power source; a fuel Toading region configured {0 receive a fuel,
wherein the fuel loading region is suwrrounded by the plurality of elecirodes, and wherein the
plurality of electrodes is configured to supply power to the fuel to ignite the fuel when
received in the {uel toading region; a delivery mechanism for moving the fuel into the fuel
loading region; and a photovoltaic power converter configured to convert a plurality of

hotons generated from the 1gnition of the fuel into a non-photon form of power. Certain
& &
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ernbodiments may further include one or more of output power termunals operably coupled to
the photovoltaic power converter; a power storage device; a sensor configured to measure at
least one parameter associated with the power generation system; and a controller configured
to control at least a process associated with the power generation system. Certain
embodiments of the present disclosure are also directed to a power generation system,
comprising: an electrical power source configured to output a current of at least about 2,000
Alem” or of at least about 5,000 kW a plurality of spaced apart electrodes, wherein the
plurality of electrodes at least partially swrround a fuel, are electrically connected to the
electrical power source, are configured to receive a current to 1gnite the fuel, and at least one
of the plurality of electrodes is moveable; a delivery mechanism for moving the fuel; and a
photovoltaic power converter configured io convert phoions generated from the ignition of
the fuel into a different form of power.

Additional embodiments of the present disclosure are directed {0 a power generation
system, comprising: an electrical power source of at least about 5,000 kW or of at least about
2.000 A/cm’; a plurality of spaced apart electrodes electrically connected to the electrical
power source; a fuel loading region configured to receive a fuel, wherein the fuel loading
region is swrrounded by the plurality of electrodes, and wherein the plurality of electrodes is
configured to supply power to the fuel to ignite the fuel when received in the fuel toading
region; a delivery mechanism for moving the fuel into the fuel loading region; a photovoltaic
power converter configured to convert a plurality of photons generated from the ignition of
the fuel into a non-photon form of power; a sensor configured to measure at least one
parameter associated with the power generation system; and a controller configured to
control at least a process associated with the power generation svstem. Further embodiments
are directed (o g power generation sysiem, comprising: an electrical power source of at least
about 2.000 A/em’; a plurality of spaced apart electrodes electrically connected to the
electrical power source; a fuel loading region configured to receive a fuel, wherein the fuel
loading region is surrounded by the plurality of electrodes, and wherein the plurality of
electrodes 1s configured to supply power to the fuel to ignite the fuel when received in the
fuel loading region; a delivery mechanism for moving the fuel into the fuel loading region; a
plasma power converter configured to convert plasma generated from the ignition of the fuel
mto a non-plasma form of power; a sensor configured to measure at least one parameter
associated with the power generation systemy; and a controller configured to control at least a
process associated with the power generation svstem.

Certain embodiments of the present disclosure are directed to a power generation
systerm, comprising: an electrical power source of at least about 5,000 kW or of at east about
2,000 A/em?”; a plurality of spaced apart electrodes electrically connected to the electrical

power source; a fuel loading region configured to receive a fuel, wherein the fuel loading
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region 1s surrounded by the plurality of electrodes, and wherein the plurality of electrodes 1s
configured to supply power to the fuel to ignite the fuel when received in the fuel toading

egion, and wherein a pressure in the fuel loading region is a partial vacuum; a delivery
mecharusm for moving the fuel 1nto the fuel loading region; and a photovoltaic power
converter configured {0 convert plasma generated from the ignition of the fuel into a non-
plasma form of power. Some embodiments may include one or more of the following
additional features: the photovoltaic power converter may be located within a vacuum cell;
the photovoltaic power converter may include at least one of an antireflection coating, an
optical imopedance matching coating, or a protective coating; the photovoltaic power
converter may be operably coupled to a cleaning system configured to clean at least a portion
of the photovoltaic power converter; the power generation system may include an optical
filter; the photovoltaic power converter may comprise at least one of a roonocrystalline cell, a
polverystatline cell, an amorphous cell, a siring/ribbon silicon cell, a multi-pmnction cell, a
homojunction cell, a heterojunction cell, a p-i-n device, a thin-film cell, a dyve-sensitized cali,
and an organic photovoltaic cell; and the photovoltaic power converter may comprise at
multi-junction cell, wherein the multi-junction cell comprises at least one of an inverted cell,
an upright cell, a lattice-mismatched cell, a latiice-matched cell, and a cell comprising Group
HI-V semiconductor materials.

Additional exemplary embodiments are directed o a system configured to produce
power, comprising: a fuel supply configured to supply a fuel; a power supply configured to
supply an elecirical power; and at least one pair of electreodes configured to receive the fuel
and the electrical power, wherein the elecirodes selectively directs the electrical powerto a
local region about the electrodes to ignite the fuel within the local region. Some
embodiments are directed 1o a method of producing electrical power, comprising: supplying a
fuel to electrodes; supplying a current to the electrodes to ignite the localized fuel to produce
energy; and converting at least some of the energy produced by the 1gnition mio electrical
power.

(Other embodiments are directed to a power generation system, comprising. an
electrical power source of at least about 2,000 A/om’; a plurality of spaced apart electrodes
electrically connected to the elecinical power source; a fuel loading region configured io

eceive a fuel, wherein the fuel loading region is surrounded by the plurality of electrodes,
and wherein the plurality of electrodes 1s configured to supply power {0 the fuel to ignite the
fuel when received in the fuel loading region, and wherein a pressure in the fuel loading
region is a partial vacuum; a deliverv mechanism for moving the fuel into the fuel loading
region; and a photovoliaic power converter configured to convert plasma generated from the
ignition of the fuel into a non-plasma form of power.

Further embodiments are directed 1o a power generation cell, comprising: an outlet
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port coupled to a vacuum pump; a plurality of electrodes electrically coupled to an electrical
power source of at least about 5,000 kW, a fuel loading region configured (o receive a wates-
based fuel comprising a majority H,O, wherein the plurality of electrodes is configured to
deliver power to the water-based fuel to produce at least one of an arc plasma and thermal
power; and a power converter configured to convert at least a portion of at least one of the arc
plasma and the thermal power into electrical power. Also disclosed is a power generation
systern, comprising: an electrical power source of at least about 5,000 A/emi®; a plurality of
electrodes electrically coupled to the elecirical power source; a fuel loading region
configured to receive a water-based fuel comprising a magjority H,O. wherein the plurality of
electrodes is configured to deliver power o the water-based fuel to produce at least one of an
arc plasma and thermal power; and a power converter configured io convert at least a portion
of at least one of the arc plasma and the thermal power into electrical power. In an
ermnbodiment, the power converter comprises a photovoltaic converter of optical power inio
electricity.

Additional embodiments are directed to a method of generating power, comprising;
ioading a fuel into a fuel loading region, wherein the fuel loading region includes a plurality
of electrodes; applying a current of at least about 2,000 A/cm’ to the plurality of electrodes to
ignite the fuel to produce at least one of an arc plasma and thermal power; performing at least
one of passing the arc plasma through a photovoltaic converter {0 generate elecirical power;
and passing the thermal power through a thermal -to-electric converter to generate electrical
power; and outputiing at teast a portion of the generated elecirical power. Also disclosedis a
power generaiion system, comprising: an elecirical power source of at least about 5,000 kW,
a plurality of electrodes electnically coupled to the power source, wherein the plurality of
electrodes is configured to deliver electrical power to a water-based fuel comprising a
majority H,O to produce a thermal power; and a heat exchanger configured to convert at least
a portion of the thermal power into electrical power; and a photovoltaic power converter
configurad to convert at least a portion of the hight into electrical power. In addition, another
embodiment is directed to a power generation system, comprising: an electrical power source
of at least about 5,000 kW, a plurality of spaced apart electrodes, wherein at least one of the
plurality of electrodes includes a compression mechanism; a fuel loading region configured
1o receive a water-based fuel comprising a majority H,O, wherein the fuel loading region is
surrounded by the plurality of electrodes so that the compression mechanism of the al least
one electrode 1s oniented towards the fuel loading region, and wherein the plurality of
electrodes are electrically connected to the elecinical power source and configured to supply
power {0 the water-based fuel received in the fuel loading region to ignite the {uel; a delivery
mechanism for moving the water-based fuel into the fuel loading region; and a photovoliaic

power converter configured to convert plasma generated from the igrution of the fuel into a
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non-plasma form of power.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in and constitute a part of this

specification, illustrate several embodiments of the disclosure and together with the
description, serve 1o explain the principles of the disclosure. In the drawings:

FIGURE 2110 15 a schematic drawing of a SF-CIHT cell power generator showing a
cell capable of maintaining a vacwum, an ignition system having stationary electrodes and an
electromagnetic injection system fed directly from a pelletizer, angmented plasma rallgun
and gravity recovery systems, the pelletizer, and a photovoltaic converter system showing
details of the injection system having a electromagnetic pump and nozzle, the stationary
electrode ignition system, the ignition product recovery systems, and the pelletizer to form
shot fuel in accordance with an embodiment of the present disclosure.

FIGURE 2111 is a schematic drawing of a SF-CIHT cell power generator showing the
cross section of the pelletizer shown in FIGURE 2110 in accordance with an embodiment of
the present disclosure.

FIGURE 2112 is a schematic drawing of a SF-CIHT cell power generator showing the
electrodes and two cross sectional views of the electrodes shown in FIGURES 2110 and 2111
in accordance with an embodiment of the present disclosure.

FIGURE 2113 15 a schematic drawing of a SF-CIHT cell power generator showing the
cross section of the pelletizer shown in FIGURE 2110 having a pipe bubbler {o introduce the
gasses such as Hj and steam to the melt in accordance with an embodiment of the present
disclosure.

FIGURE 2114 s a schematic drawing of a SF-CIHT cell power generator showing the
cross section of the pelletizer having a pipe bubbler in the second vessel to introduce the
gasses such as H, and steam to the melt, two electromagnetic puraps, and a nozzle to inject
shot into the bottom of the electrodes in accordance with an embodiment of the present
disclosure.

FIGURE 2115 is a schematic drawing of a SF-CIHT cell power generator showing the
electrodes with shot injection from the bottom in accordance with an embodiment of the
present disclosure.

FIGURE 2116 15 a schemalic drawing of a SF-CIHT cell power generalor showing the
details of an electromagnetic pump in accordance with an embodiment of the present
disclosure.

FIGURE 2117 15 a schematic drawing of a SF-CIHT cell power generator showing the
cross section of the pelletizer having a pipe bubbler in the second vessel to introduce the

gasses such as H, and steam to the melt, two electromagnetic puraps, and a nozzle to inject
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shot into the top of the elecirodes in accordance with an embodiment of the present
disclosure.

FIGURE 2118 13 a schematic drawing of a SF-CIHT cell power generator showing the
electrodes with shot imgection from the top in accordance with an embodiment of the present
disclosure.

FIGURE 2119 is a schematic drawing of a SF-CIHT cell power generator showing the
cross section of the pelletizer having both a pipe bubbler in the cone reservoir and a direct
injector to infroduce the gasses such as H, and steam to the meli, one eleciromagnetic pump,
and a nozzle to inject shot mnto the bottom of the elecirodes in accordance with an
embodiment of the present disclosure,

FIGURE 2120 s a schematic drawing of a SF-CIHT cell power generator showing the
electrodes with shot injection and gas injection such as H, and steam iyection from the
bottom in accordance with an embodiment of the present disclosure.

FIGURE 2121 is a schematic drawing of two full views of the SF-CIHT cell power
generator shown in FIGURE 2119 in accordance with an embodiment of the present
disclosure.

FIGURE 2122 15 a schematic drawing of a SF-CIHT cell power generator showing an
electrode cooling system in accordance with an embodiment of the present disclosure.

FIGURE 2123 1s a schematic drawing of a SF-CIHT cell power generator showing
two views of cells with passive photovoltaic converter cooling systems, active and passive
electrode cooling systems, and gas getter svstems in accordance with an embodiment of the
present disclosure.

FIGURE 2124 1s a schematic drawing of at least one of a thermophotovoltaic,
photovoltaic, photoelectric, thermionic, and thermoelectric SF-CIHT cell power generator
showing a capacitor bank ignition system in accordance with an embodiment of the present
disclosure.

FIGURE 2125 s a schematic drawing of an internal view of the SF-CIHT cell power
generator shown in FIGURE 2124 in accordance with an embodiment of the present
disclosure.

FIGURE 2126 is a schematic drawing of an mternal view of the further details of the
mjection and ignition systems of the SF-CIHT cell power generator shown in FIGURE 2125
i accordance with an embodiment of the present disclosure.

FIGURE 2127 15 a schematic drawing of an internal view of additional details of the
mection and ignmtion systems of the SF-CIHT cell power generator shown in FIGURE 2126

in accordance with an embodiment of the present disclosure.
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FIGURE 2128 is a schematic drawing of magnetic yoke assembly of the
electromagnetic pump of SF-CIHT cell power generator shown in FIGURE 2127 with and
without the magnets in accordance with an embodiment of the present disclosure.

FIGURE 2129 15 a schematic drawing of at least one of a thermophotovoltaic,
photovoltaic, photoelectric, thermionic, and thermoelectric SF-CIHT cell power generator
showing blade electrodes held by fasteners and an electrode electromagnetic pump
comprising a magnetic circuit in accordance with an embodiment of the present disclosure.

FIGURE 2130 ts a schematic drawing of an internal view of the further details of the
mjection and ignition svstems of the SF-CIHT cell power generator shown i FIGURE 2129
i accordance with an embodiment of the present disclosure.

FIGURE 2131 15 a schematic drawing of a cross sectional view of the further details
of the imjection and igmtion systems of the SF-CIHT cell power generator shown in FIGURE
2129 in accordance with an embodiment of the present disclosure,

FIGURE 2132 1s a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing an mductively coupled heater, a capacitor bank ignition system, an
electromagnetic pump injection system, a vacuum pump, and water pumps and a radiator
cooling system in accordance with an embodiment of the present disclosure.

FIGURE 2133 15 a schematic drawing of an mternal view of the SF-CIHT cell power
generator shown in FIGURE 2132 in accordance with an embodiment of the present
disclosure.

FIGURE 2134 i3 a schematic drawing of another external view of the SF-CIHT celi
power generator shown in FIGURE 2132 showing details of the cooling system comprising
water pumps, a water tank, and a radiator in accordance with an embodiment of the present
disclosure.

FIGURE 2135 13 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing an mductively coupled heater, a capacitor bank ignition system, an
glectromagnetic pump injection system, a vacuum pump, and water pumps, a radiator cooling
systemn, and a dome radiator and a geodesic dome photovoliaic converter in accordance with
an embodiment of the present disclosure.

FIGURE 2136 ts a schematic drawing of an internal view of the SF-CIHT cell power
generator shown in FIGURE 2135 in accordance with an embodiment of the present
disclosure.

FIGURE 2137 1s a schematic drawing of another view of the SF-CIHT cell power
generator shown in FIGURE 2135 showing details of the cooling system comprising a water
pump with solenoid valves, a water tank, and a radiator in accordance with an embodiment of

the present disclosure.
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FIGURE 2138 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing electrode penetrations at the cone reservoir in accordance with an
embodiment of the present disclosure,

FIGURE 2139 15 a schematic drawing of an mtemal view of the SF-CIHT cell power
generator shown in FIGURE 2138 in accordance with an embodiment of the present
disclosure.

FIGURE 2140 15 a schematic drawing of another internal view of the SF-CIHT cell
power generator shown in FIGURE 2138 in accordance with an embodiment of the present
disclosure.

FIGURE 2I41 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing angled electrode penetrations at the cone reservoir and an electrode
electromagnetic pump comprising an electromagnet in accordance with an embodiment of the
present disclosure,

FIGURE 2142 1s a schematic drawing of an iternal view of the SF-CIHT cell power
generator shown in FIGURE 2141 in accordance with an embodiment of the present
disclosure.

FIGURE 2143 15 a schematic drawing of another internal view of the SF-CIHT cell
power generator shown in FIGURE 2141 in accordance with an embodiment of the present
disclosure.

FIGURE 2144 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generaior showing opposing electrode penetrations at the cone reservorr and an electrode
electromagnetic pump comprising electromagnets that are fransverse to the inter-electrode
axis in accordance with an embodiment of the present disclosure.

FIGURE 2145 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing opposing electrode penetrations at the cone reservoir and an electrode
electromagunetic pump comprising electromagnets that are transverse to the inter-electrode
axis in accordance with an embodiment of the present disclosure.

FIGURE 2146 15 a schematic drawing of a thermophotovoltaie SF-CIHT cell power
generator showing opposing electrode penetrations at the cone reservoir and an electrode
electromagnetic pump comprising electromagnets that are tfransverse to the inter-electrode
axis in accordance with an embodiment of the present disclosure.

FIGURE 2147 15 a schemalic drawing of a thermophotovoltate SF-CIHT cell power
generator showing opposing electrode penetrations at the cone reservoir and an electrode
electromagnetic pump comprising electroragnets that are fransverse to the inter-electrode
axis in accordance with an embodiment of the present disclosure.

FIGURE 2148 13 a schematic drawing of a thermophotovoltaic SF-CIHT cell power

generator showing opposing electrode penetrations at the cone reservoir and an electrode
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electromagnetic pump comprising magnets and magnetic yokes that are transverse to the
mter-electrode axis with the ignition point at the entrance of the dome in accordance with an
embodiment of the present disclosure,

FIGURE 2149 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing opposing electrode penetrations at the cone reservoir and an electrode
electromagnetic pump comprising magnets and magnetic yokes that are transverse to the
mter-electrode axis with the ignition point at the entrance of the dome in accordance with an
embodiment of the present disclosure.

FIGURE 2150 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generaior showing opposing electrode penetrations at the cone reservorr and an electrode
electromagnetic pump comprising magnets and magnetic yokes that are transverse to the
mter-electrode axis with the ignition point at the entrance of the dome in accordance with an
embodiment of the present disclosure.

FIGURE 2151 13 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing opposing electrode penetrations at the cone reservoir and an electrode
electromagnetic pump comprising magnets and magnetic vokes that are transverse to the
miter-electrode axis with the ignition point at the entrance of the dome in accordance with an
embodiment of the present disclosure.

FIGURE 2152 1s a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing opposing electrode penetrations at the cone reservorir and an electrode
electromagunetic pump comprising magnets and magpetic vokes that are transverse to the
inter-electrode axis with the ignition point at the entrance of the dome in accordance with an
embodiment of the present disclosure.

FIGURE 2133 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing opposing electrode penetrations at the cone reservoir and an electrode
electromagunetic pump comprising magnets and magnetic vokes that are transverse to the
inter-electrode axis with the ignition point at the entrance of the dome in accordance with an
embodiment of the present disclosure.

FIGURE 2134 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
eenerator showing opposing electrode penetrations at the cone reservoir and an electrode
electromagnetic pump comprising cooled magnets and magnetic yokes that are transverse o
the inter-electrode axis with the ignition point at the entrance of the dome in accordance with
an embodiment of the present disclosure.

FIGURE 2155 15 a schematic drawing of a SF-CIHT cell power generator showing
details of an optical distribution and the photovoltaic converter system in accordance with an

embodiment of the present disclosure,
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FIGURE 2156 1s a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing opposing electrode pengtrations at the reservoir and the electromagnetic
pump comprising threaded joints and Swagelok-type connectors in accordance with an
embodiment of the present disclosure.

FIGURE 2157 is a schematic drawing of a thermophotovoltaie SF-CIHT cell power
generator shown in FIGURE 2156 showing the threaded joints and Sawelok-type connectors
conmected in accordance with an embodiment of the present disclosure.

FIGURE 258 1s a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing the details of the reservoir and electromagunetic pump components
comprising threaded joints and Swagelok-tvpe connectors in accordance with an embodiment
of the present disclosure.

FIGURE 2159 1s a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing the details of the reservoir and electromagnetic pump components
comprising threaded joints, lock nuts, Swagelok-type connectors, and dome separator plate in
accordance with an embodiment of the present disclosure.

FIGURE 2160 is a schematic drawing of a thermophotovoltaie SF-CIHT cell power
generator showing the connected parts of FIGURE 2159 in accordance with an embodiment
of the present disclosure,

FIGURE 2161 1s a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing the cross section of FIGURE 2160 in accordance with an ermnbodiment of
the present disclosure.

FIGURE 2162 is a schematic drawing of a thermophotovoltaie SF-CIHT cell power
generator showing the details of the reservoir and electromagnetic purmp components
comprising threaded joints, Swagelok-type connectors, and the dome separator plate in
accordance with an embodiment of the present disclosure,

FIGURE 2163 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing the details of parallel plate screwed-in electrodes, each having a lock nut
for tightening in accordance with an embodiment of the present disclosure.

FIGURE 2164 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing the details of parallel plate screwed-in electrodes, each having a lock nut
for tightening in accordance with an embodiment of the present disclosure.

FIGURE 2165 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing the PV converter, transparent dome, and blackbody radiator inside of an
upper pressure chamber accordance with an embodiment of the present disclosure.

FIGURE 2166 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing the components in the lower chamber in accordance with an embodiment

of the present disclosure.
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FIGURE 2167 1s a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing an exploded view in accordance with an embodiment of the present
disclosure.

FIGURE 2168 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing an exploded view of the electromagnetic pump and reservoir assembly in
accordance with an embodiment of the present disclosure.

FIGURE 2169 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
eenerator showing an exploded cross sectional view of the electromagnetic pumyp and
reservair assembly in accordance with an erobodiment of the present disclosure.

FIGURE 2170 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing componenis housed in the upper and lower chambers in accordance with
an embodiment of the present disclosure.

FIGURE 2171 1s a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing a cross sectional view of components housed in the upper and lower
chambers in accordance with an embodiment of the present disclosure.

FIGURE 2172 is a schematic drawing of a thermophotovoltaie SF-CIHT cell power
generator showing an exploded view of ignition components in accordance with an
embodiment of the present disclosure.

FIGURE 2173 1s a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing an assembled view of ignition componenis and the cross sectional view in
accordance with an embodiment of the present disclosure,

FIGURE 2174 is a schematic drawing of a thermophotovoltaie SF-CIHT cell power
generator showing exploded and assembled views of the magnet systern of the
electromagnetic pump n accordance with an embodiment of the present disclosure.

FIGURE 2175 13 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator showing an exploded view of the components of the upper chamber in accordance
with an embodiment of the present disclosure.

FIGURE 2176 15 a schematic drawing of a thermophotovoltaie SF-CIHT cell power
generator showing an exploded view of the components of the separator plate between the
upper and lower chambers in accordance with an embodiment of the present disclosure.

FIGURE 2177 1s a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generaior having componentis housed in a single outer pressure vessel showing the cross
section of the pressure vessel and main cell assembly in accordance with an embodiment of
the present disclosure.

FIGURE 2178 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power

generator having components housed in a single outer pressure vessel showing the exploded
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view of the pressure vessel and main cell assernbly in accordance with an embodiment of the
present disclosure,

FIGURE 2179 13 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator having componenis housed in a single outer pressure vessel showing the exploded
view of the reservoir and blackbody radiator assembly in accordance with an embodiment of
the present disclosure.

FIGURE 2180 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
eenerator comprising dual EM pump injectors as liquud electrodes having components housed
in a single outer pressure vessel showing the cross sectional view in accordance with an
embodiment of the present disclosure,

FIGURE 2I81 is & schematic drawing of a thermophotovoltaie SF-CIHT cell power
generator comprising dual EM pump injectors as liquid electrodes showing the reservoir and
blackbody radiator assembly in accordance with an embodiment of the present disclosure.

FIGURE 2182 13 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator cornprising dual EM pump injectors as hiquid electrodes showing a transparent
view of the reservoir and blackbody radiator assembly in accordance with an embodiment of
the present disclosure.

FIGURE 2183 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
eenerator comprising dual EM pump injectors as liquud electrodes showing the lower
hemusphere of the blackbody radiator and the twin nozzles in accordance with an
embodiment of the present disclosure,

FIGURE 2184 is a schematic drawing of a thermophotovoltaie SF-CIHT cell power
generator comprising dual EM pump injectors as liguid electrodes showing the generator
with the cuter pressure vessel showing the penetrations of the base of the ouler pressure
vessel in accordance with an embodiment of the present disclosure.

FIGURE 21835 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator comprising dual EM pump injectors as liquid electrodes showing the generator
with the outer prassure vessel top removed showing the penetrations of the base of the outer
pressure vessel in accordance with an embodiment of the present disclosure.

FIGURE 2186 1s a schematic coronal xz section drawing of a thermophotovoltaic SF-
CIHT cell power generator comprising dual EM pump injectors as liquid electrodes in
accordance with an embodiment of the present disclosure,

FIGURE ZI87 is a schematic vz cross section drawing of a thermophotovoltaic SF-
CIHT cell power generator comprising dual EM purmp injectors as liquid electrodes in

accordance with an embodiment of the present disclosure.
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FIGURE 2188 1s a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator comprising dual EM pump injectors as liquid electrodes showing the generator
support components in accordance with an embodiment of the present disclosure.

FIGURE 2189 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator comprising dual EM pump injectors as liquid electrodes showing the generator
support components in accordance with an embodiment of the present disclosure.

FIGURE 2190 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
eenerator comprising dual EM pump injectors as liqund electrodes showing the generator
support components in accordance with an embodiment of the present disclosure,

FIGURE 2191 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator comprising dual EM pump injectors as liquid electrodes showing the generator
support components in accordance with an embodiment of the present disclosure.

FIGURE 2192 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator comprising dual EM pump injectors as liquid electrodes showing the generator
support components in accordance with an embodiment of the present disclosure.

FIGURE 2193 is a schematic drawing of a thermophotovoltaie SF-CIHT cell power
generator comprising dual EM pump injectors as liquid electrodes showing the vertically
retractable antenna in the up or reservoir heating position in accordance with an embodiment
of the present disclosure.

FIGURE 2194 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generaior cormprising dual EM pomp injectors as liquid electrodes showing the vertically
retractable antenna in the down or cooling heating position in accordance with an
embodiment of the present disclosure.

FIGURE 2195 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator comprising dual EM pump injectors as liquid electrodes showing the actuator to
vary the vertical position of the heater coil 1n accordance with an embodiment of the present
disclosure.

FIGURE 2196 15 a schematic drawing of a thermophotovoltaie SF-CIHT cell power
generator comprising dual EM pump injectors as liquid electrodes showing the drive
mechanism of the actuator to vary the vertical position of the heater cotl in accordance with
an embodiment of the present disclosure.

FIGURE 2197 15 a cross sectional schematic drawing of a thermophotovoliaic SF-
CIHT cell power generator comprising dual EM pump injectors as liguid electrodes showing
the actuator to vary the vertical position of the heater coil in accordance with an embodiment

of the present disclosure.
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FIGURE 2198 1s a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator comprising dual EM pump injectors as Hgumd elecirodes showing the
electromagnetic pump assembly in accordance with an embodiment of the present disclosure.

FIGURE 2199 15 a schematic drawing of a thermophotovoltaic SF-CIHT cell power
generator comprising dual EM pump injeciors as hiquid electrodes showing the slipnut
reservolr connectors in accordance with an embodiment of the present disclosure.

FIGURE 21100 1s a schematic drawing showing external and cross sectional views of
a thermophotovoltaic SF-CIHT cell power generator comprising dual EM pump injectors as
hiquid electrodes comprising the slipnut reservoir connectors in accordance with an
embodiment of the present disclosure,

FIGURE 21101 is atop, cross sectional schematic drawing of a thermophotovoltaic
SF-CIHT cell power generator comprising dual EM pump ingectors as hiquid electrodes in
accordance with an embodiment of the present disclosure.

FIGURE 21102 is a cross sectional schematic drawing showing the particulate
msulation containment vessel in accordance with an embodiment of the present disclosure.

FIGURE 21103 is a cross sectional schematic drawing of a thermophoiovoltaic SF-
CIHT cell power generator comprising dual EM pump injectors as liquid electrodes showing
the particulate msulation containment vessel in accordance with an embodiment of the
present disclosure.

FIGURE 3 is the absolute spectrum in the 5 nm to 450 num region of the ignition of a
80 mg shot of silver comprising absorbed Hy and HoO from gas treatment of silver melt
before dripping into a water reservoir showing an average optical power of 527 kW,
essentially all in the ultraviolet and extreme ultraviolet spectral region in accordance with an
ermnbodiment of the present disclosure.

FIGURE 4 15 the spectrum {100 nm to 500 nm region with a cutoff at 180 nm due to
the sapphire spectrometer window) of the ignition of a molten silver pumped mio W
glectrodes in atmospheric argon with an ambient H,O vapor pressure of about 1 Torr showing
UV line emission that transitioned to S000K blackbody radiation when the atmosphere
became optically thick to the UV radiation with the vaporization of the silver in accordance
with an embodiment of the present disclosure.

FIGURE 5 is a schematic drawing of a triangular element of the geodesic dense
receiver array of the photovoltaic converter in accordance with an embodiment of the present

disclosure.
Disclosed herein are catalyst systems to release energy from atomic hydrogen to form

lower energy states wherein the electron shell is at a closer position relative to the nucleus.

The released power is hamessed for power generation and additionally new hydrogen species
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and compounds are desired products. These energy states are predicted by classical physical
faws and require a catalvst to accept energy from the hyvdrogen in order to undergo the
corresponding energy-releasing transition.

Classical physics gives closed-form solutions of the hydrogen atom, the hyvdride 1on,
the hydrogen molecular ion, and the hydrogen molecule and predicts corresponding species
having fractional principal quantum numbers. Atomic hydrogen may undergo a catalytic
reaction with certain species, including itself, that can accepl energy in integer multiples of
the potential energy of atomic hydrogen, m - 27.2 eV, wherein m is an integer. The predicted
reaction mnvolves a resonant, nonradiative energy transfer from otherwise stable atomic
hvdrogen {o the catalyst capable of accepting the energy. The product 1s H(1/p), fractional
Rvdberg states of atomic hvdrogen called “hvdiino atoms,” whereinn = 1/2, 1/3, 1/4,..., I/p
(p=<<137 15 an integer) replaces the well-known pararseter n = integer in the Ryvdberg equation
for hydrogen excited states. Each hydrino state also comprises an electron, a proion, and a
photon, but the field contribution from the photon increases the binding energy rather than
decreasing it corresponding to energy desorption rather than absorption. Since the potential
energy of atomic hydrogen is 27.2 eV, m H atoms serve as a catalvst of m27.2 el for
another (7 + 1¥th H atom {1} For example, a H atom can act as a catalvst for another H by
accepting 27.2 eV from it via through-space energy transfer such as by magnetic or induced

electric dipole-dipole coupling to form an intermediate that decavs with the emission of

N
! T
. . ; . . - 3 P I - S |
continuum bands with short wavelength cutoffs and energies of m” -13.6 ¢V | ——— nm |- In
m” Y

addition to atomic H, a molecule that accepts mx 27.2 ¢}/ from atomic H with a decrease in
the magnitude of the potential energy of the molecule by the same energy may also serve as a
catalvst. The potential energy of H;Q 15 81.6 eV. Then, by the same mechanism, the nascent
H, (O molecule {not hydrogen bonded in solid, liquid, or gaseous state) formed by a
thermodjj’nam\icaﬁy favorable reduction of a metal oxide is predicted to serve as a catalvst to
form A {1/4) with an energy release of 204 eV, comprising an 81.6 eV transfer to HOH and
arelease of contimuum radiation with a cwtoff at 10.1 nm (122 .4 V).

- . . . . a,
fn the H -atorm catalyst reaction mmvolving a transition to the H| -

state, m
L pE=mEl

H atoms serve as a catalyst of m 272 ¢} for another (1 + 1)th H atom. Then, the reaction
between m + | hydrogen atoms whereby m atoms resonantly and nonradiatively accept
mxX272 eV fromthe (m + 1 )th hvdrogen atom such that m/f7 serves as the catalyst is given
by

o

. | oa,
m-272 eV +mb+ H—>mH, +me + H*| v m- 272 eV (1)
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r Ci], ——E . a;x —E { 29 - — - .
H#| i B i 1) OP] 136 €7 Ome27.2 ¢ (2)
m+1 | m+1
mH}w wme” > mH +m-272 eV (33

And, the overall reaction is

E o, ; s Y2 .. i A
Hos H —— L f{m 1) D] 13.6 eV ()
p=mal

The catalysis reaction ( m = 3) regarding the potential energy of nascent H,O [1}] is

- o o o L., o .

Bl.6eV + HO+H a, |—~2H +0"+e"+H* ‘; +81.6 ¢V (5)

la, a, B

H¥ s H| 41224 eF (6)
4 4

2H! +0 +e" > HO+81.6eV (7)

And, the overall reaction 1s

P~ -
h
i H

7o
> H "L 816 el 1224 0 (8)

H' a,

After the energy transfer to the catalvst (Egs. (1) and (5)), an intermediate

pre

} 1s formed having the radius of the H atom and a central field of m + 1 times the
im+]

central field of a proton. The radius is predicted to decrease as the electron undergoes radial
acceleration to a stable state having a radius of 1/{m + 1) the radius of the uncatalyzed
hvdrogen atom, with the release of m’ »43.6eV of energy. The extreme-ultraviolet

—
H

. boa, | L o
continuumn radiation band due to the H *| J mtermediate {e.g. Eg. (2) and Eq. (6)) is
RS

predicted to have a short wavelength cutoff and energy £, .~ givenby

I S =m -13.6 ¢V 0 (9

and extending to longer wavelengths than the corresponding cutoff. Here the extreme-
uliraviolet continvum radiation band due {0 the decay of the H¥[ay/4] intermediate 15
predicted to have a short wavelength cutoff at E=m" 13.6 = 9-13.6 = 122.4 eV (10.1 nm)
fwhere p=m+ 1 =4 and m =3 in Eq. (9)] and extending to longer wavelengths. The
continuurm radiation band at 10.1 nm and going to longer wavelengths for the theoretically
predicted transition of H to lower-energy, so called “hydrino” state H{1/4}, was observed
only arising from pulsed pinch gas discharges comprising some hvdrogen. Another

observation predicied by Eqs. (1) and {(5) is the formation of fast, excited state H atoms from
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recombination of fast H'. The fast atoms give rise {0 broadened Balmer /J emission,
Greater than 50 eV Balmer // line broadening that reveals a population of extraordinarily
high-kinetic-energy hydrogen atoms in certain nuxed hydrogen plasmas is a well-established
phenomenon wherein the cause is due to the energy released in the formation of hydrinos.
Fast H was previously observed in continoum-emitting hyvdrogen pinch plasmas.

Additional catalyst and reactions to form hydrino are possible. Specific species {e.g.
He', Ar', S¢', K, Li, HCL, and NaH, OH. SH, SeH, nascent H.0, nH (n=integer)) identifiable

on the basis of their known electron energy levels are required to be present with atomic

B

hvdrogen to catalvze the process. The reaction mvolves a nonradiative energy transfer
followed by ¢ X3.6 ¢}’ continuum emission or ¢ x43.6 ¢} transfer to H to form
extraordinanly hot, excited-state H and a hydrogen atom that is lower in energy than
unreacted atomic hydrogen that corresponds to a fractional principal quantum number. That

i3, in the formula for the principal energy levels of the hvdrogen atom:

e’ 13598 el
= e = [ - . 10y
' nalla, n°
n=123, . (11}
where a,, is the Bohr radius for the hvdrogen atom (52.947 pm), e is the magnitude of the
charge of the electron, and /7 is the vacuum permittivity, fractional quantum numbers:
111 1 , A )
n=1-—,—,—,.. ,—; where plJ137 is an integer {12}
234 p

replace the well known parameter » = integer 1n the Rydberg equation for hydrogen excited
states and represent lower-energy-state hyvdrogen atoms called “hydrinos.” The n =1 state of

, i o .
hvdrogen and the n = ——— states of hydrogen are nonradiative, but a transition between
mteger

two nonradiative states, sav p=11t0 n=1/2, is possible via a nonradiative energy transfer.
Hyvdrogen is a special case of the stable states given by Egs. (10} and (12} wherein the

corresponding radius of the hydrogen or hydrino atom is given by
o= ----"':g--’ { } 3)
where p=12,3,.... Inorder to conserve energy. energy must be transferred from the

hvdrogen atom {o the catalyst in umits of an integer of the potential energy of the hydrogen

a]‘i
m+p

atorm 1 the normal 7 =1 state, and the radius transitions to

. Hvdrnos are formed by

reacting an ordinary hydrogen atom with a suitable catalyst having a net enthalpy of reaction
of
mx272 el (14}
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where m 15 an integer. It is believed that the rate of catalysis is increased as the net enthalpy
of reaction is more closely matched to m 272 ¢}”. It has been found that catalysts having a
et enthalpy of reaction within +10%, preferably +5% ., of m27.2 ¢} are suitable for most
applications.
The catalyst reactions involve two steps of energy release: a nonradiative energy
transfer to the catalyst followed by additional energy release as the radius decreases to the

corresponding stable final state. Thus, the general reaction is given by

m-272 eV + Cat™ + H| % | Cal' ™V e s H | 272 eV
P {m+ p)
(15}
o a, | e o |
H* ey H | e [ p Y U p 1136 eV Um - 272 eV (16}
| (m+ p) {m+ py |
Cat™" 4 pe" 5 Cat™ +m-272 e} and (7
the overall reaction is
Gy Gy : 2,2
H| = | H| ———— |+[{{(p+my p 1136 eV {18}
P | (m+ p)
g.r, mand pareintegers. H ™| o fo | has the radius of the hydrogen atom
(mep)]
{corresponding to the | in the denominator) and a central field equivalent to {m + p) times
a, . . , : .
that of a proton, and H ( ----- - | 15 the corresponding stable state with the radius of
m+ p
i
e that of H
(m + p}
The catalyst product, H ( 1/ p} may also react with an electron to form a hydrino
hvdride ion H" ("E p), or two f (1 / p\} may react to form the corresponding molecular
hydrino ¥, (1 / ;7}. Specifically, the catalyst product, & (i p) may also react with an
electron to form a novel hydride ion H" (1 p) with a binding energy £
£ B afs(s+1) ?Z:,Ll,ﬂe;zhz (1 . 2 (19)
L i ; |
o LEVSGHD L T S ey s(s+ D)
] ¢
4 P

where p =integer > 1, s=1/2. % is Planck's constant bar, [/ is the permeability of

vacuum, 7 is the mass of the electron, // is the reduced electron mass given by
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[ = e where m s the mass of the proton, g is the Bohr radius, and the ionic

radius 15 4, = iﬂ{ 1+ ﬁ}s(s + 1} } From Eg. (19), the calculated ionization energy of the
[j 3 o

hydride ion is 0.75418 e}, and the experirvental value is 608299 +0.15 em™ (0.75418 eV).
The binding energies of hydrino hydride ions may be measured by X-ray photoelectron
spectroscopy (XPS).

Upfield-shifted NMR peaks are direct evidence of the existence of lower-energy stale
hvdrogen with a reduced radius relative to ordinary hydride ion and having an increase in
diamagnetic shielding of the proton. The shuft is given by the sum of the contributions of the
diamagnetism of the two electrons and the photon field of magmitude p (Mills GUTCP Eq.
(7.87)):

"B, e’ N -
—F=04, ! {1+ p7 ) =0{ p29.9+ 7159 X 107 ppm (20)
i2ma, {1 + Vis(s + 1))

where the first term applies to Z° with p=1 and p = intecer >1 for H{1/ p} and /7 is the
pp ! g 'Y

fine structure constant. The predicted hydrino hydride peaks are extraordinanly upfield
shifted relative to ordinary hvdride ion. In an embodiment, the peaks are upfield of TMS.
The NMR shift relative to TMS may be greater than that known for at least one of ordinary
H. H, H,, or H' alone or comprising a compound. The shift may be greater than at least one
of O, -1, -2, -3, -d_ -5, -6, -7, -8, -9, -10, -11, -12, -13, -14_ -15, -16, -17, -18. -19, 20, -21, -
22,223, -24, =25, =26, 27, -28, -29, -30, -31, -32, -33, -34, -35, -36, -37, -38, -39, and -40
ppm. The range of the absolute shift relative to a bare proton, wherein the shift of TMS is
about -31.5 relative to a bare proton, may be ~(p29.9 + p°2.74) ppm (Eq. (20)) within a range
of about at least one of 5 ppm, 10 ppm, £20 ppm, 30 ppm, £40 ppm, £50 ppm, *
60 ppm, £70 ppm, +380 ppm, 90 ppm, and 100 ppm. The range of the absolute shift
relative to a bare proton may be ~(p29.9 + p*1.59 X 107) ppm (Eq. (20)) within a range of
about gt feast one of about §.1% 10 99%, 196 10 50%, and 1% t0 10%. In another
embodiment, the presence of a hydrino species such as a hvdrino atom, hydride ion, or
molecule in a solid matrix such as a matrix of a hydroxide such as NaOH or KOH causes the
matrix protons to shift upfield. The matrix protons such as those of NaOH or KOH may
exchange. In an embodiment, the shift mayv cause the matrix peak to be in the range of about
-0.1 ppm to -5 ppm relative to TMS. The NMR deternination may comprise magic angle
spinning 'A nuclear magnetic resonance spectroscopy (MAS 'H NMRj.
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H'{ t/ p) may react with a proton and two H'(I p} may react to form ('E / p)
and H, (/1 p)ﬁ respectively. The hydrogen molecular ion and molecular charge and current

density functions, bond distances, and energies were solved from the Laplacian in ellipsoidal
coordmnates mth the constraint of nonradmtmn

(DR, m(l\ m\, (TR, -mu\ m)+ (L) ,M(R// ﬁﬂ =0 (21}
The total energy £ of the hydrogen molecular ton having a central field of +pe at
each focus of the prolate spheroid molecular orbital is
|2
|ane (2a,)
) , ZE\J s
e m
P (4In3-1-2In3) 'E~1~pik -
E, =-p! nE a4, i me I .
J vpez pe?, ( )
. 5 3 (3 V3
e 3, |
J4m‘a A Bme | 7|
X A 2 )
L2 #

=~p*16.13392 eV — p’0.118755 eF
where p is an integer, ¢ is the speed of light in vacuum, and / is the reduced nuclear mass.
The total energy of the hydrogen molecule having a central field of + pe at each focus of the

prolate spheroid molecular orbital is

,,,,,,,,,,,,,,, .
\/2 2 . th j4m€oao
+ m
BN PR I EL N P ;
8aE a, \jz -1 ; mc’
E =-—p*d :
T pe pe (23)
{03 3 i 43
) |
Bme | | (1-% fffffffff \] a, |
T TS
1 % 14 J
2 2 J
=—p°31.351 eV ~ p*0.326469 eV
The bond dissociation energy, £, of the hydrogen molecule H, (1 p) is the
difference between the total energy of the corresponding hydrogen atoms and £,
E, = EQH{1/ p)IIE, (24)

where
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EQH(1/ p)y=0p'27.20 eV 05)
E, is given by Egs. (23-25).
Eo= Dp327‘2() eV UK,

= [1p*27.20 eV L{[1p°31351 el L1 p70.326469 eV ) 26)

= p 4151 el + p*0.326469 eV

N

H, (1 / p) may be identified by X-ray photoelectron spectroscopy (XPS) wherein the
tonization product in addition to the ionized electron may be at least one of the possibilities
such as those comprising two proions and an electron, a hydrogen (H) atom, a hydrine atom,

a molecular ion, hydrogen molecular ion, and H, (1 p}’ whergin the energies may be shifted
“ /

by the matrix.

The NMR of catalysis-product gas provides a definitive test of the theoretically

predicted chemical shift of A4, ('1 / p}. Ingeneral, the '/ NMR resonance of A ('1 / p}is

predicted to be upfield from that of /| due to the fractional radius in elliptic coordinates

3

b e

wherein the electrons are significantly closer to the nuclel. The predicted shift, , for
H, (3 / p) is given by the sum of the contributions of the diamagnetism of the two electrons

and the photon field of magnitude p (Mills GUTCP Egs. (11.415-11.416)):

) 7 3
N . R
L =[0 ] 4042 I e +p 7 (27)
B \ quw 1) %aom \
= I p28.01+ p*1.49 X 107 ) ppm (28)
; .

where the first term applies to 4, with p=1 and p = integer >1 for H, ( 1/ p), The
experimental absolute /| gas-phase resonance shift of -28.0 ppm is in excellent agreement
with the predicted absolute gas-phase shift of -28.01 ppm {Eq. (28)). The predicted
molecular hydrino peaks are extraordinarily upfield shified relative to ordinary H,. Inan
ernbodiment, the peaks are upfield of TMS. The NMR shift relative to TMS may be greater
than that known for at least one of ordinary H', H, H,, or H' alone or comprising a
compound. The shift may be greater than at least one of 0, -1, -2, -3, -4, -5, -6, -7 -8, -9, -10,
-1, -12,-13, -14, <15, -6, -17, ~18, -19, -20, -21, -22, -23, <24, -25, -26, -27, -28, <29, 30, -
31,-32,-33, -34, -35, -36, -37, -38, -39, and -40 ppm. The range of the absoluie shift relative
o a bare proton, wherein the shift of TMS is about -31.5 ppm relative to a bare proton, may
be «(p28.01 + p°2.56) ppm {Eq. (28)) within a range of about at least one of +5 ppm, +10
ppm, £20 ppm, £30 ppm, 40 ppm, £50 ppm, 60 ppm, 70 ppm, &80 ppm, 90
ppm, and # 100 ppm. The range of the absolute shift relative to a bare proton may be -
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(p28.01 + p’1.49 X 107) ppm (Eq. (28)) within a range of about at least one of about 0.1% to
99%, 1% to 50%, and 1% io 10%.

The vibrational energies, /., for the /=0 to /=1 transition of hydrogen-type
molecules ( 1/ p} are

E = p’0.515902 eV (29)
where p is an integer .

The rotational energies, £ forthe J to J +1 transition of hydrogen-type

molecules A, ( 1/ p} are

i

E =E ~E = ﬁ;[ﬂ 1= p*(J +1)0.01509 eV (30)

where p is an integer and [ is the moment of inertia. Ro-vibrational emission of #, (i 4)

was observed on e-beam excited molecules in gases and trapped in solid matrix,

The p’ dependence of the rotational energies results from an inverse p dependence
of the miernuclear distance and the corresponding impact on the moment of mertia /. The
predicted internuclear distance 2¢' for ) ( 1/ p} is

AN -/

2= 2 (31)

At least one of the rotational and vibration energies of H,(1/p) may be measured by at
least one of electron-beam excitation emuission spectroscopy, Raman spectroscopy, and
Fourter transform mfrared (FTIR} spectroscopy. Hy(1/p) may be trapped in a matnix for
measurement such as in at ieast one of MOH, MX, and M,CO; (M = alkali; X =halide)
matrix.

In an embodiment, the molecular hydrino product is observed as an inverse Raman
effect (IRE) peak at about 1950 cm™. The peak is enhanced by using a conductive material
comprising roughness features or particle size comparable to that of the Raman laser
wavelength that supports a Surface Enhanced Raman Scattering (SERS) to show the IRE
peak.

L. Catalysts

In the present disclosure the terms such as hvdnine reaction, H catalysis, H catalvsis
reaction, catalysis when referring to hydrogen, the reaction of hydrogen to form hydrinos,
and hydrino formation reaction all refer {o the reaction such as that of Egs. (15-18))of a
catalyst defined by Eq. (14} with atomic H to form states of hydrogen having energy levels
given by Egs. (10} and (12). The corresponding terms such as hydrino reactants, hydring
reaction mixture, catalyst muxture, reactants for hydrino formation, reactants that produce or

form lower-energy state hydrogen or hydrinos are also used interchangeably when referring

38



WO 2017/127447 PCT/US2017/013972

io the reaction nuxture that performs the catalysis of H to H states or hydrino states having
energy levels given by Egs. (10) and (12).

The catalytic lower-energy hydrogen transitions of the present disclosure require a
catalyst that may be in the form of an endothermic chemical reaction of an integer # of the
potential energy of uncatalyzed atomic hydrogen, 272 ¢/, that accepts the energy from
atonic H to cause the transition. The endothermic catalyst reaction may be the tonization of
one or more electrons from a species such as an alom or ion e.g. m =3 for Li—> [i"" ) and
may further comprise the concerted reaction of a bond cleavage with ionization of one or
more electrons from one or more of the partners of the imtial bond (e.g. m =2 for
NaH —> Not** + H). He' fulfills the catalyst criterion—a chemical or physical process with
an enthalpy change equal to an integer multiple of 272 ¢ since it ionizes at 54 417 ¢}/,
which 1s 2272 e}/, An integer number of hydrogen atoms may also serve as the catalyst of

an imteger muiiiple of 27.2 ¢} enthalpy. catalvst is capable of accepting energy from atomic
7

hvdrogen in integer units of one ofabout 27.2eV £ 05eV and — 5 eV +05eV.

In an embodiment, the catalyst comprises an atom or ion M wherein the ionization of
¢ electrons from the atom or 1on M each to a continuum energy level is such that the sum of

ionization energies of the ¢ electrons is approximately one of m ©272 el and

=
I
7.

7 el” where m1s an integer.

pe
in an embodiment, the catalyst comprises a diatomic molecule MH wherein the
breakage of the M-H bond plus the ionization of ¢ electrons from the atom M each o a

contiruum energy fevel is such that the sum of the bond energy and ionization energies of the
27
¢ electrons is approximately one of #0272 ¢} and m ©

el where mis an integer.

In an embodiment, the catalyvst comprises atoms, 1ons, and/or molecules chosen from
molecules of AlH, AsH. BaH, BiH, CdH, CiH, CoH, GeH, inH, NaH, NbH, OH, RhH, RuH,
SH, SbH, SeH, 8if, SaH, StH, TIH. C,. N,, O,. C0,, NO . and NU, and atoms or ions of
Li, Be, K, Ca, T, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Kr, Rb, Sr, Nb, Mo, Pd, Sn, Te, Cs,
Ce, Pr, Sm, Gd, Dy, Pb, Pt, Kr, 2K', He'. 7i"', Na'. Rb'. Sr', Fe''. Mp™. Mo*', .
He', Ar', Xe', Ar*" and H', and Ne' and H '

In other embodiments, MH type hydrogen catalysis to produce hydrinos provided by
the transfer of an electron to an accepior A, the breakage of the M-H bond plus the ionization
of 1 electrons from the atorn M each to a continuum energy level such that the sum of the
glectron transfer energy comprising the difference of electron affinity (EA) of MH and A, M-
H bond energy, and ionization energies of the 7 electrons from M is approximately
27 2 eV where m is animteger.  MH type hvdrogen catalysis capable of providing a net
enthalpy of reaction of approximately #>27.2 el” are OH', SiH, CoH’, NiH', and SeH’
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fn other embodiments, MH ' type hydrogen catalysts to produce hydrinos are provided
by the transfer of an electron from an donor A which may be negatively charged, the
breakage of the M-H bond, and the ionization of ¢ electrons from the atom M each toc a
continuum energy level such that the sum of the electron transfer energy compunising the
difference of ionization energies of MH and A, bond M-H energy, and ionization energies of
the 7 electrons from M is approximately m 272 ¢}” where m 15 an nteger.

In an embodiment, at least one of a molecule or positively or negatively charged
molecular ion serves as a catalyst that accepts abowt m27.2 eV from atomic H with a decrease
in the magnitude of the potential energy of the molecule or positively or negatively charged
molecular ton by about m27.2 V. Exemplary catalysts are HbO, OH, amide group NH,, and
Hy5.

(O, mav serve as a catalvst or a source of a catalyst. The bond energy of the oxygen
molecule 13 5.165 eV, and the first, second, and third ionization energies of an oxygen atom
are 13.61806 ¢}, 3511730 b7, and 549355 e}/, respectively. The reactions
O, =0+ o, O, = 0+( . and 20 —» 20" provide anet enthalpy of about 2. 4. and |
times /., respectively, and comprise catalyst reactions to form hydrino by accepting these

energies from H to cause the formation of hydrinos.

1. Hydrinos

[3.6¢el .
——— where p 15 an
( 1/ p)

\

A hydrogen atom having a binding energy given by £, =

mteger greater than 1, preferably from 2 to 137, 1s the product of the H catalysis reaction of
the present disclosure. The binding energy of an atom, ton, or molecule, also known as the
tonization energy, is the energy required to remove one electron from the atom, ion or
molecule. A hydrogen atom having the binding energy given in Egs. (10) and (12} 1s
hereafter referred to as a “hyvdrino atom™ or “hydrino.” The designation for a hydrino of
radius ﬁi’—.,where a,, 18 the radius of an ordinary hydrogen atom and p is an integer, is

J2

a . . . . . .
H | —=|. Ahydrogen atom with a radius @, is bereinafter referred to as “ordinary hydrogen

atom” or “normal hydrogen atom.” Ordinary atomic hvdrogen is characterized by s binding
energy of 13.6 eV,

According to the present disclosure, a hydrino hydride ion (H') having a binding
energy according to Eq. (19) that is greater than the binding of ordinary hydride ion (about
0.75 eVyfor p=2upto 23, and less for p=24 (H')is provided. For p=21to p=24 of

Eq. (19}, the hydrnide ion hinding energies are respectively 3, 6.6, 11.2, 167, 228,293, 36.1,
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42.8.494,555,61.0,65.6,69.2.71.6, 724, 71.6, 68.8. 64.0, 56.8,47.1, 34.7. 19.3. and 0.69
eV. Exemplary compositions comprising the novel hydride ion are also provided herein.

Exemplary compounds are also provided comprising one or more hydring hydride
tons and one or more other elemenis. Such a compound is referred to as a “hvdrino hydnide
compound.”

Ordinary hydrogen species are characterized by the following binding energies {a}
hydride ion, 0.754 ¢V (“ordinary hydride ion™): (b} hydrogen atom (“ordinary hvdrogen
atom™}), 13.6 eV, {c) diatomic hydrogen molecule, 15.3 eV (“ordinary hydrogen molecule™);
(d) hydrogen molecular ion, 16.3 eV (“ordinary hydrogen molecular ion™); and (e} & ; 22.6
eV (“ordinary trihydrogen molecular ion™). Herein, with reference to forms of hydrogen,
“normal” and “ordinary” are synonymous.

According to a further embodiment of the present disclosure, a compound is provided

comprising at least one increased binding energy hvdrogen species such as (a) a hyvdrogen

. o 13.6 el o

atom having a binding energy of about ———, such as within arange of about 0.9 10 1.1
(1)
=‘\ P/J
, 13.6 el & . . . e A o
times ———— where p is an integer from 2 to 137, (b} a hydride ion ( /) having a binding
(1Y)
. p/i

energy of about

i Bas(s+1 mueh( 1 2
Binding Energy = \/ (s+1) — Ho e e ~ |, such as

i a m a PR S
1#s{s+1) | g H O e ys(s+1
8 #éag ,,,,,,,, yf ,,,,{,,,,,,,,,,,),, i a;i ,,,,,,,,Bii,,,,(,,,,,,,,,,},

within a range of abowt (.9 to 1.1 {imes

] W as(s+1 B 1 2? ,
Binding Energy = \/ s+ = at 5 B — ~ | where p is an

/ i m a i, i ) -
1es{s+1) | g " P4 gefs+1
8 #eag ,,,,,,,, 3{ ,,,,{,,,,,,,,,,,),, i a{?i ,,,,,,,,Bii,,,,(,,,,,,,,,,},

;

mieger from 2 t0 24; (¢) H:( 1/ p}; {d} a trihydrino molecular ion, A <1 p), having a

ELTEN

binding energy of about —— ¢/” such as within a range of about 0.9 10 1.1 times
{1

9

— ¢/ where p is an integer from 2 to 137; (e} a dihydrino having a binding energy of
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A

A .

about eV such as within a range of about 0.9 to 1.1 times —— ¢/ where pis an

2

integer from 2 to 137, () a dihvdrino molecular ion with a binding energy of about

16.3 L , 163 . ,
— €V such as within a range of about 0.9 to 1.1 times P el where p is an integer,
(1Y) (1Y
p) \ P/J

preferably an integer from 2 o 137
According to a further embodiment of the present disclosure, a compound is provided
comprising at least one increased binding energy hyvdrogen species such as {(a) a dihydrino

molecular ion having a total energy of about

Ane,(2a #)
ez' V I3
(4ln3~1~213) 1”;\v e

& , 2
ET :-—-p P, ﬁ;eﬂaii i 1 mec 1
f pe  pe
{ 43 I 3
i 2a, 3
4me, | <Ay | 87, “H
_ihv VP \ P
2 7

jj 2¢°
{ N3
h%j‘fmgo'\hy,ﬁ
2 m
G (4l3-1-2l3)| 1+ p c
E =—p* 8re a, ] me 1
r 3 5 where p is an integer, % i3
f pe pe
i \a / 43
2 3a,
j 4ne, “n Sﬂsag———gﬁfg
1 P .7
2 ] )

= - p?16.13392 eV — p*0.118755 ¥
Planck's constant bar, # is the mass of the electron, ¢ is the speed of light in vacuum, and

/7 1s the reduced nuclear mass, and (b} a dihvdrino molecule having a total energy of about
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2

~p*31.351 eV ~ p°0.326469 eV

such as within a range of about 0.9 to 1.1 times

PCT/US2017/013972

f f ,,,,,,, ¢
4ne @
[ 25 ot
2 = N m
[P ) M-S S K B
87g a, 2 mgc
E =—p°s ;
r=op pe where p is an
-3
) d Bag
— ;—j\ v
2 H

=—p"31.351 eV — p°0.326469 ¢V
integer and ¢ 1s the Bohr radius.

According to one embodiment of the present disclosure wherein the compound
comprises a negatively charged increased binding energy hydrogen species, the compound
{urther comprises one or more cations, such as a proton, ordinary A, or ordinary ’

A method 1s provided herein for preparing compounds comprising at least one
hydrino hydnide ion. Such compounds are heremafier referred to as “hydrino hydride
compounds.” The method comprises reacting atomic hydrogen with a catalvst having a net

enthalpy of reaction of about 5 X27T eV, where m 15 an integer greater than 1, preferably an

mteger less than 400, to produce an increased binding energy hydrogen atom having a

13.6 eV

binding energy of about ———— where p is an integer, preferably an integer from 2 to 137.
3

A further product of the catalysis is energy. The increased binding energy hydrogen atom
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can be reacted with an electron source, to produce an increased binding energy hvdrnide ion.
The ncreased binding energy hyvdride ton can be reacted with one or more cations to produce
a compound comprising at least one increased binding energy hydride ion.

The novel hydrogen compositions of matter can comprise:

{a} at least one neutral, positive, or negative hvdrogen species (hereinafter “increased
binding energy hydrogen species™) having a binding energy

(1) greater than the binding energy of the corresponding ordinary hydrogen species, or

(i1} greater than the binding energy of any hvdrogen species for which the
corresponding ordinary hydrogen species 1s unstable or 1s not observed because the ordinary
hvdrogen species' binding energy is less than thermal energies at ambient conditions
(standard temperature and pressure, STP), or is negative; and

(b) at least one other element. The compounds of the present disclosure are
hereinafier referred to as “mcreased binding energy hyvdrogen compounds.”

By “other element™ in this context is meant an element other than an increased
binding energy hyvdrogen species. Thus, the other element can be an ordinary hydrogen
species, or any element other than hydrogen. In one group of compounds, the other element
and the increased binding energy hvdrogen species are neutral. In another group of
compounds, the other element and increased binding energy hydrogen species are charged
such that the other element provides the balancing charge to form a neutral compound. The
former group of compounds is characterized by molecular and coordinate bondimg; the latter
group 1s characterized by ionic bonding.

Also provided are novel compounds and molecular ions comprising

{(a} at least one neutral, positive, or negative hydrogen species (hereinafter “increased
binding energy hydrogen species”) having a total energy

(1) greater than the total energy of the corresponding ordinary hydrogen species, or

(i1} greater than the total energy of any hvdrogen species for which the corresponding
ordinary hydrogen species is unstable or is not observed because the ordinary hydrogen
species’ total energy is less than thermal energies at ambient conditions, or is negative; and

{b) at least one other element.

The {otal energy of the hvdrogen species is the sum of the energies to remove all of
the electrons from the hydrogen species. The hvdrogen species according to the present
disclosure has a {otal energy greater than the total energy of the corresponding ordinary
hvdrogen species. The hydrogen species having an increased total energy according to the
present disclosure 15 also referred 10 as an “mcreased hinding energy hydrogen species”™ even
though some embodiments of the hydrogen species having an increased (otal energy may
have a first electron binding energy less that the first electron binding energy of the
corresponding ordinary hydrogen species. For example, the hydride ton of Eq. (19} for
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p =24 has a first binding energy that is less than the first binding energy of ordinary hydride
ion, while the total energy of the hydride ion of Eq. (19) for p =24 is much greater than the
total energy of the corresponding ordinary hydride ion.

Also provided herein are novel compounds and mwolecular ions comprising

{a} a plorality of neutral, positive, or negative hydrogen species (hereinafter
“increased binding energy hvdrogen species”™) having a binding energy

(1) greater than the binding energy of the corresponding ordinary hydrogen species, or

(i1} greater than the binding energy of any hvdrogen species for which the
corresponding ordinary hydrogen species 1s unstable or 1s not observed because the ordinary
hvdrogen species' binding energy is less than thermal energies at ambient conditions or is
negative, and

(b) optionally one other element. The compounds of the present disclosure are
hereinafier referred to as “mcreased binding energy hyvdrogen compounds.”

The increased binding energy hydrogen species can be formed by reacting one or
more hyvdrino atoms with one or more of an electron, hydrino atom, a compound containing
ai least one of said increased binding energy hydrogen species, and at feast one other atom,
molecule, or ion other than an increased binding energy hyvdrogen species.

Also provided are novel compounds and molecular ions compnising

(a} a plurality of nautral, positive, or negative hydrogen species (hereinafier
“increased binding energy hydrogen species”™) having a total energy

{1) greater than the total energy of ordinary molecular hvdrogen, or

{11} greater than the total energy of any hvdrogen species for which the corresponding
ordinary hvdrogen species is unstable or is not observed because the ordinary hvdrogen
species’ total energy is less than thermal energies at ambient conditions or is negative: and

{b} optionally one other element. The compounds of the present disclosure are
heremafier referred to as “mcreased binding energy hyvdrogen compounds.”

in an embodiment, a compound is provided comprising at least one increased binding
energy hydrogen species chosen from (a) hvdride ion having a binding energy according to
Eq. (19} that 15 greater than the binding of ordinary hydride ion {(abowt 0.8 eVifor p=2 up
to 23, and less for p = 24 (“increased binding energy hydride ion” or “hydrino hydnde
ton”); (b) hvdrogen atom having a binding energy greater than the binding energy of ordinary
hvdrogen atom (about 13.6 ¢V) (Mincreased binding energy hydrogen atom” or “hyvdrino™);
{(¢) hvdrogen molecile having a first binding energy greater than about 15.3 eV (“increased
binding energyv hydrogen molecule” or “dihiydrine™); and (d) molecular hydrogen ion having
a binding energy greater than about 16.3 eV (“increased binding energy molecular hydrogen
ton” or “dihvdrino molecular ion™). In the disclosure, increased binding energy hydrogen

species and compounds 1s also referred to as lower-energy hvdrogen species and coropounds.
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Hydrinos comprise an increased binding energy hydrogen species or equivalently a lower-

energy hydrogen species.

11 Chemical Reactor

The present disclosure is also directed 1o other reactors for producing increased
binding energy hydrogen species and compounds of the present disclosure, such as dihydiino
moltecules and hydrino hydride compounds. Further products of the catalysis are power and
optionally plasma and light depending on the cell type. Such a reactor 1s hereinafter referred
to as a “hvdrogen reactor” or “hydrogen cell.” The hvdrogen reactor comprises a cell for
making hyvdrinos. The cell for making hvdrinos may take the {form of a chemical reactor or
gas fuel cell such as a gas discharge cell, a plasma torch cell, or microwave power cell, and
an electrochemical cell. In an embodiment, the catalvst is HOH and the source of at least one
of the HOH and H 1s ice. Tn an embodiment, the cell comprises an are discharge cell and that
comprises ice at least one electrode such that the discharge involves at least a portion of the
ice.

In an embodiment, the arc discharge cell comprises a vessel, two electrodes, a high
voltage power source such as one capable of a voliage in the range of about 100V 10 1 MV
and a current in the range of about 1 A to 100 kA, and a source of water such as a reservoir
and a means to form and supply HyO droplets. The droplets may travel between the
electrodes. In an ernbodiment, the droplets inifiate the ignition of the arc plasma. In an
embodiment, the water arc plasma comprises H and HOH that mayv react to form hydrinos.
The ignition rate and the corresponding power rate may be controlied by controlling the size
of the droplets and the rate at which thev are supplied to the electrodes. The source of high
voltage may comprise at least one high voltage capacitor that may be charged by a high
voltage power source. In an embodiment, the arc discharge cell further comprises a means
such as a power converter such as one of the present invention such as at least one of a PV
converter and a heat engine to convert the power from the hydrino process such as light and
heat to electricity.

Exemplary embodiments of the cell for malang hydrinos may take the form of a
hiquid-fuel cell, a solid-fuel cell, a heterogeneous-fuel cell, a CIHT cell, and an SF-CIHT cell.
Each of these cells comprises: (1} a source of atomic hydrogen; (i1} at least one catalvst
chosen from a solid catalvst, a molien catalysi, a liquid catalvst, a gaseous catalyst, or
mixiures thereof for making hydrinos; and (ii1) a vessel for reacting hvdrogen and the catalyst
for making hydrinos. As used herein and as contemiplated by the present disclosure, the term
“hydrogen,” unless specified otherwise, includes not only proteum ("4 ), but also deuterium (
?H Y and trittum (/). Exemplary chemical reaction mixtures and reactors may comprise
SF-CIHT, CIHT, or thermal cell embodirents of the present disclosure. Additional
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exemplary embodiments are given i this Chenucal Reactor section. Examples of reaction
mixtures having HoO as catalyst formed duning the reaction of the mixture are given in the
present disclosure. Other catalysts may serve to form increased hinding energy hydrogen
species and compounds. The reactions and conditions may be adjusted from these exemplary
cases in the parameters such as the reactants, reactant wi%’s, H, pressure, and reaction
temperature. Suitable reactants, conditions, and parameter ranges are those of the present
disclosure. Hydrinos and molecular hydrino are shown (o be products of the reactors of the
present disclosure by predicted continuum radiation bands of an integer times 13.6 eV,
otherwise unexplainable extraordinarily high H kinetic energies measured by Doppler line
broadening of H lines, inversion of H lines, formation of plasma without a breakdown fields,
and anomalously plasma afterglow duration as reported in Mills Prior Publications. The data
such as that regarding the CTHT cell and solid fuels has been validated independently, off site
by other researchers. The formation of hydrinos by cells of the present disclosure was also
confirmed by electrical energies that were continuously outpwt over long-duration, that were
multiples of the electrical input that in most cases exceed the input by a factor of greater than
10 with no alternative source. The predicted molecular hydrino H.{1/4) was identified as a
product of CIHT cells and solid fuels by MAS H NMR that showed a predicted upfield
shifted matris peak of about -4.4 ppm, ToF-SIMS and ESI-ToFMS that showed H,(1/4)
complexed to a getter matrix as nv/e = M + n2 peaks wherein M 1s the mass of a parent ton
and v 1s an integer, electron-beam excitation emission speciroscopy and photoluminescence
emission spectroscopy that showed the predicted rotational and vibration spectrum of Hx{(1/4)
having 16 or quantum number p = 4 squared times the energies of H,, Raman and FTIR
spectroscopy that showed the rotational enerey of Ha(1/4) of 1950 cm™, being 16 or quantum
number p = 4 squared times the rotational energy of Hi, XPS that showed the predicted total
binding energy of Ha(1/4) of 500 eV, and a ToF-SIMS peak with an arrival time before the
m/e=1 peak that corresponded to H with a kinetic energy of about 204 ¢V that matched the
predicied energy release for H to H(1/4} with the energy {ransferred to a third body H as
reported in Mills Prior Publications and in R, Mills X ¥Yu. Y. Lu, G Chu, J. He, J. Lotoski,
“Catalyst lnduced Hydrino Transition (CIHT) Electrochemical Cell”, International Journal of
Energy Research, {2013) and R. Mills, J. Lotoski, J. Kong, G Chu, J. He, §. Trevey, “High-
Power-Density Catalyst Induced Hydring Transition (CIHT) Elecirochemical Cell” (2014)
which are herein incorporated by reference i their entirety.

Using both a water flow calorimeter and a Setaram DSC 131 differential scanning
calorimeter (DSC), the formation of hvdrinos by cells of the present disclosure such as ones
comprising a solid fuel to generate thermal power was confirmed by the observation of
thermal energy from hydrino-forming solid fuels that exceed the maximum theoretical energy
by a factor of 60 times. The MAS H NMR showed a predicted Hy(1/4) upfield matoix shift of
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about -4.4 ppm. A Raman peak starting at 1950 cm™ matched the free space rotational
energy of Hx{1/4) (0.2414 V). These results are reporied in Mills Prior Publications and in
R. Mills, J. Lotoski, W. Good, J. He, “Solid Fuels that Form HOH Catalyst”, (2014} which is

heremn incorporated by reference in its entirety.

V. Solid Fuel Catalvst Induced Hydrnno Transiion (SE-CIHT Cell and Power

Converter

in an embodiment, a power system that generates at least one of direct electrical
energy and thermal energy comprises at least one vessel, reactants comprising: (a) at least
one source of catalyst or a catalyst comprising nascent HO; (b) at least one source of atomic
hvdrogen or atomic hydrogen; and (¢} at least one of a conductor and a conductive matrix,
and at east one set of electrodes to confine the hyvdrino reactants, a source of electrical power
io deliver a short burst of high-current electrical energy, a reloading system, at least one
system to regenerate the initial reactants from the reaction products, and at least one direct
converter such as at least one of a plasma to electricity converter such as PDC, a photovoltaic
converter, and at ieast one thermal o electric power converter. In a further embodiment, the
veassel 15 capable of a prassure of at least one of atmospheric, above atmospheric, and below
aimospheric. In an embodiment, the regeneration system can comprise at least one of a
hydration, thermal, chemical, and electrochemical svstem. In another embodiment, the at
least one direct plasma to electricity converter can comprise at least one of the group of
plasmadynamic power converter, E x B direct converter, magnetchydrodynamic power
converter, magnetic mirror magnetohydrodynamic power converter, charge drift converter,
Post or Venetian Blind power converter, gyrotron, photon bunching raicrowave power
converter, and photoelectric converter. In a further embodiment, the at least one thermal to
electricity converter can comprise at least one of the group of a heat engine, a steam engine, a
stearn turbine and generator, a gas turbine and generator, a Rankine- cycle engine, a Brayton-
cycie engine, a Stirling engine, a therniionic power converter, and a thermoeleciric power
converter. The converter may be one given in Mills Prior Publications and Mills Prior
Applications. The hydrino reactants such as H sources and HOH sources and SunCell
systems may comprse those of the present disclosure or in prior US Patent Applications such
as Hvdrogen Catalyst Reactor, PCT/US08/61455, filed PCT 4/24/2008; Heterogeneous
Hydrogen Catalyst Reactor, PCT/US09/052072, filed PCT 7/29/2009; Heterogeneous
Hydrogen Catalyst Power System, PCT/US10/27828, PCT filed 3/18/2010; Electrochemical
Hydrogen Catalyst Power Svstem, PCT/UST1/28889, filed PCT 3/17/2011; H,0-Based
Electrochemical Hydrogen-Catalvst Power System, PCT/US12/31369 filed 3/30/2012; CIHT
Power System, PCT/US13/041938 filed 5/21/13; Power Generation Systems and Methods
Regarding Same, PCT/IB2014/058177 filed PCT 1/10/2014; Photovoltaic Power Generation
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Systerns and Methods Regarding Same, PCT/US14/32584 filed PCT 4/1/2014; Electrical
Power Generation Systems and Methods Regarding Same, PCT/US2015/033165 filed PCT
3/29/2015; Ultraviolet Elecirical Generation System Methods Regarding Same,
PCT/US2015/065826 filed PCT 12/15/2015, and Thermophotovoltaic Flecirical Power
Generator, PCT/US16/12620 filed PCT 1/8/2016 (“Mills Prior Applications™} herein
mcorporated by reference in their entirety.

In an embodiment, H,O 1s 1gnited to form hydrinos with a high release of energy in
the form of at feast one of thermal, plasma, and electromagnetic (light} power. (“lgnition™ in
the present disclosure denotes a very high reaction rate of H to hydrinos that may be manifest
as a burst, pulse or other form of lugh power release.} HoO may comprise the fuel that may
be 1ignited with the application a high current such as one in the range of about 2000 A to
100,000 A. This may be achieved by the application of a high voltage such as about 5,000 fo
100,000 V to first form highly conducive plasma such as an arc. Alternatively, a lugh cusrent
may be passed through a compound or mixture comprising H»(O wherein the conductivity of
the resulting fuel such as a solid fuel is high. (In the present disclosure a solid fuel is used to
denote a reaction mixture that forms a catalvst such as HOH and H that further reacts to form
hvdrinos. However, the reaction mixiure may comprise other physical states than solid. In
ernbodiments, the reaction mixture mayv be at least one state of gaseous, hiquid, molten matrix
such as molten conductive matrix such a molten metal such as at least one of molten silver,
sitver-copper alloy, and copper, solid, sturry, sol gel, solution, maxiure, gaseous suspension,
prneamaiic flow, and other states known to those skilled i the arl.) In an embodiment, the
solid fuel having a very low resistance comprises a reaction mixture comprising H,0. The
fow resistance may be due to a conductor component of the reaction mixture. In
ernbodiments, the resistance of the solid fuel is at least one of in the range of about 10” ohm
to 100 ohms, 10™ ohm to 10 ohms, 107 ohmto 1 ohm, 107 ohm to 107 ohm, and 107 ohm to
107 ohm. In another embodiment, the fuel having a high resistance comprises HyO
comprising a trace or minor mole percentage of an added compound or material. In the latter
case, high current may be flowed through the fuel to achieve ignition by causing breakdown
io form a highly conducting state such as an arc or arc plasma.

in an embodiment, the reactants can comprise a source of H,G and a conductive
matrix to form at feast one of the source of catalvst, the catalvst, the source of atomic
hvdrogen, and the atomic hydrogen. In a further embodiment, the reactanis comprising a
source of H,(3 can comprise at least one of bulk H,O, a state other than bulk H;0, a
compound or compounds that undergo at least one of react to form H»O and release bound
H,0. Additionally, the bound H>O can comprise a compound that interacts with H;O
wherein the H»( is in g state of at least one of absorbed HoO, bound H,0, physisorbed H,O,

and waters of hydration. Tn embodiments, the reactants can comprise a conductor and one or
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more compounds or materials that undergo at least one of release of bulk H,O, absorbed H,0,
bound H, O, physisorbed HyO, and waters of hydration, and have H,O as a reaction product.
In other embodiments, the at least one of the source of nascent H,O catalyst and the source of
atornic hydrogen can comprise at least one of: (a) at least one source of H,O; (b) at least one
source of oxvgen, and (¢} at least one source of hydrogen.

In an embodiment, the hydrino reaction rate is dependent on the application or
development of a high current. In an embodiment of an SF-CIHT cell, the reactants to form
hydrinos are subject {0 a low voltage, high current, high power pulse that causes a very rapid
reaction rate and energy release. In an exemplary embodiment, a 60 Hz voltage is less than
15 V peak, the current ranges from 10,000 A/cm” and 50,000 A/cm” peak, and the power
ranges from 150,000 W/em?” and 750,000 W/em®. Other frequencies, voliages, currents, and
powers in ranges of about 1/100 times to 100 times these parameters are suitable. In an
embodiment, the hydrino reaction rate is dependent on the apphication or development of a
high current. In an embodiment, the voltage is selected to cause a high AC, DC, or an AC-
DC maxture of current that s in the range of at least one of 100 A 10 1,000,000 A, 1 kA 1o
100,000 A, 10 kA to 30 kA. The DC or peak AC current density may be in the range of at
feast one of 100 A/em’ to 1,000,000 A/em?, 1000 A/em” to 100,000 A/ent’, and 2000 A/em’
t0 50,000 A/cm’. The DC or peak AC voltage may be in at Jeast one range chosen from
about 01 Vio 1000V, 0.1 Viol00V, 01 Vic 15V, and 1 Vio 15V, The AC frequency
may be in the range of about 0.1 Hz to 10 GHz, 1 Hzto 1 MHz, 10 Hz to 100 kHz, and 100
Hz o 10 kHz The pulse time may be in at least one range chosen from about 10%s 10 105,
10751015, 10" s10 015, and 107 510 0.01 s.

In an embodiment, the transter of energy from atomic hydrogen catalvzed to a
hydrino state results m the tonization of the catalyst. The dlectrons ionized from the catalyst
may accumulate in the reaction mixture and vessel and result in space charge build up. The
space charge may change the energy levels for subseguent energy transfer from the atomic
hvdrogen to the catalyst with a reduction in reaction rate. In an embodiment, the application
of the high current removes the space charge to cause an increase in hydrino reaction rate. In
another ernbodiment, the high current such as an arc current causes the reactant such as water
that may serve as a sowrce of H and HOH catalvst to be extremely elevated in temperature.
The high temperature may give 1ise to the thermolysis of the water to at least one of H and
HOH catalyst. In an embodiment, the reaction mixiure of the SF-CIHT cell comprises a
source of H and a source of catalyst such as at least one of 12ff (n is an integer) and HOH.
The at least one of nff and HOH may be formed by the thermolysis or thermal
decomposition of at least one physical phase of water such as at least one of solid, hqued, and
gaseous water. The thermolysis may occur at high temperature such as a temperature in at
teast one range of about 500K to 10,000K, 1000K to 7000K, and 1000K to 5000K. In an
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exemplary embodument, the reaction termperature is about 3500 to 4000K such that the mole
fraction of atomic H is hugh as shown by 1. Lede, F. Lapicque, and J Villermaux [J. Lédé, F.
Lapicque, J. Villermaux, “Production of hydrogen by direct thermal decomposition of water”,
International Journal of Hydrogen Energy, 1983, V&, 1983, pp. 675-679: H. H. G. Jellinek,
H. Kachi, “The catalytic thermal decomposition of water and the production of hvdrogen™,
International Journal of Hydrogen Energy, 1984, V9, pp. 677688, 8. 7. Baykara, “Hydrogen
production by direct solar thermal decomposition of water, possibilities for improvement of
process efficiency”, International Journal of Hydrogen Energy, 2004, V29, pp. 1451-1438; §.
Z. Bavkara, “Experimental solar water thermolysis”, International Journal of Hydrogen
Energy, 2004, V29, pp. 1459-1469 which are herein incorporated by reference]. The
thermolysis may be assisted by a solid surface such as that of at least one of the nozzle 5q,
the injector 521, and the electrodes 8 of FIGURES 2110-2143. The sohid surface may be
heated {0 an elevaled temperature by the input power and by the plasma maintained by the
hydrino reaction. The thermolysis gases such as those down stream of the ignition region
may be cooled to prevent recombination or the back reaction of the products into the starting
water. The reaction mixiure may comprise a cooling agent such as at least one of a solid,
hiquid, or gaseous phase that is at a lower temperature than the temperature of the product
gases. The cooling of the thermolysis reaction product gases may be achieved by contacting
the products with the cooling agent. The cooling agent may comprise at least one of lower
temperature steam, water, and ice.
In an embodiment, the SF-CIHT generator comprises a power system thal generates at
least one of efectrical energy and thermal energy comprising;
at least one vessel;
shol comprising reactants, the reactants comprising:
a) at least one source of catalyst or a catalyst comprising nascent H20;
b} at least one source of H20 or H20;
¢} at least one source of atomic hydrogen or atomic hydrogen; and
d) at least one of a conducior and a conductive matiix;
at least one shot injection system;
at least one shot igmition system to cause the shot to form at least one of light-emitting
plasma and thermal-emitting plasma;
a system to recover reaciion products of the reactants;
at least one regeneration svstem o regenerate additional reactants from the reaction
products and form additional shot,
wherein the additional reactants comprise:
a) at least one source of catalyst or a catalyst comprising nascent H20;
b} at least one source of H20 or H20;
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¢) atleast one source of atomic hydrogen or atomic hvdrogen; and
d) at least one of a conductor and a conductive mainx; and

at least one power converter or output system of at least one of the light and thermal
output to electrical power and/or thermal power such as at least one of the group of a
photovoltaic converter, a photoelectronic converter, a plasmadynamic converter, a thermionic
converter, a thermoelectric converter, a Sterling engine, a Brayvton cycle engine, a Rankine
cycle engine, and a heat engine, and a heater.

in an embodiment, the shot fuel may comprise at feast one of asource of H, Hy, a
source of catalyst, a source of H;0, and H,O. Suitable shot comprises a conductive metal
matrix and a hydrate such as at least one of an alkali hydrate, an alkaline earth hydrate, and a
transition metal hydrate. The hydrate may comprise at least one of MgCl; 6H, 0, Bal, 2H,(,
and ZoCl-4H,O. Alternatively, the shot may comprise at least one of silver, copper,
absorbed hydrogen, and water.

The ignition system may comprise:

a) at least one set of elecirodes to confine the shot; and

b) a source of electrical power to deliver a short burst of high-current electrical energy
wherein the short burst of high-current electrical energy is sufficient to cause the shot
reactants to react to form plasma. The source of electrical power may receive electrical
power from the power converter. In an embodiment, the shot ignition system comprises at
least one set of electrodes that are separated to form an open circuit, wherein the open circuit
is closed by the injection of the shot to cause the high current to flow to achieve ignition. In
an embodiment, the ignition system comprises a switch to at least one of initiate the current
and imterrupt the current once ignition i1s achieved. The flow of current may be initiated by a
shot that completes the gap between the electrodes. The swiiching may be performed
electronically by means such as at least one of an insulated gate bipolar transistor (1GBT), a
siticon controlled rectifier (SCR), and at least one metal oxide semiconductor field effect
transistor (MOSFET). Alternatively, ignition may be switched mechanically. The current
may be interrupted following ignition in order to optimize the output hvdrino generated
energy relative to the input ignition energy. The ignition system may comprise a switch to
allow controliable amounts of energy to flow into the fuel to cause detonation and tum off the
power during the phase wherein plasma is generated. In an embodiment, the source of
electrical power to deliver a short burst of high-current electrical energy comprises at least
one of the following:

a voltage selected to cause ahigh AC, DC, or an AC-DC mixture of current

that is in the range of at least one of 100 A to 1,000,000 A, 1 kA 10 100,000 A, 10 kA t0 50
kA
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aDC or peak AC current density in the range of at least one of 100 A/em” to
1,000,000 A/em®, 1000 Alery” to 100,000 Alent’, and 2000 A/cm” 1o 50,000 Alem’;

wherein the voltage is determined by the conductivity of the solid fuel wherein the
voltage 15 given by the desired current times the resistance of the solid fuel sample:

the DC or peak AC voltage is in the range of at least one of 0.1 V10 500 kV, 0.1 Vo
100kV, and 1 V1o 30 kV, and

the AC frequency is in range of at least one of ¢.1 Hzto 10 GHz, 1 Hzto | MHz, 10
Hz to 100 kHz, and 100 Hz 1o 10 kHz

The output power of the SF-CIHT cell may comprise thermal and photovoltaic-
convertible light power. In an embodiment, the Light to electricity converler may comprise
one that exploits at least one of the photovoltaic effect, the thermionic effect, and the
photoelectron effect. The power converter may be a direct power converter that converts the
kinetic energy of high-kinetic-energy electrons into electricity. In an embodiment, the power
of the SF-CIHT cell may be at least partially in the form of thermal energy or may be at least
partially converted into thermal energy. The electricity power converter may comprise a
thermionic power converter. An exemplary thermionic cathode may comprise scandium-
doped tungsten. The cell may exploit the photon-enhanced thermionic emission (PETE)
wherein the photo-effect enhances electron emission by lifting the eleciron energy in a
semiconducior emitter across the bandgap into the conduction band from which the electrons
are thermally emvitted. In an embodiment, the SF-CIHT cell may comprise an absorber of
Light such as at least one of extreme ultraviolet (EUV), uliraviolet {(UUV), visible, and near
infrared light. The absorber may be outside if the cell. For example, it may be outside of the
window of the PV converter 26a. The absorber may hecome elevated in temperature as a
result of the absorption. The absorber lemperature may be in the range of about 500 °C (o
4000 °C. The heat may be input to a thermophotovoltaic or thermionic cell. Thermoelectric
and heat engines such as Stirling, Rankine, Brayton, and other heat engines known in the art
are within the scope of the disclosure.

At least one first light to electricity converter such as one that exploits af feast one of
the photovoltaic effect, the thermionic effect, and the photoelectron effect of a plurality of
converters may be selective for a first portion of the electromagnetic spectrum and
transparent to at least a second portion of the electromagnetic spectrum. The first portion
may be converied to electricity in the corresponding first converter, and the second portion
for which the firsi converter is non-selective may propagate to another, second converter that
1s selective for at least a portion of the propagated second portion of eleciromagnetic
spectrumn.

In embodiment, the SF-CIHT cell or generator also referred to as the SunCell® shown

in FIGURES 2110 to 2143 comprises six fundamental low-maintenance systems, some having
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no moving parts and capable of operating for long duration: () a start-up mductively coupled
heater comprising a power supply 5m, leads 5p, and antenna coils 5f and So to {irst melt
sitver or silver-copper alloy to comprise the molten metal or melt and optionally an electrode
electromagunetic pump comprising magoets 8¢ to nitially direct the ignition plasma stream:
(i1} a fuel injector such as one comprising a hydrogen supply such as a hydrogen permeation
supply through the blackbody radiator wherein the hydrogen may be derived from water by
electrolysis, and an injection system comprising an electromagnetic pump 5k to inject molten
sitver or molten silver-copper alloy and a source of oxyvgen such as an oxide such as LiVQs
or another oxide of the disclosure, and alternatively a gas injector 5z1 to inject at least one of
waler vapor and hydrogen gas; (111) an ignition system to produce a low-voltage, high current
flow across a pair of electrodes & into which the molten metal, hvdrogen, and oxide, or
molien metal and at least one of H,O and hvdrogen gases are injected to form a brilliant light-
emitting plasma; (v} a blackbody radiator heated to incandescent lemperaiure by the plasma;
(v} a light to electricity converter 26a comprising so-called concentrator photovoltaic cells 15
that recerve light from the blackbody radiator and operate at a high light intensity such as
over one thousand Suns; and (vi) a fuel recovery and a thermal management system 31 that
causes the molten metal to return to the injection system following ignition. In another,
ernbodiment, the light from the ignition plasma may directly 1rradiate the PV converter 26a to
be converted to eleciricity.

In an embodiment, the plasma emits a significant portion of the optical power and
energy as EUV and UV hight. The pressure may be reduced by maintaining a vacuum in the
reaction chamber, cell 1, to maintain the plasma at condition of being less optically thick to
decease the atteruation of the short wavelength light. In an embodiment, the light to
electricily converter comprises the photovoltaic converter of the disclosure comprising
photovoltaic (PV) cells that are responsive to a substantial wavelength region of the light
emtted from the cell such as that corresponding to at least 10% of the optical power output.
In an embodiment, the fuel may comprise silver shot having at least one of trapped hvdrogen
and trapped H,O. The light emission may comprise predominantly ultraviolet hight such as
fight in the wavelength region of about 120 nm to 300 nm. The PV cell may response to at
least a portion of the wavelength region of about 120 nm to 300 nm. The PV cell may
comprise a group Hi nitride such as at least one of InGaN, GaN, and AlGaN. Inan
embodiment, the PV cell comprises $1C. In an embodiment, the PV cell may comprise a
plurality of junctions. The junctions may be layered in series. In another embodiment, the
junctions are independent or electrically parallel. The independent junctions roay be
mechanically stacked or waler bonded. An exemplary multi-punction PV cell comprises at
least two junctions comprising n-p doped semiconductor such as a plurality from the group of

InGaN, GaN. and AlGaMN. The n dopant of GaN may comprise oxygen, and the p dopant
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may comprise Mg, An exemplary triple junction cell may coraprise InGaN//GaN//AlGaN
wherein // may refer to an isolating transparent wafer bond layer or mechamcal stacking. The
PV may be run at high light intensity equivalent to that of concentrator photovoltaic (CPV).
The substrate may be at least one of sapphire, S1, SiC, and GaN wherein the latter two
provide the beast lattice matching for CPV applications. Lavers may be deposited using
metalorganic vapor phase epitaxy {MOVPE) methods known in the art. The cells may be
cooled by cold plates such as those used i CPV or diode lasers such as commercial GaN
diode fasers. The grid contact may be mounted on the front and back surfaces of the cell as
in the case of CPV cells. In an embodiment, the PV converter may have a protective window
that is substantially transparent to the light to which it is responsive. The window may be at
feast 10% transparent to the responsive light. The window may be transparent to UV light.
The window may comprise a coating such as a UV transparent coating on the PV cells. The
coating may comprise may comprise the material of UV windows of the disclosure such as a
sapphire or MgF, window. Other suitable windows comprise LiF and CaF,. The coating
may be applied by deposition such as vapor deposition.

The celis of the PV converter 26a may compiise a photonic design that forees the
ernitter and cell single modes to cross resonantly couple and impedance-match just above the
sermiconducior bandgap, creating there a “squeered” narrowband near-field emussion
spectrum. Specifically, exemplary PV cells may comprise swrface-plasmon-polariton thermal
erutiers and silver-backed senuvconductor-thin-film photovoliaie celis,

In an embodiment, of the generator comprising at least one of an electromagnetic
pump and an electrode electromagnetic pump to pump injected molten metal referred to
herein as shot, melt, or molten metal, the shot experiences s Lorenir force direcied
perpendicularly to the magnetic field and to the divection of the carrent Howing across the
armafure comprising the shot. The Lorentz force /7 that 15 parallel 1o the rails is given by

F=7il18 {32}
where 7 is the current, /. 18 the path fength of the current through the shot or peliet batween
the rails, and B is the magnetic thux. Exemplary shot comprises molten silver spheres or
droplets having entrapped gases such as at least one of H, and FL,0.

The second vessel S¢ may comprise at least one manifold that supplies at least one of
H» and gaseous H,O to the melt such as hvdrogen manifold and input lines 5w and steam
manifold and input lines 5x as the melt flows towards anozzle 5q at the end of the pipe-like
second vessel 5S¢ directed at the mjection site. In an embodiment, the H; and H,O injection
systern comprises gas lines, manifolds, pressure gauges, regulators, flow meters, and injectors
and may further comprise a Hy-stearm mixer and regulator in case that both gas are injected
with a conunon manifold. In an embodiment, liquid water may be injected into the melt.

The injection may be achieved by at least one of a purnp such as a peristaltic pump and

55



WO 2017/127447 PCT/US2017/013972

gravity feed. In an embodiruent, the metal of the fuel may comprise a copper-silver alloy. Ho
gas injected into the melt through hyvdrogen manifold and mput lines Sw may be used to

educe any oxide of the allov such as Cu( formed during the operation of the cell.
Additionally, oxide of the alloy may be reduced in situ in the cell by addition of hydrogen gas
that may be intermittent. Oxide of the alloy mav also be reduced by hydrogen treatment
outside of the cell.

The pelletizer Sa may be heated with at teast one heater such as at least one
imnductively coupled heater. In an embodiment, the inductively couple heater may comprise
and inductively coupled heater power supply Sm. The pelletizer 5a may be heated with a first
mductively coupled heater coil 5t that may extend along the first vessel Sb from its inlet to
the inlet of the electromagnetic pump 5k. The first inductively couple heater comprising coil
5f may be circurnterential to the first vessel 5b having crucible 5d and insulation 5e. The
heater may further comprise a second inductively coupled heater cotl 5o that may extend
along the second vessel 5S¢ from the outlet of the electromagnetic pump 5k to the nozzie 5q of
the second vessel 5¢. The second inductively couple heater comprising cotl 50 may be
circumferential {0 the second vessel 5¢ having crucible 3d and insulation 5e. The
corresponding first and second heating coils define a first and second heating section or zone,
The first section may be heated {0 a temperature that 13 at least above the melting point of
sitver (962 °C) to form the melt that 1s pumped. The vessel and coil may comprise a high @
cavity turther comprising the recovered product melt. In an embodiment, a gas such as at
teast one of H,O and H; may be injected to increase the resistivity of the melt to improve the
coupling of the radiation from the inductively coupled heater with the melt. The second
section may be superheated relative to the first. The temperature of the melt in the second
section may be maintained in at least one range of about 965 °C to 3000 °C, 965 °C 1o 2000
°C, and 965 °C 10 1300 °C. An optical pyrometer, thermistor, or thermocouple may be used
to monitor the temperature of the melt. n an embodiment, power dissipated in the pump 5k
due to mechanisms such as resistive heating may contribute to heating the melt. The
superheating may increase the absorption of at least one treatment gas such as at least one of
H; and steam in the melt.

In an embodiment, the pelletizer may comprise a plurality of heaters such as
mductively coupled heaters each comprising an antenna such as a coil antenna and an
mductively coupled heater power supply Sm to supply electromagnetic power 1o healer coils
5f and So through inductively coupled heater leads 5p. The inductively coupled heater power
supply 5m may comprise a shared power supply to the plurality of antennas wherein the
power {0 each antenna may be adjusied by a circuit such as a matching or tuning circuit. In
another embodiment, each antenna may be driven by its independent power supply. Inthe

case, of shared or separate power supplies, each heater may further comprise a controller of
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the power delivered by each coil. In another embodiment, the inductively coupled heater
comprises one antenna driven by one power supply wherein the antenna is designed to
selectively deliver a desired proportion of the power to each of the first heating section and
second heating section. The heating power may be divided between the two sections
according partition means such as fixed differences in (1) antenna gain achieved by different
numbers coil turns for example, (i1) variable, controllable antenna gain, (i1t} swiiches, and
{(iv) maitching or tuning networks. The two cotl sections may be connected by additional
inductively coupled heater leads 5p between the sections that may bridge the electromagnetic
pump 5k. The leads may be designed to transnut rather than dissipate power such that the
heating power ts selectively delivered and dissipated inio the fuel melt by the coils 5f and 0.

The sections heated by inductively coupled heaters may each comprise a crucible
comprising material transparent to the radiation such as RF radiation of the inductively
coupled heater. Exemplary materials are sihicon dioxide such as quartz or silica, zirconia, and
sapphire, alumina, MgF,, silicon nitride, and graphite. Each crucible may be insulated with
high ternperature insulation Se that is also transparent fo the radiation of the inductively
coupled heater. The portion of the second vessel 5c¢ that is in contact with the
electromagnetic pump 5k may comprise a conductor and a magnetic-field-permeable material
such that the applied current and magnetic field of the pump 5k may pass through the melt.
The RF transparent sections may be connected to the conductive and magnetic-field-
permeable section by joints such as ones comprising a flange and a gasket. The joint may
comprise a clamp such as a C~clamp, clamshell type, bolted fittings, or tightened wires. The
joints may operate at high temperatire and may be stable to molten fuel. An exemplary
gasket is a graphite gasket. Alternatively, the gaskets may comprise a wet seal type cormnmon
i motten fuel cells wherein the fuel is iquid in the vessel and 1s solid at the perimeter of the
joints or unions of the vessel with the pump wherein the temperature is below the melting
point. The umon may comprise at least one of the penetration for the pipe bubbler and the
valve.

in the case that the pumyp is of a type suitable for a common crucible and tube material
and the pump tube, the pump tube through the electromagnetic pump 5k may comprise a
material that is transparent to the radiation of the mductively coupled heater. The material of
the pump tube may be the same material as that of at least one of the first vessel and the
second vessel. The joint may comprise a ceramic-to-ceramic joint wherein ceramic
comprises a maierial that is transparent 1o the radiation of the inductively coupled heater such
as at least one of silica, quartz, alumina, sapphire, zirconia, MgF,, and silicon nitride.
Alternatively, in the case that the pump 15 of a tvpe suitable for a common crucible and tube
material and the pump tube comprises the common or the same material as at least one of the

vessels, the joint may be eliminated such that there is continuity of the vessel through the
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pump. An exemplary matenial of at least one of the vessels and the pump tube of an
exemplary induction-type or mechanical pump s silicon nitride. In another embodiment, at
least one component from the group of the first vassel, the second vessel, the manifold
section of the second vessel, and the pump tube may be comprise a material that absorbs the
radiation of the inductivelv coupled heater such as a metal or graphiie such that the fuel metal
contained in the component is heated indirectly. The heater may heat the component, and
heat transfer from the heated cormnponent may secondarily heat the fuel metal inside of the
component.

in a specific exemplary embodiment, the first vessel 5b comprises an RF transparent
material such as quartz. The qguartz section of the first vessel 1s connected to a metal etbow
such as a high-temperature stainless steel (88) elbow that connects to a metal pipe tube such
as a high~temperature stainless steel {SS) pipe tube of the electromagnetic pump 5k. The
tube connects to the second vessel Sc that comprises a metal elbow such as a high-
temperature stainfess steel (S8} elbow that further connects to an R¥ transparent material
such as quartz. The quartz tube ends in the nozzle 5q. The second vessel may further
comprise an 8 or C-shaped section that may penetrate the cell and align the nozzle Sq with
the gap 8¢ of the electrodes 8. The each joint between sections that connect may comprise a
clamp and a gasket such as a graphite gasket. I an embodiment, the pelletizer comprises a
short heating section 5b such as an RF transparent section, a metal joint transition to the
pump tube, the electromagnetic pump 5k that may be in a vertical section of the vessel 5b, a
transition {o an elbow such as a metal elbow having a metal fitting or penetration for a pipe
bubbler 5z that runs through a second longer RF transparent heating section 5¢ that ends in
the nozzle 5q. The RF transparent sections comprising the first and second vessels may
comprise quartz, the quartz to metal joinis may comprise quartz and metal lips on the joined
sections held together with clamps. An exemplary pipe tube size and vessel size are | cm 1D
and 2 cm 1D, respectively. The pipe tube may comprise a high temperature stainless steel,
and the RF transparent vessel may comprise quartz.

In another embodiment, at least one of the pelletizer components such as the melt
condint components and gas delivery component comprising at least one of the first vessel
3b, second vessel 5¢, pump tube, manifold section of the second vessel 5¢ (FIGURE 2111},
and pipe bubbler 57 (FIGURE 2113) mav comprise a material that absorbs at least some
power from the inductively coupled heater(s) and indirectly heals the fuel melt such as silver
or Ag-Cu alloy melt. In the latier case, the vessel walls such as quartz, silica, sapphire,
zircoria, alumuna, or ceramic walls may be transparent to the RF power of the inductively
coupled heater. The pelletizer components may comprise high temperature stainless steel,
mobium, nickel, chromium-molybdenum steel such as modified 9 Cr-1Mo-V (P91), 21/4Cr-

1Mo steel (P22), molvbdenum, tungsten, H242, TZM, titanium, chromium, cobalt, tungsien
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carbide, and other metals and aliovs that have a melting point higher than that of the tuel
melt. The metal may have a high efficiency for absorbing the radiation from the heater. The
components such as the vessels may be narrow to effectively heat the fugl melt indirectly.
Exeroplary vessels are tubes having tube sizes of the 1/4 inch to 3/8 inch 1D, The melt
contact surfaces of the components such as the vessels, pump tube, and pipe bubbler may be
pre-oxidized by means such as heating in an oxygen atmosphere in order {0 form a
passivation layer {0 prevent reaction with injected steam or water that becomes steam. In an
embodiment, the walls of the component may be wetted with the melt such as silver melt that
protects the walls form reaction with water. In thus case, water reactive metals may be used
for the pelletizer component. The joints may be welds, Swagelok, and others known in the
art for connecting metal parts. The paris may be made of the same maierials as the pump
tube such as at least one of zirconium, nichium, {itanium, tantalum, other refractory metal,
and high temperature stainless steel such as at least one of Haynes 188, Haynes 230 and
Haynes HR-160.

In an embodiment, at least one vessel of the pelletizer that 15 heated by at least one of
the inductively coupled heaters such as 5f and 50 comprises a material such as a metal that
absorbs the radiated power of the inductively coupled heater and indirectly heats the metal
such as silver that is contained in the vessel. Exemplary metals that are very efficiency al
absorbing the RF radiation of the inductively coupled heater are tantalum, niobium, ferrous
metals, and chromoly metal. In an embodiment, at teast one vessel of the pelletizer
comprises tubing comprising a material that efficiently absorbs the radiation from the
inductively coupled heater such as tantalum, niobitum, or a ferrous metal such as chromoly.
The tubing may be coiled to be permussive of heating a longer length section within a coil of
an mductively coupled healer. The tubing may have a small diameter such as in the range of
about 1 mm to 10 mm to effectively indirectly heat the metal inside of the tubing. The tubing
such as polished or electro-polished tubing may have a low emissivity. The tubing may be
wrapped with insulation such as insulation substantially transparent to the radiation of the
mductively coupled heater. The insulation may be effective at minimuzing the conductive
and convective heat losses and may further atl least partially reflect infrared radiation from the
tubing to decrease radiative power losses. In an embodiment, the pelletizer may further
comprise a vacuum chamber or a cell extension that provides a vacuum chamber around at
teast of portion of the pelletizer. The vacuum about the vessels may decrease conductive and
convective heat losses and lower the required heater power to maintain the melt at the desired
temperatures. The vacuum may further decrease oxidation of the tubing that mamtains its
desired low emissivity.

In the gas treatment section comprising gas manifolds, the vessel wall may be

comprised of a material that has a diminished to low permeability to hydrogen and is capable
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of a high teroperature. Suitable materials are refractory metals such as tungsten and
molybdemim and nitrnide bonded silicon nitride tube. The vessel may be lined with msulation
in the absence of the inductively couple heater in the manifold section. This section may be
msulated and heated by the contiguous section of the second vessel from which the melt
flows nto this section. If necessary, in addition to insulation, the temperature may be
maintained by an inductively coupled heater that heats the metal wall and indirectly heats the
melt. Alternatively, another type of heater such as a resistive heater may be used. In an
embodiment, the manifold section further comprises a mixer o increase the rate of
mcorporation H; and gaseous H,O into the melt. The nuxer may comprise an
electromagnetic type such as one that uiilizes at least one of current and magnetic fields (o
produce eddy currents in the melt or mechanical type that comprises a moving stirrer blade or
iropeller. The H» and gaseous HO become incorporated into the melt to form molten fuel
that 1s ejecied from anozzle Sq at the ignition site. The pelletizer Sa further comprises a
source of H; and H,0 such as gas tanks and lines 5u and 5v that connect {0 the manifolds 5w
and 5x, respectively. Alternatively, HyO is provided as steam by H,O tank, stearn generator,
and steam fine 5v. The hydrogen gas may be provided by the electrolysis of water using
electricity generated by the generator.

The ejection of elevated pressure melt from the nozzle 5q achieves injection of fuel
into the electrodes wherein the elevated pressure is produced by the at least one
electromagunetic pump 5k, The pressure mayv be increased bv controlling the cross sectional
area of the gjection nozzle Sq relative to that of the melt vessel 5¢. The nozzle onfice may be
adjustable and controllable. Sensors such as conductivity or optical sensors such as infrared
sensors and a computer may control the pressure of pump 5k and the iyection rate. The
nozzle 5q may further comprise a valve such as one of the disclosure that may provide
additional injection control. The valve may comprise a needle type with the nozzle opening
as the valve seat. In an embodiment of the SF-CIHT cell comprising an electromagnetic
purmp 5k, a fast controtler such as a fast current controller of the electromagnetic pump serves
as a valve since the pressure produced by the pump is eliminated at essentially the same time
scale as the current according to the Lorentz force (Eq. (32)) that depends on the current. The
shot size may be controlied by controlling at least one of the nozzle size, the pressure across
the nozzle orifice, vibration applied to the nozzle with a vibrator such as an electromagnetic
or piezoeleciric vibrator, and the temperature, viscosity and surface tension of the melt. The
movement of the shots may be sensed with a sensor such as an optical sensor such as an
infrared sensor. The position data may be feedback into at least one of the controller of the
imjection and the ignition to synchronize the flow of fuel into the ignition process. The

nozzie 5q may be surrounded by a Faradav cage to prevent the RF field from inducing eddy
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currents in the shot and causing the shot o deviate from a straight course mto the electrode
gap where ignition occurs.

The shot formed by surface tension following ejection from the nozzle 5q may radiate
heat and cool. The flight distance from the nozzle 5q to the point of ignition between the
glectrodes 8 may be sufficient such that the metal forms spheres, and each sphere may cool
sufficiently for a shell to form on the outside. To enhance the cooling rate to assist in the
formation of at least one of spherical shot and spherical shot with an outer sohd shell, the
ejected molien fuel stream may be sprayed with water such as water droplets with a sprayer
such as one of the disclosure. An exemplary water spraver is Fog Buster Model #10110, U.S.
Patent No. 5,390,854, Excess water may be condensed with a chiller to mamntain a rough
vacuum in the cell. In an embodiment, the spraver and water condenser or chiller may be
replaced with a nozzle cooler 5 that mav cool the shot 5t just as it is gjected. The cooling
may comprnise at least one of a heat sink such as one comprising a thermal mass that radiates

eat, a heat exchanger on the nozzle with lines 31d and 31e to a chiller, and a chiller 31a, and
a Peltier chiller on the nozzle 5s. The melt flowing mto the nozzle section of the pelletizer 5a
may have a subsiantially elevated temperature in order to absorb applied gases such as H; and
H,0O in the upstream gas application section. The melt temperature may be quenched with
the nozzle cooling. The temperature may be lowered 1o just above the melting point just as
the melt is gjected. The lower-temperature melt mayv form spheres, and each may
subsequently form a solid shell with radiative cooling as it travels from the nozzle to the
electrodes. Using a rough, high capacity cooling means such the heat sinking and the heat
exchanger and chiller, the temperature at gjection may be established to within a rough
temperature range such as to within about 50 °C of the melting point of the melt. A more
precise temperature near the desired terperature such as to within about 1 to 5 °C of the
melting point of the melt may be achieved with a highly controllable, low capacity cooler
such as the Peltier chiller,

The pelletizer 5a may further comprise a chiller to cool the mductively coupled heater
which may comprise a separate chiller or the same chiller as at least one of the nozzle chiller
31a and power converter chiller such as the PV converter chuller 31, The ignition svstem
comprising the electrodes and bus bars may also be cooled with a heat exchanger that rejects
the heat to a chiller that may comprise one such as 31 that also cools another system such as
the PV converier.

The ignition of the fuel forms hydrinos and oxvgen that may be pumped off with a
vacuum pump 13a such as a root pump, a scroll pump, a crvopump, a diaphragm pump, a dry
vacuum root pump, and others known to those skilled in the art. Excess water and hvdrogen
may be recovered and recirculated. The water may be removed by differential pumping. In

an embodiment, hydrogen and oxygen formed in the plasma may be removed by pumping
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and other means of the disclosure such as by the separatory means. The removal of the
hydrogen and oxygen may be used as a means 1o remove excess water. In the case that an
atrnosphere comprising water is maintained at the electrodes, excess water may be removed
by purnping. The water mav be condensed at a chiller in the cell 26 or connected with the
mnside of the cell 26 and reused. Hydrogen may be recovered with a scrubber such as a
hvdrogen storage material. Alternatively, it may be pumped off as well using pump 13a. for
example. The pressure may be maintained in a pressure range that prevenis at least one of
excessive attenuation of the light emitted by the cell and allows the ignition particles to fall
substantially unimpeded under the intluence of gravity. The pressure may be maintained in
ai least one pressure range of about 1 nanoTorr to 100 atm, 0.1 milliTorr to 1 atm and 10
milliTorr to 2 Torr.

The generator may comprise an electrostatic precipitator (ESP) that may comprise a
high voltage power supply that may be run off of at teast one of the photovoltaic (PV)
converter and the power conditioner of the PV converter power. The power supply may
supply power between ESP electrodes to cause the electrostatic precipiiation and recovery of
ignition products. In an embodiment, the ESP precipitator further comprises a set of
electrodes such as a ceniral electrode such as a wire electrode 88 (FIGURE 2123} of a
polarity and at least one counter elecirode 89 of oppostte polarity.

Other embodiments are anticipated by the disclosure by mixing and matching aspecis
of the present embodiments of the disclosure such as those regarding recovery systems,
mjection sysiems, and ignition systems. For example, the shot or pellets may drop directly
1o the electrodes from norzzie 5q from above the electrodes (FIGURE 2117). The ignition
products may flow mto the pelletizer that may be above or below the electrodes. Metal may
be pumped above the elecirodes, and the shot may be dropped or injected into the electrodes.
In another embodiment, the ignition product may be transported to the pelletizer that may be
above the electrodes. The PV panels may be ortented to maxinuze the capture of the light
wherein other posttions than that shown for the photovoltaic converter 26a are anticipated
and can be determined by one skilled in the art with routine knowledge. The same applies fo
the relative onentation of other systems and combinations of svstems of the disclosure.

in an embodiment shown in FIGURES 2110-2123, the ignition sysiem comprises a
pair of stationary electrodes 8 having a gap 8g between them that establishes an open circuit,
a source of elecirical power to cause ignition of the fuel 2, and a set of bus bars 9 and 10
connecting the source of elecincal power 2 1o the pair of elecirodes 8. At least one of the
electrodes and bus bar may be cooled by a cooling svstem of the ignition system. The gap 8g
may be filled with conductive fuel with the concomitant closing of the circuit by the injection
of molten fuel from the injection system such as that comprising an electromagnetic pump 5k

and a nozzle 5q. The injected molten fuel ay comprise spherical shots 5t that may be at



WO 2017/127447 PCT/US2017/013972

least one of molten, partiallv molten, and molten with a solidified shell. The sohid fuel may
be delivered as a siream of shots, 2 continuous sirearm, or a combination of shot and a stream.
The molten fuel feed to the electrodes may further comprise a continuous steam or
miermittent periods of shots and continuous steam. The source of electricity 2 may comprise
at least one capacitor such as a bank of capacitors charged by the light {o electricity converter
such as the PV or PE converter. The charge circuit may be in parallel with the source of
electricity 2 and the electrodes 8. In another embodiment, the charging circuit may be in
series with the source of eleciricity 2 and the rollers 2 wherein a switch connects the charging
circuit to the source of electricity when the elecirodes are in an open circutt state. The
voliage mav be in the range of about 0.1 V t0 10 V. The desired maximum voliage may be
achieved by connecting capacitors in sertes. A voltage regulator may control the maximum
charging voltage. The peak current may be in the range of about 100 Ato 40 kA, The
desired maximuom current may be achieved by connecting capacitors in parallel with a desired
voltage achieved by parallel seis connecied in series. The ignition circuit may comprise a
surge protector to protect the ignition sysiem agamst voliage surges created durning ignition.
An exemplary surge protector may comprise at least one capacitor and one diode such as
Vishay diode (VS-UFB130FAZ0). The voltage and current are selected to achieve the
ignition to produce the maximum light emission in the region that the power converter 1s
selective while minimizing the input energy. An exemplary source of electrical power
comprises two capacttors in series (Maxwell Technologies K2 Ultracapacitor 2.85V/3400F)
to provide about 5 to 6 V and 2500 A to 10,000 A, Another exemplary source of electrical
power comprises four capacitors in series (Maxwell Technologies K2 Ultracapacitor
2.85V/3400F) to provide about 9.5 V and about 4 kA to 10 kA, Another exemplary source of
electrical power comprises two parallel sets of capacitors (Maxwell Technologies K2
Ultracapacitor 2.85V/3400F) with three in series 1o provide about 8.5 V and about 4 kA 1o 10
kA and three parallel sets with two in series to provide about 5 to 6 V and about 4 kA 10 10
kA. An exemplary source of electrical power comprises two paraliel sets of two capacitors in
series (Maxwell Technologies K2 Ultracapacitor 2.85V/3400F) to provide about 5 to 6 V and
2500 A to 10,000 A, An exemplary source of electrical power comprises at least one
capacitor bank comprising 24 capacitors (Maxwell Technologies K2 Ultracapacitor
2.85V/3400F) compnising four paraliel sets of six in series to provide about 16 10 18 V and
3000 A to 14000 A per bank. The banks may be connected in at least one of series and
parallel. Alternatively, the bank may be expanded. An exemplary capacitor bank comprising
48 capacitors (Maxwell Technologies K2 Ultracapacitor 2.85V/3400F) comprising four
parallel sets of twelve in series to provide about 30 10 40 V and 15000 A 1o 25000 A. Higher
current may be achieved with higher voltage capacitors such as custom 3400 F Maxwell
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capacitors with a higher voltage than 2.85 V each that are connected in at least one of series
and parallel to achieve the desired voltage and current,

In an embodiment shown in FIGURES 2113 and 2114, the manifold and injectors
comprise a pipe bubbler 5z runnming longitudinally inside of at least one of the first vessel 5b
and the second vessel S¢. In an embodiment, the pipe bubbler 57 comprises a closed channel
or conduit for gas and at least one perforation along its length to delivery gas into the fuel
melt surrounding 1t In an embodiment, the pipe bubbler has perforations or poris distributed
over its surface along its length to deliver gas over its surface along its length. The pipe
bubbler mav be centerline inside at least one vessel. The centerline position may be
maintained by spoke supports along the pipe bubbler. At its input end, the pipe bubbler may
enter the inside of the first vessel Sb at the first vessal’s open inlet and may ron through at
least one of the first vessel 5b and the second vessel 5S¢ such that it ends before the nozzle 3q
(FIGURE 2113). In another embodiment shown m FIGURE 2114 that avoids the pipe
bubbler running through an electromagnetic pump 5k, the pipe bubbler runs in at least one of
the first or second vessel without running through the pump Sk, The pipe bubbler 5z may
make a penetration into the vessel at a wall region such as at a joint or elbow such that of the
second vessel 5¢ (FIGURE 2116} and may terminate before entering a pump Sk (FIGURE
2114} The pipe bubbler may be supplied with at least one hyvdrogen gas line, liguid or
gaseous water hine, and a common hvdrogen and liquid or gaseous water line such as a line
3y from a manifold connected {o a source of at least one of H; and H,0 and 5v and 5u.

In an embodiment, at least one of the first vessel 5b and the second vessel 5¢ may
comprise a coil having a coiled pipe bubbler 5z that may increase the residence time to mject
at feast one of HyO and H into the fuel moelt. At least one of the pelletizer components such
as the vessels 5b and S¢, the pump tube, and the pipe bubbler 57 may be comprised of a metal
wherein the fuel melt may be heated indirectly. The pipe bubbler may be positioned inside of
the vessels with setscrews through the walls of the vessels. For example, the pipe bubbler
centering may be achieved by the adjusting the relative protrusion length of each of three
screws set 120 © apart around the circumference of the vessel.

The pelletizer may {urther comprise a chamber that recetves melt from a vessel such
as the first vessel. The chamber may comprise at least one bubbler tube such as a plurality of
bubbler tubes in the chamber and may further comprise a manifold to feed the bubbler tubes.
The water may be supplied to the chamber as steam to be incorporaied into the melt such as
molten silver. The steam may be preheated to af least the temperature of the chamber to
avoid heat loss. The steam may be preheated by heat exchange from a heated section of the
pelletizer such as the first vessel. The steam may be heated with a heater such as an
mductively coupled heater. The at least one of steam and hydrogen treated melt such a

molten silver may flow out of the chamber to the second vessel that may comprise tubing that
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may be heated with a heater such as an inductively coupled heater. The tubing may penetrate
the cell wall and terminaie in a nozzle 5q that injects the melt nto the electrodes. The
chamber may comprise a pump such as an eleciromagnetic pump in at least one of the
charober inlet and outlet,

in the case that the pipe bubbler attaches to both of the H; and H,O gas tanks, lines Su
and 5v, respectively. may attach to a gas mixer such as a manifold that then attaches to the
pipe bubbler through a connecting pipe Sy (FIGURE 2114). In another embodiment, the pipe
bubbler may comprise a plurality of pipe bubblers. Each may be independently connected to
a separate gas supply such as the H; and H,O gas tanks by lines Su and 5v, respectively. The
pipe bubbler may be comprise multiple sections that can be at least one of connected and
disconnected during assembly and disassembly such as during fabrication and maintenance.
The pipe bubbler may comprise suttable joints to achieve the connections. One first pipe
bubbler section may serve to deliver gas into the melt up to the electromagnetic (EM) pump.
A second pipe bubbler section may perform at least one of channel and deliver the gases
along the EM pump section, and a third pipe bubbler section may deliver gases along the
second vessel 5¢. In another embodiment, the multi-section pipe bubbler comprises a first
section inside the first vessel running though 1ts inlet and along 1ts length and a second pipe
bubbler section nside of the second vessel Sc that terminates before the nozzle 5q. Inan
embodiment, the pipe bubbler may enter the vessel after the pump 5k such that the pressure
from the ijected gases does not cause the melt to reverse flow. The bubbler 5z may enter the
vessel through a joining section such as an etbow that may connect dissimilar vessel
materials such as metal and quartz (FIGURES 2114 and 2116} that are connected by joints
5h1 of the disclosure. The inductively coupled heater may comprise two full coils. The first
mductively coupled heater coil 3f heats the first vessel and the second mnductively coupled

eater coil 50 heats the second vessel 5¢. The pipe bubbler may comprise a metal or alloy

resistant to reaction with H,O at the operating temperature, capable to maintaining its
niegrity and avoiding silver alloy formation at the melt temperature. Suitable exemplary
materials that lack H,O reactivity with sufficient melting points are at least one of the metals
and alloys from the group of Cu, Ni, CuMi, Hastelloy C, Hastelloy X, Inconel, Incoloy,
carbon steel, stainless steel, chromium-molvbdenum steel such as modified SCr-1Mo-V
{(PO1), 21/4Cr-1Mo steel (P22), Co, Ir, Fe, Mo, Os, Pd, Pt, Re, Rh, Ry, Tc, and W.

The pipe bubbler may be attached at the input end to at least one of the H; and H,0
gas tanks by hines 5u and 5v, respectively. Altematively, H,G is provided as steam by H,O
tank, steam generator, and steam bine 5v. In an embodiment, the pelletizer comprises a steam
generator Sv for adding the HoO to the melt such as silver melt in the vessel such as at least
one of 5b and S¢ that may comprise quartz vessels. In an embodiment, the steam generator

comprises a capillary wick system that has a heat gradient to create steam at one end, and
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wick water out of a reservoir from the opposite end. In an embodiment, the steam generator
comprises a high surface area heaied material such as a metal foam or mat such as ones
comprising nickel or copper to provide boiling sites for the conversion of water from a H,O
reservolr into steam for hydrating the shot. Other exemplary high surface area materials
comprise ceramics such as zeolite, silica, and alumina. The steam generaior may be run
under pressure 1o increase the steam temperature and heat content. The pressure may be
obtained by controlling the size of the steam-flow cutlet to control a restriction to flow such
that stear is generated at a rate relative o the restricted ouiput flow to cause a desired steam
pressure. The line may comprise a pressure reducer. The steam generator may coraprise a
condenser to condense waier droplets and low-temperature steam. The condensed water may
reflux back into the cell. The steam may be flowed through the pipe bubbler 57 and injected
into the melt such as molten silver that 1s injected into the electrodes 8. In another
ermbodiment such as one wherein the gaseous water is injected into the plasma by a gas
mjector of the disclosure, the pressure may be maintained fow such as in at least one range of
about 0.0¢1 Torr to 760 Torr, ¢.01 Tor to 400 Torr, and 0.1 Torr to 100 Torr. Atleast one of
fow heat, chilling hquid water, maintaining ice, and cooling ice may be applied to the water
i a reservolir or tank such as Sv operated under reduced pressure to form low-pressure
gaseous water. The chilling and ice may be maimiained with a chiller such as 31 and 31a
The reduced pressure may be provided by the vacoum pomp 13a. In an embodiment, the
wi% of water in the stiver may be optimal for the hydnino reaction wherein the rate increases
with HoO wt% starting from pure metal plasma, reaches a maximum rate and hydrino vield at
the optimal wt%, and may decrease with further H,O plasma content due to competing
processes such as hvdrogen bonding of HOH to lower the nascent HOH concentration and
recombination of atormuc H 1o lower the atomic H concentration. In an embodiment, the H,O
weight percentage (wit%) of the ignition plasma that comprises the conductive matrix such as
a metal such as silver, silver-copper alloy, and copper is in at least one wi% range of about
10140 25,10 10 10, 10105, 10010 1. 10 0 107, 10 10 107, 10 10 107, 10 10
107, 1070107, 1010 10°, 10 10 107, 10 10 10, 10 10 107, 107 10 107, 10 10 107
2107 10 107,10 10 107, 10710 107, 107 10 107, 107 10 107, 10% 10 107, and 107 10 107
In an embodiment wherein the shot comprises copper alone or with another material such as a
metal such as silver, the cell atmosphere mav comprise hvdrogen to react with any copper
oxide that mayv form by reaction with oxygen formed 1n the cell. The hydrogen pressure may
be in at least one range of about I mTorr to 1000 Torr, 10 mTorr to 100 Torr, and 100 mTorr
io 10 Torr. The hydrogen pressure may be one that reacts with copper oxide at a rate that it
forms or higher and below a pressure that significantly attenuates the UV light from the fuel
ignition. The SF-CIHT generator may further comprise a hydrogen sensor and a controlier to

control the hvdrogen pressure in the cell from a source such as 3u.
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The stationary electrodes 8 of FIGURES 2110-2123 mav be shaped to cause the
plasma and consequently the light emitted for the plasma to be projected towards the PV
converter 26a. The electrodes may be shaped such the molten fuel inttially flows through a
first electrode section or region 81 (FIGURE 2112) comprising a neck or narrower gap 1o
second electrode section or region &) having a broader gap. Ignition preferentially occiwws in
the second section ¥} such that plasma expands from the second electrode section 8} towards
the PV converter 26a. The necked section may create a Venturi effect to cause the rapid ow
of the molien fuel to the second electrode section. In an embodiment, the electrodes may
comprise a shape to project the ignition event towards the PV converter, away from the
direction of injection. Swutiable exemplary shapes are a munirmoum energy surface, a
pseudosphere, a conical cvlinder, an upper sheet parabola, an upper half sheet hyperbola, an
upper half sheet catenoid, and an upper half sheet astroidal ellipsoid with the apex truncated
as a suitable inlet comprising the first section. The electrodes may comprise a surface in
three dimensions with a split that may be filled with insulation 8h between half sections
(FIGURE 2112} to compnise the two separated electrodes § having an open circuit gap 8g.
The open circuit is closed by injection of the melt shot causing contact across the conductive
parts of the geometric form comprising the gap 8g. In another embodiment, the electrodes
may comprise a rectangular section of the three-dimensional surface that is spht. In either
embodiment, the split 8h may be formed by machining away material such that the geometric
form remains except for the nussing material comprising the split 8h. In an embodiment, the
velocity of the shot may be controlled to be sufficient to cause the plasma and emitted light to
be in region 8 directed to the PV converter 26a. The power of the electromagnetic pump 5k
and nozzle onfice size may be controlled to control the pressure at the nozzle 5q and the
velocity of the shot.

Control of the site of ignition on the electrode surface may be used to conirol the
region in the cell and direction of the plasma expansion and light enussion. In an
embodiment, the elecitrode 8 is shaped to mold the meli shot 5t to a geometric form having a
focus region with reduced resistance to cause the current to concentrate in the focus region to
selectively cause concentrated ignition in the focus region. fn an embodiment, the selective
concentrated ignition causes at least one of the plasma expansion and light emission into a
region of the cell 8l directed towards the PV converter 26a. In an embodiment, the electrodes
8 may be partially electrically conductive and partially electricallv insulated. The insulated
section 81 may guide the fuel from the site of injection 8k into the conductive section 8} to be
ignited such that the plasma preferentially expands into the region 8l fowards the PV
converter 26a. In an embodimnent, the high current that causes ignition is delayed in time
from the time that the melted shot initially completes the electrical connection between the
electrodes. The delay may allow the shot melt to travel to a part of the electrodes 8j on the

67



WO 2017/127447 PCT/US2017/013972

opposite side of the injection site 8i. The subsequent ignition on the opposite side 8 may
direct the plasma and light towards the PV converter 26a. The delay circmt may comprise at
least one of an inductor and a delay line.

in an embodiment, the electrodes may comprise a mimmum energy surface such as a
minimum enargy surface, a pseudosphere, a conical cviinder, an upper sheet parabola, an
upper half sheet hvperbola, an upper half sheet catenoid. and an upper half sheet astroidal
ellipsoid with the apex truncated. “Dud” melt being absent hydrogen and H,O such that it s
not capable of undergo ignition may be injected into the electrodes. The melt may distribute
over the electrode surface according to the minimoum energy. The distribution may restore
the original electrode surface to repair any ignition damage. The system may further
comprise a tool o reform the electrode surface to the original shape following the deposition
of melt. The tool may be one of the disclosure such as a mechanical tool such as amillora
grinder or an electrical tool such as an electrical discharge machining (EDM) tool. The fuel
metal may be removed with a mechanical tool such as a wiper, blade, or knife that may be
moved by an electric motor conirolled by a controller.

in an embodiment, the electrodes may comprise a metal such as highly electrically
conductive metal such as copper that is different from the conductive matrix of the fuel such
as silver. Excess adherence of fuel metal such as silver to the electrodes may be removed by
heating the electrode to a temperature that exceeds the melting point of the fuel metal but 1s
below the melting point of the electrode metal. Maintaining the temperature below the
melting point of the electrode may also prevent alloy formation of the electrode and fuel
metals such as Cu and Ag. In this case, the excess metal may flow off of the electrodes to
restore the original form. The excess metal may flow into the pelletizer to be recycled. The
electrode heating may be achieved by using the heat from at least one of the ignition process
using power from the source of electrical power 2 and the power from the formation of
hvdrinos. The heating may be achieved by reducing any cooling of the electrodes by the
glectrode cooling system.

In an embodiment, the electrodes may comprise a conductive material that has a
higher melting point than the melting point of the shot. Exemplary matenals are at least one
of the metals and alloys from the group of WC, TaW, CulNi, Hastelloy C, Hastelloy X,
Inconel, incoloy, carbon steel, stainless steal, chromium-molybdenum steel such as modified
OCr-1Mo-V (P91}, 21/4Cr-1Mo steel (P22}, Nd, Ac, Ay, Sm, Cu, Pm, U, Mn, doped Be, (d,
Cmy, Th, doped 81, Dy, Ni, Ho, Co, Er, Y, Fe, 8¢, Tm, Pd. Pa, Lu, Ti, Pt, Zr, Cr, V, Rh, Hf,
Te, Ru, doped B, Ir, Nb, Mo, Ta, Os, Re, W, and C and alloys. The electrodes may be
operaied at a teraperature above the melting point of the shot such that the shot flows off the
electrodes rather than solidifying and blocking the gap 8g. In the case of shot comprising Ag,

the electrode operating temperature mayv be above 962 °C. In an embodiment, the electrodes
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may comprise a conductive material that has a higher melting point than the boiling point of
the shot. Exemplary materials are WC, refractory metals, Te, Ry, doped B, Ir, Nb, Mo, Ta,
Os, Re, W, and C. The electrodes may be operated at a temperature above the boiling point
of the shot such that the shot flows and boils off the electrodes rather than solidifying or
wetting the electrodes and blocking the gap 8g. In the case of shot comprising Ag, the
electrode operating temperature may be above 2162 °C. The high operating temperature may
provide heat removal from the electrodes by at least one of conduction and radiation.

In an embodiment, the electrodes § may comprise a startup electrode heater to elevaie
the temperature of the electrodes. The electrodes may comprise a plurality of regions,
components, or lavers, any of which may be selectively heated by at least one heater or may
comprise a heater. The heating may reduce the adhesion of the shot. The heater may
comprise aresistive heater or other heater of the disclosure. In an embodiment for startup,
the electrodes comprise a startup heater that heats them to prevent the shot from adhering,
The electrode heater may comprise the source of electrical power 2 and a means to short the
electrodes such as a movable conductive bridge between electrodes or a means to move the
electrodes into contact to short them until the heating s achieved. Any electrode cooling
may be suspended until the electrodes are trending over the operating temperature such as in
the range of 100 °C to 3000 °C for suitable materials of the disclosure. The electrode
temperature may be maintained below the meliing point of the electrodes. The cooling may
be suspended during the period of electrode warm-~-up during startup by pumping off the
coolant. The chiller pump may purp oft the coolant. The electrode may be operated at least
one temperature range below the melting point of the shot, above the melting point of the
shot, and above the hoiling point of the shot wherein the electrodes comprise a matenial
suitable for such termperature operation.

In an embodiment, the electrodes may comprise a bilayer. The bottom laver on the
side 8k may comprise an msulator such as a ceramic such as an alkaline earth oxide, alumina,
anodized aluminum, or zirconia, and the top layver on the side of 81 may comprise a conductor
such as copper, silver, copper-silver alloy, molybdenum, tungsten carbide (W}, tungsten,
Ta, TaW, Nb, and graphite coated conductor such as graphite coated Cu or W. The graphite
coated W may form a metal-carbide-carbon {W-W{-C) structure that may be very durable
for wear.

In an embodiment, the electrodes 8 comprise a metal to which silver has low adhesion
or does not substantially wet such as at least one of aluminum, molybdenum, tungsten, Ta,
TaW, tungsten carbide (WC), and graphite coated conductor such as graphite coated Cu or
W. Low melting pownt electrodes such as aluminum electrodes may be cooled to prevent
melting. The nonconductive bottom layver may comprise an insulator such as an alkaline

earth oxide, alumina, or anodized aluminum. In an embodiment, the bottom layer may
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comprise a conductor of much lower conductivity than the electrodes. The botiom layver may
be conductive but electrically isolated. The bilayer electrodes may further comprise a thin
msulating spacer between electrically conductive layers wherein only the highly conductive
layer such as the top layer 15 connected to the source of electricity 2. An exemplary bottom
layer of low conductivity relative to the ignition portion of the electrode such as a silver,
copper, Mo, tungsten, Ta, TaW, W, or graphite coated conductor such as graphite coated
Cu or W portion comprises graphite. In an embodiment, graphite serves as alayer to which
the shot such as silver shot does not adhere.

in an embodiment, the electrodes may be maintained at an elevated temperature to
prevent the melt from rapidly cooling and adhering to the electrodes that may cause
undesired electrical shorting. Anv adhering melt may be removed by at least one of an
ignition event and ignition current. In an embodiment, the start~up power source may preheat
the electrodes 1o prevent cooled melt from adhering to the electrodes. While in operation, the
electrode cooling system may be controlled to maintain an electrode temperature that
achieves ignition in the desired location on the electrodes while preventing the melt from
adhering in an undesired manner,

The electrode temperature may be maintainad in a temperature range that avoids
wetting or adherence of the molten shot such as silver shot {0 the electrodes. The electrodes
such as W elecirodes may be operated at least one elevated temperature range such as about
300 °C to 3000 °C and 300 °C to 900 °C wherein a high Ag contract angle 1s favored.
Alternatively, the electrodes such as WC electrodes may be operated at lower temperature
such as about 25 °C to 300 °C wherein a high Ag contract angle is favored. The lower
temperature may be achieved by cooling with electrode cooling svstern inlet and outlet 31¢
and 31g (FIGURE 2113). The botiom and top layers may each comprise a gap 8g that are
connacted. In an embodiment, the electrodes such as the W plate electrodes comprise gap
between the W plates and the bus bars such as copper bus bars such that the W electrodes
operate at a temperature to cause the silver to vaporize such as in the temperature range of
about 1700 to 2500 °C.

In a startup mode, the channel of electrode electromagnetic (EM) pump may be
mjected with molten solid fuel by EM pump 5k, The solid fuel may comprise stiver that may
solidify. Current from the source of electricity 2 may be flowed through the solid until iis
temperature is above the melting point, and the silver may pumped out of the channel by the
glectrode EM pump. The heating of the maierial in the channel of the electrode EM pump
heats the electrodes. Thus, the channel of the electrode EM purmp may serve as the startup
heater.

The bilayer electrodes may serve to proiect the ignition event fowards the PV

converter, away from the direction of injection on the side 8k. The open circuit 15 closed by
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mjection of the melt shot causing contact across the conductive parts of the gap 8g only in the
top tayer. The gap 8¢ of the bottom non-~-conductive laver may be sufficiently deep that the
pressure resistance to the blast from the ignition of fuel may preferentially force the
expanding light emitting plasma upward to emit in region 81 In an exemplary embodiment,
one bilayer set electrodes comprises copper, Mo, tungsten, Ta, TaW, tungsten carbide (W),
or graphite coated conductor such as graphite coated Cu or W upper electrodes on a bottom
ceramic layer such as alumina, zircoma, Mg0O, or firebrick having a hole 1o the gap 8g of the
top layer. The top and botiom layers mav comprise opposing cones or conical sections with a
neck at the interface of the two layers and a gap. Alternatively, the lavers may forma back-~to-
back V’s in cross section. Such exemplary bilayer electrodes are a downward V-shaped
graphite or zirconia bottom laver and an upward V-shaped W or W upper layer. The
electrodes are constant along the transverse axis to form V-shaped troughs with a gap that is
filled with the shot to cause the circuit to be closed and 1gnition to occur. The downward
facing V-shaped layer may have low conductivity and may guide the shot to the second layer
of high conductivity that igoites the plasma. The upward V-shape of the top layer may direct
the plasma and light towards the PV converier.

In an embodiment, the electrode may comprise a bilaver electrode such as one
comprising a downward V-shaped layver such as graphite or zirconia bottom layer and a top
fayer having vertical walls or near vertical walls towards the gap 8g. Exemplary materials of
the top layer are W, WC, and Mo. The open circuit is closed by ijection of the roelt shot
causing contact across the conductive parts of the gap 8g only in the top layer.

In an embodiment, the electrode may comprise a trilayver elecirode such as one
comprising a bottom layer comprising a downward V-shape. a nuddle current deliverv layer
such as a flat plate with the plate edge slightly extended into the gap 82, and an upward V-
shaped elecirode Izad layer that is recessed away from the gap 8g. The bottom layer may
comprise a material that resists adhesion of the shot melt such as silver shot melt. Suitable
exemplary materials are graphite and zirconia. The graphiie may be highly oriented with the
face that best resists adhesion oriented 1o contact the shot. The graphite may be pyrolytic
graphite. The middle current delivery laver may comprise a conductor with a high melting
point and high hardness such as flat W, WC, or Mo plate. The top elecirode lead layer may
comprise a high conductor that may also be highly thermal conductive to aid in heat transfer.
Suitable exemplary materials are copper, silver, copper-silver alloy, and aluminum. In an
embodiment, the top lead elecirode layer also comprises a material that resisis adhesion of the
shot melt such as silver or Ag-Cu alloy. Suitable exemplary non-adhenng lead electrodes are
WC and W. Altemnatively, the lead elecirode such as a copper electrode may be coated or
clad with a surface that is resistant for the adherence of the shot melt. Suitable coatings or
claddings are WC, W, carbon or graphite. The coating or cladding may be applied over the
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surface regions that are exposed to the shot melt dunng ignition. The open circuit may be
closed by injection of the melt shot causing contact across the conductive parts of the gap 8g
only in the nuddle layer. The top lead laver may be cooled such as cooled through intemal
conduits. The contact between the middle and top cooled layer may heat sink and cool the
middie layver. The contact between the bottom and nuddle cooled layer may heat sink and
cool the bottom layer. In atested embodiment, the shot injection rate was 1000 Hz, the
voltage drop across the electrodes was less than 0.5 V, and the ignition current was in the
range of about 100 A to 10 kA,

The electrode may comprise a plurality of layers such as Mo, tungsten, Ta, TaW, WC,
or graphite coated conductor such as graphite coated Cu or W on a lead portion such as a
copper portion with ignition on the Mo, W, Ta, TaW, W, or graphite coated conductor such
as graphite coated Cu or W surface, and the electrode may further comprise a non-conductive
faver (o direct the ignition in the direction of the PV converter. The W or Mo may be welded
to or glectroplated on the lead portion. The W may be deposited by deposition techniques
know in the art such as welding, thermospray, high velocity oxy fuel (HVOF) deposttion,
plasma vapor deposition, electro-spark deposition, and chemical vapor deposition. In another
embodiment, the graphite laver of a bilaver electrode compnsing graphite on a lead portion
may comprise the ignition electrode. The graphite ignition electrode may thin and comprise a
large area connection with a highly conductive lead such as copper or silver plate lead. Then
the resistance mayv be low, and the graphite surface may prevent sticking. fn an emnbodiment,
the graphile electrode may comprise conductive elements such as copper posts in a graphite
electrode to give the graphite more conductivity. The post may be added by drilling holes in
the graphite and mechanically adding them or by pouring molten copper into the holes then
machining a clean graphite-copper-post surface that faces the ignition.

A schematic drawing of a SF-CIHT cell power generator showing the cross section of
the pelletizer having a pipe bubbler in the second vessel to introduce the gasses such as Hy
and steam to the melt, two electromagnetic pumps, and a nozzle to injection shot on the
bottom and top of the electrodes 1s shown in FIGURES 2114 and 2117, respectively. Details
of the corresponding injection and igmition systerns are shown in FIGURES 2115 and 2118,
respectivelv. Details of the electromagnetic (EM) pump and pipe bubbler vessel penetration
are shown in FIGURE 2116. The electromagnetic pump 5k may comprise a plurality of
stages and may be positioned at a plurality of locations along the pelletizer (FIGURE 2114).
The electromagnetic {EM)} pump assembly 5ka is shown in FIGURE 2128, The EM pump 5k
(FIGURES 2116 and 2124-2128) may comprise an EM pump heat exchanger Ski, an
electromagnetic pump coolant lines feed-through assembly Skb, magnets 5k4, magnetic yolks
and optionally thermal barrier Sk5 that may comprise a gas or vacuum gap having optional

radiation shielding, pump tube 5k6, bus bars 5k2, and bus bar current source connections 5k3
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having feed-through 5k31 that mayv be supplied by current from the PV converter. The pump
tube Sk6 may be coated to reduce corrosion. Exemplary coatings are corrosion resistant
metals with a higher melting point than the fuel metal such as nickel and a noble metal such
as Pt or Ir in the case of Ag or Ag-Cu alloy melt. At least one of the magnets and the
magnetic circuit may compnse a polished surface such as the end surface facing the gap o
serve as the radiation shield. At least one of the magnets 5k4 and yvoke 5k5 of the magnetic
circuit may be cooled by EM pumip heat exchanger Ski such as one that 1s cooled with a
coolant such as waler having coolant inlet lines 31d and coolant outlet lines 31¢e o a chiller
31a. The pump tube 5k6 of the EM pump 5k mayv be connected to the vessels such as the
first vessel 5b, the second vessel 5S¢, and the vessel section to the nozzle 5g by joints of the
disclosure Sbl. In an embodiment, the EM pump 5k may be position at the end of the first
vessel 5h, and another may be position at the vessel wall at the end of the second vessel 5c.
An exiension of the pump tube of the latier may be used as the ling that penetrates the cell
wall and is sealed at the cell wall. The pump tube extension may comprise an S-shaped tube
for injecting below the electrodes 8. In another embodiment, the pump tube extension may
vertically enter the cell, transition hortzontally at an elbow or bend, and the nozzle Sq may
comprise a bend with an end outlet. Alternatively, the nozzle may compiise a hole in the
sidewall of the tube that 13 capped at the end so that the pressure in the tube gjects the melt
out the sidewall hole and into the electrodes 8. The section of the tuthe in the cell may be at
least one of insulated and heated to maintain the melt at a desired teraperature. The heating
may be with an inductively coupled healer coil that penetrates the cell wall and encloses at
least a portion of the tube. The tube section inside of the cell and any other objects in the celi
such as heater coils and bus bars may be coated with a matenial that resists adhesion by the
ignition products. Exemplary materials of the disclosure comprise graphite, tungsten, and
tungsten carbide.

In an embodiment, the plasma and adhering metal shot are gjected from the
electrodes, and fuel recirculation is achieved by using the Lorentz force, exploiting the
principles of the railgun such as a shot and plasma armature type that may further comprise
an augmented railgun type herein also referred 1o as an electrode electromagnetic pump. The
Lorentz force may cause the flow of the adhering shot into the ignition seciion of the
electrodes and causes the ignition plasma to be directed and flow into a collection region such
as inlet of the fuel regeneration svstem such as the pelletizer.

In an embodiment shown in FIGURES 2114 and 2115, the electrodes may comprise a
downward (negative z~-axis oriented) V-shape with a gap at the 8g at the top of the V. The V
may be formed by flat plate glectrodes mounted on opposite faces of supports that forma V
with a gap at the top. Exemplary electrode materials comprising a conductor that operates a
high teroperature and resists adhesion of Ag are W, WC, and Mo. The supporis may be
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water~-cooled. The supports may be a least partially hollow. The hollow portions may each
comprise a condint for coolant that flows through the conduits and cools the electrodes. Tnan
embodiment, the electrodes may further comprise an upper section having vertical walls or
near vertical walls at the gap 8g. The walls may form a channel. The open ignition circuit of
the electrodes may be closed by injection of the melt shot causing contact across the
conductive parts of the gap 8g at the top of the V.

The cell surfaces that may be exposed to ignition product may be coated with an
adherence resisiant material such as graphite or aluminum that may be anodized or another
such material of the disclosure. The surfaces may be coated with alumina such as alpha
alumina that may be sputter coated on a substraie such as a high~temperature metal. In
another embodiment, the surfaces may be coated with a housing that comprises or is coated
with a material that resists melt adherence such as one of the disclosure. The bus bars may
penetrate the cell through separate of a common flange wherein each bus bar is electrically
isolated. At least one of the bus bars, electrode mounts, and electrodes may be shapead to at
teast one of minimize the surface for adherence of the ignition product and posses a low ¢ross
section for accumulation of returning melt such as Ag or Ag-Cu melt. In an embodiment, the
electrodes 8 may comprise straight rod bus bars @ and 10 that are beveled at the ends to form
the electrodes 8 or elecirode mounts. The surface of each beveled bus bar may be covered
with a fastened electrode plate. The bus bars may comprise flat copper bus bars having
electrodes moumied 1o the inner surface. Each bus bar may be covered with a plaie electrode
such as a tungsten plate or other durable conductor. The plates may be curved to form a gap
8g. The curved plate may comprise at least one of a tube or a semucircular cross section of a
tube that is electrically connected to the bus bar. The tube electrode may also cormectto a
bus bar of a different geometry such as a rod. The tube may be concentric (o the rod
connaction points. An exemplary electrode separation across the gap 8g1s in at least one
range of about 0.05 to 10 num, and 1 to 3 mm. The electrodes such as ones comprising plates
or tubes may be capable of high temperatire. The electrodes may comprise a refractory
metal such as at least one of Tc, Ru, doped B, Ir, Nb, Mo, Ta, Os, Re. W, and C, and another
such metal of the disclosure. The high temperature electrodes may serve as a blackbody
radiator for thermophotovoltaic power conversion. The electrodes may comprise a heat
embrittlement rasistant composition. The electrodes may comprise a sintered material such
as a sintered refractory metal. The electrodes may be al least one of segmented and thick to
avoid breakage when heat embrittled. The electrodes may comprise a thermally insulating
laver or gap between the refractorv metal plate and the bus bar to pernut the electrode
iemperature to be elevated relative to that of the bus bar. The curved plate elecirodes may
form a thermally mnsulating fayer or gap. The thermally insulating material such as MgO or

AlOs may comprise a ceramic that may be molded or machined. At least one of the bus bars
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and electrode mounts may be cooled such as water or ait-cooled. Other coolants such as
molien metals such as molten Hithium are within the scope of the disclosure.

In an embodiment, the electrodes further comprise a source of magnetic field such as
a set of magnets at opposite ends of the channel of the electrodes such as 8¢ of FIGURES
2114 and 2115, The magnets may be electrically isolated from the bus bars © and 10 when
mounted across them by an electrical insulator such as a ceramic or high-temperature paint or
coating such as a boron nitride coating that may be applied on the bus bar contact region by
means such as spraying. An insulator sleeve such as a ceramic tube may electrically 1solate
fasteners such as bolts or screws. Other such parts may be electrically isolated from another
electnfied sysiem by the elecincally msulating matenals of the disclosure. The magnets 8¢
and channel &g supporting the ignition current may comprise an electromagnetic pump that
performs the function of ejecting any shot adhering to at least one of the electrodes and the
channel and ejecting ignition particles from the electrodes 8 and the channel 8g. The gjection
may be by the Lorentz force according to Fg. (32) formed by a crossed applied magnetic field
such as that from magnets 8¢ and ignition current through at least one of the plasma particles
and shot such as silver shot adhering {o the electrode surfaces such as those of the channel 8g.
The current carrying particies may be charged. The plasma may additionally comprise
electrons and tons. The ignition current may be from the source of electrical power 2
{FIGURE 2110). Current may be carried through metal that adheres and shorts the electrodes
of the bottom layer. The current 1s crossed with the applied magnetic field such that a
Lorentz force is created to push the adhering metal from the electrode surfaces. The direction
of the magnetic field and current may be selected to cause shot and plasma particles such as
those from the shot ignition to be directed away fror the chanuvel 8g (FIGURE 2115 and
FIGURE 2117} in the positive or negative direction wherein the shot may be injecied 1o the
positive z-axis direction {FIGURES 2114 and 2115} or the negative z-axis direction
(FIGURES 2117 and 2118). The magnets may produce a magnetic field along the y-axis
parallel to the electrode or channel axis and perpendicular to the ignition current along the x-
axis. The chanmel with crossed current and magnetic field comprising an electromagnetic
{(EM) pump directed along the positive z-axis may perform at least one function of pumping
injected shot upward into the electrodes 1o be ignited, pumping adherning shot upward {0 be
ignited, pumping adhering shot upward out of the electrodes and channel, and pumping
ignition particles upward out of the electrodes and channel. Alternatively, by reversing one
of the current or magnetic field direction, the Lorentz force due to the crossed ignition current
and magnetic field may perform at least one function of pumping adhering shot downward to
be ignited, pumping adhering shot downward out of the electrodes and channel, pumping
ignition particies downward out of the electrodes and channel, pumping ignition particles

downward away from the PV converter, and pumping ignition particles downward toward the
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imlet to the pelletizer to recover the ignition product. The strength of the crossed current and
magnetic field and well as the dimensions of the channel provide the pump pressure through
the channel comprising the electromagnetic pump tube. The width of the pump tube and any
splay are selected to distribute the current from the source of electrical power 2 for ignition
and pumping to achieve optimization of both. The electrode EM pump may further comprise
a switch that may reverse the direction of the current to reverse the direction of the EM
pump. In an exemplary embodiment wherein the shot 1s injected upward by EM pump Sk
and the electrodes short due o adhering shot, the electrode EM pump switch may be
activated to reverse the current and pump the shot downward to the inlet of the pelletizer.
The electrodes may further comprise a sensor and a controller. The sensor may comprise a
current sensor that may detect an electrode short. The sensor may feed the shorting data info
ihe controller that may inactivate the EM pump 5k to stop further injection of shot and
activate the switch {o reverse the current of the electrode EM pump until the short is cleared.
In other embodiments of the disclosure, the electrodes and magnets may be designed to direct
the plasma n an upward arch to perform at least one function of () gjecting the shot and
particles from the electrodes and channel such as 8g and (i1} recovering the ignition product
and un-ignited shot to the pelletizer, while avoiding guiding ignition particles to the PV
converter 26a.

in an embodiment, the efectrodes may comprise a downward {negative z-axis
ortented) V-shape with a gap 8g at the top of the V. The open circuit may be closed by
mjection of the melt shot causing contact across the conductive paris of the gap 8g at the lop
of the V. The V may be formed by flat plate electrodes mountad on opposite faces of
supports that form a V with a gap at the top. Exerplary electrode materials comprising a
conductor that operates a high {temperature and resists adhesion of Ag are W, W, and Mo.
The electrodes may further comprise a first electrode EM pump comprising a channel at the
top of the electrodes above the gap 8g with the source of magnetic field 8¢ crossed to the
ignition current. In an exemplary embodiment, the melted shot may be injected from below
in the positive z-axis direction (FIGURES 2114 and 2113), and the electrode EM pump may
perform at least one function of facilitating the upward flow of the shot into the gap 8g to
cause ignition, pumping adhering shot out of the electrodes and channel, and pumping
ignition products out of the electrodes and channel 8g. In an embodiment, the electrodes
comprises a second electrode EM pump comprising magnets 8¢l and second electrode
channel 8g1 that produces a Lorentz force to at least one of force the particles away from the
PY converter and facilitate recovery of the particles to the pelletizer. The second electrode
EM pump may be above the first electrode EM pump to receive plasma and particles from
the ignition and pump the particles away from the PV converter 26a. The polarity of the
magnets of the second electrode EM pump may be opposite to those of the first while using a
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portion of the ignition current that 1s common to the electrodes and both electrode EM
pumps. The elecirode EM pumps may be augmented types. At least one of the first EM
pump and the second electrode EM pump may comprise an independent source of current
that may be in the same or different direction as the ignition current. The source of current
may be from the PV converter. In an embodiment of the second electrode EM pump, the
current may be in a direction different from that of the ignition current wherein the crossed
magnetic field is oriented to at least one of produce a force on the ignition particles away
from the PV converter and at least partially facilitate the transport of the particles to the inlet
of the pelletizer. For exarnple, the independent current may be in the opposite direction of
the ignition current, and the magnetic field may be i the same direction as that of the first
electrode EM pump. In an embodiment, af least one of the magnets and current of the second
electrode EM pump may be less strong than those parameters of the fist electrode EM punp
such that the velocity of the ignition particles 1s reduced. In an embodiment, the pariicle
direction may not be completely reversed. At least one of the Lorentz force and gravity may
at least one of prevent the particles from impacting the PV converter and facilitate recovery
of the particles.

In an embodiment, each of the first and second set of magnets of the first and second
electrode pumps are mounted to the bus bars 9 and 10, and the magnets are protected from
overheating by at least one method of thermally tsolating or cooling the magnets. The
magnets of each electrode electromagnetic pump may compnise at least one of a thermal
barrier or thermal isolation means such as insulation or a thermally insulating spacer and a
mean of cooling such as a cold plate or water cooling lines or coils and a chilier. The cool or
cold plate may comprise a micro-channel plate such as one of a concentrator photovoltaic cell
such as one made by Masimo or a diode laser cold plate that are known in the art.

In another embodiment, the second electrode EM pump comprises a channel, a
current source that may comprise a portion of the source of electricity to cause ignition, and
magnets wherein the orientation of at least one of the channel, the current, and magnetic field
produces a Loreniz force that mav be along the positive or negative z-axis and have a
component in the xy-plane. The Lorentz force of the second electrode EM pump may be
oriented to at least one of produce a force on the ignition particles away from the PV
converter and at least partially facilitate the transport of the particles to the inlet of the
pelletizer. In an ermbodiment, the Lorentz force may be i the positive z-direction and have a
component in the xy-plane. The crossed current and magnetiic fields of the embodiments of
the electrode EM pumps of the disclosure may cause the gjection of adhering shot and the
flow of the plasma particles to the regeneration system such as the pelletizer. The trajectory

of the pumped ignition particles may be such that impacting the PV converter may be
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avoided. The particle trajectory may further be towards a desired portion of the cell wall
such as a portion with no penetrations such as the electrode penetrations.

In an embodiment, at least one of the electrodes and the ignition plasma has a
component of the current along the z-axis and a component in the xy-plane, and the magoets
such as &c and &cl are oriented to provide a magnetic figld that is crossed with the current.

In an embodiment, the crossed applied magnetic field from magnets causes a Lorentz force
having a component in the fransverse xv-plane as well as the z-axis direction. The z-directed
force may eject the plasma and any shot adhering to the electrodes. The xy-plane-directed
force may cause the ignition particles to be forced to the cell walls to be recovered. fn an
embodiment, the electrodes are offset along the z-axis {one having a slightly higher height
than the other) such that a component of at least one of the ignition and plasma current s
along the z-axis as well as i xy-plane. In an embodiment, the ignition particles may be force
along a curved frajectory in a clockwise or counter clockwise direction with the origin at the
ignition point of the electrodes. The curved path may at least one of {1) direct the particles to
the wall opposite the location of the penetrations of the bus bars 9 and 10 (FIGURE 2114) and
glectrodes 8 and (i1} transport the particies 1o the inlet of the pelletizer. The elecirodes and
any mirror surrounding them such as a parabolic dish may direct the emitted light to the PV
converter 26a.

in an embodiment, the particles are prevented from impacting and adhering to the PV

converter by at least one plasma and particle deflector such as a central cone in the exit of
the channel with the tip of the cone facing the direction of the ignition electrodes. The
deflector may comprise two cones joined at the base to facilitate return of particles to the
pelletizer. The plasma may be directed fo at least one additional plasma deflector that
selectively deflects the plasma and light to the PV converter. The particles may collide with
the plurality of deflectors to lose velocity and at least one of fall and flow into the inlet of the
pelletizer. The plasma may follow about an S-shaped trajectory through the channel formed
by the central and peripheral deflectors while the particles are stopped so that they may flow
to the inlet of the pelletizer.

fn an embodiment, the particles are prevented from impacting and adhening to the PV

converter by at least one physical barrier that selectively transmits the plasma and light while
at feast partially blocking the ignition particles. The physical barrier may comprise a
plurality of elements localed along the z-axis, each comprising a partially open physical
barrier wherein the line of site along the z-axis through an open portion of the nth element is
at least partially blocked by another element of a series of n elements wherein n 1s an nteger.
The plurality of physical elements may comprise a plurality of horizontally staggered gnds
such as screens positioned along the direction from the point of ignition towards the PV

converter. The elements may pernut the physical transmission of plasma and light while
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blocking the particles. The plasma gas may tlow around the staggered grid while the
particles impact the blocking portion to lose momentum to facilitate the recovery of the
particles into the inlet of the pelletizer.

In an embodiment, the electrode assembly may further comprise a source of magnetic
fields such as permanent or electromagnets. Using magnetic figlds, the plasma may be at
least one of confined, focused, and directed fo the region 81 (FIGURE 2112} such that the
fight from the plasma is directed to the PV converter. The electrode magnets may force the
plasma from the gap 8g to the cell region 8. The magnets may further provide confinement
to the plasma to cause it to enut light in the direction of the PV converter. The confinement
magnels may comprise a magnetic bottle. Magnets such as 8¢ of FIGURE 2110 may further
comprise an ignition product recovery sysiem of the disclosure.

The SF-CIHHT cell may further comprise electrodes such as grid electrodes of the
disclosure that may be circumferential to the plasma and contain the plasma predommantly in
a selected region such that it emits in a desired direction such as in the direction of the PV
converter 26a. In an embodiment, the plasma and the particles from the ignmition may be
oppostiely charged and migrate at different rates such that their respective migrations in the
cell are separated in time. The plasma may be comprised of ions and electrons. The particles
may be relatively massive. The plasma mayv be negatively charged due to the much higher
mobility of the electrons. The pariicles may be positively charged. The plasma may migrate
much faster that the particles such that it expands from the electrodes before the particles.
Electrodes such as grid electrodes that are open to the flow of particles may be used o at
least one of selectively direct and confine the plasma such that the light is directed to the PV
converter 26a while the Lorentz force directs the particles to a desired region of the cell such
as away from the PV converter 26a and back 1o the pelletizer. The electrodes may be at least
one of floating, grounded, and charged to achieve at least one of selective transport and
confinement of the plasma to a desired region of the cell such 8. The applied voltages and
polartties may be controlled to achieved the at least one of selective transport and
confinement of the plasma to a desired region of the cell such 8L

In an embodiment, the shotl may be formed to have a small diameter such that the
surface tension to maintain abowt a spherical shape is greater than electrode adhesion forces;
so, the shot does not adhere to the electrodes. The shot size may be in at least one diameter
range of about 0.01 om to 10 mm, 0.1 mm {0 5 mm, and 0.5 mm t0 1.5 mm. The shot may
be made with a smaller diameter by using at least one of a smaller nozzle 5q, a higher melt
flow rate, a higher melt pressure, and a lower melt viscosity.

In another ernbodiment that s effective in preventing the shot form adhering to the
electrodes. the electrodes comprise a shot splitier such as at least one thin wiresuch as a

refractory wire across the gap where the shot ignition 1s desired. Exemplary wires comprise
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at feast one of copper, nickel, nickel with silver chromate and zinc plating for corrosion
resistance, iron, nickel-ivon, chromiom, noble metals, tungsten, molybdenum, yitrium,
indium, palladium, carbides such as 8iC, TiC, WC. and nitrides such as fitanium nitride. The
at least one wire may divide the shot into a plurality of segments that are spread out over a
larger area than the un-split shot. The electrode gap may be sufficiently large such as larger
than the shot such that the shot passes through the gap without firing in the absence of the
splitter. The splitter may spread the shot and cause the cusrent to flow through the spread
shot. The spreading of the shot may cause the ignition to be confined o the wide gap region
such that adherence to the electrode is avoided by way of avoiding contact of the shot with
other regions of the electrode where the shot may otherwise adhere. The electrodes may be
beveled to form an upright V-shape such that the light is emitted in region &l directed towards
the PV converter. The shot splitter mav be movable and the electrode gap adjustable such
that the spreading may be used during startup and elevated electrode temperature used during
fong duration operation to prevent the shot from adhering to the electrodes.

in an embodiment, the ignition system further comprises an alignment mechanism
such as a mechanical or piezoelectric one that adjusts the position of at least one of the
electrodes 8 and the nozzle 5q such that the shots 5t travel from the nozzle to the desired
position of the electrodes such as the center hole or gap 8z, The alignment may be sensed
and controlled by a sensor and controller such as an optical or electrical sensor and a
computer. The alignment roechanism may further serve to short the electrodes during startup
wherein the shorting serves to heat the electrodes. In an embodiment, the nozzle 5q may be
off center at an angle to prevent melt from dripping back and disrupting the stream wherein
the adjustroent mechanism may raintain that the shots 5t are injected imto the gap 8g from
underneath the electrodes 3.

Referning to FIGURES 2114 to 2131, the cell may be operated under evacuated
conditions. The cell 26 may comprise a vacuum chamber such as a cvlindrical chamber or
conical cvlindrical chamber that may have domed end caps. The cell may comprise a right
cylinder with a conical base to the fuel recovery and injection svstems such as the pelletizer,
The electrodes may penetrate al anodized feed throughs that may be vacuum tight.
Alternatively, as shown in FIGURES 2124 1o 2127 the cell 26 may be housed in a chamber
3b3 and the electromagnetic pump 5k may be housed in lower vacuum-capable chamber 5h5.
The inlet of the pelletizer and the outlet such as the nozzle may feed through the cell wall mto
the vacuum space of the cell maintained with seals for each inlet and outlet feed through.

The inside of the cell 26 may comprise surface that resists adherence of silver such as at least
one of an Al, W, W, Mo, and graphiie surface. Atleast one of the inside of the cell 26, the
bus bars 9 and 10, and electrode components other than those that directly contact the melt to

supply the ignition current may be coated with material that resists adherence of the melt.
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Exemplary coatings comprise aluminurm such as polished anodized aluminum, W, Mo, WC,
graphite, boron carbide, fluorocarbon polymer such as Tetlon (PTFE), zircoma + 8% vitna,
Mullite, or Mullite-YS7. In ancther embodiment, the leads and electrode components may
be covered with a housing such as a high~temperature stainless steel housing that may be
coated with a material of the disclosure that resists adherence of the melt. The coatings may
be sprayed. polished, or deposited by other means of the disclosure as well as others known
in the art. The coating may be on a support such as a refractory metal such as zirconium,
niobium, titanium, or tantalum, or a high temperature stainless steel such as Hastellov X. The
mside of the vacuum cell may comprise a conical liner having the anti-adhering surface. The
liner may comprise the wall materials and coatings of the disclosure. The pelletizer may
comprise at least a reducer from the first vessel 5b to the pump tube of first pump Sk, an
expander from the pipe tube to the second vessel 5¢, and straight reducer between the second
vessel S¢ and the pump rube of the second pump 5k In an exemplary embodiment, the pump
tube 1s about 3/8” 0D and the vessels are each be about 171D, In an embodiment, the
pelletizer inlet 1s at the bottom of the cell cone 26. The pelletizer outlet comprising the
second vessel 5¢ and nozzle 5q mav inject undemeath the electrodes 8 (FIGURES 2114 and
2115) or at the top of the electrodes (FIGURES 2117 and 2118} At least one of the first
electrode EM pump comprising magnets 8¢ and channel 8¢ and second electrode EM pump
comprising magnets 8cl and second electrode channel 8gl may at least one of (i) facilitate
mjecting the shot and particles into the gap 8g to cause ignition, (it} facilitate recovering the
ignition product and un-ignited shot to the pelletizer, (111} at least one of facilitate the
directing and guiding of ignition particles away from PV converter 26a to avoid particle
iropact, and (1v) provide confinement to increase the vield of hvdrinos. The confinement may
create a pressure in al least one range of about 1 atm to 10,000 atm, 2 atmito 1000 atm, and S
aim and 100 atm. The excess injected Ag shot and particles may be at least one of pumped,
directed, and facilitated to the pelietizer inlet. The system may operate with a bottom wall
temperature of about 1000 °C such that the silver remains molten. So, even if not all of shot
participates in ignition, the energy loss may be mostly pump energy that may be very low. A
minimuim of heating in the {irst vessel may be necessary since some of the energy from
ignition of the solid fuel may heat the siiver.

In an embodiment, the cell floor comprising the cell wall in the region of the inlet to
the pelletizer may be heated by at least one of the ignition product and the ignition process.
The floor may be operated at a high temperature such as above the melting point of the metal
of the fuel such ags silver. The tloor may heat at least a portion of the recovered product. The
recovered product that is collected hot and the recovered product heated by the floor may
flow into the pelletizer as preheated to consume less energy. The melted ignition product
may flow from the floor fo the pelietizer as a liquid. Shot 5t that does not igrate at the
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electrodes 8 fall to the floor and flow into the pelietizer as well. The flow may be as a hiquid
or a solid. In the case of appreciable power being absorbed by the ignition product before
being cleared, the ignition product may become very hot such that the energy dissipated in
the pelletizer may be consequently lowered.

In an embodiment shown in FIGURES 2119-2121, the bottom of the cell cone
comprises a melt reservoir or cone reservoir 5b. The cell cone may comprise a material has
at least one property of the group of silver adherence resistance, capable of high temperature,
and non-magnetic. Exemplary materials for at least one component of the cell such as at least
one of the cone reservoir and an upper cone comprising the cell walls are graphite, tungsten,
molybdenam, tungsien carbide, boron nitride, boron carbide, silicon carbide, Si1C coated
graphite, and high temperature stainless steel. The material may be coated. Exemplary
ernbodiments are SiC coated graphite, Mullite, and Mullite-YSZ coated stainless steel. At
least one of the inside of the cell 26, the bus bars 9 and 10, and electrode components other
than those that directly contact the melt to supply the ignition current such as the magnets &c
and 8cl, channel 8gl, connection of the elecirodes 8 to the bus bars 9 and 10, nozzle 5q, and
injector 5z1 may be coated with material that resists adherence of the melt. Exemplary
coatings comprise aluminum such as polished anodized aluminum, W, Mo, WC, graphite,
boron carbide, fluorocarbon polymer such as Teflon (PTFE), zirconia + 8% vitria, Mullite, or
Mullite-YSZ. In another embodiment, the leads and elecirode components may be covered
with a housing such as a high-temperature stainless steel housing that may be coated with a
material of the disclosure that resists adherence of the melf. The SF-CIHT cell may {urther
comprise a means io at least one of monitor the integrity of the coating and applv more
coating such as graphite. For perfornung routine maintenance, the SF-CIHT cell may further
comprise a graphite coating applicator such as a spraver. The sprayer may comprise at feast
one nozzle that directs the spray comprising graphite onto the cone surface and a source of
graphite such as dry graphite lubricant known in the art. The material such as graphite may
be polished. The polished may be performed with a fine abrasive such as one comprising at
feast aluminum oxide, silicon carbide, and diamond powder. In an embodiment, the cone
reservolr comprising graphite may be fabricated by 3D printing. Tn an embodiment, the cell
cone cut from graphite by a cutter. The cutter may comprise a laser or water jet. The cutter
may comprise a mechanical saw. The cutter mayv be angled and rotated. Alternatively, the
cone may be cul from a tilled and rotated graphite block. The cone may be made in a
plurality of sections such as an upper cylinder, a middle cone such as one with 45° walls, and
a bottom cone reservoir.

In an embodiment, the cone comprises segmented pieces such as triangular pieces that
are assembled to form: a cone. The pieces may be sheets. The sheets may be cut in triangular

pieces and fitted together to form the cone. The pieces may comprise cladding of a support
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structure such as a stainless steel conical frame or cone. The pieces comprising male pieces
in an assembly mechanism may be {itted mto top and botiom rings comprising female slots to

eceive the male pieces. The top and botiom rings may be fastened to a frame directly or
mdirectly such as the vacuum chamber 26 wherein the fastening causes the pieces to be held
together. The botiom ring may further comprise a flange that attaches to the cone reservoir
5b. The attachment poinis of cone elements comprised of graphite may comprise expansion
jomnis,

Exemplary embodiments of at least one of the upper cone and the cone reservoir are
at least one of graphite and $1C coated graphite formed into a cone, at least one of graphite
and SiC coated graphite liming a support such as a stainless cone, at least one of segmented
graphite and SiC coated graphite plates lining a stainless cone, at least one of segmented
graphite and SiC coated graphite plates moechanically held together, W foil formed into a
cone, W plaled stainless steel cone, W foil lining a support such as a stainless steel cone,
segmented W plates lining a stainless steel cone, segmented W plates mechanicaily held
together, stainless steel having a steep angle such as about 60° and Mullite or Mullite-YSZ
coated, Mo foil formed inio a cone, Mo plated stainless steel cone, Mo foil lining a support
such as a stainless steel cone, segmentad Mo plates lining a stainfess steel cone, segmented
Mo plates mechanically held together, stamless steel having a steep grade such as 60° angles
that 1s Mullite or Mullite-YSZ coated. A cone such as a stainless steel cone that is heated
above the melting point of the melt such as the Ag or Ag-Cu alloy melt. The heating may be
achieved by at least one of a heater such as an inductively coupled healer and a resistive
heater and by the hydrino reaction. Other materials for at least one of the upper cone,
windows such as PV windows, and housings to prevent ignition product adhesion compnise at
least one of sapphire, alumina, boro-silica glass, MgF;, and ceramic glass.

In an embodiment, the cell walls above the cone reservoir may comprise a material
such as a metal such as aluminum that may have a lower melting point than the operating
temperature of the cone reservoir. In this case, the corresponding upper cone such as one
comprising segmented aluminum pieces or plates may end before the cone reservoir and may
further extend over the otherwise connecting edge with the cone reservoir such that returning
melt may flow over the edge into the cone reservoir. The upper cone may at least one of
comprise a heat sink such as thick plates and may be cooled to prevent melting. The surface
may comprise an oxide such as aluminum oxide to prevent adhesion of the melt.

At least one of the conical cell 26 and cone reservoir 3b may comprise or is coated
with at feast one of mica, wood, cellulose, lignin, carbon fiber, and carbon fiber-reinforced
carbon wherein at least some of the surface may be carbonized {o graphite. The heat from the
hvdrino process mayv cause the cone wall to overheat. The wood cone reservoir or cone cell

may comprise a backing heat sink such as a metal sink that may be cooled. The cooling may
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comprise a heat exchanger that may be attached to the cone reservoir or cone cell wall. The
heat exchanger may comprise a coolant that may be cooled by a chiller 31a. The heat
exchanger may comprise pipes that are fastened to the cone wall wherein a gas such as air is
followed through the pipes by an air mover such as a fan. The systern moay be open such that
the wall 1s cooled by air-cooling.

The metal in the reservoir may be melted or mamtained in a molten state by heating,
The metal may be heated mdirectly by heating the oulside of the reservoir or heat directly.
The reservoir may be heated with a heater such as at least one of a resistive heater and an
external or intermnal inductively coupled heater Sm comprising leads 5p and coil 3£ Since
sitver has a high thermal conductivity, the inlernal heat should be rapidly and evenly
transferred for an internal resistive heater. Suitable resistive heaters capabie of high
iemperature are ones comprising Nichrome, graphite, tungsten, molybdenum, tantalur, SiC,
or MoSi,, precious metals, and refractory metal heating elerents. The geometry may be such
that there is rapid heat transfer with a mininnization of space such as a pancake-shaped heater.
The heater may be treated with the appropriate protective coating to interface with at least
one of sieam and hydrogen. Altematively, the heating element may be protected from
reaction with at least one of water and hyvdrogen by being wetted with the melt such as silver.
The light from the ignition of the fuel propagates predominantly upward to the PV converter
26a; however, any light and heat that propagates downward may serve o heat the ignition
products such as those m the cone reservoir 5b fo hinut the amount of heater power
consumed. The reservoir may be maintained in the vacuum of the cell provided by lower
vacuum-capable chamber 5b3 and vacuum connection 5b6 to decrease heat loss by means
such as conduction and convection. The reservoir may further comprise radiation shields that
may have passages for the return of the ignition product such as molten silver. As in the
exemplary case of a fuel cell, the reservoir may comprise a thermos or vacuum jacketed walls
such that heat loss 1s minimum. in an idle condition of the SF-CIHT cell, the reservoir may
only need heating periodically to maintain the melt such that the cell is in a ready condition to
operate. As an exemplary case, it is known in the art of fuel cells that heating need be
performed on a time frame of aboul every twelve o twenty-{our hours.
The reservoir may comprise at least one bubbler tube 57 to supply and incorporate ai

least one of water and hvdrogen into the melt. The bubbler tubes 57 may comprise a

serpentine gas flow field or diffuser such as one known in the art of fuel cells such as molten

fuel cells. The bubbler tubes may comprise an inverted cup to trap the injected gases such as
H;0 and H> to be at least one of dissolved and mixed into the melt. The gas may be releagsed

imside the inverted cup-shaped diffuser. The diffuser may be submerged under the melt, and
the melt may flow around the top of the diffuser to the underside to receive the gases. The

trapped gas may provide pressure 1o facilitate the flow of the melt into the electromagnetic
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purop Sk. The bubbler tube 57 such as a flow field may comprise a material that silver does
not wet such as at least one of graphite, W, and WC. The lack of wettability may prevent the
stiver from clogging the gas holes of the bubbler. The pipe bubbler 57 may comprise a
hydrogen permeable membrane such as at least one comprising carbon such as wood,
celluiose, or lignin wherein the surface may be carbonized, and graphite, carbon fiber-
reinforced carbon, and Pd-Ag alloy, Ni, niobium, Pd, P1, Ir, noble metal, and other hvdrogen
permeable membrane known in the art. The membrane may receive hydrogen gas such as
from source Su and facilitate its diffusion across the membrane to the melt such as at least
one of Ag, Ag-Cu alloy, and Cu melt. The pipe bubbler 5z may further comprise a water-
permeable membrane or frit such as a porous ceramic membrane or {rit. The H,O permeable
frit may comprise a material such as zircoma, Mullite, Mullite-YSZ., or porous graphite that
1s unreactive with H,O and 1s not wetled by the melt. The membrane may comprise a
honevcomb. Other exeraplary membranes and frits comprise yitria-stabilized zirconia,
scandia stabilized zirconia, gadolinium doped ceria that may further comprise a cermet.
Alternative membranes comprise cellulose, wood, carbonized wood, and carbon fiber-
reinforced carbon. The pressure from the source such as 5u and 5v may control the rate that
H; and H,O are supplied to the melt.

At least one of HLO and H, may be soluble in the melt in a manner dependent on the
partial pressure of the corresponding applied gas. In an embodiment such as one shown in
FIGURE 2117, the generator may comprise a pelletizer to form shot that is injected into the
electrodes 8. The pelletizer may comprise a molten metal purap Sk, a means (o add gases
such as at least one of steam and H, to the molten metal, and a nozzle to inject shot into the
electrodes 8. In an embodiment, the pelletizer 5a coroprising a molten metal fuel further
comprises at Teast two values to selectively, aliernatively seal the second vessel S¢ and the
gas from manifold Sv such that pressurized gas such as at least one of H,O and H» are
applied to the melt in the second vessel 5¢. First, a valve on the inlet of the second vessel 5¢
is closed to prevent backflow into the first EM pump 5k, and a manifold valve is opened to
allow the melt to be treated with pressured gases supplied through manifold 5v. Next, at
least one of the second pump Sk and the gas pressure may force the gas-treated melt out of
the second vessel 5¢ and through the nozzle 5q. Then, the vaive to the manifold Sy is closed
and the value at the inlet to the second vessel 3¢ is opened to allow the first EM pump 5k to
pump melt into the second vessel 5¢ {o repeat a cvele of pressured gas treatment and ejection
of the treated melt. Altemative valve, pump, and gas and melt lines and connections known
1o those skilled in the art are within the scope of the disclosure. The pelletizer may comprise
a plurality if second chambers 5¢ with inlet and manifold values. The fuel hydration may be
synchronized between the chambers o achieve about continuous injection with treated melt.

The plurality of bubblers may be fed off a manifold 5y, Atleast one of H, and H;O
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may be supplied a source of each gas such as Su and 5v. In an exemplary embodiment, at
least one of waler, waler vapor, and steam are provided from source 5v. At least one of
water vapor and steam may be supplied by at least one of a water vapor generator and steam
generator 5v. The water vapor generator may comprise a carrier gas and a water source
wherein the carrier gas is bubbled through the water such as water reservoir 5v. Hydrogen
may comprise the carrier gas bubbled through H,O to also serve as a reactant in the hydrino
reaction. The SF-CIHT generator may further cornprise a recovery and recirculation system
of any unreacted H, that may be recycled. The recovery system may comprise a getter such
as a metal that selectively binds hvdrogen to provide it to the recirculation svstermn such as a
pump. The recovery sysiem may comprise a selective filter for Hy or other systerm known by
those skilied in the art. In another embodiment, the carrier gas mayv comprise an inert gas
such as a noble gas such as argon. The SF-CIHT generator may further comprise a recovery
and recirculation system of the carrier gas that may be recycled. The recovery sysiem may
comprise a selective filter for the carrier gas or other system known by those skiliad in the
art. The fuel comprising melt that has absorbed at least one of H>O and H, may be
transported out of the reservoir. The reservolr may outlet to an electromagnetic {EM} pump
5k, In embodiments shown in FIGURES 2114-2118, the EM pump may outlet into the
second vessel S¢ comprising an injection tube that may be trace heated with a beater such as
an inductively coupled heater 5o0. The tubing such as one of the disclosure may be very
efficient at absorbing the inductively coupled heater radiation. The tube may have a low
emssivity such as polished or electro~polished tubing that may be run in a vacuum chamber.
Alternatively, the heater such as a resistive heater of the second vessel 5S¢ may be inside of
the second vessel wherein the second vessel has sufficient diameter or size to accommodate
the internal heater.

For startup, the pump tube 5k6 may be filled with the fuel metal such as silver or
sitver-copper alloy to increase the heat transfer cross sectional area. The area may be
increased {0 increase the raie that heat is conducted along the tubing from the heated cone
reservoir 5b to the inlet to the pump 5k, Altematively, the pump tubing may be heated with
resistive irace heating, or the tubing may be insulated. In an embodiment, the tubing
comprises insulation that is variable or adjustable to control the teat transfer between
msulating and effect at heat transfer. The insulation may be made in a state of high insulation
during pump startup, and the nsulation mayv be made in a state that provides high heat
transfer during operation to prevent the pump from overheating. In an embodiment, the
variable, adjustable, or controllable insulation comprises a vacuur jacket the surrounds the
pump tubing. The vacuum jacket may be evacuated during startup, and gas can be added (o
the jacket for rapid heat transfer after the pump is operating. The outside of manifold of the

vacuum jacket may be cooled with water-cooling to provide addition heat removal capacity
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io prevent overheating.  Altematively, the pump tubing and bus bars may comprise a high
temperature material such as Ta that 1s capable of operating at a teraperatore in excess of that
achievable during operation of the pump. The high-temperature capable pump tube such a Ta
pump tube may be coated with a high-temperature oxidation-resistant coating. The bus bars
may comprise a more conductive metal than the pump tube metal. The bus bars mav be
capable of operating at high temperature. Radiative heat iransfer may limit the maximum
operating temperature. The pump tube may comprise elements such as fins that increase the
swriace area to increase the heat transfer. The high-temperature capable fube may comprise a
coating to prevent oxidation. Alternatively, the pump tube may comprise a cooling system
such a water coils in contact with its surface wherein the water 1s initially evacuated during
startup. Once the pump is at operating at temperature, the water or other suitable coolant
may be pumped through the cooling sysiem to remove excess heat as needed in a controlled
manner. The conirol may be achieved by controlling the coolant purmp speed, the chiller heat
rejection rate, and the coolant inlet and outlet temperatures. In another embodiment shown in
FIGURE 2119, the electromagnetic pump 1s housed in a lower chamber 5b3 that may be filled
with a heat transfer gas such as an inert gas such as argon or helium. The inert gas may
further comprise hydrogen such as noble gas-hvdrogen mixture such as one comprising about
1 to 5% H; n order to prevent the oxidation of the pump tube. The lower chamber 5b5 may
be sealed to the cell 26 with a flange and a gasket such as a graphite gasket. The pressure
may be adjusted to control the pump tube temperature. The cooling system may comprise an
mert gas tank, pump, pressure gauge, pressure controller, and temperature recorder to control
the heat transfer rate from the pump tube.

In another ermnbodiment, the second vessel 5S¢ comprises a bend at 1ts inlet end and an
imjection section that ends at the nozzle Sq wherein it receives melt from the pump 5k and
serves as a conduit to transport it to the nozzle 3qg to be injected into the electrodes 8. The
cell cone reservoir may tapper into the inlet of the pump tube 5k. The pump tube may be
oriented vertically. The second vessel may bend in in an arc in the range of about 90° {0
300° so that the ijection section of the second vessel is oriented towards the electrodes 8.
The second vessel 5¢ may travel back through the cone reservoir in route to inject the melt
into the electrodes. The diameter or size of the pelletizer components such as the second
vessel may be selected such that the drag on the tlow is not excessive. Additionally, the
second vessel may be heated such as trace heated by a heater such as a resistive or
inductively coupled heater. The heater such as the inductively coupled heater to heat the
imjection section may comprise a coil such as 5f that heats the inlet portion and may further
comprise coil 50 that may penetrate the wall of cell 26 and heat the injection section. The
et portion of the second vessel may comprise a tubular loop that is heated by an
inductively coupled heater having a coil 5f that surrounds the tubular loop.
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In an embodiment shown in FIGURES 2119 and 2120, the cell wall 26 comprises a
material resistant to silver adherence such as at least one of graphite, graphite coated metal
such as graphite coated high temperature stainless steel, tungsten, and tungsten carbide. The
cell wall may taper into a conical bottom. The cell bottom may comprise a flange that may
connect to a mating flange connecting to a cone reservoir 5b to contain melt such as silver
melt. The cone reservoir 5b may be capable of high temperature operation and may comprise
a material such as graphite, tantalum, niobium, fitanium, nickel, molybdenum, tungsien or
other high-temperature ot refractory material or metal such as a high temperature stainless
steel. The cone reservoir may be lined with material that resists adherence of the melt such
as silver mell. An exemplary cone reservoir and hiner comprise graphite or tantahum or
miobium lined with graphite. The graphite liner may be connected 1o the cell. The
connection may be by mating flanges that are fastened together by fasteners such as high-
iemperature screws such as Mo, Ta, or Nb screws. The fasteners may comprise anchors with
mating bolt or screws that thread into the anchors. In an embodiment wherein the cone
FESErvOIT 18 in vacuum or an inert atmosphere, it may also comprise graphite with no liner,
The vacuum or inert atmosphere may be provided by a vacuum-capable lower chamber 5b5,
The cone reservoir may comprise a bottom flange that connects to a mating flange of the inlet
of a pump tube of an electromagnetic pump 5k, An inductively coupled heater comprising
swrounding cotl 3f may heat the cone reservoir 5b and at least a portion of the inlet to the
pump 5k to a temperature above the melting point of the melted metal such as at least one of
sitver, silver copper alloy, and copper metal. Defining the flange connection as the origin,
the tube may initially point downward and then form a loop having a suttable radius of
curvature to place the tube in a vertical direction to intersect the cone reservoir 5b. The inlet
may transition into the straight pump tube 3k6 wherein the direction of pumping may be
oriented vertically. The outlet tube of the pump may run vertically to intersect the cone
reservoir wall. The intersection may be at the cones largest radius to provide the maximal
distance of the pump yvoke and magnets 5k4 and 5k5 (FIGURE 2116} from the cone reservoir
5b to provide for operating these pump componenis at a suitably lower temperature than that
of the cone reservoir. The pump magnetic circuit 5k4 and 3k5 may be oriented tangentially
to the cone reservoir, and the bus bars 5k2 may be short and oriented perpendicularly to the

30

cone reservolr with leads 5k3 to the current source at about 90° {o the direction of the bus
bars Sk2. The orientation of the magnetic circuit 5k4 and 5k5 may maximize the distance
from the elevated temperature componenis. The high-operating-temperature components
such as the cone reservoir and the 1nlet tube, purop tube 5k6, and outlet tube are required to
be above the melting point of the melt, and the low-operating-iemperature components such
as the magnetic circuit 5k4 and 5k5 of the EM pump 3k are required to be at a much lower

temperature such as less than about 300 °C. To maintain a temperature separation between
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the two types of coraponents, the pelletizer may comprise insulation between the
components. Additionally, the magnetic circuit may be cooled by a cooling systerm such as
one comprising water-cooled heat transter plates 5ki and a chiller 31a. The water-cooled
coils of the inductively coupled heater 5f may also serve to cool the magnetic circuit of the
electromagnetic pump 5k and vice versa. The cone reservoir and the pump inlet may
comprise the first vessel 5b. The electromagnetic (EM} pump 5k may pump the melt such as
the silver melt {rom the cone reservoir to the elecirodes through the second vessel S¢ that
may comprise pump outlet tube such as a tantalum or niobium {ube of about 3/8 inch
diarneter and nozzle 5q. The loop of the pump inlet and outlet tubes may coraprise a bend of
ai least about 1807 back through the cone reservoir wall. The tube 3¢ may travel inside of the
cone reservolr 5bin a region such as one below the silver melt level contained in the cone
reservolr, and protrude above the melt level ending in nozzle 5q. The nozzle may be shightly
above the melt level such that the melt rermains molten while flowing in the tube without the
need of a vessel heater. In other embodiments having the nozzle significantly distant from
the melt level, heating 15 applied to the distal imjection section of the second vessel by a
heater such as an inductively coupled heater. In an embodiment such as the former case, the
electrodes mav be located very close to the level of the melt. In an embodiment, the
separation distance of the melt and the electrodes is within at least one range of about | mm
to 100 mm, I mm to 50 mm, and T mm to 10 mm. The cell may have a larger diameter
vacuum housing flange at the bottom of the cell contaiming the inner cone reservoir flange
and the mlet {0 the cone reservoir. A lower chamber SbS capable of maintaining a vacuum or
an inert atmosphere may be connected to the vacuum housing flange. The interior vacuum of
the vacuum housing may be connected to the interior vacuum of the cell by a vacuum
connection line Sb6. Alternatively, the vacunm connection line 5b6 may connect to a
common manifold to the cell vacuum pump 13a. The lower vacuum-capable chamber 565
may comprise aright cvlinder that may have a domed end cap. The lower vacuum-capable
chamber 5b53 may contain at least one of the cone reservoir Sb, at least a portion of the
electromagnetic pump 5k comprising the pump tube 5k6 and its inlet and outlet, the EM
pump bus bars 5k2 and at least a portion of the magnetic circuit 5k4 and 3k3, and the heating
cotl 5. The electrical connection to bus bars of the EM pump 5k3, the leads to the
mductively coupled heater coil 5p, and any sensor leads may penetrate the walls of the fower
vacuurn-capable chamber 3b3. A portion of the EM pump magnetic ciraunt 5k4 and 5k5 may
penetrate or have flux penetrate the lower vacuum-capable chamber 5b3 wherein the magnets
and optionally a portion of the magnetic circuit 5k4 and 5k5 may be outside of the lower
vacuum-capable chamber $bS. The vacoum may protect atr sensitive materials such as
graphite, Ta, and Nb from oxidation. In another embodiment, the lower chamber 5b3 capable

of maintaining a vacuum or seal from atroosphere may not be connected to the vacuurm of the
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cell. In this case, the lower chamber 5b5 may be filled with an inert gas such as nitrogen or a
noble gas such as argon. Further protection may be achieved by coating atmospheric gas

eactive materials with a protective coating such as an electroplated or physical coating such
as Cerarmic.

In an embodiment, the inductively coupled heater coil leads penetrate into a sealed
section of the generator such as at least one of the cell 26 or the lower chamber 5b5. The lead
5p penetration of the corresponding wall such as at least one of the cell, chamber 5b5, and a
partition between the two such as a efectromagnetic pump flange plate may be electncally
isolated such that the leads 3p to not electrically short. The penetrations may occur at the
wall or may occur at a location distant from the wall in order to provide a location wherein
the temperature is lower than at the wall. The wall may be connected to the distant location
by a conduit that houses the lead without elecirical contact. The conduit end that is opposite
the sealed penetrations may be welded to the wall to be penetrated to form a seal at the wall
location. Inn an embodiment wherein the leads penetrate a hot conducting element wherein
the vacuum seal 1s at the distant location, the lead may pass through a hole in the element
such as the electromagnetic pump flange plate without making electrical contact with the
element. The leads may be polished to lower the emissivity and heat transfer to the leads.
The conduit may be vacuum-sealed about the lead with an electrical insulator at the opposite
end of the conduit from the hot conducting element where the temperature is much {ower.
The msulator may comprise a low temperature seal such as a Teflon seal such as a Teflon
Swagelok or Utra-Torr with Kalrer O-ring. Alternatively, the vacuum tight lead penetrations
may comprise commercially avatlable high-temperature RF penetrations.

n an embodiment, the cone reservoir and chamber 3b are threaded and screwed
iogether 1n the vacuum connector (o a top plate of the vacuum housing. The pump fube may
penetrate the top plate. Vessel 5b may be attached to the top plate by means such as welds.
in an embodiment, the pump tube 5k6 may be heated independently by a heater such as an
inductively coupled heater that maintains the tube at a desired temperature above that of the
melting point of the melt. In an embodiment, one mductively coupled heater RF power unit
may be multiplexed to a plurality of inductivelv coupled heater coils. The pump tube heater
may comprise a heater cotl that is intermitiently driven by the RF generator for the cone
reservoir heater at a duty cvele of the RF generator that is switched over timed between
driving the cone reservoir heater coil and the pump tube heater coil. The duty cycle may be
controled to maintain the cone reservoir and the pump tube af desired temperatures. An
exemplary duty cycle range is about 10 % to 90%. Alternatively, the EM pump tube may be
heated by heat transferred from a hot section of the generator. The heat may be from a heater
or from the hydrino reaction. In an embodiment, the heat transfer is from the heated cone

reservoir 5b transferred by a conductive medium such as copper that mav comprise heat
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transfer blocks 5k7 (FIGURE 2126). The blocks may be machined or cast {o contact the cone
reservolr and the pump tube. To make better thermal contact between the pump tube 5k6 and
the heat transfer blocks 5k7, the pump tube may be coated with a heat transfer compound
such as Thermon T-99. In an embodiment, heat may be transferred from at least one of the
cone reservoir 3t and the reservoir S¢ to the pump tube by heat transfer blocks 5k7 and along
the pump tube 5k6. The tube may be enlarged in the inlet region to increase the heat
conduction through the metal melt such as silver of AgCu alloy melt.

Each bus bar 9 and 10 may comprise a connection to a capacitor bank. The capacitor
bank may comprise a plurality {(e.g. two) of parallel sets of two capacitors in series with one
connected to the positive bus bar and one connected to the negative bus bar with the
corresponding oppostte polarity capacitor terminals connected by a bus bar. In an exemplary
ernbodirnent, higher current is achieved with two sets of a pair of parallel capacitors is series
using higher voltage capacitors such as custorn 3400 F Maxwell capactiors with a higher
voltage than 5.7 V with two in serigs. The circuit may be completed with the arrival of shot
between the electrodes. The capacitors may be connected to a source of elecinical power to
charge the capacitors and maintain their voitage during operation wherein the voltage is
sensed at the capacitors. Fach bus bar may vertically penetrate the cell wall and comprise a
mount such as a copper block with threads to receive the threads of the terminal of the
corresponding capacitor. A honzontal bus bar may screw into the threaded end of each
vertical bus bar, and the electrodes may slide onto the ends of the horizontal sections. The
electrodes may be secured by {asteners such as clamps with bolts or set screws.

The electrodes may comprise one of the disclosure such as a downward V-shape the
forms a channel at the gap 8§ towards the PV converter 26a and further comprises an electrode
EM pump comprising channel 8 and magnets 8¢ and optionally a second electrode EM pump
comprising magnets 8cl and channel 8gl. To prevent excessive heating of the magnets of
either electrode EM pump, the magnets such as 8¢ and 8cl may be located outside of the cell
26. The magnetic field may be supplied to the channel such as 8g and 8g1 by a magnetic
circuit 8¢ (FIGURES 2129-2131) such as ferromagnetic yoiks that may operate at high
iemperature such as at least one of ron, cobalt, and }-ﬁperco@ 50 Alloy (49% Co, 49% Fe, 2%
V) yokes. In another embodiment, the vokes may comprise one material such as Co or
Hiperco” 50 Alloy at the gap where the temperature is greatest and another material such as
tron at the lower-lemperature portion interfacing the magnets. The magnets may comprise a
material that has a high maximum operating temperature such as CoSm magnets. To further
thermally isolate the CoSm, the magnetic circutt may comprise an inner magoet that may
operaie at higher temperature such as an AINiCo magnet that may operate at a maximurm
temperature of up to 525 °C compared to 350 °C for CoSm. The electrode EM pump

magnetic circuit may comprise the magnets and the vokes and each may penetrate the cell
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wall 26, Alternatively, the magnetic flux may penetrate the wall from a first outside
magnetic circuit section 1o a second magnetic circuit section inside of the cell. An exemplary
wall material that permits the flux penetration is a high temperature stainless steel. In an
alternative embodiment, the nozzle 5S¢ may be positioned in close proximity to the electrodes
8 such that the pressure from the EM pump 5k pumps the melt through the electrode gap 8g
and optionally 8g1 wherein at least one of the first and second electrode EM pumps are
optional. The nozzle 5q may comprise a non-conductor such as guartz or alow conductor
such as graphite such that it may be in proximity to the gap 8g or may be in contact with the
electrodes 8 to facilitate direct pumping of the melt through at least one electrode gap or
channel 8g and 8gl. Alternatively, the nozzle may be tipped with a non~conductor such as a
quartz or ceramic sleeve, coated with a nonconductor such as boron nitride, or comprise a
conductor such as the matenal of the pump tube, but a minimum gap may be maintained
between the nozzle and electrodes 8. The cell may electrically floated, rather than being
grounded to prevent the flow of electricity through the nozzle 1o other components in the cell.
The cell walls, bus bars 9 and 10, and any other elements in the cell may be covered with a
sheath that resists adherence of the melt such as silver or silver-copper alloy such as Ag 72
wit%-Cu 28 wi%. An exemplary sheath material is graphite, boron carbide, fluorocarbon
polvmer such as Teflon (PTFE), zirconia + 8% yitria, Mullite, or Mullite-YSZ. The shot
ignited by the electrodes may comprise molten metal such as molten Ag that may further
comprise at least one of gas of the group of H,0 and hvdrogen. The cone reservoir Sb may
comprise at least one gas or water line such as a line from a manifold 5v connected to a
source of at least one of H,{ and H, 5u and Sv and a pipe bubbler or gas flow field 57 to add
the gases to the melt. The line may penetrate the wall of the cone reservoir 5b to connect to
the pipe bubbler 5z or gas flow field.

Altematively, at least one of H,©O and H, may be added by injection by an injector
5z1 regulated by ingector regulator and valve 522 at the electrodes 8. The igector 5z1 may
mnject at least one of HyG and H; into at ieast one of a portion of the ignition plasma, the
center of the ignition plasma, into the a portion of the melt and substantially into the middle
of the stream of the melt {0 maximize the incorporation of the at least one of H;0 and H, into
at least one of the melt and the plasma. An exemplary injector 521 comprises a tube having
a 50 um hole at the end that injects H,O directly into the plasma. The tube may comprise a
material resistant o waler reaction such as a nickel tube. The injector may comprise anozzle
comprising aft feast one pinhole such as each having a diameter in the range of about 0.001
um to 5 mm. The gas may directionally flow from the mnjector 5z1. The gas may comprise a
gas jet or molecular beam such as at least one of a H,O and H; jet or bearn. The nozzle may
be located close to the pomnt of ignition such as within 0.1 10 5 mm of the electrode gap #g to

efficiently supply the gases 1o the ignition while avoiding excess gas to be pumped from the
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cell. The injection may occur above of below the electrode gap 82 The fip of the imjector
571 may comprise a material that is resistant (o heat damage such as a refractory metal such
as one of the disclosure such as W or Mo. In another embodiment, the nozzle of the myector
5z1 may comprise a plurality or array of pinholes such as ones aligned along the length of the
glectrodes to inject gases into the molien metal. In an exemplary embodiment, the pinholes
are about 25 um in diameter. The injection may be at high velocity. The high velocity may
assist in impregnation of the metal with the gases so that the gases may be introduced to the
reaction mixture with a greater vield. The molecular beam may facilitate the formation of
HOH catalyst. In an embodiment, the tip of the injector 3z1 may coraprise a diffuser to form
a fine mist of the water injected into the plasma or fuel to be ignited.

in an embodiment, the injector 571 is designed to limt the heat transfer rate from the
plasma to the injector such that the water at its flow rate to sustain a desired power from the
hydrino process does not boil while within the injector. The injector 21 may comprise i) a
minimum surface area, 1i.) material of low heat transfer rate, 111} surface insulation, and iv.)
radiation shields to limit the heat transfer to the flowing water. Tn an exemplary embodiment
wherein the hvdrino reaction is HyO to Hy(1/4) + 1/20, + 50 MJ, the mmimuom water flow
rate to generate X watts of power is given by

Flow Rate = (X watis/50 Ml/mole H.0) X (1 Iiter H>O /55 moles) (33}
in the exemplary case wherein X = 500 kW, the flow rate is 0.18 ml/s. The power 1o cause
0.18 ml per second of water to botl from an rutial termperature of 0 °C 15 490 W. Thus, the
mjector 5z1 13 designed such that its maximum rate of acceptance of heat from the cell such

as from the plasma corresponds to a power of less than 490 W. Using the relation:
1
P =3 34
> (34)

wherein £ is the pressure, /. is the density of water, and v is the velocity, a water injection
prassure of 3 atm corresponds to anozzle 5q flow rate of 25 m/s. The size of the orifice of
the nozzle Sq to deliver 0.18 ml/s (0. 18 X 10™° »¢') at this flow rate is 7.2 X 107 m” (95 am
diameter disk}. Given atube of twice this diameter with 3 cm immersed in the plasma, the
plasma contract area of the tube is 1 X 107 m” which requires that the heat transfer rate be
fess than 490 W/1 X 10% w® or 4.9 X 10" W/ m". Exemplary heat resistant nozzles with a
fow heat acceptance rate compnse alumina or zirconia that may be stabilized with calcia or
vitria. The nozzle 5q such as one coruprising a pinhole may have a shape to cause the water
stream to spread into a volume that disperses the water throughout a desired portion of the
plasma. The spread may comprise an even dispersion of the water in the plasma. The water
source Sv may comprise a water reservoir and a pump to supply the water to the iryector 5z1.
The valve, flow meter, and regulator 572 may control the rate of water flow to be injected

through nozzle 3q.
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The wyjector 5z1 may comprise a hunudifier that may maintain a desired partial HO
pressure in the region of the electrodes such as one in at least one range of about 0.01 Torr to
1000 Torr, 0.1 Torr to 100 Torr, 0.1 Torr to 50 Torr, and 1 Torr to 25 Torr.

The molecular beam may be cooled to form ice crystals that may increase the rate of
the hydring reaction. The cooling may be provided by chiller 31a. The cooling may be
achieved by cooling a carrier gas such as hvdrogen or a noble gas. The water may be cooled
io the limut of freezing. The freezing pownt may be lowered by dissolving carrier gas such as
hydrogen in the water 1o form super-cooled water. The super-cooled water may be
aerosolized by bubbling the carrier gas such as hydrogen. In an embodiment, nucro-water
droplets such as in the range of 0.1 to 100 um diameter may be formed by an aerosolizer such
as an ultrasonic aerosolizer. The ultrasonic frequency may be high such as in a range of
about 1 kHz to 100 kHz The aerosolization may result in the formation of ice crystals. The
water may be injected into vacuum. The expansion into vacuum may cool the water to form
ice. The evaporation of the water injected into vacuum may form the ice. The evaporation
may cool the tip of the injector 521 that ray cause the injected water to formice. At least
one of the injected water and iip may be cooled by chilier 31a. The cooling may beto a
temperature that results in ice crystal formation of the injected water while preventing the tip
from icing up and clogging. The formation of ice crystals may be further facilitated by
bubbling cooled carrier gas. The super-cooling may also be achieved by at least one of
reducing the pressure and elimunation of nucleation sites in the water reservoir such as the
bubbler. In an embodiment, an additive may be added to the water to lower the freesing
point. Exemplary additives are salts, inorganic compounds, and organic compounds. In the
fater case, the organic compound may be consumed and replaced during operation of the cell.
(as such as hyvdrogen gas may be bubbled through the water to form ice erystals that may be
mjected nto the melt 1o serve as a source of at least one of H and HOH catalvst for the
hvdrino reaction. fn an embodiment, ice may be sublimated and directed to the electrodes.
The vaporized ice may be flowad through a manifold. The ice may nucleate or undergo
deposition to larger crystals by physical contact with a suitable surface wherein the larger
particles may be flowed into the ignition site. The flow may be through the manifold having
a plurality of pinholes. In an embodiment, the injector may be located in the walls of the
electrodes such as in the channel 8g. In another embodiment, the injector 521 is on the
oppostie side of the nozzle Sg. In an exemplary embodiment, the nozzle 5q injects melt inio
the electrodes 8, and the injector 571 injects at least one of H,O and H, from the top, on the
other side of the electrodes such as in the channel 8g. The water mav be in the form of at
least one of fine 1ce crystals, vapor, and Hquid water. I an embodiment, imput gas from a
source such as 5u and 5v 1s injected into the celi that 1s maintained under a vacuum.

Controlling the input pressure that may be less atmospheric may control the flow rate of the
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gas through the injector 5z1. At least one of the input gas pressures for imjection and flow
rate may be controlled by valve, pump, flow controller, and pressure monitor and coniroller
372. The cell vacuum may be maintained with a water vapor condenser such as at least one
of a chuller, crvopump, and vacuurn purop 13a. The cell vacuum may be maintaimed with a
water trap and a pump such as a vacuum pump such as a Scroll pump. The water condenser
may comprise at least one of a chiller and a crvotrap. In an embodiment, the pump may
comprise a high-temperature pump that maintains the cell gas at an elevated ternperature
while pumping such that the water vapor component essentially behaves as an ideal gas. Any
mjected or formed water may be removed as steam that may serve as a means fo cool the cell.

In another embodiment, the cell comprises a chemical getier for removing the water
vapor from the cell gas o maintain vacuum. The getier may comprise a compound that
reacts with water such as a metal that may form an oxide. The water reaction product may be
reversible by heating. The getter may comprise a hydroscopic compound such as a desiccant
such as at least one of a molecular sieve, silica gel, clay such as Montmorillonite clay, a
dehvdrated base such as an alkaline earth oxide such as Ca0, a dehydrated hydrate compound
such as an alkaline earth compound compnsing an oxvanion such as a sulfate such as CaSOy,
and an atkali halide that forms a hydrate such as LiBr to absorb the water vapor in the cell.
The compound may be regenerated by heating. The heal mav be from the excess heat
produced by the cell.

The compound may be cychically removed from contact with cell gases, regenerated,
and returned. The compound may remain 1o a sealed chamber when heated such that a steam
pressure above atmospheric 1s generated. The steam at an inttial high pressure may be vented
through a valve that 1s opened. The valve may be closed at a reduced pressure relative to the
jrutial pressure that is still greater than atmospheric such that air does not flow inio the
chamber. The chamber may be cooled and the compound exposed to cell gases to absorb
water in a repeat cycle. In an embodiment wherein the compound is fransported to achieve
exposure to the cali gases 1o absorb water in one phase of the cycle and exposure o
atmosphere to release the absorbed water in another, the transport of the compound may be
by a means of the disclosure such as by mechanical means such as by an auger or by using a
pump. Alternatively, the transport may be by using a pneumatic means such as one of the
disclosure. In an embodiment comprising a reciprocating two-valve desiccant chamber water
removal system wherein the compound is not tfransported to achieve exposure {o the cell
gases to absorb water in one phase of the cycle and exposure 1o atmosphere 1o release the
absorbed water in another, the compound 1s in a chamber with at least two valves. A first
absorption valve controls the connection with the cell gases and a second exhaust valve
controls the connection to the water exhaust region such as the ambient atmosphere. During

the water absorption phase, the absorption valve 1s opened and the exhaust valve 1s closed.
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During the water exhaust phase, the absorption valve is closed and the exhaust valve 1s open.
The valves may alternately open and close to achieve the water absorption and exhaust. The
absorption valve may comprise a large valve such as a gate valve 1o increase the gas flow
exposed to the compound. The exhaust valve may comprise a smaller pressure-regulated
valve such as a blow-off valve that opens at a desired pressure and closes at a lower desired
pressure. The chamber may be in proximity to the cell such that the cell ordinarily heats it.
During the absorption phase, the chiller such as 31a may cool the chamber. The cooling may
be suspended to aliow the cell {o heat up during the exhaust phase. The suspension may be
achieved by stopping the coolant flow. The coolant may have a boiling point that is higher
than the highest operating temperature of the chamber. In another embodiment, heat may be
removed or supplied to the chamber by a heat exchanger such as a heat pipe. Inan
ernbodiment, water may be removed continuously by a plurality of reciprocating two-valve
desiccant chamber water removal systems wherein at least one system operates in the
absorption phase while another operates in the exhaust phase.

In an embodiment, the ultraviolet and extreme ultraviolet light from the hydrino
reaction causes the water vapor in the cell to dissociate mnto hvdrogen and oxygen. The
hvdrogen and oxvgen are separated by means of the disclosure 1o provide a supply of these
valuable indusinal gases. The hydrogen and oxygen product mixture of the photon
dissociated water may be separated by at least one method known in the art such as one or
more from the group of separation of H, by a micro~-porous membrane, separation of O, by
an glectro-diffusion membrane such as a refractory oxide such as CaQ, Ce(,, Y205, and
Zi(3,, separation of H; by a nonporous metaliic membrane such as a palladium or Pd-Ag
membrane, gas separation by creating a high-speed jet using an orifice and a beam skinwuer,
gas separation by centrifugation, and gas separation by cryo-distiliation. The gases may be
converted into electricity by supplying the hydrogen and oxygen to a fuel cell such as at least
one of a proton-exchange-membrane fuel cell, a molten carbonate fuel cell and other fuel
cells known in the art. Alternatively, the hydrogen and the oxygen or atmospheric oxvgen
may be combusted in a heat engine such as at least one of an internal combustion engine, a
Bravton cycle engine, a gas turbine, and other heat engines known in the art.

In an embodiment, the mjector 5z1 may comprise a manifold having a plurality of
pinholes to deliver at least one of H, and H,O wherein the H,0 may comprise ice crystals.
The mjector further comprises a pump 522, The water reservoir Sv may be cooled to at least
the freezing point of water. The reservoir may be operated under a pressure less than
atmospheric by pump 572, The low pressure may cause ice fo sublime in a super cooled state
wherein the vapor has a temperature below the freezing point of water at atmospheric
pressure. The surface area of ice may be increased {o increase the sublimation rate. The

pump 572 mav compress the super cooled water vapor to cause it to freeze. The purmp may
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change the pressure to cause a phase change form liquad to solid. The pump mayv comprise a
peristaltic pump. Bubble chambers use a pressure change to cause a phase change as well as
given in hitps://en wikipedia. org/wiki/Bubble chamber This principle may be applied fo
cause the formation of fine ice crystal for ingection mto the ignition plasia, the plasma
formed by igniting the hydrino reactants. The pump parts that contact the super cooled water
vapor and the formed ice crystals may be cooled with a chilier such as 31a. The ice crystals
may be pumped into the injector 521 such as the manifold having a plurality of pinholes by
the pump 522, and the crystals may be injected into the fuel ignition site.

in an embodiment, the hvdrogen iryector 5z1 may coroprise a hvdrogen permeable
membrane such as a nickel, graphite or palladium-silver alloy membrane wherein the
hvdrogen permeates the membrane and is delivered to the melt that 1s maintained under low
pressure. The hydrogen permeable membrane may decrease the hyvdrogen flow rate to a
desirable one wherein the hydrogen 1s injected into a low-pressure region such as in the cell
at the electrodes. The flow rate may be one that does not contributed to a corresponding
significant consumption of power. The flow rate may be manageable for the vacuum pump
13a to mainiain the cell pressure. The hydrogen flow rate may be in af least one range of
about 0.1 standard cubic centimeters per minute (scem) to 10 standard liters per minute {(slm),
1 scemto 1 slm, and 10 scom to 100 scem per a cell that produces about 100 kW of Light.
Electrolysis of HyO may comprise the source of hydrogen Su. In an embodiment, the
mernbrane such as a palladium or Pd-Ag membrane, may perform at least one function of
separating hydrogen from oxygen of an aqueous electrolysis gas mixture, njecting Hy into
the hydring plasma such ag al the electrodes in a controlied manner, and dissociating
molecular hydrogen into atomic hydrogen. The permeation rate and selectively for hydrogen
permeation may be controlled by controlling the membrane ternperature such as n the range
of about 100 °C to 500 °C. The hydrino plasma may provide the membrane heating. In other
embodiments, hvdrogen and oxygen of an electrolvsis product mixture may be separated by
at least one method known in the art such as one or more form the group of separation of Hy
by a microporous membrane, separation of O, by an electro-diffusion membrane such as a
refractory oxtde such as Ca0, CeB,, Y10, and 210, separation of H, by a nonporous
metallic membrane such as a palladium or Pd-Ag membrane, gas separation by creating a
high-speed jet using an orifice and a beam skinymer, gas separation by centrifugation, and gas
separation by cryo-distillation,

In an embodiment, the injector supplies a jet of ice crystals into the molten metal
wherein the ice crystals may be impregnated into the melt due to their lugh velocity. In the
case that the jet comprises a carrier gas such as hydrogen or anoble gas such as argon for
transporting water vapor, substitution of ice crystal for water vapor may significantly increase

the arnount and concentration of water delivered to the ignition per carrier gas volume. The
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ice crystals may also be formed mechanically bv means known in the art such as by anice
shaver or chipper. The mechanical ice crysial machine may comprise at least one rotating
blade that breaks solid ice into small ice particles of a desired size. The ice may be suppliad
to the electrodes by at least one machine tool such as a high-~speed grinder such as a Dremel
tool or a high-speed dnill or grinder such as a deniist dnll or grinder. The tool or drill may be
rastered over an ice surface that may be advanced as 1t is consumed. The rastering may be
produced by a raster mechanism. A column of ice with the surface at the top may be
advanced by a corresponding mechanism with replenishment from a freezing front at the
base. A chiller such as 31a may be used to achieve the freezing. The mechamcal frequency
may be in the range of about 1000 RPM to 50,000 RPM. The tce may be supplied chilling
water in a reservoir such as Su by a chiller such as 31a. In an embodiment, low temperatire
may limit the H;O vapor pressure to favor HOH formoation. The Type 1 ice structure may
also enhance the hydring reaction rate. In an embodiment, the solid fuel reaction mixture to
form hydrinos comprises ice as a source of at least one of H and HOH. Theicemay beina
physical form to provide a high surface area such as ice crvstals that mayv be injected by
mnjector 5z1. The ice may be formed in an ice supply 3v that may further comprise a means
to form fine powdered ice or small ice crystals such as a chiller such as 31ato freeze water
and a grinder. Alternativelv, the ice supply may comprise an ice crystal maker such as one
comprising a source of chilled expanding or asrosolized H,O.

in an embodiment, the injector 5z1 comprises an injection nozzle. The nozzle of the
mjector may comprise a gas manifold such as one aligned with the trough of the electrodes 3.
The nozzle may further comprise a plurality of pinholes from the manifold that deliver a
plurality of gas jets of at least one of H,O and Hy. In an embodiment, H» 1s bubbled through
areservoir of H,O such as 3v at a pressure greater than that of the cell, and the HyO is
entrained in the H» carrier gas. The elevated pressure gas mixture flows through the pinholes
mio the melt to maintain the gas jets. The flow may be regulated by pressure controller or
flow controller 572 that is supplied at an elevated pressure greater than that of the cell such as
n at {east one range of about 1 mTorr to 10,000 Torr, T mTormr to 1000 Torr, and 1 mTorr to
100 Torr. At the electrodes, the gas, that may be a mixture, may be combined with the
conductive matrix, the metal melt. With the application of a high current, the corresponding
fuel mixture may ignite to form hyvdrinos.

The pinholes may be laser, water jet, or mechanically drilled. The gases i the
mnjector may be pressurized to facilitaie the formation of a plurality of high velocity gas
mjection jets or molecular beams. Gas that is not consumed in formation of hydrinos may be
collected by means such as the purmp 13a and recycled. Waler may be condensed and

ecycled. The condensation may be achieved using a cryopump. Hydrogen may be recycled

wherein it may be separated from other gases before recvcling. The separation may be
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achieved with a selective filter.

The timing of injection may be such that the creation of plasma in the shot and gases
are simultanecus. The injection may be about continuous. The conmtinuous gas flow rate may

e adjusted to at least one of the ignition frequency and fuel flow rate. The fuel mnjection

may be mtermittent and synchronized with the ignition of the shot. The timing may be
achieved by the mechanical resonances in the injector and the pressure wave of the nth
ignition delaying and compressing the injection gases for the n + 1th ignition, wherein n is an
integer. Alternatively, a valve such as a solenoid valve 572 of the injector 5z1 may control
the iyjection. The valve 522 may be activated by the ignition current.  An exemplary valve is
a mechanical feedback servo valve. The valve may comprise a pressure control valve such as
one at the injector outlet wherein an excess pressure may be maintained in the supply side of
the valve. The water mayv be at least one of supphied and injected as at least one of liquid or
gas. The gas supplies may be from sources Su and Sv.

In an embodiment, at least one of very high power and energy may be achieved by the
hvdrogen undergoing transitions to hydrinos of high p values in Eqg. {18) in a process herein
referred to as disproportionation as given in Mills GUT Chp. 5 which is incorporated by

2

reference. Hydrogen atoms H (1 p) p=123,.137 can undergo further transitions {o
lower-energy states given by Egs. (10} and (12) wherein the transition of one atom is
catalyzed by a second that resonantly and nonradiatively accepts m-272¢l” with a

concomitant opposite change in its potential energy. The overall general equation for the
transition of H{1/p} to H ( 1/{ p+m}) induced by a resonance transfer of m-27.2 ¢l 1o

H ( 1/ p') given by Eq. (35) is represented by
H{/pY+H({/p)->H+H{1/{(p+m}+

2pm+m’ - pPtel 136 eV (35

The EUV light from the hyvdrino process may dissociate the dihydring molecules and
the resulting hydrino atoms may serve as catalysis to transition to lower energy states. An
exemplary reaction comprises the catalysis H to H{1/17) by H{1/4) wherein H{1/4) may be a
reaction product of the catalysis of another H by HOH.  Disproportionation reactions of

hvdrinos are predicted to given rise to features n the X-ray region. As shown by Egs. (5-8)

the reaction product of HOH catalyst is H 4 . Consider a likely transition reaction in

hydrogen clouds contaiming H2O gas wherein the first hydrogen-type atomn A L tisan H

I’
l dh'

atom and the second acceptor hydrogen-type atom 4| —= | serving as a catalystis H|
LD |
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7! .
Since the potential energy of H {?ﬂl is 490272 el =165272 e} = 4352 ¢V, the transition
reaction is represented by
7 '_ah —‘ } t al _“l H _ e o
16272 el +’z’ +H{ -2 H e +H* -2 +16.272¢) (36}
4 1 ;L 1 _E Jast ; ]7 ;
ot a,. X —Ll ] . .
H*{—:}—)H 1—2 +3481.6 ) (37
" 0 ) aq, )
H  +e —»H 1 +231.2 eV (38)
And, the overall reaction 1s
H| ol |4 H | =l o> H ---i ----- CH E m +3712.8 ¢V (39)

The exireme-uliraviolet continuum radiation band due to the H* —L—
L pm

imtermediate (e.g. Eq. (16} and Eq. {37}) 1s predicted to have a short wavelength cutoff and
energy £, . . givenby

E . =|{prm)0p 136V Om 272 eV

i\fi——-fzﬂ pfm / L -

) 912 {40}
LH w,mm}J &p-é-m} Opt F13.6el m-272 eV

and extending to longer wavelengths than the corresponding cutoff. Here the

H

extreme-ultraviolet continuum radiation band due to the decay of the /7 %] T mtermediate

!
[

is predicted to have a short wavelength cutoff at Z2=3481.6 ¢, 0.35625 rm and extending
to fonger wavelengths. A broad X-rayv peak with a 3 48 keV cutoff was recently observed in
the Perseus Cluster by NASA’s Chandra X-ray Observatory and by the XMM-Newton {E.
Bulbul, M. Markevitch, A. Foster, R. K. Smith, M. Loewenstein, 5. W. Randall, “Detection
of an umdentified emission line in the stacked X-Ray spectrum of galaxy clusters,” The
Astrophysical Journal, Volume 789, Number 1, (2014}, A Bovarsky, O. Ruchayskiy, D
lakubovskvi, J. Franse, “An unidentified line in X-ray spectra of the Andromeda galaxy and
Perseus galaxy cluster,” (2014),arXav:1402. 4119 [astro-ph.CGJ} that has no maich to any

known atomic franstion. The 3.48 keV feature assigned to dark matier of wnknown wdentity
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by BulBul et al matches the

ey
i
1
1
1
i
+
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g

a, | a,, | .. . .
1J — H L,’J fransition and further confirms

hvdrinos as the wdentity of dark matter.

In an embodiment, the generator may produce high power and energy with a low
prassure of H,(. The water vapor pressure may be in at least one range of about 0.001 Torr
o 100 Torr, 0.1 mTorr to 30 Torr, I mTorr and 5 Torr, 10 mTorr to 1 Torr, and 100 mTorr to
800 Torr. The low H.{ vapor pressure may be at least one of supplied and maintained by a
source of water vapor and a means to control at least one of the flow rate and pressure. The
walter supply may be sufficient to mainiain a desired ignition rate. The water vapor pressure
may be controlied by at least one of steady state or dynamic conirol and equilibrium control.
Low-pressure water may be added to the plasma by huniditving the atmosphere in the region
of the ignition such as the inter-elecirode and electrode EM pump channel region 8. The
generator may comprise a pump 13a that maintains a lower water vapor pressure in a desired
region such as one outside of the electrode region. The water may be removed by differential
pumping such that the regions of the cell outside of the electrode region may have alower
prassure such as a lower partial pressure of water. The lower pressure may be maintained fo
decrease the attenuation of light such as EUV light that may be made incident to PV
converter 26a.

The cell water vapor pressure may be maintained by a water reservoir/irap in
connection with the cell. The cell water vapor pressure may be in at least one of steadv state
or equilibrivm with the water vapor pressure above the water surface of the water
reservoir/trap. The water reservoir/trap may comprise a means to lower the vapor pressure
such as at least one of a chiller to maintain a reduced temperature such as a cryvo-temperaiure,
a H,( absorbing matertal such as activated charcoal or a desiccant, and a solute. The water
vapor pressure may be a low pressure established in equilibrivm or steady state with ice that
may be super-cooled. The cooling may comprise a eryo-chiller or bath such as a carbon
dioxide, liquid nitrogen, or liquid helium bath. A solute may be added to the water
reservoir/trap to lower the water vapor pressure. The vapor pressure may be lowered
according to Raoult’s Law. The solute many be highly soluble and in high concentration.
Exemplary solutes are sugar and an ionic compound such as at let one of alkali, alkaline
earth, and ammmonium hahides, hydroxides, nitrates, sulphates, dichromates, carbonates, and
acetates such as K;8Cy, KNG, KCL NHy80,, NaCl, NaNG,, NayCrGr, Mg(NGs), KOs,
MgCly, KCoHLG,, LiCHL and KOH. The trap desiccant may comprise a molecular sieve such
as exemnplary molecular sieve 13X, 4-8 mesh pellets.

In an embodiment {0 remove excess water, the trap can be sealed and heated; then the
hiquid water can be purnped off or it can be vented as steam. The trap can be re-cooled and

rerun. In an embodiment, H; is added 1o the cell 26 such in avegion such as at the elecirodes
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to react with O, reaction product to convert it to water that is controlled with the water
reservoir/trap. The Hy may be provided by elecirolysis at a hydrogen permeable cathode such
as a PdAg cathode. The hyvdrogen pressure mayv be monitored with a sensor that provides
feedback signals to a hydrogen supply controller such an electrolysis controller.

in an exemplary embodiment, the water partial pressure is maintained at a desired
prassure such as one in the range of about 50 mTorr to 300 mTorr by a hydrated molecular
sieve such as 13X, Any waler released from the molecular sieve may be replaced with a
water supply such as one from tank Sv supplied by manifold and lines 5x. The area of the
molecular sieves may be sufficient to supply water at a rate of at least that required to
maintain the desired partial pressure. The off gas rate of the molecular sieve may maich the
sum of the consumption rate of the hydnino process and the pump off rate. At least one of the
rate of release and the partial pressure may be controlled by controlling the temperature of the
moltecudar sieves. The cell may comprise a controller of the molecular sieves with a
connaction 1o the cell 26, The container may further comprise a means to maintain the
temperature of the molecular sieve such as a heater and a chiller and a temperature controller.

In an alternative steady state embodiment, the water vapor pressure is maintained by a
flow coniroller such as one that controls at least one of the mass flow and the water vapor
pressure in the cell. The waler supply rate may be adjusted to match that consumed in the
hydrino and any other cell reactions and that removed by means such as pumping. The pump
may comprise at least one of the water reservoir/irap, a cryopump, a vacuum pump, a
mechanical vacuom pump, a scroll pump, and a turbo pump. Al least one of the supply and
removal rates may be adjusted to achieve the desired cell water vapor pressure. Additionally,
a desired partial pressure of hyvdrogen may be added. Atleast one of the HO and Hy
pressures may be sensed and controlied by sensors and controllers such as pressure gauges
such as Baratron gauges and mass flow controllers. The gas may be supplied by a svringe
pump. As an alternative to a mass flow controller, the water vapor pressure may be
maintained by a high precision electronically controliable valve such as atleast one of a
needle valve, proportional electronic valve, and stepper motor valve. The valve may be
controlied by a water vapor pressure sensor and a computer to maintain the cell water vapor
pressure at a destred value such as in the range of about 0.5 Torr to 2 Torr wherein the
control may be to a small tolerance such as within 20%. The valve may have a fast response
to maintain the {olerance with rapid changes in waler vapor pressure in the cell. The dynamic
range of the flow through the valve may be adjusted to accommodate different mintmum and
maximum ranges by changing the water vapor pressure on the supply side of the valve. The
supply side pressure may be increased or decreased by increasing or decreasing the
temperature, respectively, of a water reservoir Sv.

in another embodiment, the pump 5k comprises a submersible pump such as an

-
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electromagnetic pump that is submerged in the melt contained in the cone reservoir and
pumps the melt vertically to the electrodes through a condunt such as a vessel such as a tube
attached to the outlet of the pump 5k An exemplary pump containing single-phase
electromagunetic windings is given in US Patent No. 5,277,551, Jan. 11, 1994, The pump
materials are capable of high temperature. In an embodiment, the submersible
electromagnetic pump may comprise a vertically (z-axis} ortented pump tube having its inlet
submerged in the melt. The pump mav comprise a DC electromagnetic purnp that may be
oriented such that the current 1s along the x-axis and the magnetic field is applied along the v-
axis. The v-axis aligned magnetic circuit of the EM pump to apply the maguoetic field of the
Lorentz force may comprise mirror image sets of an optional penipheral magnet cooling
system such as a water cooled heat sink, a magnetic circuit comprising peripheral magnets
such neodymmiurn magnets, a magoetic yoke that may further comprise a thermal barrier or
msulation in conlact with the hot pump tube, and an optional cold plate that abuts the pump
tube. In an embodiment, the thermal barrier comprises at least one of a gas gap or vacuum
gap. The thermal barmner may {further comprise a means 1o reduce the thermal radiation
across the gap such as at least one of a radiation reflector or shield and a reduced emissivity
of the hot parts of the pump such as the magnetic circuit parts such as the vokes, bus bars and
the purnp tube. The emissivity mav be decreased by means such as forming a smooth surface
such as a polished, electroplated, or electro-polished surface. In an exemplary embodiment,
the Fe or Co vokes are electroplated with a material such as chromium that renders it to have
fow emissivity. A laver of copper may be first applied and then chromiurm. An exemplary
EM pump design comprises wide, highly conductive bus bars attached to the short side wall
of the rectangular purop tube, and the perpendicular magnetic circuit having the layout:
magnets such as neodymium or Smo magnets {cooled)/voke such as ferrite, iron, or cobalt
{cooled)/ vacuum or gas gap/pump tube/vacuum or gas gap/ voke such as ferrite, iron, or
cobalt (cooled) neodvmium or SmCo magnets (cooled). The y-axis aligned pair of mirror-
mmnage current bus bars may be connected to a source of high current af the peripheral end and
abutted to the side of the pump tube on the opposite end. The xy-plane of the pump
comprising the magnetic circuit and the current bus bars may be elevated outside of at least
one of the melt and the hotiest zone of the cone reservoir. Alternatively, the pump may be
placed in a protective housing at or below the melt [evel to maintain a gravity feed of melf to
the pump, or the pump may be maintained in a primed state with metal in the pump current
carrving section. At least one of the bus bar and magnetic circuit may be at least partially
located outside of the cell with penetrations through the cell walls. The magnetic curcutt may
comprise magnets outside of the cell that provide flux through a nonmagnetic wall such as a
stainless steel wall wherein the magnetic flux is concenirated in internal yolks of the

magnetic circuit and guided across the pump tube. The bus bar penetrations mav each
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comprise a flange with a ceranuc insulated conductor penetrating through the flange or other
high-ternperature-capable electrical feed-through known {o those skilled in the art. The
materials of the EM pump such as the pump tube, magnets, and magnetic yolk may be
capable of operating at high ternperature. Altematively, the EM pump may comprise
mnswation, cold plates, heat exchangers, and other heat removal systems known in the art {0
cool the materials. Exemplary ferromagnetic materials having a high Curie temperature
suitable for the magnets and magnetic circutt are Co (1400K), Fe (1043K), neodymium
magnets {583-673K), and AINiCo (973-1133K). In an embodiment, the magnets such as
neodymium, AINiCo, SmCo, and iron magnets have a high maximum operating temperature.
In the case of magnets that are sensitive to demagnetization such as AINiCo magnets, the
magnets comprise a wrapper such as mu metal that will shield DC fields and a metal screen
(Faraday cage) will screen RF fields. These aspects apply to other embodiments of the EM
pump of the disclosure. The componenis of the pump such as the magnetic circutis and bus
bars mayv each be covered with a housing that allows returning ignition products to flow over
the housing and into the cone reservoir. The housing may comprise or may be coated with a
material that is resistant to the ignition products adhering. Exemplary non-adhering materials
for stiver are graphite, WC, W, and Al. The outlet of the pump tube may connect to an
imjection section of the pelletizer compnising a conduit or vessel such as a tube to the nozzle
5q that injects the molten fuel such as molten silver comprising at least one of H,O and H,
mio the electrodes 8. A heater such as the inductively coupled heater 1o heat the injection
section may comprise a coil such as 5o that may penetrate the wall of cell 26 and heat the
injection section.

In an embodiment, the cell cone reservoir can serve to store the metal that 1s pumped
backwards by the EM pumyp with a reversal of the pump elecirical current to evacuaie the
vessels and EM pump. The metal may be allowed to solidify by removing heating power.
Then during startup, first the heaters and then the EM pump may be activated with the pump
action in the forward direction to return the SF-CIHT generator o operation.

In an embodiment, water may be spraved into the plasma using a sprayer wherein the
pressure may be maintained low to avoid attenuation of short wavelength light such as UV
light by the water vapor. The water vapor pressure may be maintained less than 10 Torr. In
another embodiment, the at least one of water such as steam and hydrogen may be
simultaneously mjected with the molten metal shot such as silver shot. The at least one of
water, steam, and hydrogen injector may comprise a delivery tube that is terminated in a fast
solenoid valve. The solenoid vale may be electricallv connected in at least one of series and
parallel to the elecirodes such that current flows through the valve when current flows though
the electrodes. In this case, the at least one of water such as steam and hydrogen may be

simultaneously injected with the molten metal shot such as silver shot. In another
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ernbodirent, the ingector system comprises an optical sensor and a controller to cause the
imjections. The controller may open and close a fast valve such as a solenoid valve when the
shot is sensed. In an embodiment, lines for the injection of at least two of the melt such as
sitver melt, water such as steamn, and hvdrogen may be coincident. The coincidence may be
through a common line. In an embodiment, the injector comprises an injection nozzle. The
nozzle of the injector may comprise a gas manifold such as one aligned with the trough of the
electrodes 8. The nozzle may further comprise a plurality of pinholes {rom the manifold that
deliver a plurality of gas jets of at least one of HO and Hy. In an embodiment, H, in bubbled
through a reservoir of H,O at a pressure greater than that of the cell, and the H,O 1s entrainec
in the H, carrier gas. The elevated pressure gas mixiure flows through the pinholes mito the
melt to maintain the gas jets. At the electrodes, the gas, that may be a mixture, may be
combined with the conductive matrix, the metal melf. With the application of a high current,
the corresponding fuel mixture may ignite to form hyvdrinos,

The cross section of the pelletizer having a pipe bubbler in the second vessel to
miroduce the gasses such as H; and steam to the melt, two electromagnetic pumps, and a
nozzle to injection shot on the top of the electrodes is shown in FIGURE 2117, details of the
electrodes 15 shown in FIGURE 2118, In an embodiment shown in FIGURE 2117, the
pelietizer Sa inlet at the first vessel 5b may be solely located at the botiom of the cell 26, The
cell may be shaped in cone or funnel that causes the ignition product to flow mnto the inlet of
the pelletizer. The first vessel 5b, second vessel 5¢, and nozzle 5q may form at least a portion
of a loop with the first vessel 5b at the bottom of the cell 26 to receive ignition products and
the second vessel 5¢ and nozzle 5q in a separate location to deliver shot to the electrodes 8.
The second vessel 5¢ may penetrate the side of the cell 26, In an ernbodirent, the second
vessel S¢ and nozzle Sg may elevate the ejection point of the fuel above the elecirodes 8. The
norzzie may deliver the fuel 1o the second electrode section 8; (FIGURES 2112 and 2118) such
that the ignition expansion and light enussion occurs 1o the second cell region 81 The
giection may be facilitated by at least one of gravity and pressure from the pump. Inan
embodiment, the first electrode section may comprise the electrode gap only or may be
closed by an insulator such that the plasma only expands in the direction of the photovoltaic
converter 26a.

In an embodiment, the electrodes may comprise a bilayer set of electrodes comprising
a top conductive layer upon which igmition occurs and a botiom plate of an msualator o form
a floor in the gap 8g. The conducting top layer may comprise at least one of copper, Mo, Ta,
TaW, tungsten, tungsten carbide (WC), or graphite coated conductor such as graphite coated
Cu or W, and the bottom non-conducting bottom layer may comprise a ceramic such as
alumina, zirconia. MgQ, and firebrick. The top conduction layer may comprise or may be

covered with a material to which silver does not stick such as aluminum that may be cooled,
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molvbdenum, tungsten, Ta, Ta¥W, tungsten carbide (W), and graphite coated conductor such
as graphite coated Cu or W elecirodes 8. Maierials that are wetted by silver such as copper,
sitver, and CuAg alioy may each be covered with a material to which the shot such as silver
shot does not adhere.

The elecirode may comprise a plurality of layers such as a covering layer, an ignition
flaver, and a bottom non-conducting plate. The non-adhering cover layer may comprise at
least one of an insulator, a conducior of tow conductivity relative to the portion of the
electrode that causes the fuel ignition, and a conductor. In the case that the non-adhering
layer 1s conductive, it may be electrically 1solated from the ignition portion of the electrode.
The electrode may comprise a top shot non-adhering layer, a thin insulating spacer layer, and
a highly conductive ignition portion layer that is exclusively connected to the source of
electricity 2. An exemplary top layver of low conductivity relative to the ignition portion of
the electrode such as a silver or copper portion comprises graphite. In an exemplary
embodiment, graphite or zirconia serve as a layer to which the shot such as silver shot does
not adhere. The non-adhering layer may be electrically 1solated from the ignition portion
such as a copper portion by an insulating laver such as a ceramic layer. The non-adhering
faver may comprise a fimnel to guide shot into the gap 8g of the ignition portion of the
electrodes.

In an embodiment, the efectrode may comprnise a bilaver electrode such as one
comprising an upward V-shaped top layer such as graphite or zirconia top laver. The top
tayer may guide the shot to a bottom ignition layer. The bottor layer comprising a conductor
may have veriical walls or near vertical walls towards the gap 8g. Exemplary materials of the
bottom or ignition laver are W, WC, and Mo. The open circuit 1s closed by injection of the
melt shot causing contact across the conductive parts of the gap 8g only in the bottom layer.
In an embodiment, the shot may be delivered along the v-axis. The nozzle 5q may deliver the
shot horizontally along the v-axis to the top of the electrodes (FIGURES 2117 and 2118). The
light may consirained to predominantly propagate upward due to an electrode design that
permits the plasma from the ignited top-loaded shot to expand predonunantly in the positive
z-direction along the z-axis towards the PV converter 26a.

in an embodiment, the electrode may comprise a trilayer electrode such as one
comprising a top layer compiising a upward V-shape, a middle current delivery layer such as
a flat plate with the plate edge shighily extended into the gap 8g, and an downward V-shaped
electrode layer that is recessed away from the gap 8g. The top layer may comprise a material
that resists adhesion of the shot melt such as silver shot melt. Suitable exemplary matenals
are al least one of a nonconductor or poor conductor such as anodized alunmnum, graphite,
and zirconia or a conductor such as aluminum, molybdenum, tungsten, Ta, TaW, tungsten

carbide (W(), and graphite coated conductor such as graphite coated Cu or W. Low melting
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point electrodes such as aluminum electrodes may be cooled to prevent melting. The top
faver may be elecirically insulated {or the nuddie layer. The middle current delivery laver
may comprise a conducior with a high melting point and high hardness such as flat W, W,
or Mo plate. In an embodiment, the source of electricity 2 15 may be connected to at least one
of the middle laver and the bottom laver that may serve as a iead layver. The botiom elecirode
tead layer may comprise a high conductor that may also be highly thermal conductive to aid
in heal transfer. Suitable exemplary materials are copper, silver, copper-silver alloy, and
aluminum. In an embodiment, the botiom lead electrode layer also comprises a material that
resists adhesion of the shot melt such as silver. Suitable exemplary non-adhering lead
electrodes are WC and W. Allemnatively, the lead electrode such as a copper electrode may
be coated or clad with a surface that is resistant for the adherence of the shot melt. Suitable
coatings or claddings are WC, W, carbon or graphite, boron carbide, fluorocarbon polymer
such as Teflon (PTFE), zirconia + 8% yitria, Mullite, Mullite-YSZ, and zirconia. The coaling
or cladding may be applied over the surface regions that are exposed to the shot melt during
ignition. The open circuit may be closed by mjection of the melt shot causing contact across
the conductive parts of the gap 8g only in the middie laver. The bottom layer may be cooled
by a coolant flow system such one comprising electrode intemal conduits. The contact
between the middle and bottom cooled layer may heat sink and cool the middle layver. The
contact between the top and middle cooled laver may heat sink and cool the top layer. Ina
tested embodiment, the shot injection rate was 1000 Hz, the voltage drop across the
electrodes was less than ¢.5 V., and the ignition current was in the range of about 160 A to 10
KA.

Magnets such as 8¢ of FIGURES 2117 and 2118 may cause plasma particles such as
those from the shot ignifion to be directed away from the region 8k (FIGURE 2ZI12). Inan
exemplary embodiment wherein the Lorentz force is directed in the negative z-axis direction,
the magnets and channel 8¢ comprises an eleciromagnetic pump that performs at least one
function of (1) injecting shot in region 8§ into the gap 8¢ to be ignited, (i) pumping shot that
has adhered to the upper part of the electrodes such as at region g} into the gap 8g to be
ignited, {iit) gjecting un-ignited shot and particles from the region 81 and the gap 8g and (v}
recovering the ignition product and un-ignited shot to the pelietizer. The ejection and

ecovery may be by the Lorentz force formed by a crossed applied magnetic field such as that
from magneis 8c and ignition current through at least one of the plasma particles and shot
such as silver shot adhering to the electrode surfaces such as 81, 8g, and &, The ignition
current may be from the source of elecinical power 2 (FIGURE 2110).

Cousider the Cartesian coordimates with the z-axis from region 8k to 8 of FIGURE
2112, in an embodiment, the electrodes may comprise an upward (positive z-axis oriented)
V-shape with a gap at the 8g at the bottom of the V (FIGURES 2117 and 2118} The open
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circuit may be closed by injection of the melt shot 5t from nozzle 5q causing contact across
the conductive parts of the gap 8¢ at the bottom of the V. The V may be formed by flat plate
electrodes mounted on opposite faces of supports that form a ¥V with a gap at the botiom.
Exeroplary electrode roaterials comprising a conductor that operates a high temperature and
resists adhesion of Ag are W, WC, and Mo. The supports mav be water-cooled. The
supports may be a least partially hollow. The hollow portions may each comprise a conduit
for coolant that flows through the conduits and cools the electrodes.

In an embodiment, the electrodes may further comprise a lower section having
vertical walls or near vertical walls at the gap 8g. The walls may form a channel. Inan
embodiment, the electrodes further comprise a source of magnetic field such as a set of
magnets at opposite ends of the channel of the electrodes. The magnets may produce a
magnetic field parallel to the electrodes or channel axis and perpendicular to the ignition
current. The channel with crossed current and magnetic field may comprise an
electromagnetic {EM} pump. The EM pump may pump adhering shot into the elecirodes to
be ignited. In an embodiment, the Lorentz torce due to the crossed magnetic field and
ignition current may at ieast one of pump the shot adhering o the walls of the upper portion
of the electrode downward to be ignited and pump ignition particles downward away from
the PV converter {0 be recovered i the inlet to the pelletizer.

In an exemplary embodiment, the shot 5t may be injected horizontally ong the y-axis,
on top of the V-shaped electrodes 8 (FIGURES 2117 and 2{18). In an embodiment, magnets
8¢ are positioned to apply a magnetic field along the v-axis, along the trough of the V-shaped
glectrodes 8. The circuit is closed and x-axis-directed ignition current flows by shot
providing a current path across the gap 8g wherein the magnetic field 1s transverse to the
current. The crossed current and magnetic field create a Lorentz force according to Eq. {32)
to push out any metal shot adhering to the electrodes. The Lorentz force may further push
the igmtion particles downward to region 8k (FIGURE 2112) to recover un-ignited shot and
to recover ignition particles. The Lorentz force causes the flow of the adhering shot into the
ignition section of the electrodes at the gap 8g and causes the ignition plasma to be directed
and flow info a collection region such as inlet of the fuel regeneration system such as the
pelletizer. In other embodiments of the disclosure, the elecirodes and magnets may be
designed to direct the plasma in an upward arch to perform at least one function of (i)
mjecting shot in region 81 into the gap 8g to be ignited, (11) gjecting shot that has adhered to
the upper part of the elecirodes such as at region 8j, (iit) ejecting un-ignited shot and particles
from the regions 81, 8}, and the gap 8¢ and (iv) recovering the ignition product and un-ignited
shot to the pelietizer, while avoiding guiding ignition particles to the PV converter 26a.

In an embodiment, the shot is delivered along the y-axis (FIGURES 2117 and 2118).
The nozzle 5q may deliver the shot horizontally along the y-axis to the top of the electrodes.
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The solid fuel may be delivered as a stream of shots, a continuous stream, or a combination
of shot and a stream. The light may constrained to predominantly propagate upward due {0
an electrode design that permits the plasma from the ignited top-loaded shot to expand
predominantly in the positive z-direction along the z-axis towards the PV converter 26a. The
glectrodes may further comprise at feast one magnet such as a set of magnets 8¢ separated at
oppostie ends of the electrodes to produce a2 magnetic field in a direction perpendicular to the
ignition current. The Lorentz force due to the crossed current and magnetic field may cause
the ejection of adhering shot and the flow of the plasma particles to the regeneration system
such as the pelletizer. The Lorentz force may be in the negative z-direction. Tn the case that
the Lorentr force is in the negative z-direction, a region, section, or laver such as the ignition
layer of the electrodes & may comprise a channel that may act as an electromagnetic pump for
the ejection of igmition particles and shot that is not gjected as particles and plasma. The size
of the channel may be selected to provide flow restriction {o the high pressure expanding
ignition plasma that forces the plasma and light to expand towards the region 8I of the
electrodes (FIGURE 2112). The ignition portion of the electrodes may form a shallow
channel comprising a short electromagnetic pump tube such that the particles and adhering
shot fills the pump tube and restricts the path for the emitied light to be only along the
positive z-axis. The strength of the crossed current and magnetic field and well as the
dimensions of the channel provide the pump pressure through the channel comprising the
electromagnetic pump tube. The width of the pump tube and any splay are selected to
distribute the current from the source of elecincal power 2 for ignition and pumping to
achieve optimization of both.

in the case that the shot 1s injected on the same side as that desired for the expansion
of the plasma such as side 81, the source of electrical power may deliver the ignition current
without substantial time delay. The injection may be timed to avoid the n +1 th injection
from being disrupted by the pressure wave from the 1gnition blast of the nth ingection wherein
n is an integer. The timing may be achieved with blast and injection sensors such as at least
one of optical, current, voltage, and pressure sensors and a controller. The controller may
control at least one of the electromagnetic pump pressure, the nozzle valve, and the ignition
current.

In an embodiment, the SF-CIHT generator may comprise a plurality of electrodes
wherein each set may utilize at least one of (1) a common or separaie, dedicated injection
system, (i1} a common or separate, dedicated source of electrical power to cause ignition, and
{111} a common or separate, dedicated PV conversion svstem. The ignition svstem may
further compnse a cooling system of the ignition system as shown in FIGURE 2122, In an
embodiment, the cooling system mav comprise conduits through the bus bars 9 and 10

(FIGURE 2114) and electrodes 8 or inlet 311 and outlet coolant lines 31g and a coolant purap
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and chiller 31a to cool the coolant that 1s pumped through the conduits or lines. The
electrode coolant svstermn may comprise one pair of coolant hnes 31 and 31 g that serve both
electrodes (FIGURE 2123}, or each elactrode may have an independent inlet line 31{ an outlet
tine 31g (FIGURE 2122). In case of shared hnes, the area of contact of the line with the
glectrode may be adjusted depending on the average local coolant temperature to achieve
efficient heat transfer from the electrode to the coolant. In another embodiment shown in
FIGURE 2123, the electrodes and bus bars of the ignition system may be cooled by a passive
cooling svstem 31h comprising a heat exchanger such as one comprising air fins and
optionally heat pipes to the air fins. In an embodiment shown m FIGURE 2123, the
photovoltaic conversion system may also be cooled by a passive cooling system 311
comprising a heat exchanger such as one comprising air fins and optionally heat pipes {0 the
air fins. In an embodiment shown in FIGURE 2122, the photovoltaic (PV) cells or panels 15
of the photovoltaic converter 26a are cooled with heat exchanger 87 wherein the hot coolant
flows into the photovoltaic converier cooling system 31 through inlet 31b and chilled coolant
exits through outlet 31c. The PV cells may be operated at elevated ternperature such as 30 °C
to 450 °C and may be operaied under reduced cell pressure to prevent water vapor from
condensing on the PV cells.

fn an emvbodiment to iroprove the energy balance of the generator, the chiller such as
at least one of 31 and 31a may be driven by thermal power that may comprise heat produce
by the cell. The heat power may be from internal dissipation and from the hydrino reaction.
The chiller may comprise an absorption chiller known by those skilled 1n the art. In an
embodiment, heat io be rejected is absorbed by a coolant or refrigerant such as water that
may vaporize. The adsorption chiller may use heat to condense the refrigerant. In an
embodiment, the water vapor is absorbed in an absorbing matenial (sorbent) such as Sihicagel,
Zeolith, or a nanostructure material such as that of P. McGrail of Pacific Northwest
Laboratory. The absorbed water is heated 1o cause its release in a charnber wherein the
pressure increases sufficiently {0 cause the water to condense.

In an embodiment, at least one of the velocity of the fuel, the shot size, the melt shot
viscosity, the width of the gap 8g between the electrodes, and the shape of the elecirodes 8 is
selected to cause the ignition to occur predominantly in a region on the opposite side of the
electrodes #l relative 1o the injection side or region 8k. In an embodiment, the second section
of the electrodes 8 serves as the mlet to the second region of the cell 81 wherein the plasma
and light are preferentially directed toward the PV converter 26a (FIGURE 212). The
velocity of the fuel such as the molten fuel may be in at least one range of about 0.01 mv/s to
1000 m/s, 0.1 w/s to 100 my/'s, and 0.1 /s to 10 m/s. At least one of pressure at the nozzle Sqg
and the viscosity of the fuel may be used to control the fuel velocity. The size of the nozzle

ortfice, the melt pressure, the melt flow rate, the melt viscosity, and the melt temperature may
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be used to control the melt shot size. The heat balance may be controlied to control the
temperature of the melt that 1o turn controls the melt viscosity. The power of the
electromagnetic pump 5k and nozzle orifice size may be controlied to control the pressure at
the nozzle 5q. At least one of the heating power, insulation, cooling, and melt flow rate may
be use 1o control the heat balance. The electromagnetic pump power may be used to control
the melt flow rate. The melt temperature may be used to control the melt surface tension.
The electrode gap Sg may be selected manually. Alternatively, an adjustable or deformable
electrode gap may be adjusted be means such as mechanically, hydraulically, or
prezoelectrically. The electrode shape may be selected manually. Alternatively, an
adjustable or deformable electrode may be adjusted be mean such as mechanically,
hyvdraulically, or piezoelectrically. In an embodiment, a control system such as a computer,
electromagnetic pump, nozzle valve, and heater control parameters such as the pressure,
nozzle size, and melt temperature and viscosity to conirol the gjection velocity as well as the
giection rate. The ejection velocity may be controlled to compensate for the deceleration of
gravity to maintain a desire injection rate. The height of the nozzle 3g may be adjusted to
support a maximum injection rate. The maximum height mayv be based on the rate a stream
of fuel melt forms isolated spheres or melt shot. In an embodiment, the SF-CIHT generator
comprises a user inlerface such as a touch-screen display of a computer to control the
eenerator further comprising a computer with sensors and control systems of the injection
system, the ignition svstem, the fuel recovery system, the fuel regeneration svstern such as
the pelletizer, and the converter system such as at least one of the photovoltaic and
photoelectron converter system. The a compuier with sensors and conitrol systems may sense
and control the electroragnetic pump, inductivelv coupled heaters, injector flow, nozzle,
ignition system current and pulse rate, product recovery sysiem such as applied magnets and
currents and electrostatic precipitator (ESP), photovoltaic (PV) converter system, cooling
systems, power conditioning and other systern monitoring and controls to operate the
generator known by those skilled in the art. The sensors may provide input to controlier
protect systems such as ones for melt flow and volume in the heated vessel sections and melt
flow and volume input to the EM pump wherein the controllers shut off the heaters and EM
pump when the flow or volume is below a tolerable limit. The control system may further
comprise programmable logic controllers and other such devices known by those skilled in
the art in order to achieve control.

The SF-CIHT generator comprises the components having the parameters such as
those of the disclosure that are sensed and controlled. In embodiments the computer with
sensors and conirol systems may sense and control, (i} the mlet and cutlet temperatures and
coolant pressure and flow rate of each chiller of each cooled system such as at least one of
the PV converter, the electrodes, the inductively coupled heater, and the nozzle chiller, (i1)
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the 1ignition system voltage, current, power, frequency, and duty cvcle, (i) the shot trgjectory
using a sensor such as an optical sensor and controller, and the EM pump mjection flow rate
using a sensor such as an optical, Doppler, or electrode resistance sensor and controller, (iv}
the voltages, currents, and powers of the inductively coupled heater, the augmented plasma
ratigun, the electromagnetic pump 5k, the electrode electromagnetic pump, and electrostatic
precipitator recovery systems, (v} the pressure in the cell, (vi) the wall temperatiwe of the
cell, (vi1) the consumption state of any getter, (viit) the heater power in each section, {ix)
current and magnetic flux of the electromagnetic pump, (X} the silver melt temperature, flow
rate, and pressure in the vessels and at key locations such as at the manifolds and nozzle, (x1)
the pressure, temperature, and flow rate of each injected gas such as H; and HLO and
mixtures formed by the regulator in case of a common gas injection manifold, (xi1) the
mtensity of incident light to the PV converter, (i1} the voltage, current, and power output of
the PV converter, (xiv) the voltage, current, power, and other parameters of any power
conditioning equipment, and (xv) the SF-CIHT generator output voltage, current, and power
to at least one of the parasitic loads and the external loads, (xvi) the voliage, current, and
power input {0 any parasitic foad such as at least one of the inductively coupled heater, the
electromagnetic pump, the chillers. and the sensors and controls, and (xii) the voliage,
current, and charge stale of the starter circuit with energy slorage. In an embodiment, a
parameter {0 be measured may be separated from a region of the sysiem that has an elevated
temperature that would damage the sensor during its measurement. For example, the
pressure of a gas such as at feast one of H, and H:O may be measured by using a connecting
gas iine such as a cooling tower that conneacts to the cell such as 5b or 5¢ and cools the gas
before entering a pressure transducer such as a Baratron capacitance manometer,

The cell may comprise few 10 no or moving parts. In an embodiment, the cooling
may comprise heat rejection to an air-cooled heat exchanger. Exemplary, air-cooled systems
for the electrodes 31h and PV conversion system 311 are shown in FIGURE 2123, 1o this
case, the cell may comprise no or very few moving parts. The only moving part may
comprise a mechanical pump to circulate coolant, and 1t may be replaced with one with no
moving parts. In the case that the coolant 1s a hiquid metal such as an alkali metal such as
sodium, the pump may comprise an electromagnetic pump that may have no moving pasts.
In an embodiment, the electromagnetic pump coolant may be nonflanumable. Alternatively,
heat pipes and air fins or Peltier chillers may be used to remove the heat as a means of non-
mechanical heat rejection. Exemplary heat pipes are a copper heat pipe with soldered
longitudimal copper fins using water or acetone as the working fhmd and an aluminum heat
pipe with soldered longitudinal aluminum {ins using ammonia as the working fhnd. The
source of heat may be the ignition electrodes whergin the heat may be rapidly conducted

away from the electrode surface to the cooling system by large cross section thermal bus bars
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9 and 10 comprising highly thermal conductive material such as copper, silver, or a silver-
copper alloy. The source of heat may also comprise the PV converter,

The mechanical vacuum pump may also be replaced to eliminate 1t as a system with
moving parts. In an erobodiment, the vacuum in the cell mayv be maintained by at least one
getter 13b (FIGURE 2123) such as at least one for oxygen, hvdrogen, and water. An oxygen
getier such an oxvgen reactive material such as carbon or a metal that may be finely divided
may scavenge any oxygen formed in the cell. In the case of carbon, the product carbon
dioxide may be tapped with a CO; scrubber that may be reversible. Carbon dioxide
scrubbers are known m the art such as organic compounds such as amines such as
monoethanolamine, minerals and zeolites, sodium hydroxide, lithium hydroxide, and metal-
oxide based systems. The finely divided carbon getter may also serve the purpose of
scavenging oxygen o protect oxvgen sensitive maternials in the cell such as vessels or pump
tube comprising oxygen senstlive materials such as Mo, W, graphite, and Ta. Tn this case, the
carbon dioxide may be removed with a C;, scrubber or may be pumped off with the vacuum
pump where fine-divided carbon is used solely for component protection.

The metal getter may selectively react with oxygen over H,O such that it can be
regenerated with hydrogen. Exemplary metals having low water reactivity comprise those of
the group of Cu, Ni, Pb, S§b, Bi, Co, Cd, Ge, Ay, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ry, Se, Ag,
Tc, Te, TL, Sn, W, and Zn. The getter or oxvgen scrubber mav be removed from the SF-
CIHT cell and regenerated. The removal may be periodic or internutient. The regeneration
may be achieved by hydrogen reduction. The regeneration may occur wn situ. The in stiu
regeneration may be intermittent or continuous. Other oxvgen getters and their regeneration
such as zeolites and corpounds that form reversible ligand bonds comprising oxvgen such as
salts of such as nutrate salts of the Z-aminoterephthalato-linked deoxy system,
FH{{bpbp o NG NH b} (NOs )L 2HO (bpbp ™ = 2,6-bist N N-bis(2-
pvridylmethyhjaminomethyl --tert-butyIphenalato, NH:bde™ ™ = Z-amino-1.4-
benrenedicarboxyiato) are known to those skilled in the art. Highiv combustible metals may
also be used as the oxygen getter such as exemplary metals: alkali, alkaline earth, aluminum,
and rare earth metals. The highly combustible metals may also be used as a water scavenger.
Hydrogen storage materials may be used to scavenge hyvdrogen. Exemplary hydrogen siorage
materials comprise a metal hydride, a nuschmetal such as M1: La-rich mischmetal such as
MINi; gsAlg s Mng 5 or MIMNiCoMnCu)s, Ni, R-Ni, R-Ni + about 8 wit% Vulcan X(C-72,
LaNis, Cu, or Ni-AL Ni-Cr such as about 10% Cr, Ce-Ni-Cr such as abowt 3/90/7 wi%, Cu-
Al or Cu-Ni-Al alloy, a species of a M-N-H system such as LiNH,, LuNH, or LizN, and a
alkah metal hydride further comprising boron such as borohvdrides or aluminurm such as
aluminohydides. Further suitable hydrogen storage materials are metal hvdrides such as
alkaline earth metal hydrides such as MigH;, metal alloy hydrides such as BaReH. LaNisHg,
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FeTiH, 7, and MgNiH,, metal borohydrides such as Be(BHy ), Mg(BH; ), Ca(BH.),.
Zo(BHy b, ScBH, )5, Ti(BH S, Mn(BH ), Zr(BH. )y, NaBH,, LiBH,, KBH,, and ABH ),
AlHs, NaAlH,, NasAlHg, LiAlH,, LisAlHe, LiH, LaNisHg, La,Co;NioHg, and TiFels,
NH;BH;, polvanunoborane, amine borane complexes such as amine borane, boron hydride
ammoniates, hydrazine-borane complexes, diborane diammoniate, borazine, and ammonium
octahydrotriborates or tetrahvdroborates, imidazoliim ionic hiquids such as alkyi(aryl}-3-
methylimidazolium N-bis(trifluoromethanesulfonyhimidate salts, phosphonium borate, and
carbonite substances. Further exemplary compounds are ammonia borane, alkali ammonia
borane such as lithium armomonia borane, and borane alky! amine complex such as borane
dimethylamine complex, borane trimethylamine complex, and amino boranes and borane
amines such as aminediborane, n-dimethylaminodiborane, tris{dimethylamino}borane, di-n-
butvlboronamine, dimnethyvlaminoborane, trimethylaminoborane, ammonia~trimethylborane,
and tnethyvlaminoborane. Further suitable hydrogen storage materials are organic liguads
with absorbed hvdrogen such as carbazole and derivatives such ag 9-(2-ethyvihexvl)carbazole,
O-gthvlcarbazole, 9-phenylcarbazole, 9-methylcarbazole, and 4,4°-his(N-carbazolyl)-1,1"-
biphenvl. The getter may comprise an alioy capable of storing hydrogen, such as one of the
AB;s (LaCePrNdNiCoMnAl) or AB; (VTIZrNiCrCoMnAlSn) type, where the “AB,”
designation refers to the ratio of the A tvpe elements (LaCePrNd or TiZr) to that of the B
tvpe elements {(VNiCrCoMnAlSn). Additional suitable hydrogen getters are those used in
metal hvdride batteries such as nickel-metal hydride batteries that are known to those skilled
in the Art. Exemplary suitable getter material of hydride anodes comprise the hyvdrides of the
group of R-Ni, LaNisHg, La;CoyNigHg, ZrCrHs s, LaNis ssMng 4 AlgaCog 75,

FrMing sCrg 2 Vo, Niy 2. and other allovs capable of storing hydrogen, such as one of the AB;
(LaCePyNdNiCoMnAl or AB, (VTiZrNiCrCoMnAlSn) type, where the “AB,” designation
refers to the ratio of the A type elements (LaCePrNd or TiZr) to that of the B type elements
(VNiCrCoMnAlSn). In other embodiments, the hvdride anode getier material comprises at
least one of MmNi; {Mm = misch metal} such as MmNi; sCogsAls, the ABs-type:

MmNi; »Coy gMig g Alg 11Mog 0s (Mm = misch metal: 25 wi% La, 50 wi% Ce, 7 wi% Pr, 18
wi% Nd), La RyNis M., ABy-tvpe: Tig 5141046V 70Nk 13Cr0 15 alloys, magnesium-based
atloys such as Mgy g Alg 1NigsCog  Mng ;1 alloy, Mgo 728¢028(Pdogn + Rhoern). and MgseTio,
MgaoVao, Lag sNdg2Nis 4002 5815 1. LaNis M, (M= Mn, Al), (M= Al 8i, Cu), (M= Sn), (M=
Al, Mn, Cu) and LaNi,Co, MmiNi; ssMing ae Al 3C00 75, LaNis ssMing 44 Alg sCog7s, MgCus,
MgZn,, MgNNi», AB compounds such as TiFe, TiCo, and TiNi, AB, compounds {n =35, 2, or
1}, ABs4 compounds, and AB, (A= La, Ce, Mn, Mg; B =Ni, Mn, Co, Al). Other suitable
hydride getters are ZrFep, ZrysCsosFer, £rosSceFer, YNis, LaNis, LaNigsCoqp s, (Ce, La, Nd,
PriNis, Mischmetal-nickel alloy, Tig9aZ16.00 Vo 43Fe0.00Cro0sMny s, LayCoiNig, FeNi, and

TiMn,. Getters of the disclosure and others known to those skilled in the art may comprise a
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getter of more than one species of cell gas. Additional getters may be those known by ones
skilled in the art. An exemplary multi-gas getter comprises an alkah or alkaline earth metal
such as hithium that may getter at least two of Oy, H,0, and H,. The getter may be
regenerated by roethods known in the art such as by reduction, decomposition, and
glectrolysis. In an embodiment, the getier may comprise a cryotrap that at least one of
condenses the gas such as at least one of water vapor, oxygen, and hydrogen and traps the gas
in an absorbing material in a cooled state. The gas may be released form the absorbing
material at a higher temperature such that with heating and pumping the off-gas, the getier
may be regenerated. Exemplary materials that absorb at least one of water vapor, oxygen,
and hydrogen that can be regeneraled by heating and pumping is carbon such as activated
charcoal and zeolites. The timing of the oxvgen, hydrogen, and water scrubber regeneration
may be deternined when the corresponding gas level increases to a non-tolerable level ag
sensed by a sensor of the corresponding cell gas content. In an embodiment, at least one of
the cell generated hydrogen and oxvgen may be collected and sold as a commercial gas by
gystems and methods known by those skilled 10 the art. Altematively, the collected hydrogen
gas may be used in the SunCell.

The hydrogen and water that is incorporated into the melt may flow from the tanks 3u
and 5v through manifolds and feed hines 3w and Sx under pressure produced by
corresponding pumps such as mechanical pumps. Alternatively, the water pump may be
replaced by creating steam pressure by heating the water tank, and the hydrogen pump may
be replaced by generating the pressure {0 flow hydrogen by electrolysis. Alternatively, H;O
1s provided as steam by HyO tank, steam generator, and steam line Sv. Hyvdrogen may
permeate through a hollow cathode connected with the hvdrogen tank that is pressurized by
the electrolysis. These replacement sysiems may elininate the corresponding systems having
moving parts.

in an embodiment, the SF-CIHT generator mayv comprise a valve and reservoir and
optionally a reservoir pump such as one of the disclosure such as a mechanical pump. The
fuel metal such as silver may be pumped by at least the electromagnetic pump 3k mnto the
reservolir for storage. The transfer of the metal may be for shutdown. The reservoir may
comprise a heater such as an inductively coupled heater to mel{ the fuel metal such as silver
to restart the generator. The metal may flow back into af least one of the first vessel 5b, the
second vessel 3¢, and the electromagnetic pump 5k by at least one of gravity and pumping.
The pumping may be by the reservoir pump. The power for at least one of the heating and
flow such as by pumping may be supplied bv the energy storage of the disclosure such as by
a batlery or capacitor. In another embodiment, the electromagnetic pump 5k may comprise
an electromagnetic pump heater such as a resistive or an inductively coupled heater. The

resistive heater may at least partially comprise the current source of the pump that generates
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the Lorentz force. In an embodiment, the electromagnetic pump and the heaters are stopped
for shutdown. Startup 1s achieved by melting the fuel metal such as silver using the
mductively coupled heaters such as those of 5 and 50 as well as the electromagnetic pump
heater. The power may be from the energy storage of the disclosure. In another
embodiment, the generator is not shutdown, but remains operating at a minimum power level
to maintain the flow of the fuel metal.

In an embodiment, the SF-CIHT comprises a swiich on at least one of the
electromagnetic pumps such as 5k that reverses the polarity of the pump current to reverse
the Lorentz force and the pumping direction. In another embodiment comprising
electromagnetic (EM) pumps comprising electromagnets, the direction of the magnetic field
may be reversed to reverse the pumping direction. The direction of pumping of the melt may
be reversed to transport the metal to storage. The storage may comprise at least one of a
portion of the cell at its base such as the base cone at the inlet {0 the first vessel Sb, the first
vessel 5b, and the inlet of the first EM pump 5k The melt may solidify in storage by
removal of heating power. Startup may be achieved by applving heat to the first vessel 5b
with the first immductively coupled heater 5f and applving heat to the EM pump 5k by the EM
pump heater wherein the pump current flowing though the metal in the pump tube may serve
as the pump heater. The resulting melt may be pumped into the other sections of the
pelletizer such as the second vessel 5¢ and nozzle 5q with heating by the other heaters such as
the inductively coupled heater 5o that heats the second vessel S¢. The power for at least one
of the heating and flow such as by pumping may be supplied by the energy storage of the
disclosure such as by a batiery or capacitor.

o an embodiment, the SF-CIHT cell components and system are at least one of
combined, miniaturized, and otherwise optimized to at least one of reduce weight and size,

educe cost, and reduce maintenance. In an embodiment, the SF-CIHT cell comprises a
common compressor for the chuller and the cell vacuum pump. The chiller for heat rejection
may also serve as a cryopump to maintain the vacuum in the cell. H, O and O; may be
condensed by the cryopump to maintain the desired level of vacuum. In an embodiment, the
ignition system comprising a bank of capacitors is miniaturized by using a reduced number of
capacitors such as an exemplary single 2.75 'V, 3400 F Maxwell super-capacitor as near to the
electrodes as possible. In an embodiment, at least one capacitor may have its positive
terminal directly connected to the positive bus bar or positive electrode and at least one
capacitor may have its negative terminal directly connecied to the negative bus bar or
negative electrode wherein the other ternunals of the capacitors of opposite polanty may be
conmected by a bus bar such that current flows through the circuit comprising the capacitors
when shot closes the circuit by bridging the electrodes. In an embodiment, threaded

capacitor terminals may be screwed directly into threaded electrodes, electrode moumnis, or
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bus bars. The set of capacitors connected across the electrodes in series mayv be replicated by
an integer muldtiple fo provide about the integer multiple tirnes more current, if desirable. In
an embodiment, the voltage on the capacitors may be maintamed within a desired range by
charging with power from the PV converter. Since the voltage drop on the charging bus bars
1s a function of the variabie charging current, the voliage to control the charging current may
be sensed at the capacitors. This remotely sensed volfage mayv be used by a controller such as
a computer to control the charging current. The capaciiors and connecting bus bar or bars
may be located such the nozzle 5q may have a clear path for shot injection and the ignition
plasma is not unduly impeded to enut light to the PV converter.

The proximity of the source of electrical power 2 elimunates the exira vollage required
to drive the high peak ignition current through extensive bus bars. The reduced capacitance
ignition system may be mounted at the electrodes and charged continuously with a steady
current that may be significantly Tess that the pulsed high ignition current such as that given
by the peak pulse current times the duty cycle. The circuit that carries the high current {o the
electrodes may comprise circuit elements having desired characteristics such as inductance,
capacitance, and resistance to permut impedance matching of the capacitor to the 1gnition
foad.

The power conditiorung of the SF-CIHT generator may be simphified by using all BC
power for inininsic loads wherein the Dc power i1s supplied by the PV converter. Inan
embodiment, DC power from the PV converier may supply at least one of the (i) the DC
charging power of the capacitors of the ignition system comprising the source of electrical
power 2 to the electrodes &, {11) the DC cwrrent of the at least one electromagnetic pump, (11}
the DC power of the resistive or inductively coupled heaters, (iv) the DC power of the chiller
comprising a DC electnic motor, (v} the DC power of the vacuum pump comprising a DC
electric motor, and (vi) the DC power to the computer and sensors. The output power
conditioning may comprise DC power from the PV converter or AC power from the
conversion of DC power from the PV converter to AC using an inverter.

In an embodiment, the light to electricity converter comprises the photovoliaic
converter of the disclosure comprising photovoltaic (PV) cells that are responsive to a
substantial wavelength region of the light emitied from the cell such as that corresponding to
at least 10% of the optical power outpui. Inn an embodiment, the PV cells are concentrator
cells that can accept high mtensity light, greater than that of sunlight such as in the intensity
range of at least one of about 1.5 suns to 75,00¢ suns, 10 suns to 10,000 suns, and 100 suns to
2000 suns. The concentrator PV cells mayv comprise ¢-Si1 that may be operated in the range
of about 1 to 1000 suns. The PV cells may comprise a plurality of junctions such as triple
nmctions. The concenirator PV cells may comprise a plurality of layers such as those of

Group BV senmuconductors such as at least one of the group of InGaP/InGaAs/Ge;
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InAlGaP/AlGaAs/GalnNAsSb/Ge; GalnP/GaAsP/S1Ge; GalnP/GaAsP/s1; GalnP/GaAsP/Ge;
GalnP/GaAsP/81/51Ge; GalnP/GaAs/InGaAs; GalnP/GaAs/GalnNAsg;
GalnP/GaAs/InGaAs/InGaAs; GalnP/Ga(In)As/InGaAs; GalnP-GaAs-wafer-inGaAs; GalnP-
Ga(ln)As-Ge; and GalnP-GalnAs-Ge. The plurality of junctions such as triple or double
junctions may be connected in series. In another embodiment, the junctions may be
connected in parallel. The junctions may be mechanically stacked. The junciions may be
wafer bonded. Tn an embodiment, tunnel diodes between junctions may be replaced by wafer
bonds. The wafer bond may be elecirically isolating and transparent for the wavelength
region that is converted by subsequent or deeper junctions. Each junction may be connected
to an independent electrical connection or bus bar. The independent bus bars may be
connecied in series or parallel. The electrical contact for each elecincally independent
junction may comprise grid wires. The wire shadow area may be minimized due to the
distribution of current over multiple parallel circuits or interconnects for the independent
junctions or groups of junctions. The current may be removed laterally. The wafer bond
layer may comprise a transparent conductive laver. An exemplary transparent conductor is a
transparent conductive oxide {TCO) such as indium tin oxide {ITO), fluoring doped tin oxide
(FT(), and doped zinc oxide and conductive polymers, graphene, and carbon nanotubes and
others known to those skilled in the art. Benzocvelobutene (BOB) may comprise an
mtermediate bonding fayer. The bonding may be between a transparent materiad such a glass
such as borosthicate glass and a PV senuconductor matenal, An exemplary two-junction cell
1s one comprising a top layer of GalnP wafer bonded to a botiom layer of GaAs
(GalnP//GaAs). An exemplary fouwr-junciion cell comprises GalnP/GaAs/GalnAsP/GalnAs
on InP substrate wherein each junction may be individually separated by a tunnel diode (/) or
an isolating transparent walfer bond layer (/) such as a cell given by
GalnP//GaAs//GalnAsP//GalnAs on InP. The substrate may be GaAs or Ge. The PV cell
may comprise Si-Ge-8n and allovs. All combinations of diode and wafer bonds are within
the scope of the disclosure. An exemplary four-junction cell having 44.7% conversion
efficacy at 297-times conceniration of the AM1.5d spectrum is made by SOITEC, France.
The PV cell may comprise a single junction.  An exemplary single junction PV cell may
comprise a monocrystatline silicon cell such as one of those given in Sater et al. (B. L. Sater,
N. D. Sater, “High voltage silicon VMJ solar cells for up to 1000 suns intensities”,
Photovoltaic Specialists Conference, 2002. Conference Record of the Twenty-Ninth [EEE,
19-24 May 2002, pp. 1019 - 1022.) which is herein incorporated by reference in its entirety.
Alternatively, the single junction cell roay comprise GaAs or GaAs doped with other
elements such as those from Groups I and V. In an exemplary embodiment, the PV cells
comprise triple junction concentrator PV cells or GaAs PV cells operated at about 1000 suns.

in another exemplary embodiment, the PV cells comprise ¢-Si operated at 250 suns. In an
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exemplary embodiment, the PV may comprise GaAs that may be selectively responsive for
wavelengths less than 900 nm and InGaAs on at least one of InP, GaAs, and Ge that may be
selectively responsive to wavelengths in the region between 900 nm and 1800 nm. The two
tvpes of PV cells comprising GaAs and InGaAs on InP may be used in combination to
mncrease the efficiency. Two such single junction types cells may be used to have the effect
of a double junction cell. The combination may implemented by using at least one of
dichroic murrors, dichroic filters, and an archuiecture of the cells alone or in combination wiih
mirrors 1o achieve muitiple bounces or reflections of the light as given in the disclosure. In
an embodiment, each PV cell comprises a polychromat layer that separates and soris
mcoming light, redirecting it to sinke particular layers in a multi~punction cell. Tnan
exemplary embodiment, the cell comprises an indium gallium phosphide laver for visible
hight and gallium arsenide layer for infrared light where the corresponding hight 15 directed.

The PV cell may comprise perovskite cells. An exemplary perovskite cell comprises
the layers from the top to bottom of Au, Ni, Al, Ti, GaN, CH;NH;8nl;, monolaver h-BN,
CH3NH:PbI;.Br,, HTM/GA, botiom contact {Au).

The cell may comprise a multi p-n junction cell such as a cell comprising an AIN top
faver and GaN bottom laver to converter EUV and UV, respectively. In an embodiment, the
photovoltaic cell may comprise a GaN p-layer cell with heavy p-doping near the surface to
avoid excessive attenuation of short wavelength light such as UV and EUV. The n-iype
bottom layer may comprise AlGaN or AIN. In an embodiment, the PV cell comprises GaN
and AlGap.N that is heavily p-doped in the top laver of the p-n junction wheren the p~
doped layer comprises a two-dimensional-hole gas. In an embodiment, the PV cell may
comprise at least one of GaN, AlGaN, and AIN with a serniconductor junction. fnan
ernbodiment, the PV cell may comprise n-type AlGaN or AIN with a metal junction. In an
embodiment, the PV cell responds to high-energy light above the band gap of the PV material
with multiple electron-hole pairs. The light intensity may be sufficient to saturate
recombination mechanisms to improve the efficiency.

The converter may comprise a plurality of at least one of (i) GaN, (i) AlGaN or AIN
p-n junction, and (i1} shaliow ulira-thin p-n heterojunction photovoltaics cells each
comprising a p-tvpe two-dimensional hole gas in GaN on an n-type AlGaN or AIN base
region. Fach may comprise a lead to a metal film laver such as an Al thin film laver, an n-
type laver, a depletion laver, a p-tvpe layer and a lead to a metal film layer such as an Al thin
film layer with no passivation layer due to the short wavelength light and vacuum operation.
In an embodiment of the photovoltaic cell comprising an AlGaN or AIN n-type layer, a roetal
of the appropriate work function may replace the p-layer to comprise a Schottky rectification

barrier to comprise a Schottky barrier metal/semiconductor photovoltaic cell.
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n another erobodiment, the converter may comprise at least one of photovoltaic (PV)
cells, photoelectric (PE) cells, and a hybnd of PV cells and PE cells. The PE cell may
comprise a solid-state cell such as a GaN PE cell. The PE cells may each comprise a
photocathode, a gap layver, and an anode. An exemplary PE cell comprises GaN (cathode)
cessiated /AIN {separator or gap)/ Al, Yb, or Eu {(anode) that mav be cessiated. The PV cells
may each comprise at least one of the GaN, AlGaN, and AIN PV cells of the disclosure. The
PE cell mav be the top layer and the PV cell may be the botiom layer of the hybnd. The PE
cell may convert the shortest wavelength light. In an embodiment, at least one of the cathode
and anode layer of the PE cell and the p-laver and the n-layer of a PV cell mav be turned
upside down. The architecture may be changed to improve current collection. In an
embodiment, the light emission from the ignition of the fuel is polarized and the converter is
optimized to use light polanzation selective materials to optimize the penetration of the light
mto the active layers of the cell. The light may be polarized by application of a field such as
an electric field or a magnetic field by corresponding electrodes or magnets such as magnets
3¢

In an embodiment, the fuel may comprise silver, copper, or Ag-Cu allov shot or meli
having at least one of trapped hydrogen and trapped H,O. The light emission may comprise
predominantly ultraviolet light and extreme ultraviolet such as light in the wavelength region
of about 10 nm to 300 nm. The PV cell may be response to at least a portion of the
wavelength region of about 10 niu to 300 nm. The PV cells may comprise concentrator UV
cells. The incident light intensity may be in at least one range of about 2 to 100,000 suns and
10 10 10,000 suns. The cell may be operated in a temperature range known in the art such as
at feast one temperature range of about less than 300 °C and less than 130 °C. The PV cell
may comprise a group HI nitride such as at least one of InGaN, GaN, and AlGaN. In an
embodiment, the PV cell may comprise a plurality of junctions. The junctions may be
layered in series. In another embodiment, the junctions are independent or electrically
parallel. The mdependent junctions may be mechanically stacked or wafer bonded. An
exemplary multi-junction PV cell comprises at Igast two junctions comprising n-p doped
semitconductor such as a plurality from the group of InGaN, GaN, and AlGaN. The n dopant
of GaN may comprise oxvgen, and the p dopant may comprise Mg, An exemplary triple

e

T/

junction cell may comprise InGalN//GaN//AlGaN wherein // may refer to an 1solating
transparent wafer bond laver or mechanical stacking. The PV may be run at high light
intensity equivalent to that of concentrator photovoltaic (CPV). The substrate may be at least
one of sapphire, Si, S1C, and GaN wherein the latter two provide the best lattice matching for
CPV applications. Layers may be depostied using metalorganic vapor phase epitaxy
{(MOVPE) methods known in the art. The cells may be cooled by cold plates such as those

used in CPV or diode lasers such as commmercial GaN diode lasers. The gnd contacts may be
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mounted on the front and back surfaces of the cells as in the case of CPV cells. Inan
ernbodiment, the surface of the PV cell such as one comprising at least one of GaN, AN, and
GaAlN may be terminated. The termination layer may comprise at least one of Hand F. The
terroination may decrease the carrier recombination effects of defects. The surface may be
terminated with a window such as AIN.

In an embodiment, at least one of the photovoltaic (PV) and photoelectric (PE)
converter may have a protective window that ts substantially transparent to the light to which
it is responsive. The window may be at least 10% transparent to the responsive light. The
window may be transparent to UV light. The window may comprise a coating such as a UV
transparent coating on the PV or PE cells. The coating may be applied by deposition such as
vapor deposition. The coating may comprise the maierial of UV windows of the disclosure
such as a sapphire or MgF, window. Other suitable windows comprise LiF and CaF,. Any
window such as a MgF, window may be made thin to himit the EUV attenuation. In an
embodiment, the PV or PE material such as one that is hard, glass-like such as GalN serves as
a cleanable surface. The PV matenial such as GaN may serve as the window. Inan
embodiment, the surface electrodes of the PV or PE cells mayv comprise the window. The
electrodes and window may comprise aluminum. The window may comprise at least one of
alumimum, carbon, graphite, zircoma, graphene, MgF,, an alkaline earth fluoride, an alkaling
earth halide, Al,Os, and sapphire. The window may be very thin such as about 1 A to 100 A
thick such that it is transparent to the UV and EUV emission from the cell. Exemplary thin
transparent thin films are Al Yb, and Eu thin films. The film may be applied by MOCVD,
vapor deposition, sputtering and other methods known in the art. In an embodiment, at least
one of the gravity recovery system, the plasma confinerment systern, the augmented plasma
ratlgun recovery system, and the electrostatic precipiiation recovery system may amelioraie
the contact and impact of the ignition product with PV or its window. The SF-CIHT
generator may comprise a means to remove ignition product from the surface such as a
mechanical scraper or an ton-sputtering beam. The scraper may comprise carbon that 1s not
wetted by silver and also is non-abrasive.

In an embodiment, the cell may covert the incident light to electricity by at least one
mechanism such as at feast one mechanism from the group of the photovoltaic effect, the
photoslectric effect, the thermionic effect, and the thermoeleciric effect. The converter may
comprise bilayer cells each having a photoelectric layver on top of a photovoltaic laver. The
higher energy light such as extreme ultraviolet light may be selectively absorbed and
converted by the top layver. A layer of a plurality of layers may comprise a UV window such
as the MgF; window. The UV window may protect ubtraviolet UV) PV from damage by
ionizing radiation such as damage by soft X-ray radiation. In an embodiment, low-pressure

cell gas may be added fo selectively attenuate radiation that would damage the UV PV,
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Altemnatively, this radiation may be at least partiallv converted to elecincity and at feast
partially blocked from the UV PV by the photoelectronic converter {op layer. In another
embodiment, the UV PV material such as GaN may also convert at least a portion of the
extreme wtraviolet emussion from the cell into electricity using at least one of the

photovoltaic effect and the photoelactric effect.

The photovoltaic converter may comprise PV celis that convert ultraviolet light into

To convert the high intensity hight into electricity, the generator may comprise an
optical distribution system and photovoltaic converter 26a such as that shown in FIGURE
2155, The optical distribution system may comprise a plurality of semitransparent nurrors
arranged inn a louvered stack along the axis of propagation of light emitted from the cell
wherein at each nurror member 23 of the stack, light 1s at least partially reflected onto a PC
cell 15 such as one aligned parallel with the direction of light propagation o receive
transversely reflected light. The light to electricity panels 15 may comprise at least one of
PE, PV, and thermuonic cells. The window to the converter mav be transparent to the cell
emitted light such as short wavelength light. The window to the PV converter may comprise
ai least one of sapphire, LiF, MgF,, and CaF,, other alkaline earth halides such as fluorides
such as BaF,, Cd¥F,, quartz, fused quartz, UV glass, borosilicate, and Infrasi} (ThorLabs).
The semitransparent mirrors 23 may be transparent to short wavelength light. The material
may be the same as that of the PV converter window with a partial coverage of reflective
material such as mirror such as UV nurror. The semitransparent mirror 23 may comprise a
checkered pattern of reflective material such as UV mirror such as at least one of MgF,-
coated Al and thin fluoride films such as MgF, or LiF films or SiC filims on aluminum.

In an embodiment, the hydnno power converter may comprise a thermophotovoltaic
{TPV) power converter. The electrodes such as Mo or W elecirodes may be maintained at
elevated temperature to produce radiation such as blackbody radiation that may convert into
electricity using photovoltaic cells. In an embodiment, the melt such as Ag or AgCu melt is
heated by the hot electrodes and is vaporized such that the region around the electrode
becomes optically thick to the short wavelength light such as EUV and UV, The vaporized
metal rmay participate in the igmition plasma. The power from the ignition of the fuel to form
hvdrinos may heat the plasma to a high blackbody temperature. The temperature of the
blackbody may be controlled by controlling the rate of the hydrino reaction by means such as

-
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by controlling the fuel flow rate, the firing rate, the water vapor pressure and other means of
the disclosure. In an embodiment, the electrode spacing or gap 8 and current are adjusted {o
achieve a plasma that emits predominantly blackbody radiation over UV and EUV emission.
The electrode gap 8 may be adjusted by means of the disclosure. In an embodiment, the
current may be constant with superimposed puises. The constant current may be in at least
one range of about 50 A 10 30,000 A, 100 A t0 10.000 A, and 200 A 10 2000 A. The peak
current pulses may be in at least one range of about 50 A t0 30,000 A, 500 A 1o 10,000 A,
and 1000 A to 5000 A. The frequency of the current pulses may be in at least one range of
about 1 Hz 10 20,000 Hz, 100 Hz to 10,000 Hz, and 500 Hz to 53000 Hz.

In an embodiment, the generator further comprises a switch such as an IGBT or
another switch of the disclosure or known in the art to turn off the ignition current in the
event that the hvdrino reaction self propagates by therroolysis. The reaction mayv self sustain
at least one of an elevated cell and plasma temperature such as one that supports thermolysis
at a sufficient rate to maintain the temperature and the hydrino reaction rate. The plasma may
comprise optically thick plasma. The plasma may coroprise a blackbody. The optically thick
plasma may be achieved by maintaining a high gas pressure. In an exemplary embodiment,
thermolysis occurred with injection of each of molten silver and molten silver-copper (28
wi%) alloy at tungsten electrodes with a continuous igmition current in the range of 100 A to
1000 A with supenimposed pulses in the range of about 2 kA to 10 kA, a plasma blackbody
temperature of 5000 K and an electrode temperature in the range of about 3000K to 3700K.
The thermolysis may occur at high temperature of at least one of the plasma and cell
component in contact with the plasma. The temperature may be in at least one range of about
500K to 10,000K, 1000K to 7000K, and 1000K 1o 5000K. The cell component may be at
least one of the electrodes 8, cone reservoir 5b, cone b2, and top cover 5b4. In another
embodiment, at least one of the cell components such as the cone reservoir 5b2 may serve as
a cooling agent to cool the thermolvsis H to present it from reverting back to H,0O. At least
one of the bus bars and cone reservoir may be cooled to serve as the cooling agent.

The maintained blackbody temperature may be one that emits radiation that may be
converted mio electricily with a photovoliaic cell. In an exemplary embodiment, the
blackbody temperature may be maintained in at least one range of about 1000 K {0 3690 K.
The photovoltaic cell may comprise a thermophotovoltaic (TPV} cell. Exemplary
photovoltaie cells for thermophotovoltaic conversion comprise cryvstalline silicon,
germanium, gallium arsenide (GaAs), gallivm antimonide {(GaSh), indhvm galliom arsenide
{nGads), indrum galliurn arsenide antivoonide (InGaAsSh), and indium phosphide arsenide
antimonide {InPAcSb} cells. The converter may comprise mirrors 1o at least one of direct and

edirect radiation onto the thermophotovoltaic converter. In an embodiment, back mirrors

reflect unconverted radiation back to the source o contribute o the power that 1s re-radiated
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io the converter. Exemplary mirrors comprise at least one of the cone material such as
aluminum and anodized aluminum, MgF:~coated Al and thin fluoride films such as MgF, or
LiF films or SiC films on aluminum and sapphire, alumina such as alpha alumina that may be
sputter coated on a substrate such as stamless steel, MgF, coated sapphure, boro-silica glass,
atkali-aluminosilicaie glass such as Gorilla Glass, LiF, MgF,, and CaF;, other alkaline earth
halides such as fluonides such as BaF,, Cd¥F,, quartz, fused quartz, UV glass, borosilicate,
Infrasil (ThorLabs), and ceramic glass that may be murroved on the outer surface when
transparent. The mirror such as the anodized aluminum srror may diffuse the light to
uniformly wradiate the PV converter. Transparent materials such as at tesst one of sapphire,
alumina, boro-silica glass, LiF, MgF,, and CaF;, other alkaline earth halides such as fluonides
such as BaF,, CdF,, quartz, fused quartz, UV glass, borosilicaie, Infrasil (ThorLabs), and
cerarnic glass may serve as the window for the TPV converter. Another erpbodiment of the
TPV converter comprises blackbody emutier filters to pass wavelengths matched 1o the
bandgap of the PV and reflect susmatched wavelengths back to the emitier wherein the
emutier may coroprise a hot cell coroponent such as the electrodes. The haond gaps of the cells
are selected to optimire the electrical output effictency for a given blackbody operating
temperature and corrasponding spectrurm. In an sxemplary erobodiment operated at about
3G00K or 3500K the band gaps of the TPV cell junchons are given 1o TABLE 1

TABLE 1. Optiroal band gap combinasions for cell having n=1.2.3, or 4 junctions {3},

1y 21 34 41
3G00K 0.75 eV 0062¢V,0.9 ¢V 0.61eV,082eV, 113V 061eV,0.76eV,095eV, 124V
3500K 0.86 eV 062eV, 104V 062eV,087eV,124eV 062eV,08eV, 1036V, 137V

To optimize the performance of a thermophotovoltaic converter comprising a multi-
junction cells, the blackbody temperature of the Hight ennitied from the cell mav bemaintained
about constant such as within 10%. Then, the power output may be controlled with power
conditioning equipment with excess power stored in a device such as a battery or capacitor or
rejected such as rejected as heat. In another embodiment, the power from the plasma may be
maintained by reducing the reaction rate by means of the disclosure such as by changing the
firing frequency and current, the metal injection rate, and the rate of injection of at least one
of H,O and H, wherein the blackbody temperature mayv be maimtained by controlling the
emissivily of the plasma. The emissivity of the plasma may be changed by changing the cell
atmosphere such as one initially comprising metal vapor by the addition of a cell gas such as
anoble gas.

in an embodiment, the cell gases such as the pressure of water vapor, hvdrogen, and

oxvgen, and the total pressure are sensed with corresponding sensors or gauges. In an
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embodiment, at least one gas pressure such as at least one of the water and hydrogen pressure
are sensed by montloring at least one parameter of the cell that changes in response to
changes in the pressure of at least one of these cell gases. At least one of a desirable water
and hydrogen pressure may be achieved by changing one or more pressures while monitoring
the effect of changes with the supply of the gases. Exemplary monitored parameters that are
changed by the gases comprise the electrical behavior of the ignition circuit and the light
output of the cell. At least one of the igntion-current and light-cutput may be maximized at
a desired pressure of at least one of the hydrogen and water vapor pressure. At least one of a
hight detector such as a diode and the output of the PV converter may measure the light
output of the cell. Atleast one of a voltage and current meter may montior the electrical
behavior of the ignition circuit. The generator may comprise a pressure conirol system such
as one comprising software, a processor such as a computer, and a controller that receives
mput data from the monitoring of the parameler and adjusts the gas pressure to achieve the
optimization of the desired power output of the generator. In an embodiment comprising a
fuel metal compnising copper, the hvdrogen may be maintained at a pressure fo achieve
reduction of the copper oxide from the reaction of the copper with oxvgen from the reaction
of H,0O to hvdrino and oxygen wherein the water vapor pressure is adjusted to optinuze the
generator output by monitoring the parameter. In an embodiment, the hydrogen pressure may
be controlied at about a constant pressure by supplying H; by elecirolysis. The electrolysis
current may be maintained at about a constant current. The hydrogen may be supplied at a
raie 1o react with about all hvdrino reaction oxygen product. Excess hydrogen may diffuse
through the cell walls to maintain a constant pressure over that consumed by the hydrino
reaction and reaction with oxygen product. The hvdrogen may permeate through a hollow
cathode to the reaction cell chamber 5b31. In an embodiment, the pressure control svstem
controls the H, and H,0 pressure in response to the ignition current and frequency and the
hight output to optimize at least one. The light may be monitored with a diode, power meter,
or spectrometer. The ignition current may be monitored with a multi-meter or digital
oscilioscope. The injector rate of the molten metal of the electromagnetic pump 5k may also
be controlled to optimize at least one the electrical behavior of the ignition circuit and the
hight output of the cell.

In another embodiment, the sensor may measure multiple components. In an
exerplary embodiment, the cell gases and the total pressure are measured with a mass
spectrometer such as a quadrupole mass spectrometer such as a residual gas analyzer. The
mass spectrometer may sense in batch or in trend mode. The water or hurmdity sensor may
comprise at least one of an absolute, a capacitive, and a resistive humidity sensor. The sensor
capable of analvzing a plurality of gases comprises a plasma source such as a microwave

charober and generator wherein the plasma excited cell gases enut light such as visible and
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mfrared hight. The gases and concentrations are deternuned by the spectral emission such as
the characterisiic lines and intensities of the gaseous components. The gases may be cooled

efore sampling. The metal vapor may be removed from the cell gas before the cell gas is
analvzed for gas composition. The metal vapor 1o the cell such as one comprising at ieast
one of silver and copper may be cooled to condense the metal vapor such that the cell gases
may flow into the sensor in the absence of the metal vapor. The SF-CIHT cell also herein
also referred to as the SF-CIHT generator or generator may comprise a channel such as a tube
for the flow of gas from the cell wherein the tube comprises an inlet from the cell and an
outlet for the flow of condensed metal vapor and an outlet of the non-condensable gas to at
teast one gas sensor. The tube may be cooled.  The cooling may be achieved by conduction
wherein the tube is heat sunk to a cooled cell component such as at east one of the cone
reservoir and its metal content, the electrodes, the bus bar, and the magnets of the electrode
electromagnetic pump such as 8¢. The tube may be actively cooled by means such as water-
cooling and passive means such as a heat pipe. The cell gas comprising metal vapor may
enter the tube wherein the metal vapor condenses due to the tube’s lower temperature. The
condensed metal may flow to the cone reservoir by means such as at least one of gravity flow
and pumping such that the gases 1o be sensed flow into the sensors in the absence of metal
vapor.

in an embodiment, the generator comprises a blackbody radiator that may serve as a
vessel comprising a reaction cell chamber 5b31. In an embodiment, the PV converter 26a
comprises PV cells 15 on the nterior of a metal enclosure comprising a cell chamber 5b3 that
contains the blackbody radiator 5bd. The PV cooling plates may be on the outside of the cell
chamber. At least one of the chambers 5b3 and 5b31 are capable of maintaiming a pressure of
at least one of below atmospherte, atmospheric, and above atmospheric pressure. The PV
converter may further comprise at least one set of electrical feed-throughs to deliver electrical
power from the PV cells inside the inner surface of the cell chamber to outside of the cell
chamber. The feed-through may be at least one of airtight and vacuum capable.

In an embodiment, the oxygen may be sensed indirectly by means such as by
measuring a parameter of an oxidation product or due to an oxidation product. In an
exemplary embodiment, the generator may comprise a melt conductivity sensor. The
decrease in conductivity of the Ag-Cu alloy melt in the cone reservoir due to CuQ on the top
of the allov melt may serve as an indication to add a higher H; flow rate. In another
exemplary embodiment, the generator comprises a scale and material that reversibly absorbs
oxygen based on its concentration or presence. The oxygen Ssensor roay comprise an
oxidizable metal baving a H; reducible metal oxide wherein the presence of oxyvgen is
determined by a weight change. In an embodiment, the pressure of a highly permeable gas

such as hvdrogen gas in reaction cell chamber 5b31 is controlled by supplyving gas to the cell
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chamber 5b3. The gas pressure may be measured with a corresponding gas sensor m cell
chamber Sb3. The cell chamber gas pressure may be used to control the flow of hydrogen
nio the cell chamber 5b3 that subsequently flows or permeates into the reaction cell chamber
Sb31. In an embodiment, the gas such as hydrogen flows or permeates through at least one
wall of the cell 26 such as that of the cone 5b2 or top cover 3b4 from the cell chamber 5b3 to
the reaction cell chamber 3b31. In an embodiment, the H; in the reaction chamber 5b31 is
maintained al a pressure that consumes the oxygen in the reaction chamber 5b31 {o a desired
pressure. In an exemplary embodiment, the hydrogen pressure is maintained at a sufficient
concentration to consurne the oxygen formed in the reaction cell chamber 5b31. In an
embodiment shown in FIGURES 2124-2143, the lower chamber 5bS i3 tn contimuity with the
cell chamber 5b3 wherein the diameter of the plate at the base of the reservoir 5¢ provides a
gap between the chambers. Both chambers may be filled with the same gas such as hydrogen
that may also permeaie into the reaction cell chamber 5b31. In an embodiment, a non-
permeable gas is supplied directly o reaction chamber 5b31 in a manner such that metal
vapor does not fowl the supply outlet. In an embodiment, the water supply injector 571
comprises a sufficiently small diameter nozzle such that the water vapor flow rate is
sufficient to present the metal vapor from flowing into the injector such as into the nozzle and
H,O vapor injection fube of the injector 521,

In an embodiment shown in FIGURE 2124 to 2128, the cong Sb may comprnise a
plurahity of matenals that voay be operated at different temperatures. For example, the
botior section may comprise a heat reastant roetal such as a high temperature staimless sigel
such as Hastelioy that may have an oxide coal, and the top portion may comprise anodized
alunuoum. The anodized alursinum may be cogted on another material such as stanless
steel. The oxide coat of the material mayv be mamtaimed by controlling the temperature and
aimesphere in the reaction cell chamber 3631 such as the partial pressure of at least ong of
oxvgen andd water o an ersbodiroent, the walls of the cell 26 such as those of the cone 5b2
may compwise sapphire. The sapphire may comprise segments or panels. Each panel may be
backed bv a reflector such as a silver sheet to refizct incident from the call back mto the cell
and towards the PV converter. The refleciors may be separated from the sapphire by 8 gap
that mav be mamtained under reduced pressure such as vacuum o maintain the reflectors at a
tower temperatwre that the sapphire panels. The low-pressure condition may be achieved by
having the gap n continuty with the evacuated cell. The cell may Rurther comprise a
sapphire window to the PV converter 26a.

in an erobodiment. the walls of the cell 26 may comprise a cone 3b2 and at top cover
5b4 that form a reaction cell chamber Sb31 that may comprice a dome. The dome may be
resistant 1o wetimg by the fuel meli such as Az or Ag-Cu allov meit. The dome may be

mamntaned at elevated temperature (o prevent wetung by the melt. The temperature may be
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maintained i the range of about 100 °C 10 1800 °C. The dome may be transparent. The
transparent dome may comprise at least one of sapphire, gquartz, MgF,, and alkali-
aluminosilicate glass such as Gorilla Glass. The dome may be inverted such that the open %
sphiere 15 ontertded towards the PV converier 26a. The bottom of the mverted dome may be
sectioned {o form a cireelar connection 1o the circular cone reservoir 5b. The inverted dome
may comise peneirations, ciouts, or feed throughs of at lzast one of the bus bars 2 and 10,
the clectrodes 8, and the gas injector such as the water mgector 521, The mverted dome may
comprise at least one of a metal ring at the {op edge and an outer metal mirror coating such as
avelractory metal coating such as a W or Mo murroring. The mirroring may be apphied by
vapor deposition such as by orgamc metal chemacal vapor phase deposition (MOCVD), An
exemplary chemical for the deposition 18 molybdenum or tungsten hexa-carbonyl.
Altemnatively, the inverted dome may comprise a matching outer circumferential, vurrored
dome reflector that may have a separating gap. The reflector partial dome may be separated
from the sapplure doms by a gap that moay be maintained under reduced pressure such as
vacuurs 0 maintan the reflectors gf a lower fomperature than the sapphire dome. The low-
prassure condition mav be achigved by having the gap in contimuaty with the evacuated cell.
The cell may further comyptse a window 5b4 such as a sapplure window to the PV converter
2Ga. Thewnverted dome may comprise the cone 5b2 and the open top of the cone 5b2 may be
covered by a window Sb4 that may comprise sapphire. The window may have a desired
shape for travsnuting Heht to the PV converter. The shape may be a match 1o the geometry
of the PV converter such as planar or dome shaped, At least one of the cone reservoir 5b, the
window 5b4d, the bus bars 9 and 10, or elecirodes & may be joined 1o the cone 5b2 comprising
an mveried dome with a gasket such g graphiie gasket such as a Grapho gasket, b other
ernhodiments, the inverted dome voay comprise other geometries or shapes. Bxeroplary
alternative shapes of the inverted dome comprise a fraction of a cover such as a porfion of a
coverng n the range of 90% to 10% of the swface of the corresponding sphere, parabola,
wapezoid, or cube.

n an embodiment, the dome may serve as the cone 3b2 and the window 5hd. The
dome roay coraprise a circular section of a sphere with an open portion. The dome may be
non-inverted with the open portion i connection with the cone reservoir 5. In other
embodiments. the non-inverted dome may comprise othar geomsiries or shapes. Exemplary
alternative shapes of the non-inverted dome comprise a fraction of a cover of the cone
reservolr such as a portion of a covenng in the range of 80% o 10% of the sarface of the
corresponding sphere, parabols, frapezoid, cube, or other enclosure of the cone reservolr.

The tower porfion of the dome closest 1o the cone reservotr 8b may be mirrored or comprise
circumferential reflectors to comprise the cone 562, and the top portion may be transparent {o

comprise the window 3b4 1o the PV converter 26a.
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The cone 5b2 may comprise a single dome or segmented geodesic structure
(FIGURES 2I35-2143). and the window 5b4 moay be separate or a portion of the dome. At
teast one of the cone 5b2 and window 5hd may be mairdained at a temperaiure above that
wihich prevents the fuel melt such as Ag or Ag-Cu mell from adhering. The teroperature may
be mainained in af least one range of about 200 7 o 2000 70 306 °C 1o 1300 °C, and 4{1
°C 1o 1100 °C. The terperature may be mamtainad by a heater such as an inductively
coupled heater such as during startup. The combination of the cone ShZ2 such as a sapphiure
dome and window 5bd may comprise a high-lemperature blackbody light source emitling
prodominantly through the window 3b4 that roay be mayv small enough 1o he convenuently
heated in startup mode by an inductively coupled heater, The cone segments may be held in
place by fasteners such as clamips or wackets that may comprise a refractory metal such as
Mo, The brackets mayv be supported by o frame. The backing reflecior panels such as sibver
panels may aleo be fastened 1o the frame with clarope or brackets. Alieroatively, the panels
may be bolted, screwed, or welded 1o the frame. The segments and anv fead-throughs such
as one for the electrodes may be joined or lined with a jomt matenial such as one that
accommuadates expansion and contraction and i heat resistant. An exemplary joint maierial
comprises graphite such as Graphoil. Paris such as bus bars such as those to the glectrades
and the electrovaagneiic pump may be msnlating at the contact pownts such as ones at feed-
throvghs of the cell chamber 5b3 or lower vacuun chamber 5bS5 by electrical insulating
roeans such as msulating coatings such as Mullue or boron niride gt the contact pomis.

In an embodiment, the electrodes 8 comprise a plurality of parts that may comprise
different matenials. The electrodes may comprise a plasma contact layver that operates at high
temperature. Suitable plasma contact laver materials are a refractory metal such as W, Ta, or
Mo. The plasma contact layer may be mounted on another mount layer that may comprise
the bus bar 9 and 10. The mount layer may be recessed such that only a portion such as
portion at the ends of the plasma contact laver contact the mount laver (o provide electrical
conneciivity. The recess may create a gap between the plasma contact layer and the mount
faver to permit the plasma contact laver 1o operate at a higher temperature than the mount
faver. The attachments at the contact regions may be made by welds, brackets, clamps, or
fasteners such as screws or bolts that may be recessed such as counter-sunk screws or

ecessed hex-bolts such as cap-head bolis. Any parts that screw together may be coated with
a lubricant such a graphite to prevent silver sticking to the treads. The glectrodes may
comprise blades (FIGURES 2129-2143) that may be attached to the bus bars 9 and 10 by
means such as fasteners at the bus bar ends of the blades. The blades may be orented to
form a 'V to accept injected metal into the widest part of the V. In an embodiment, the
electrodes comprise only a refractory metal such as W or Mo. The electrodes may be scaled

in electrical cross section to compensate for the about 3.5 times lower conductivity relative o
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copper wherein exemplary bus bar comprise copper. The refractory metal electrode may be
atiached to the bus bars by a weld or by a fastener such as bolts or screws. At least one of the
electrode emissivity, surface area, conductive heat sinking, and passive and active cooling
may be selected to maintaim the electrode within a desired operational femperature range such
as in a range that vaporizes the metal of the melt such as Ag or Ag-Cu afloy and below the
melting point of the refractory metal of the elecirode. The losses may be predominantly by
blackbody radiation. The elecirode may be mamtained in the temperature range of about
1000 °C 10 3400 °C.

To permit an adjustment of the electrode gap 8g, the electrodes and bus bar assembly
may comprise an articulating jointed bus bar to electrode connector. The articulating arms
may be offset along the bus bars so that any fasteners on the ends to electrodes such as
tungsten blade electrodes are staggered to permut close spacing of the electrodes without
close contact of any protruding fasteners. To achieve further close approach the electrodes
may be bent towards the end connections and straight in the ignition region. To support high
temperature operation, the feed-throughs such as at least one of those to the bus bars of the
ignition system 10a {FIGURE 2124) and those to the bus bars {o the EM pump may comprise
electrically insulated ceramic feed-throughs such as those known in the art. The ceramic
feed-throughs may be cooled by means such as gas or water-cooling. The feed-throughs may
comprise a micromanipulation system to control at least one of the spacing and tilt angle of
the attached electrodes such as blade electrodes. The feed-throughs may comprise bellows
feed-throughs to permit movement of the bus bars to effect the positioning of the electrodes
by the micromanipulation system such one known by those skilled in the art. In another
embodiment, the adjustment mechanism of the electrode gap 8g comprises threaded bholts
conmected to the bus bars 9 and 10 wherein a movement of the electrodes 8 may be effected
bv moving the bus bars. The elecirode gap 8g may be adjusted by the threaded bolts that
push against the bus bars 9 and 10 to deflect them with applied pressure, and the bus bars
undergo spring restoration when the bolis are loosened. In another embodiment, the threaded
bolts may pull on the bus bars.

In an embodiment, the generator may comprise an astomated control system {o adjust
the electrode gap 8g such as one of the disclosure or another known by ighose skilled in the
art. The automated gap control system may comprise a computer, at least one sensor, and at
feast one of a mechanical mechamem such as a servomechanism and motor, and a solenoidal,
an electromagnetic, and a piezoeleciric positioner or micromanipulator that may be controlled
by the computer with mput from at least one sensor such as a posifion or a current sensor.
The electrode separation comprising the gap may effect the current density and reaction
confinement wherein both may be increased with a smaller gap. The hydrino reaction rate

may be increased by increasing the current density. In an embodiment, the molten metal
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mjection rate mayv be controlled to localize the metal to increase the current density. The
electrode width may be increased (o increase the conflinement wherein the electrode length
may be reduced 1o maintain a high current density. The shortened length may also increase
the operating temperature that is optimized to increase the hydrino reaction rate. In an
embodiment, the injection 1s controlied to cause the ignition curreni to pulse {o increase the
currentt density by the skin effect. in an embodiment, the reaction confinement may incraase
the rate of the hydrino reaction. In an embodiment, the electrodes vibrate to enhance the
hydnino reaction rate. The vibration may be caused by the Lorentz force due to the cuirents
in at least one of the electrodes and bus bars. At least one of the electrode spacing, electrode
dimenstons such as width, length, thickness, georsetry, mass, operating temperature, spring
tension, and material, and the voltage, current, and EM pumping rafe may be adjusted to
change the vibrational frequency to one desired. Altematively, the generator may comprise a
vibrator that vibrates the electrodes. Exemplary vibrators are those of the disclosure such as
an electromagnetic or piezoelectric vibrator. The vibration rate may be in at least one range
of about I Hz to 100 MHz, 100 Hz to 10 MHz, and 100 Hz 1o 1 MHz. At least one of the
glectrode current, mass, spring constant, length, and damping fixtures may be selected to
achieve at feast one of a desired vibration frequency and amplitude. The vibration may
further serve to pump melt through the electrodes.

In an embodiment shown in FIGURE 2124 to 2128, the electrodes 8 may be
electrically connected to the source of electrical power 2 by feed-throughs 10a mounted in
separate or a single vacuum flange. The wall of the cone 5b2 may cornprise a single aperture
for the passage of the electrodes 8. The aperture may comprise a cover plate around at least
one of the bus bars 9 and 10 and electrodes to seal the cone 5b2 or dome to loss of melt such
as Agor Ag-Cumelt. In an embodiment, a sapphire cover plate covers a penetration or
aperture for the electrodes through the cone or dome such as the sapphire dome. The cell 26
may be housed in a chamber 5b3. The chamber may be capable of maintaining a pressure of
less than equal to or greater than atmospheric. The cell walls may comprise the cone 5bZ or
dome. The bus bars and electrodes may pass through a circular conduit through the cell
chamber wall and the dome wall. A flange with elecirode feed-throughs may seal the
chamber, and a sapphire cover plate or plates with bus bar cutouts may seal the dome.

in an embodiment shown 1n FIGURE 2124 to 2128, at least one of the cone 5b2. the
mnner cone surface, and the outer cone surface may be comprised of a material such as a metal
with a fow reactivity to water. Exemplary metals having low water reactivity comprise those
of the group of Cu, N1, Pb, 8b, Bi, Co, Cd, Ge. Auw, I, Fe, Hg, Mo, Os, Pd, Re, Rh. Ru, Se,
Ag, Te, Te, Th Sn, W, and Zn. In an embodiment, at least one of the cone 302, the inner
cone surface, and the outer cone surface may be comprised of a material such as a metal with

a higher melting point than that of the fuel melt such as Ag (M. P. =962 °CY or Ag-Cu allov
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(M. P. =779 °C) and may further have a low emissivity. Exemplary cone and cone surface
matertals comprise polished metal surfaces such as those comprising steel, steel type PH-15-7
MO, N1, Fe, Mo, Ta, galvanized metal such as steel or iron, and Pt or Au plated or clad
metals such as Ni or Ti. The cell components such as the cone reservoir 5h and cone 5b2
may comprise a high melting point, high enmssivity material on at least one of the inner and
outer walls to radiate high power back nto the cell wherein the thermal power can be
preferentially radiated into the cell by using civcumferential radiation shields to the cell
component such as the cone 5b2.

in an embodiment shown in FIGURE 2124 to 2128, the cone 5b2 comprises a high-
melting-point metal that has a low emissivity on the imner surface to reflect the blackbody
radiation to the PV converter 26a. In exemplary embodiments, the cone 5b2 comprises Mo
or W that is operated at a temperature of about that of the melting point of the fuel melt such
as about 1000 °C 1o 1100 °C i the case of Ag or Ag-Cu alloy fuel melt. The high
reflectivity may be maintained by preventing the oxidation of the reflective surface. A partial
hvdrogen atmosphere roay be maintained in the reaction cell chamber 5b31 to reduce any
metal oxide to metal or to react with any oxygen created to form H,G. Alternatively, the cell
26 may comprise a counter electrode in contact with the cell atmosphere and a power supply
that maintains a negative potential on the inner cone surface that serves as the cathode with
an applied voltage to prevent oxidation of the reflective cathode surface. The cone metal
such as those of the disclosure may be selected to have a low reactivity with water. Cell
oxyvgen may be maintamed af a low partial pressure by at least one of the vacwum pump 133
and the hydrogen supply 5u and 5w wherein the H; consumes oxygen.

The blackbody radiation power at 1300 K with an enuissivity of 1 is 162 kWi’ In
order 1o heat the cone o a temperature such as 1000 °C duning startup at a fraction of this
power, the emissivity may be maintained low. The outer cone surface may comprise a
material with a low enussivity. In exeroplary embodiments, the outer cone surface comprises
polished Mo or electrolvtic Ni wherein the emissivities at 1000 °C are 0.18 and 0.16
respectivelv. Polished W has an emuissivity of (.04 at room temperature. Polished silver
(M.P. =962 °C) has an emissivity of 0.03 at 1093 °C wherein the lower femperature melting
Ag-Cu alloy (M.P. 28% Cu = 779 °C) may be used as the fuel metal. The surface may be
heated with a heater such as an inductively coupled heater during startup. The window may
be heated with a heater such as an inductively coupled heater during startup. In an
embodiment comprising a closed reaction cell chamber 5b31 comprising a sufficiently thick
mner wall of the insulated cone 5b2 shown in FIGURES 2124-2127 to conduct heat along the
wall, a single inductively coupled heater coil 51 and inductively coupled healer 5w may be
sufficient during startup to heat the entire reaction cell chamber 5b31 to a desired temperature
such as one that prevents the fuel melt from solidifying and adhering to the surfaces of the
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chamber. An exemplary wall thickness is about ¥4 inches. The blackbody radiation created
in the cell may be directed to the window of the PV converter wherein the metal of the
ignition product may be prevented for adhering by maintaining the temperature of the
window such as the temperature of the top cover 5b4 above the melting point of the fuel melt.

In an embodiment wherein the plasma becomes optionally thick due 1o vaporization
of the fusl such ag one comprising Ag or Ag-Cu alloy, the vapor is contained in the cell 26,
Atleast one of cell components shown in FIGURE 2124 to 2128 such as the pump tube 5k6,
pump bus bars 5k2, heat transfer blocks 5k7, cone reservoir Sb, reservoir 5S¢, and cone 5b2
may be comprised of a refractory matenal such as at least one of Mo, Ta, and W. In an
embodiment, at least one cell component comprises a crucible material such as S1C, graphite,
Mg, or other ceramic tvpe matenial known by those skilled in the art.

fn an embodiment, a cell component such as the cone comprised of refractory metal
may be welded using a thermite reaction having the refractory metal as a product. For
example, tungsten may be welded using the thermite reactants comprising WO + Al thermite.
in an embodiment comprising an MgO cone, alurnina or calcium aluminate may serve as the
binder of MgQO.

A cell component such as the cone 5h2 may be swrrounded by radiation shields. At
least one of the cone Sb2 and shields may comprise an inverted metal dome (open end up
towards the PV converter 26a). The dome may be fabricated by metal spinning. In an
embodiment, the cone 3b2 of the cell 26 comprises a plurality of radiation shields such as
heat shields. The shields may comprise a refractory metal such as those of the disclosure
such as Mo, Ta, or W. The shields may comprise a design such as that of a high temperature
vacuum furnace such as one known in the art. The heat shields may comprise sheet or foil
that may be rolled and fastened. The sheets or foils may overlap at the ends with a raised end
bends or a tongue and grove. The shields may be conical and concentric to direct the plasma
power to the PV converter 26a. The cone may comprise a large emission aperture or aspect
angle to the PV converter 26a. The cone 5b2 may comprise outer heat shields that provide an
outer seal at the base of the cone 5b2. Altematively, the cone 5b2 may comprise a sealed
vessel such as reaction cell chamber 5b31 comprising inner heat shuelds. The cone 5b2 such
as one comprising heat shields may be sealed to the cone reservoir Sb to contain cell gas or
vapor such as at least one of water vapor, hvdrogen, and fuel metal vapor. The seal may
comprise a wet seal such as one of the molten fuel metal. In an embodiment, at least one of
the base of the wall of the cone 5b2 and one of inner or outer heat shields are immersed in a
molien reservoir of the fuel metal such as molien Ag or Ag~Cu alloy to form a wet geal. In
another ersbodiment, the wet seal may comprise a trough such as one circumf{erential {0 the
cone reservoir 5b that contains molten fuel metal, and at least one of the base of the wall of

the cone 3b2 and the base of at least one heat shield are immersed 10 the molien metal.
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Altemnatively, the wet seal may comprise at least one of the base of the wall of the cone 5b2
and the base of at least one heat shield and the recyveled molten metal of the cone reservoir 5b
wherein the former are immersed in the latter. The heat shields may comprise submerged
legs to set on the bottom of the cone reservoir Sb to permit flow of the melt under the shields
while maintaining the wet seal. At least one of the wall of the cone 5b2 and the heat shields
that are sealed at the base may have sufficient vertical height towards the PV converter 26a
such that the metal vapor does not exceed the height of the reaction cell chamber 5b31
formed by the cell components as shown in FIGURE 2125. The reaction cell chamber 5b31
may be operated under vacuurn. The temperature of the plasma may determine the height of
the vapor i the reaction cell chamber Sb31 against gravity. Controlling the power generaled
by the SF-CIHT generator may control the temperature of the plasma. In an embodiment, the
power from the hydrino process is controlied to control the height of the metal vapor in the
reaction cell chamber 5b31. The cell power may be controlled by control means of the
disclosure. Exemplary means comprise controlling the ignition parameters such as
frequency, current, and voltage, the pump rate by controlling the purap current, and the water
vapor pressure.

In an embodiment, the metal vapor may become charged during operation. The
charging may decease or inhibit the hvdrino reaction rate until the particles discharge. The
particles may discharge by spontaneous discharge on the walls of the cell 26. The generator
may comprise a means to facilitate the charged particle discharge. The generator may
comprise a means to discharge the stalic charge on the metal vapor particles. The generator
may comprise a set of electrodes. One of the electrodes may comprise a conductive wall of
the cell 26, One electrode may be immersed in the metal vapor gas that may comprise
plasma. The charge may be discharged by apphication of a field such as an elecinc field
between the electrodes 88 and 26 (FIGURE 2123) by a voltage source. The generator may
comprise at least one of electrodes and an electric field source o discharge charged metal
vapor {o propagate and maintain the hydrino reaction. The generator may comprise an
electrostatic precipitator {ESP) (FIGURE 2123} such as one of the disclosure. Inan
embodiment, an ESP systern may be installed to discharge the metal vapor particles (o
maintain a constant hydrino reaction rate.

In an embodiment, the plasma directly irradiates the PV converter 26a. In an
embodiment, the metal vapor is confined {o the reaction cell chamber 5b31 to avoid metal
vapor deposition on the PV converter window. The metal vapor mav be confined by
electrostatic precipitation wherein the electrodes may comprise a refractory roetal. In another
ernbodiment, the metal vapor mayv be confined with a radio frequency field The RF
confinement of the stiver vapor may be effective with high vapor densities under pressure. In

an embodiment, the reaction cell chamber may cornprise a gas such as helium to cause silver
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io settie to the bottom of the cell. In an embodiment, the cell may comprise a bafflesuch as a
refractory metal mesh to avoid gas mixing due to turbulence. The reaction cell chamber gas
may comprise a nucleating agent to cause the formation of larger metal vapor particles that
will settle to the bottom of the cell due to gravity. The metal vapor pressure may be
maintained at an elevated pressure to cause the nucleation of the silver to larger particles that
settle to the bottom of the cell under gravity.

In an embodiment, the generator 1s operaled to create at least a partial metal vapor
atmosphere in the cell 26 such as in the reaction chamber 5b31. The cell atmosphere
comprising metal vapor such as silver or silver-copper alloy vapor may be formed by
vaporization at the elecirodes. The vaporization power may be supplied by at least one of the
ignition power and the hydrino reaction power. The hydnino reaction rate and corresponding
power may be controlled by means of the disclosure to achieve a suitable or desirable hvdrino
power contribution to achieve the suitable or desirable metal vapor pressure. The metal
vapor pressure may be controlied by controlling at least one of the molten metal injection rate
and the temperature of the molten metal but means such as those of the disclosure such as
controlling the pumping rate and the rate of heating or removing heat. In an embodiment, the
pumping rate and subsequent metal vaporization may conirol the rate of heat removal form
the electrodes to maintain the electrodes at a desired temperature. The metal vapor pressure
may be tn at least one range of about 0.01 Torr to 100 atm, 0.1 Torr to 20 atm, and 1 Torr to
10 atm. The metal vapor may enhance the hydrino reaction rate. Plasma may form in the
metal vapor atmosphere that further comprises at least one of water vapor and hyvdrogen. The
plasma may support at least one of H and catalvst formation. The temperature may be high
such that therrmolysis mav support at least one of H and catalyst formation. The catalyst may
comprise nascent water (HOH). The metal vapor may serve as a conductive matrix. The
conductive matrix may serve as a replacement {o a high current to remove electrons formed
by the ionization of the catalvst. The removal of the 1onized electrons may prevent space
charge build up that may inhibit the hydrino reaction rate. The ignition current and pulsing
frequency applied to the electrodes may be within the range of the disclosure. In an
emnbodiment, the current may have at least one of a pulsing and constant current component
in the range of about 100 A to 15,000A. In an exemplary mode of operation wherein the
hydrino reaction produces blackbody radiation the current is constant and is in the at least one
range of about 100 A 1o 20 kA, 1 kA to 10 kA, and 1 kA o 5 kA, The blackbody condition
may depend on the metal vapor atmosphere. The atmosphere may be optically thick to the
high-energy emission of the hydrino reaction.

The injector nozzle 5q may be at the end of the electrodes 8 such as blade electrodes
(FIGURES 2129-2134) wherein the blade elecirodes may be fastened at the opposite end to
the bus bars 9 and 10. The nozzle pump tube may be end capped, and the nozzle 5q may be
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in the tube sidewall to inject shot into the side of the electrode at their end. Alternatively, the
shot may be injected from on top of the electrodes as shown 1in FIGURES 2117 and 2118, In
the case the pump tube and nozzle 5q are further from the molten metal of the cone reservoir,
heat may be transferred from the molten metal in the cone reservoir 5h {o the end of the
nozzie 5q 1o heat it duning startup. The nozzie end of the pump tube may comprise & heat
transfer sleeve or block such as one comprising a refraciory metal such as Mo or W o cause
the heat transfer. Alternatively, a novzle startup heater may comprise a connector such as a
solenoid driven connector between the nozzle 5q and one electrode & to form a high current
connection to serve as a resistive heater. The connector may comprise a high melting point
material such as Mo or W,

In another embodiment, the window may be at a sufficient vertical distance from the
electrodes such that ignition products do not reach the window due to gravity. The particles
may also be prevented from being incident the window by the electrode EM pump. The EM
pump may further reduce at least one of the quantities of ignition products ejected on the
upper section of the cone walls and on the cone walls. In an embodiment, such as one shown
in FIGURES 2119 and 2120, the shot 1s injected vertically and the EM pump comprising
magnets 8¢ pumps the ignition products downward. The nozzle 5q may be positioned and
oriented to cause the shot to have a transverse as well as vertical component of iis mjection
trajectory. The nozzle position and offset to cause the shot frajeciory along an axis with an
angle to the vertical may be selected to reduce or prevent the downwardly pumped ignition
products from colliding with the mjected shot.

The ignition product may be prevented from reaching the PV converter by an
electromagnetic pump on the electrodes. The electrode EM pump may force the ignition
products downward. In an embodiment shown in FIGURES 2124 and 2127, the magnets may
be cooled through the bus bars 8 and 9 such as tungsten or thermally msulated copper bus
bars. The electrode EM purp magnetic field may be provided by a single magnet such as the
one on the bus bar cell penetration side wherein the cooling may be provided through the bus
bars. At least one of the bus bars, elecirodes 8, and electrode EM pump magnets such as 8¢
and 8¢l may be cooled by a coolant such as water that may be at almospheric pressure or
high pressure thai flows through the bus bars. The bus bar cooling system such as a water-
cooling system may comprise an inlet pipe through a center-bored channel of each bus bar
with a return flow in the anmuilus between the center pipe and the channel. Altematively, the
cooling system may comprise an inlet center-bored coolant channel in one bus bar with a
return center-hored coolant channel in the other bus bar. The coolant line connection
between bus bars may comprise an glectrical insulator. The ends of the bus bars 9 and 10 at
the electrode-fastened end may comprise a hollow section to serve as a thermal barrier to the

main section of the bus bars. The maguoet may comprise insulation such as a high
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temperature msulation of the disclosure such as AETB, Zicar, ZAL-43, or SiC-carbon aerogel
{AFSIC). The msulation may be between the bus bar such as 8 and ¢ the magnets such as 8¢

and 8¢l and covering the magnets while permutting sufficient thermal contact of the through-

bus-bar cooling system such as coolant loops with the magnets. The magnets may be capable
of operating at a high temperature such as CoSm (350 °C) or AINiCo (525 °C).

The magnet cooling may also be supplied through cooling {oops that run peripherally
from the magnets such as 8¢ and 8¢l to outside of the cell such as those of the EM pump
cooling system given in the disclosure. Aliernatively, the electrode EM pump magnets may
be external to the cell 26 to prevent them from overheating. The external electrode
electromagnetic pump magnets may be located outside of the cell with a gap between the
magnets and the cell wall to maintain the temperature of the magnets below their Curie point.
The magnets may coroprise ndividual isolated maguoets that provide flux across the axis of
the electrodes. The magnets may comprise a single magnet or a magnetic circuit (FIGURES
2129-2134) that comprises at least one magnet wherein each may run circumferentially to the
cone or cone reservolr and extend from the region of one end of the electrodes to the other
end. The magnetic circuit may comprise at least one magnet and volk matertal having a high
permeability comprising the remaining portion of the circuit. The magnets may comprise a
single magnet or magnetic circuit that provides flux along the electrode axis at a gap in the
magnet or circuit. The electrodes may comprise blade electrodes having the single magnet or
a magnetic circuit spanning a half loop or semicircle from one end to the other and providing
flux along the elecirode axis and across the gap at the elecirodes. The magnetic circuit may
be in the shape of a C. The magnet or magnetic circuit section in between the electrodes may
be designed to avoid shorting the electrodes. The short may be avoided with electrical
msulators or by avoiding an electrical contact between the electrodes. Tn an exemplary
embodiment, the magnets comprise CoSm or neodvniium magnets each having about 10 to
30 em’ cross section in a C-shaped magnetic circuit having a yolk comprising at least one of
cobalt of high purity tron wherein the gap is about 6 to 10 cm. The magnets may be cooled
bv means of the disclosure. The magnets may be placed on the floor of the chamber housing
the cell at a position cutside of the cell wall. The magnets may be at least one of heat sunk to
the chamber floor and cooled by means of the disclosure. For example, the magneis
comprise at least one cooling coil with a circulating coolant that transfers heat to a chiller
such as 31 or 31a that rejects heat and cools at feast one of the magnets(s) and magnetic
Circut.

In an embodiment, the magnet(s) mayv be housed in a separate chamber off of the cell
chamber. The magnets of the electrode electromagnetic (EM) pump may be cooled in an
electrode magnet chamber. The electrode electromagnetic (EM} pump assembly may

comprise that of the EM pump 5ka shown in FIGURE 2128, The electrode electromagnetic
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(EM) pump cooling system assernbly mayv comprise one of the cooling systern 5k1 of the EM
pump (FIGURE 2128). The electrode EM may comprise an electromagnetic pump coolant
lines feed-through assembly Skb, EM pump coolant line 5k11, EM pump cold plate 5k12,
magnets Sk4, magnetic volks and optionally thermal barrier 5k5 that may comprise a gas or
vacuum gap having optional radiation shielding, pump tube 5k6, bus bars 5k2, and bus bar
current source connections 5k3 that may be supplied by current from the PV converter. The
magnets may produce a field that 1 parallel to the bus bars. The magnet at the bus bar end
may comprise a notch for passage of at least one of the bus bars and electrodes. The
electrode EM purnp moay comprise a single magnet having a geometry that produces a field
predominantly parallel to the bus bars. The single magnet may be located close to the
ignition site such as near the ends of the electrodes. The at least one EM pump magnet may
comprise an electromagnet that may be activated in startup. Once the cell walls are hot such
that the 1gnttion products flow 1o the cone reservoir, the magnetic field may be terminaied. In
another embodiment, the magnetic field mayv be terminated by removing or retracting the
magnet(s) such as a permanent magnet{s). The magnet may be retracted by a moving means
such as a mechanical system or electromagnetic system. Exemplary magnet retracting
systems comprise a servomotor and a screw driven table on rail guides or a solenoidal driven
table on rail gindes. Other moving means are known {o those skilled in the art.
Alternatively, the magnetic field may be removed by the insertion of a magnetic shield such
as a mu metal shield in between the magnet and the electrodes. The shield may be applied
using a moving means such as a mechamcal system or electromagnetic system such as those
of the magnet retracting system. In an embodiment, once the cell is at temperature the
direction of the magnetic field or the polarity of the ignition current mayv be switched to
reverse the Lorentr force and the pumping direction to pump the injected metal upwards
rather than downwards to increase the tlow rate through the electrodes and thus the power
output. The polarity of the DC ignition current may be reversed with a switch such as an
IGBT or another switch of the disclosure or known in the art. Reversing the current of an
electromagnet or by mechanically reversing the onientation of permanent magnets may
reverse the magnetic field polanity. The cell 26 cormponents such as the cone Sb2 may
comprise a ceramic such as MgQ, ZrB,. BN, or others of the disclosure that is thermally
msulating such the inner wall temperature rises quickly.

In an embodiment, the height of the cell may be sufficient that ignition products do
not reach the PV converter against gravity or are blocked by a window such as a sapphire
window. The window may be maintained sufficiently hot to prevent the ignition products
from adhering. In another embodiment, the magnetic field from a magnet such as the
permanent magnet or electromagnet to cause a downward Lorentz force on the ignition

products may not be termunated. In another embodiment, the cell may comprise a baffle 8d



WO 2017/127447 PCT/US2017/013972

io retard or stop the ignition particles from being incident the PV window. The baffle may be
opague and capable of secondarily emitting blackbody radiation. The baffle may comprise a
erid or plate that may comprise a refractory material such as W or Mo. Alternatively, the
baffle may be transparent o the blackbody light. Exemplary transparent baffles comprise at
least one of sapphire, quariz, and alkali and alkaline earth crystals such as LiF and MgF,.

Embodiments comprising at least one of a thermophotovoltaic, photovoltaic,
photoelectric, thermionic, and thermoelecine SF-CIHT cell power generator showing a
capacitor bank ignition system 2 are in FIGURES 2124 t0 2143, In an embodiment, the cell
26 comprises a cone 5b2 corprising a reaction vessel wall, a cone reservour 5b and reservoir
S¢ that forms the floor of a reaction cell chamber 5b31 and serves as a reservoir for the fuel
melf, and a top cover 5b4 that comprises the top of the reaction cell chamber 5b31. Inan
embodiment, the cell is contained in a cell chamber 3b3. The cell chamber 5b3 and the
reaction cell chamber 5b31 may be evacuaied by pump 13a through vacoum conpection 13b.
The chambers may be selectively evacuated using at least one or both of reaction cell vacuum
pump line and flange 13¢ and cell charober vacuum pump line and flange 13d with the
selective opening and closing of at least one of cell chamber vacoum pump line valve 13e
and reaction cell vacuum pump line valve 13£

fn an embodiment, the cone 5b2 comprises a parabolic reflector dish with one or more
heat shields about the electrodes 8. It is understood that the heat shields may also comprise

others forms of thermal insulation 5e such as ceramic msulation materials such as MgQ, fire

brick, Al;Os, zirconium oxide such as Zicar, aluwmina enhanced thermal barter (AETB) such
as AETB 12 msulation, ZAL-45, and Si{-carbon aerogel (AFSiC). An exemplary AETB 12
msulation thickness is about 0.5 1o 5 cm. The insulation may be encapsulated between two
favers such as an inner refractory metal wall that may comprise the reflector such as that of
cong 5b2 and an outer insulation wall that may comprise the same or a different metal such as
stainless steel. The reflector assembly comprising the cone 3b2, insulation, and outer
insulation encapsulation wall may be cooled. The outer insulation encapsulation wall may
comprise a cooling system such as one that fransfers heat o a chiller such as 31 or 31a

In an embodiment, the chiller may comprise a radiator 31 and may further comprise at
teast one fan 31j and at least one coolant pump 31k {0 cool the radiator and circulate the
coolant. The radiator may be air-cooled. An exemplary radiator comprises a car or truck
radiator. The chiller may further comprise a coolant reservotr or tank 311 The tank 311 may
serve as a buffer of the flow. The cooling system may comprise a bypass valve 31n to return
flow from the tank to the radiator. In an embodiment, the cooling system comprises at jeast
one of a bypass loop to recirculate coolant between the tank and the radiator when the
radiator inlet line pressure is low due to lowering or cessation of pumping in the cooling

lines, and a radiator overpressure or overflow line between the radiator and the tank. The

-
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cooling system may further comprise at least one check valve in the bypass loop (31n and
31s). The cooling system may further comprise a radiator overflow valve 3lo such as a
check valve and an overflow line 31p from the radiator to the overflow tank 311 {FIGURES
2132-2134). The radiator roay serve as the tank. The chiller such as the radiator 31 and fan
31j may have a flow to and from the tank 311. The cooling systerm may comprise a tank inlet
fine 31q from the radiator to the tank 311 to deliver cooled coolant. The coolant may be
pumped from the tank 311 to a common fank outlet manifold 31r that may supply cool
coolant to each component to be cooled. The radiator 31 may serve as the tank wherein the
radiator outlet 31r provides cool coolant. Alternativelv, each component to be cooled such as
the inductively coupled heater, electrodes, cell 26, and PV converter 26a may have a separate
coolant flow loop with the tank that is cooled by the chiller such as the radiator and fan.
Each loop may comprise a separate pump of a plurality of pumps 31k (FIGURES 2132-2134)
or a pump and a valve of a plurality of valves 31m. Each loop may receive flow from a
separate pump 31k that regulates the flow in the loop. Alternatively, (FIGURES 2135-2143})
each loop may receive flow from a purnp 31k that provides flow to a plurality of loops
wherein each loop comprises a valve 31m such as a solenoid valve that regulates the flow in
the loop. The flow through each loop may be independently conitrolled by its controller such
as a heat sensor such as at least one of a thermocouple, a flow meter, a controllable value,
pump controller, and a computer.

in another embodiment, the coolant loops of a plurality of cooled cell components
may be combined. A heat exchanger or heat conductor such as heat transfer blocks or a heat
pipe may cool from the outer wall of the cone 5b2 or the outer insulation encapsulation wall.
In an embodiment, graphite 1s a direction heat conductor that may be used as a high
temperature msulator along the radial path and a heat conductor along the axial path parallel
to the cone wall. It is also understood that the reflector such as the cone 5b2 may comprise
other geometric and structural forms than a parabolic dish to reflect the light from the hydrino
reaction such as blackbody radiation to the PV converter 26a. Exemplary other forms are a
triangular prism, spherical dish, hvperbolic dish, and parabolic trough. At least one of the
parabolic reflector dish and heat shields may comprise a refractory metal such as Mo, Ta, or
W. In an exemplary embodiment, the cone reservoir Sb may be comprise a high temperature
material such as Mo, Ta, or W, the reservoir 5¢ and the EM pump tube 5k6 may comprise a
high ternperature stainless steel, and the EM pump bus bars Sk2 may comprise nickel or
stainiess steel. In an embodiment wherein the pump tube comprises a magnetic or
ferromagnetic material such as nickel, the purop tube may be operated at a terperature above
the Curte temperature such that the magnetic flux from the magnets and yokes of the EM
pump permeate directly through the tube. The parabolic reflector dish such as cone 5b2 with

one ot more heat shields or insulation 3¢ may be sealed to the cone reservoir. The cell
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comprising the cone 5b2 and cone reservoir 5b roay be housed in a vacuur charaber 5b3 that
may be sealed. At least one of the parabolic reflector dish and heat shields or insulation may
be sealed 1o the cone reservoir Sb. The seal mayv comprise at feast one of a wet seal, a weld,
threads, and one comprising fasteners. At least one of the parabolic reflector dish and heat
shields or insulation may comprise penetrations for the electrodes. The penetrations may be
sealed. The seal may comprise a high temperature electrical insulator such as a ceramic.

In an embodiment, such as a thermophotovoltaic one, the hydrino reaction heats the
fuel melt to cause it t0 become vaporized. The vapor causes the cell gas to become optically
thick to the radiation produced by the hydrino reaction. The absorbed radiation creates
miense, high temperature blackbody emission. The cone 5b2 comprising a parabolic
reflector dish with one or more heat shields or insulation may reflect the blackbody emission
io the PV converter 26a. At least one of the parabolic reflector dish with one or more heat
shields or insulation that are heated by the plasma may operate at a lower temperature than
the plasma and a higher temperature than least one component of the cone 5b2, the cone
reservair 5bh, the reservoir of the moelt such as molten Ag or Ag-Cu Sc¢, and the EM puwp. An
exemplary range of blackbody temperatures of the plasma is abowt 1000 °C to 8000 °C. The
parabolic reflector dish with one or more heat shields or insulation may be operatad below
their melting points such as below about 2623 °C in the case on Mo and below about 3422 °C
in the case of W. At least one component of the cell 26 such as the cone 5b2, the cone
reservair 5, the reservoir of the melt such as molten Ag or Ag-Cu 5S¢, and the EM pump such
as 5k4 may be cooled. At least one component of the cell 26 such as the cone 5b2, the cone
reservoir Sb, the reservoir of the melt S¢, and the EM pump may be operated below the
fatlure temperature of their materials such as below about 1100 °C in the case of high
temperature stainless steel cell corponents. In an embodiment, at least one component of the
cell 26 such as the cone 3b2, the cone reservoir 5h, the reservoir of the melt 5¢. and the EM
pump may be operated at a teroperature below the boiling point of the fuel melt. The vapors
of the vaporized fuel melt may condense in cone reservoir 5b due to its temperature being
below the boiling point. An exemplary temperature range for silver fuel melt is about 962 °C
10 2162 °C. In an embodiment, the generator may comprise a counter current recirculator of
heat from condensing vapor at the cone reservoir to at least one of the injected metal and the
ignition plasma. The generator may comprise an injection system preheater or after heater
wherein the heat released in the metal vapor condensation may heat the molten metal {o
mncrease its temperature. The preheater may comprise a heat exchanger that may iransfer the
heat to the nozzle 5q. The preheater may comprise heat shields. The heat released by
condensation may be made incident on the top cover 3b4 and transferred to the PV converter
26a. In an embodiment, the widow 5bd to the PV converter 26a such as a quartz, alkali-

aluminosilicate glass, or sapphire window may be operated at a temperature range above the
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melting pownt of the ignition products and below the failure temperature of the matenal
comprising the window such as in the range of about 800 °C 10 2000 °C in the case of Ag-Cu
{28 wi%) as the ignition product and sapphire as the window material. In an embodiment,
the generator comprises at least one sensor such as a thermocouple to sense a component to
the svstem such as the temperature. The sensed parameter may be input to a computer {o
control the parameter to be within a desired range. In the event that the parameter exceeds at
desire range such as an excessive temperature is experienced, the generator may comprise a
safety shut off mechanism such as one know in the art. The shut off mechanism may
comprise a computer and a switch that provides power to at least one component of the
generaior that may be opened to cause the shut off. An exemplary thermocouple with its
feed-through 3k& such as a ceramic feed-through is shown in FIGURES 2124 and 2143

fn an embodiment, at least one of the cell corponents such as the cone 5h2, the nner
cone surface, and the outer cone surface may be comprised of a material such as a metal with
at least one of a low reactivity to water, a high melting pomt, and a high emissivity. I the
case that the emissivity 1s high, the cell component may become elevated in temperature from
thermal power from the hyvdrino reaction and secondarily radiate blackbody radiation to the
PV converter 26a to be converted into electricity. Suitable materials are refractory metals
such as those of the disclosure such as Mo, Ta, and W and graphite. The surface of the
material such as a metal may be at least one of oxidized and roughened to increase the
emussivity. The cell component may comprise a large ernission aperture or aspect angle to
the PV converler 26a.

in an embodiment, the cell 26 comprising the cone 5b2, the cone reservoir 5b, the
reservoir of the melt 5¢, and the EM pump comprise a vessel that 1s closed by an opaque top
cover Sbd that replaces the transparent window. Cell components may be sealed at
connactions or joints by welds or with gaskets wherein the joints held by fasteners. An
exernplary gasket maternial is graphute such as Graphoil. The reaction cell chamber 15 sealec
to confine at least one of the fuel gas such as at least one of water vapor and hvdrogen and
the metal vapor of the fugl melt such as Ag or Ag-Cu allov vapor. The top cover 5b4 may
comprise a material capable of operating at a very high temperature such as in the range of
about 1000 °C 10 4000 °C that can serve as a blackbody. In an embodiment, the top cover
3b4 is not transparent to radiation such that it heats up to become a high temperature
blackbody radiator. The top cover may comprise a refractory metal such as Mo. Ta, or W.
Altematively, the top cover may comprise graphite or a ceramie such as SiC, Mg, alumina,
Hf-Ta-C, or other high temperature material known in the art that can serve as a blackbody.
The top cover absorbs blackbody radiation from the plasma and secondary blackbody
radiation from the cone and other components of the cell to heat up to its high operating

temperature. The top cover may have a high emissivity such as one close to one. Inan
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embodiment, the emissivity may be adjusted to cause blackbody power that match the
capability of the PV converter. In exemplary embodiments, the emissivity may be increased
or decreased by means of the disclosure. in an exemplary case of a metal top cover 5b4, the
surface may be at least one of oxidized and roughened to increase the emissivity. The
emissivity of the mav be non-linear with wavelength such as inversely proportional io the
wavelength such that short wavelength emission is favored from its outer surface. Ina
thermophotovoltaic embodiment, the top cover 5b4 comprises a blackbody radiator that
provides light incident to the PV converter 26a. At least one of lenses and mirrors in the gap
between the top cover blackbody radiator 5b4 and the PV converter 26a may be selective for
passing short wavelength light to the PV converter while returning infrared light to the
radiator 5b4. In an exemplary embodiment, the operating temperature of a W top cover 5b4d
15 the operating temperature of a W incandescent light bulb such as up to 3700 K. With an
emissivity of 1, the blackbody radiator power is up to 10.6 MW/m” according to the Stefan
Boltzmann equation. In an embodiment, the blackbody radiation is made incident the PV
converter 26a comprising concenirator photovoltaic cells 15 such as those of the disclosure
that are responsive io the corresponding radiation such as one responsive to visible and near
mifrared fight. The cells may comprise multi-junction cells such as double or triple junction
cells comprising H/V semiconductors such as those of the disclosure. The SF-CIHT
generator may further compnse a blackbody temperature sensor and a blackbody temperature
controlier. The blackbody temperature of the top cover 5b4 may be maintained and adjusted
to optimize the conversion of the blackbody light to electricity. The blackbody temperature
of the top cover 5b4 may be sensed with a sensor such as at least one of a spectrometer, an
optical pyrometer, the PV converter 26a, and a power meter that uses the emissivity to
determine the blackbody temperature. A controller such as one comprising a computer and
hvdrino reaction parameter sensors and controllers may control the power from the hydrino
reaction by means of the disclosure. In exemplary embodiments to control the temperature
and the stability of the blackbody temperature, the hydrino reaction rate is controlied by
controlling at least one of the water vapor pressure, fugl injection rate, ignition frequency,
and ignition current. For a given hydrino reaction power from the reaction cell chamber 5b31
heating the top cover 5b4, a desired operating blackbody temperature of the top cover 5b4
comprising a blackbody radiator may be achieved by at least one of selecting and conirolling
the emissivity of at least one of the inner and outer surface of the top cover 5b4. In an
embodiment, the radiated power from the top cover 5b4 is aboul a spectral and power match
to the PV converter 26a. In an embodiment, the enissivity of the outer surface 15 selected,
such as one in the range of about 0.1 to 1, in order that the top cover 5bd radiates a power {0
the PV converter that does not exceed its maximum acceptable incident power at a desired
blackbody teroperature. The blackbody termperature may be selected to better maich the
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photovoltaic conversion responsiveness of the PV cell so that the conversion efficiency may
be maximized. The emissivily may be changed by modification of the top cover 5b4 ouler
surface. The emissivity may be increased or decreased by applving a coating of increased or
decreased emissivity. In an exemplary embodiment, a S1C coating may be applied to the top
cover 5b4 to increase its emissivity. The emissivity may also be increased by af least one of
oxidizing and roughening the swrface, and the emissivity may be decreased by at least one of
reducing an oxidized surface and polishing a rough surface. The generator may comprise a
source of oxidizing gas such as at feast one of oxygen and H,0 and a source of reducing gas
such as hvdrogen and a means to control the composition and pressure of the atmosphere in
the cell chamber. The generator may comprise gas sensors such as a pressure gauge, a pump,
gas supplies, and gas supply controllers o control the gas the composition and pressure {0
control the emissivity of the top cover 5h4d.

The {op cover Sbd and the PV converter 26a may be separated by a gap such as a gas
or vacuum gap to prevent the PV converter from overheating due to heat conduction to the
PV converter. The top cover 3b4 may comprise a number of suitable shapes such as a flat
plate or a dome. The shape may be selecied for at least one of structural integrity and
optimization of transmitting light to the PV area. To enhance the cell electrical output and
efficiency, the area of the blackbody emutter 5b4 and receiving PV converter 26a may be
maximized to limit the area of the cone 5b2 that does not emit light. In an embodiment, other
cell component may comprise a material such as a refractory metal such as W to serveas a
blackbody radiator to the PV converter that is arranged circumferentially to the component to
receive the blackbody radiation. Al least one of the cell 26 components such as the top cover
54b and the cone 5b2 may comprise a geometry that optimizes the stacking of the PV cells 15
io accept light from the component. In an exemplary embodiment, the cell component may
comprise faceted surfaces such as polyeons such as at least one of triangles, pentagons,
hexagons, squares, and rectangles with a matching geometry of the PV cells 15. The cells
may be arranged in arrays having the matching geometry.

In an embodiment, the blackbody radiator comprises a spherical dome 5bd {also
comprising the cone 5b2) that may be connected to the cone reservoir 5b. In an embodiment,
the emissivity of the inner cell 26 walls such as those comprising the cone is determined by
the metal vapor that deposits on the walls. In this case, the cone may comprise a material
selecled for parameter other than a desired emissivity such as at least one of easy of
fabrication, cost, durability, and high temperature operation. At least one cell component
such as at least one of the cone 5b2, the cone reservoir 5b, and the fop cover or dome 5b4
may comprise at least one of graphite (sublimation point = 3642 °C}, a refractory metal such
as tungsten (ML.P. =3422 °C) or tantalum (M P. = 3020 °C}. a ceramic, a wlira-hugh-

temperature ceramic, and a ceramic matrix composite such as at least one of borides,
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carbides, nitrides, and oxides such as those of early transition metals such as hafmium boride
{H{B,), zircomum diboride (ZrB,}, hathium minde (HIN), aircomum nitride (ZxN), titanium
carbide (TiC), titanium nitride (TiN), thorium dioxide {ThO,), niobium boride (NbB»), and
tantalum carbide (TaC) and their associated composites. Exermplary ceramics having a
derived high melting point are magnesium oxide (MgO) (M.P. = 2852 °C), zirconium oxide
(Zr3)y (M P. = 2715 °C), boron nitride (BN) (M.P. = 2973 °C), zirconium dioxide (Zr()
(M.P. = 2715 °C), hafmum boride (HIB,) (M.P. = 3380 °C), hafmum carbide (H{C) (M.P. =
39060 °C), hafnium nitnide (HIWN} (MLP. = 3385 °(}, zirconium diboride (ZrB,) (M.P. = 3246
°(C), zirconium carbide (ZrC)y (MLP. = 3400 °C}, zirconium nitride (ZeN) (M P, = 2950 °(),
titanium boride {(TiB,) (MLP. = 3223 °C), titanium carbide (TiCY (M. P. = 3100 °C), titanium
nitride (TiN} (M.P. = 2950 °(), stlicon carbide (S1€) (MLP. = 2820 °C), tantalum boride
{TaB;) (M.P. = 3040 °C), tantalum carbide (TaC) (M.P. = 3800 °C), tantalum nitride (TalN)
{(M.P. = 2700 °C), niobium carbide (NbC)Y (M. P. = 3490 °C), niobium mitride (NbN} (M P =
2573 °C), vanadium carbide (VC) (MLP. = 2810 °C), and vanadium nitride (VN} (M.P. =
2050 °C), and a turbine blade material such as one or more from the group of a superalioy,
nickel-based superalioy comprising chromium, cobalt, and rhenium, one comprising ceramic
matrix compaosites, U-500, Rene 77, Rene NS, Rene N6, PWA 1484, CMISX-4, CMSX-10,
Incomel, IN-738, GTD-111, EPM-102, and PWA 1497 The ceramic such as Mg0 and Zr(
may be resistant to reaction with H;. An exemplary cell component such as the cone 5b2
comprises Mg, Zr0O, ZrB,, or BN. The cell component material such as graphite may be
coated with another high temperature or refractory material such as a refractory metal such as
tungsten or a ceramic such as ZrB, or ancther one of the disclosure or known in the art.
Another graphite surface coating comprises diamond-like carbon that may be formed on the
surface by plasma treatment of the cone. The treatment method may comprise one known in
the art for depositing diamond-like carbon on substrates. In an embodiment, silver vapor
may deposit on the surface by pre-~coating or during operation to protect the cone surface
from erosion. In an embodiment, the reaction cell chamber 5631 may comprise reaciion
products of carbon and cell gas such as at least one of H,O. H,. and O, to suppress further
reaction of the carbon. In an embodiment at least one component such as the cone reservoir
3b, the reservoir 5S¢, and the pump tube 5k6 may comprise high temperature steel such as
Haynes 230. In an embodiment, the noble gas-H, plasma such as argon-H, (3 to 5%
maintained by the hydrino reaction may convert graphitic form of carbon {0 at least one of
diamond-tike form or diamond.
The cell component such as the cone 5b2 or dome 5hd may be cast, milied, hot

pressed, sintered, plasma sintered, miiltrated, spark plasma sintered, 3D printed by powder

ed laser melting, and formed by other methods known to those in the art. A refractory metal

cone such as a W cone may be formed as a wire wrapping or weave. The cone 5b2 may
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comprise flanges to mate with the cone reservoir 5h and the top cover 5b4 wherein the
flanges are bound permanently 1o the cone and mayv be incorporated during fabrication of the
cong. Alternativiey, the cone may be fastened 1o adjoining cell components such as the top
cover 5h4 and the cone reservoir 5h by compression using a corresponding mechanism such
as clamps, brackeis, or springs. The top cover 5bd and cone reservoir 5b may be clamped fo
the cone 5bZ. The joints may each be sealed with a gasket such as a Graphoil gasket. The
mating components may be grooved or have {aceted to latch together to form a seal capable
of containing the metal vapor. The inner surface of the cone may be smooth and may be
covered with the fuel melt such as silver during operation. The cone may be pre-coated with
the metal of the fuel melt before operation to lower the emissivity during start-up. Inan
embodiment at least one of the cone reservoir, reservoir, EM pomp tube, EM pump bus bars,
and heat transfer block may comprise Mo. In another embodiment wherein the fuel meltis
sitver the heat transfer blocks may comprise a material such as iron, aluminum nitnde,
titanium, or silicon carbide that has a higher melting point than that of the metal of the fuel
melt. In the case that the blocks are magnetic, they may be operated above their Curie
temperature. In an embodiment, at least one component such as the lower chamber and
mating pieces may be fabricated by stamping or stamp pressing the component material such
as metal.

in an embodiment, the atmosphere of reaction cell chamber 5b31 may comprise a
noble gas atmosphere such as helium atmosphere having a sufficient difference in density fo
cause the metal vapor such as Ag or Ag-Cu metal vapor to setile to botiom of the cone 5b and
cone reservolr 5b. In an embodiment, the density difference is controlled by controlling the
cell gas and pressure to cause the plasma to focus in more proxumaty to the focus of a
parabolic cone 5b2. The focus may cause more direct Yhumimation of the top cover 5b4d to
subsequently tHuminate the thermophotovoltaic converter 26a. In other embodiments, the
thermophotovoltaic converter 1s replaced by a at least one of a photovoliaic, photoelectric,
thermionic, and thermoelectric converter 1o receive the emission or heat flow from the top
cover 5bd comprising a blackbody radiator. In the case of thermionic and thermoslectric
ernbodiments, the thermionic or thermoelectric converter may be in direct contact with the
hot top cover 5b4. The hot top cover 5b4 may also transfer heat to a heat engine such as a
Rankine, Brayton, or Stirling heat engine or heater that may server as the heat-to-glectricity
converter. In an embodiment, a medium other than standard ones such as water or air may be
used as the working medium of the heat engine. In exemplary embodiments, a hyvdrocarbon
may replace water in a Rankine cvcle of a turbine-generator, and supercritical carbon dioxide
may be used as the working medium of Bravton cycle of a turbine-generator. Altematively,

the hot cover 5b4 may serve as a heat source or a heater or a light source. The heat flow {0
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ihe heat engine or heater may be direct or indirect wherein the SF~-CIHT generator may
further compnise a beat exchanger or heat transter means such as one of the disclosure,

At least one of the cell chamber 5b3 and the reaction cell chamber comprising the
chamber formed by the cone 3b2 and top cover 5h4 may be evacuated with pump 13a
through pump hines 13b and 13c¢, respectively. Corresponding pump ling valves 13d and 13e
may be used to select the pumped vessel. The cell may further comprise a high temperature
capable sensor or sensors for at least one of oxygen, hydrogen, water vapor, metal vapor, and
total pressure. The water and hydrogen pressure may be controlled to a desired pressure such
as one of the disclosure such as a water vapor pressure in the range of 0.1 Torr to 1 Torr by
means of the disclosure. In an exerplary embodiment, the desired gas pressure i1s maintained
bv a valve and a gas supply wherein the valve opening is controlled to supply a flow to
maintain the desired pressure of the gas with feedback using the measured pressure of the
gas. The H0O and H; may be supplied by hydrogen tank and line 5u that may comprise an
electrolvsis system to provide H,. H,O/steam tank and line 5v, hyvdrogen manifold and feed
line Sw, HyO/steam manifold and feed bine Sx, H2/steam manifold 5v, direct H,O/H, injector
571, and direct H,O/H, injector valve 572. Oxygen produced in the cell may be reacted with
supplied hydrogen to form water as an aliemative to pumping off or gettering the oxvgen.
Hydrino gas may diffuse through the walls and joints of the cell or flow out a selective gas
valve.

The metal vapor in the sealed reaction cell chamber 5b31 mav coat the cell walls to
suppress vaporization and migration of the wall material. In an embodiment, a surface such
as an inner cell surface may be initially coated with a material such as a coating of the
disclosure, a metal, or another metal having a lower vapor pressure than the matenal of the
surface. For example, a Mo cone may be internally coated with W to lower the internal Mo
vapor pressure. The coating may further protect the surface from at least one of oxidation
and evaporation of the material of the surface. A composition of matter such as a gas may be
added to the reaction cell chamber 5b31 atmosphere to stabilize or regenerate at least one
surface in the cell. For example, in the case that at least one of the cone 3b2 and the top
cover Sbd comprise tungsten, a halogen~source gas such as 1odine or bromine gas or a
hydrocarbon bromine compound such as at least one of HBr, CH;Br, and CH,Br; and
optionally frace oxygen may be added to the reaction cell chamber 5b31 atmosphere to cause
W to redeposit on at least one of the W cone 5b2 and W top cover 5b4 surfaces. The
atmosphere in the cell chamber may comprise gases of a halogen-type incandescent light
bulb. The window coating on the PV cells 15 of the PV converter 26a may comprise the
matenal of a halogen lamp, tungsten halogen, quartz halogen, or quartz iodine lamp such as
guartz, fused silica, or glass such as aluminosilicate glass. The external surfaces of the cone
5b2 and top cover 5b4 may sinular be regenerated. The cone reservoir 5b may be operated at
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a lower temperature than at least one of the top cover 5b4 and cone 5b2 to cause the metal
vapor of the fuel melt to condense in the cone reservoir 5b to supply the regeneration of the
fuel such as one comprising injected molten fuel metal and at least one of H,O and H;. At
least one of the reaction cell chamber 5b31 and the cell charaber 5b3 housing the cell 26 may
be operated under vacuuim to prevent oxidation of the cell components such as the cone 5b2
and top cover 5bd. Alternatively, at least one of the reaction cell chamber 5b31 and the cell
chamber Sb3 may be filled with an nert gas to prevent at least one of oxidation and
evaporation of the cone 5bZ and the top cover 5b4. In an embodiment, the metal vapor from
the fuel roelt coats the inner surfaces of the reaction cell charober 5b31 and protecis thern
from oxidation by the H,O fuel. As given in the disclosure the addition of H; gas or the
application of a negative voltage to the cell components such as the cone 5b2 and top cover
5h4 mav reduce or avoid their oxidation. The top cover 5b4 may comprise the material of an
mcandescent light bulb such as tungsten or tungsten-rherium allov. The inert gas may be one
used in an incandescent light bulb as known by those skilled i the art. The inert gas may
comprise at least one of a noble gas such as argon, krvpton, or xenon, and nitrogen, and
hvdrogen. The inert gas may be at reduced pressure such as a pressure used in an
meandescent bulb. The inert gas pressure may be in the range of about 0.01 atm {0 0.95 atm.
In an embodiment wherein the metal of the top cover 5b4 such as Mo or W is transferred by
evaporation and deposition to another cell component such as the outer wall of the cone 5b2,
the cell chamber that houses the cell, and a component of the PV converter 263, the metal
such as a metal coating maybe be removed and recycled by exposing the coating to oxygen
and coliecting the metal oxide. The oxvgen exposure may be at an elevated temperature. A
metal coating on the PV panels 15 may be cleaned by exposing the panel surface to oxvgen
and cleaning off the metal oxide. In an embodiment, the blackbody radiator 54b may be

egenerated or refurbished. The refurbishment may be achieved by deposition of the
blackbody radiator material. For example, a tungsten dome 5b4 may be refurbished by
deposition such as by chemical deposition such as using tungsten hexacarbonyl, cold spray,
or vapor deposition, and other methods of the discloswre. In an embodiment a coating such
as a refractory metal such as W, Mo, Ta, or Nb may be apphed by electroplating such as from
a molien salt electrolyie as known by those skilled in the art.

All particles independent of size and density experience the same gravitational
acceleration. In an embodiment, the reaction cell chamber Sb31 is operated under vacuom or
the absence of cell gas other than fuel such as water vapor such that metal vapor particles
may be confined to a desired region of the reaction cell chamber 5b31 by the effect of
gravity. The region may comprise the electrode region. In another embodiment, the reaction
cell chamber 5b31 is operated under a partial vacuum with a heat transfer gas present to
cause the metal vapor 1o form particles that fall under the force of gravity to cause
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confinerment of the metal vapor. The confinement roay be to the electrode region. The heat
iransfer gas may comprise hydrogen or an inert gas such as a noble gas such as heliom that
comprises a high heat transfer agent. The pressure of the heat transfer gas may be adjusted to
achieve the desired confinement. The desired confinement condition mav comprise a balance
of the effecis of asrosolization by the gas and gravity.

In another embodiment, the reaction cell chamber 5b31 is operated under an inert
aimosphere. The inert gas may have a lower density than the metal vapor of the solid fuel
melt such as the vapor from molten Ag or Ag-Cu. Exemplary lower density inert gases are at
least one of hvdrogen and a noble gas such as at least one of helium or argon. The metal
vapor may be confined {0 the elecirode region of the parabolic reflector dish 5b2 due to the
presence of the more buoyant inert gas. The difference in densities of the metal vapor and
the ert gas may be exploited to control the extent of the confinement such as the volumetric
displacement of the metal vapor. At least one of the selections of the mert gas based on its
density and the pressure of the inert gas may be controlled to control the confinement of the
metal vapor. The SF-CIHT generator may comprise a source of mert gas such as a tank, and
ai least one of a pressure gauge, a pressure regulator, a flow regulator, at least one valve, a
pump, and a computer to read the pressure and conirol the pressure. The inert gas pressure
may be in the range of about | Torr to 10 atro. In an emsbodiment, any atmospheric
convection currents due to temperature gradients in the atmosphere of the reaction cell
charober 5b31 may be formed to favor a destred confinement of the metal vapor. The cone
reservoir 5b may be cooler than the metal vapor and other proximal cell componenis in
contact with the metal vapor such as the parabolic reflector dish 5b2. The gas convection
current may be towards the cone reservoir 5b due to its lower operating temaperature. The
metal vapor may condense in the cone reservoir 5b to enhance the vapor flow direction
towards the cone reservoir 5b and increase the metal vapor confinement. The cone reservoir
5b2 may be cooled. The coolant coil coraprising the antenna of the inductively coupled
heater 5f may be used to cool the cone reservoir Sb, or it may be cooled by a separate cooling
coil or heat exchanger. In the case that heat is removed through the reservoir 5¢, the
corresponding thermal power may be controlled by controlling the heat gradient along the
reservoir 3¢ and its cross sectional area. A schematic of the inductively coupled heater feed
through assembly 5mc is shown in FIGURES 2124-2126. The inductively coupled heater
comprises leads 5p that also serve as coolant lines connect 1o a chiller 31 through inductively
coupled heater coolant svstem inlet Sma and inductively coupled heater coolant system outlet
Smb. In an embodiment, the inductively coupled heater cotl leads penetrate into a sealed
section of the generator such as at least one of the cell 26 or the lower chamber 5b5. The lead
5p penetrations of a wall to the cell component that is heated such as at least one of the
penetrations of the flange of the inductively coupled heater feed through assembly Sme and
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the penetrations of the lower vacuurn chamber 5b5 may be electrically isolated such that the
Jeads Sp do not electrically short.

In an embodiment, the confinement of the metal vapor may be controlled by forced
gas flow using at least one blower as given in the disclosure for metal powder. In another
embodiment, the metal vapor may be confined by flowing a current through the vapor using a
current source and by the application of magnetic flux fo cause a Lorentz force towards the
cone reservoir 5b as given in the disclosure. In another embodiment, the metal vapor may be
confined with an electrostatic precipiiator as given in the disclosure.

In an embodiment, following startup the heater may be disengaged, and cooling may
be engaged to maintain the cell components such as the cone reservoir 5b, EM pump,
glectrodes 8, cone 5b2, window 5b4, and PV converter 26a at their operating temperatures
such as those given in the disclosure,

In embodiment, the SF-CTHT cell or generator also referred to as the SunCell® shown
in FIGURES 2110 to 21103 comprises six fundamental low-maintenance systems, some
having no moving parts and capable of operating for long duration: (i) a start-up mductively
coupled heater comprising a power supply Sm, leads Sp, and antenna coils Sfand 50 to first
melt silver or silver-copper alloy to comprise the molten metal or melt and optionally an
electrode electromagnetic pump comprising magnets 8¢ to imtially direct the ignition plasma
stream; (i1} a fuel injector such as one comprising a hydrogen supply such as a hydrogen
permeation supply through the blackbody radiator wherein the hydrogen may be denived
from water by electrolysis, and an injection system comprising an electromagnetic pump Sk
to inject molten silver or molten silver-copper alloy and a source of oxygen such as an oxide
such as LAV, or another oxide of the disclosure, and alternatively a gas injector 521 to inject
at least one of water vapor and hydrogen gas; (i1t} an ignition system 1o produce a low-
voltage, high current flow across a pair of elecirodes & into which the molten metal,
hvdrogen, and oxide, or molien metal and at least one of H>O and hydrogen gases are
mnjected to form a brilliant light-emitting plasma; (iv} a blackbody radiator heated to
mcandescent temperature by the plasma; (v} a light fo electricity converter 26a comprising
so~called concentrator photovoltaic cells 15 that receive light from the blackbody radiator and
operate at a high light intensity such as over one thousand Suns; and {vi} a fuel recovery and
a thermal management system 31 that causes the molten metal to return to the injection
system following ignition. In another, embodiment, the light from the ignition plasma may
directly irradiate the PV converter 26a to be converted to electricity.

in an embodiment, the blackbody radiator to the PV converter 26a may comprise the
cone 5b2 and the top cover 5b4. Both may comprise a high temperature material such as
carbon, a refractory metal such as W, Re, or a ceramic such as borides, carbides, and nitrides

of transition elements such as hafnium, zircomum, tantalum, and ttanum, Ta HEC: (MP. =
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4000 °C), TaB,. HIC, BN, HfB,, HIN, ZrC. TaC. ZrB,, TiC, TaN. NbC. ThO,. oxides such
as Mg(, MoSi,, W-Re-HE-C alloys and others of the disclosure. The blackbody radiator may
comprise a geometry that efficiently transfers light to the PV and optimizes the PV cell
packing wherein the power for the light flows from the reaction cell chamber 5b31. The
blackbody radiator may comprise a flat top cover or a semi-spherical dome top cover 5b4 as
shown in FIGURES 2110-2143 and the cone 5b2 that may be conical. In this case, the cone
5b2 1s also separated from the PV converter 26a by a gas or vacuum gap with PV cells
position to receive blackbody light from the owter cone surface as well as the outer top cover
surface. Alternatively, the blackbody radiator may be spherical. The generator may further
comprise a peripheral chamber capable of being sealed (o the atmosphere and further capable
of maintaining at feast one of a pressure less than, equal to, and greater than atmospheric.
The generator may comprise a spherical pressure or vacuum vessel peripherally to the dome
comprising the cell chamber 5b3. The cell chamber may be comprised of suitable materials
known to one skilled in the art that provide structure strength, sealing, and heat transfer. In
an exeroplary embodiment, the cell chamber comprises at least one of stainless steel and
copper. The PV cells may cover the inside of the cell chamber, and the PV cooling system
such as the heat exchanger 87 may cover the outer surface of the cell chamber Ina
thermophotovoltaic embodiment, the PV converter 26a may comprise a selective filter for
visible wavelengths to the PV converter 26a such as a photonic cryvstal. The dome 5b4 may
be joined to cone reservoir Sb by ajoint Sbl. The jomt may at least partially thermally
msulate the dome from the cone reservoir 5b. The joint may comprise a thermally msulating
gasket such as one comprising an insulator of the disclosure such as SiC.

In an embodiment, the blackbody radiator comprises a spherical dome 5b4 (also
comprising the cone 5b2) that may be connected to the cone reservoir 5b. The connections
may be joined by compression wherein the seals may comprise a gasket such as a carbon
gasket such as a Graphotl gasket. In an embodiment, the inner surface of the graphite cone or
sphere 1s coated with high-temperature-capable carbide such as TagHECs (MLP. = 4000 °C),
tungsten carbide, niobium carbide, tantalum carbide, zirconium carhide, titanium carbide, or
hafmum carbide. The corresponding metal may be reacted with the carbon of the graphite
swrface to form a corresponding metal carbide surface. The dome 5b4 may be separated from
the PV converter 26a by a gas or vacuum gap. In an embodiment to reduce the light intensity
mcident on the PV cells, the PV cells may be positioned further from the blackbody radiator,
For example, the radius of the peripheral spherical chamber may be increased to decrease the

mtensity of the light emitted from the inner spherical blackbody radiator wherein the PV cells

18
are mounted on the inner surface of the peripheral spherical chamber. The PV converter may
comprise a dense receiver array {DRA) comprised of a plurality of PV cells. The DRA may

comprise a parquet shape. The individual PV cells may coraprise at least one of triangles,
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pentagons, hexagons, and other polygons. The cells to form a dome or spherical shape may
be organized in a geodesic pattem (FIGURES 2135-2143). In an exemplary embodiment of a
secondary blackbody radiator that is operated at an elevated temperature such as 3500 K| the
radiant emmssivity is about 8.5 MW/m2 times the emissivity, which is greater than the
maximum accepiable by the PV cells. In this case, the emissivity of a carbon dome 5b4
having an emissivity of about 1 may be decreased to about 0.35 by applving a tungsten
carbide coat. In another embodiment, the PV cells such as those comprising an outer
geodesic dome may be at least one of angled and comprise a reflective coating to reduce the
light that 1s absorbed by the PV cells to a level that is within the intensity capacity of the PV
cells. At least one PV circuit element such as at least one of the group of the PV cell
glectrodes, interconnections, and bus bars may comprise a material having a high emissivity
such as a polished conductor such as polished alumunum, silver, gold, or copper. The PV
cirewt element may reflect radiation from the blackbody radiator 5b4 back to the blackbody
radiator Sb4 such that the PV circuit element does not significantly coniribute to shadowing
PV power conversion loss.

In an embodiment, the dome 5b4 may comprise a plurality of sections that may be
separable such as separable top and bottom hemispheres. The two hemispheres may join at a
flange. The W done may be {abricated by technigues known in the art such as sintering W
powder, spark plasma sintering, casting, and 3D printing by powder bed laser melting. The
fower chamber 5b35 may join at the hemisphere flange. The cell chamber may attach to the
tower chamber by a flange capable of at least one of vacuum, atmospheric pressure, and
pressure above vacuum. The lower chamber may be sealed from at least one of the celi
chamber and reaction cell chamber. Gas may permeate between the cell chamber and the
reaction cell chamber. The gas exchange may balance the pressure in the two chambers. Gas
such as at least one of hydrogen and a noble gas such as argon may be added to the cell
charober to supply gas to the cell reaction chamber by permeation or flow. The permeation
and flow may be selective for the desired gas such as argon-H;. The metal vapor such as
sifver metal vapor may be impermeable or be flow restricted such that it selectively remains
only in the cell reaction chamber. The metal vapor pressure may be controlled by
maintaining the cone reservolr at a temperature that condenses the metal vapor and maintains
it vapor pressure at a desired level. The generator may be started with a gas pressure such as
an argon-Hz gas pressure below the operating pressure such as atmospheric such that excess
pressure does not develop as the cell heats up and the gases expand. The gas pressure may be
controlied with a controller such as a computer, pressure sensors, valves, flow meters, and a
vacuum pump of the disclosure.

In an embodiment, the hydrino reaction is maintained by silver vapor that serves as

the conductive matrix. At least one of continuous injection wherein at least a portion
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becomes vapor and direct botling of the stlver from the reservoir may provide the silver
vapor. The electrodes may provide high current to the reaction 1o remove electrons and
mitiate the hydrino reaction. The heat from the hydrino reaction may assist in providing
metal vapor such as silver metal vapor to the reaction cell chamber.  In an embodiment, the
currentt through the electrodes may be at least partially diverted to alternative or
supplementary electrodes in contact with the plasma. The current diversion may occur after
the pressure of the sitver vapor becomes sufficiently high such that the silver vapor at least
partially serves as the conductive matrix. The aliernative or supplementary electrodes in
contact with the plasma may corprise one or more center electrodes and counter electrodes
about the perimeter of the reaction cell chamber. The cell wall may serve as an electrode.

in an embodiment, the silver vapor pressure is measured by the compression on a
movable component of the cell. In an embodiment, the bus bars are held in place at the cell
wall penetrations by compression wherein the displacement due to the silver pressure is

ecorded with a strain gauge. The cell may comprise a strain gauge to measwre the outward
compression force on the bus bars due to internal pressure as a means to measure the silver
vapor pressure. In an embodiment, a movable or deformable component of the cell in contact
with the reaction ceill chamber may be mechanically linked to a strain gauge to measure the
reaction cell chamber pressure. In an embodiment, the silver vapor pressure is measured
from a cell component’s temperature such as at least one of the reaction cell chamber 5b31
temperature and the dome 5b4 teraperature wherein the cell component temperature may be
determined from the blackbody radiation spectrum and the relationship between the
component temperature and the silver vapor pressure may be known. In another
embodiment, the silver vapor pressure may be measured by two electrodes in contract with
the silver vapor capable of measunng the conductivity of the stlver vapor and there from
determine the silver vapor pressure from the determined relationship of the conductivity to
pressure. The electrical connections for the pressure~-sensing elecirodes may be passed
through condumits along the bus bars.

In an embodiment, the at least at portion of the PV converter such as at feast one
hermsphere of the geodesic PV converter is enclosed in an outer chamber capable of at least
one of a pressure less than, equal io, or greater than atmospheric. In an embodiment, the
fower chamber 5b3 may join to at least one of the geodesic PV converter and the dome at a
separable flange. The bottom hemisphere may comprise a neck at the bottom. The reservoir
5¢ may attach to the neck. The attachment may comprise threads. The neck may connect o
areservoir of a desired size and shape to at least one of accommaodate a desired volume of
melt, facilitate heating during startup up, and facilitate a desired rate of heater transfer during
operation. At least one of the bus bars 9 and 10 and the electrodes 8 may penetrate the neck
such as the cone reservoir Sb or reservoir S¢ (FIGURES 38-43). In an embodiment, the bus
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bars and electrodes may be parallel, and neck width may be minimized such that the distance
from at teast one magnet placed outside of the wall of the neck to the pomnt of ignition and
current is nunimized. The nunimized distance may optinize the magnetic field strength at
the pomnt of ignition to optinuze the performance of the electrode EM pump.

The neck penetrations may comprise electrical feed throughs. The feed-throughs 1Ca
may comprise an insulating laver on the electrodes that tightly penetrate the wall such as the
reservoir wall. The layer may comprise a tungsten oxide layer on tungsten electrodes. The
feed-throughs mayv comprise a coating of a high-temperature insulating material such as a
ceramic such as Mullite or S1C on the electrodes. In an embodiment, the ignition component
such as the bus bars or electrodes may be electroplaied with a material such as a metal that
may be oxidized to form an insulating laver. The metal may comprise aluminum that may be
oxidized by anodization. In an exemplary embodiment, slunuoum 15 eleciroplated on to at
feast one of the bus bare and electrodes and anodize it 1o make the alomnom laver
nonconductive alunumm oxide. The perforations in the reservour wall may be made to form
a tight it for the penetrating componernt such as one of the bus hars and clecirodes at the
position of the non-conducting section.

In an embodiment, the bus bars may comprise and elbow at the electrode end to raise
the attached elecirodes closer to the dome or cone. In an emnbodiment, the electrodes
comprise cams to raise the ignition point higher in the reaction cell chamber 5531, The cam
electrodes may attach fo the bus bars by a fastener such as threads, screws, or welds.
Rotation of the bus bar with attached cam electrodes may cause the electrode gap &g to
change. The neck may further comprise at least one penetration for a magnet of an electrode
electromagnetic pump. In an embodiment, the magnets of the electromagnetic pump such as
the electrode electromagnetic purnp comprise electromagnets that further comprise a
ferromagnetic core such as an iron or cobalt core. The magnet field may be co-axial with the
electrodes.

The bus bars and electrodes may be angled relative to each other to accommaodate the
magnet %c (FIGURES 41-43). The current for the eleciromagnet 8¢ may be provided by at
least one of the source of electrical power to the electrodes 2 and an aliernative power supply.
In the former case, the current {o the electromagnet may be parallel to the ignition current.
The ferromagnetic core may be in close proximity to the electrodes and may be further
cooled. Tn another embodiment, the bus bars 9 and 10 and attached electrodes 8 may have
any desired orientation relative to each other. The orientation may facilitate the placement of
electrode magnets 8¢ close to the point of ignition to optimize the magnetic field strength at
the position of the crossed magnetic field and current and thereby maximize the Lorentz force
of the EM pump. In an exemplary embodiment shown in FIGURES 2144-2147 at least one
of the bus bars and electrodes may be orented about 180° relative to each other. The



WO 2017/127447 PCT/US2017/013972

electrodes ends may form the gap 8g. or the electrodes may overlap side~to-side to form the
gap 8g. The feed-throughs for at least one of the bus bars and electrodes mav be on opposed
walls of the neck. The feed-through mav comprise a refractory insulator of the disclosure
such as ceramic plates comprising slots through which the electrodes penetrate. The magnets
may be placed transverse to the mter-electrode axis. Inserting or withdrawing each bus bar-
electrode set relative to the other of a pair of bus bar-electrode sets may adjust the inter-
electrode gap 8g. The source of magnetic field for the electrode EM pump may cormprise at
feast one of permanent magnets, electromagnets, and yokes. The electrodes may be
positioned at the top of the cone reservoir Sb at level of the perimeter of the dome 5b4 such
that the emutted light enters the dome as shown tn FIGURES 2148-2154, Each elecirode 8
may comprise an extension from the bus bar 9 or 10 to position the ignition point at the level
of the entrance of the dome. An exernplary extension may comprise an L-shaped electrode
such as shown i FIGURES 2148-2154. In an embodiment, the magnets may be cooled by
electrode electromagnetic pump cooling lines 8¢2 (FIGURE 2154) that may circulate coolant
between the magnets 8¢ and a chiller such as radiator 31, In an embodiment, the magnets
may be cooled by a heat sink such as the PV converter heat exchanger 87. A cold plate of the
PY heat exchanger may contact each magnet to cool it. Each magnet 8¢ may comprise an
extension from a larger body such as a horseshoe shape extending from the body of the
magnet located lower in the lower chamber 5b5. Or the magnet may be located between the
dome and the enclosure of the cell chamber 5b3. The dome may comprise indentations to
accommodate the magnets. In another embodiment, the ejected ignition product may be at
least partially contained to a reaction cell chamber region near the igmition site by at least one
a baffle 8d such as refractory one such as a W baffle. In an embodiment, the electrode
electromagnetic pump, pumps the molten metal such as silver upward from the nozzle
mjection to increase the flow rate and prevent backpressure or backtlow of the injected
strearn. The upward flow of material that does not form plasma may 1mpact the top of the
reaction cell chamber or a lower baffle 8d to cause the melt to retum to the reservoir 5¢. In
an embodiment, the ignition circuit may comprise at least one reactive circuit element such as
at least one of capacitors and inductors to comprise a reactive circuit. The melt between the
electrodes may serve as a resistive load. The reactance may be selected to maintain a desired
ignition frequency such as one in the range of about one to 10,000 Hz. The ignition circut
may comprise an LRC cireuit. The source of electrical power 2 may comprise af least one of
capacitors and inductors. The ignition circuit may comprise a transformer. The transformer
may output high current. The generator may comprise an inverter that receives DC power
from the PV converter and ouiputs AC. The generator may comprise DC o DC voltage and
current conditioners to change the voltage and current from the PV converter that may be

mput to the inverter. The AC input to the transformer may be trom the inverter. The mverter
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may operate at a desired frequency such as one in the range of about one to 10,000 Hz. In an
ernbodiment, the PV converter 26a outputs DC power that may feed directly into the inverter
or may be conditioned before being input to the inverter. The inverted power such as 60 Hz
AC may directly power the electrodes or may be input to a transformer to increase the
currertt. In an embodiment, the source of electrical power 2 provides continuous BC or AC
current to the electrodes. The electrodes and electromagnetic pump may support continuous
ignition of the injected melt such as molten Ag comprising a source of oxygen.

The electrodes such as the L-shaped electrodes may have any suitable shape such as
bars or rods or may be attached to bar or rod feed-throughs. In an embodiment, a rod bus bar
or electrodes penetrates the cell component such as the reservoir or cone reservoir. The
penetration may be electrically insulated. The insuiation may comprise a ceramic collar such
as an Mg, Mullite, zirconia oxide, silicon carbide, or alumina collar. The collar may be
pressed fit into the cell cornponent. The press fitting roay be achieved by heating and
expanding the component, inserting the bus bar or electrode having the covering collar, and
allowing the component 1o cool to cause g tight fit. The collar may be sealed to at least one
of the bus bar or electrode and cell component by at least one O-ring such as a metal O-ring
such as a refractory metal O-ring. The penetration may comprise a conduit with the O-ring
seal between the inner wall of the conduit and the outer surface of the collar. An G-ring may
also seal the bus bar or electrode-collar vmion. The bus bar may comprise a rod wherein an
electrode such as a tungsten electrode may be attached. The electrode may comprise arod
section and a flat section. The rod section may be abutted to the rod bus bar. The terminal
portion of the rod bus may be cut away to from a mount for the corresponding electrode. The
rod electrode mav have the terminal portion cutaway to form a flat face. The bus bars and
electrodes may be onented on opposite sides of the cell such as on oppostie sides of the cone
reservoir. The flat portion of each electrode may be at the end opposite the connection to the
bus bar. At least a portion of the flat section of each electrode may overap in a side-by-side
orientation. The electrodes may vibrate during operation at a frequency such as one in the
range of about 1 Hz to 10,000 Hz. The frequency may be a natural frequency maintained by
the pressure of the reaction and the mass and spring constant of the electrode system, or the
vibration may be externally driven at the frequency. The mechanical vibration frequency
may cause the ignition of the injected molten metal and hydrino reactants at the frequency.

Load following may be achieved by means of the disclosure. In an embodiment, the
top cover or dome 5bd comprising a blackbody radiator to the PV converter 26a may radiate
away 1ts stored energy very quickly when the power from the reaction cell chamber Sb31 is
adjusted downward. In an embodiment, the radiator behaves as an incandescent filament
having a stnular light cessation time with interruption of power flow from the reaction cell

chamber 5b31 to the radiator 5hd. In another embodiment, electrical load following may be



WO 2017/127447 PCT/US2017/013972

achieved by operating the radiator at about a constant power flow corresponding to about a
constant operating temperature wherein unwanted power to the load is dissipated or damped
mio a resistive element such as a resistor such as a SiC resistor or other heating elements of
the disclosure.

In an embodiment, the generaior may comprise a smart control system that
mtelligently activates and deactivates loads of a plurality of loads to control the peak
aggregate load. The generator may comprise a plurality of generators that may be ganged for
at least one of reliability and providing peak power. At least one of smart metering and
control may be achieved by telemetry such as by using a cell phone or personal computer
with WiFi

In an embodiment, the carbide coating may be applied by methods known in the art
such as vapor deposition or chenucal deposition. In an exemplary embodiment, carbonyl
decomposition serves as the means to at least one of metal and metal carbide coat the carbon
cong or dome. W{CO)s decomposes to W at 170 °C when used as a means to form tungsten
or tungsten carbide by chemical deposition.

In an embodiment, the blackbody light from the dome or {op cover 5b4 is randomly
directed. The light may be at least one of reflected, absorbed, and reradiated back and forth
between the radiator dome 5b4 and PV cells 15, The PV cells may be optimally angled to
achieve the desired PV absorption and light to electricity conversion. The reflectivity of the
PV cover glass may be varied as a function of position. The variation of reflectivity may be
achieved with a PV window of spatially vanable reflectivity. The variability may be
achieved with a coating. An exemplary coating i1s a MgF,-Zn8S anti-reflective coating. The
PV cells may be geometrically arranged to achieve the desired PV cell absorption and
refection involving power flow interactions between at least two of the dome and the PV
cells, between a plurality of PV cells, and between a plurality of PV cells and the dome. In
an embodiment, the PC cells mav be arranged into a surface that has a variable radius as a
function of surface angle such as a puckered surface such as puckered geodesic dome. Inan
embodiment, the top cover or dome 5bd may have elements at angles relative to each other to
at least one of directionally emut, absorb, and reflect radiation to or from the PV cells. Inan
embodiment, the dome o1 t0p cover mav comprise element emitter plates on the blackbody
radiator surface to match the PV onentation to achieve a desired transfer of power 1o the PV
cells. At least one of the blackbody radiator, reflector, or absorber surfaces may have at least
one of an emissivity, reflectivity, absorption coefficient, and surface area that is selected to
achieve the desired power flow to the PV converter involving the radiator and the PV cells.
The power flow may mvolve radiation bouncing between the PV cells and the dome. In an
embodiment, at least one of the emissivity and surface area of the inner versus outer surface

of the blackbody radiator dome or top cover Sbd are selected to achieve a desired power flow
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io the PV cells versus power flow back into the reaction cell chamber 5b31. Inan
ernbodiment, the hydrino-process-emitted hight has shorter wavelengths than the blackbody
radiation of the dome or top cover. The inner surface of the dome or fop cover may absorb
and thermalize the high-energy light. The inner surface of the dome or top cover 5bd may
comprise at least one of a relatively low emissivity and surface area compared to the ouler
surface such that the blackbody radiation primarily flows to the PV cells from the outer
surface rather than flow from the inner surface into the reaction cell chamber 5b31.

In an embodiment, the generator may be operated under conditions wherein the vapor
pressure of the metal vapor is low and the top cover 5b4 is at least partially directly irradiated
by the ignition plasma light such as UV and EUV light. At least a portion of the privnary
glectrode emission and secondary emission of the top cover may be reflecied to the top cover
by a cone of suttable geometry and enissivity. The inner surface of the top cover 5b4 may
have a ligh emussivity; whereas, the cone may comprise a low emussivity to preferentially

eat the top cover 5b4 to a higher temperature than the cone. With a differential in cone-top
cover temperature, the cone may comprise a material with a lower melting point than the
material of the top cover. In an embodiment, the hight from the hydrino reaction irradiates
the top cover directly to selectively heat it to serve as a blackbody radiator to the PV
converter 26a. Internal emussion from the blackbody radiator 5b4 may be reflected form the
cell components such as the cone 5b2 to the top cover 5b4. The cell components such as the
cone may be in a geometric form to facilitate the reflection to the to the cover blackbody
radiator 5b4.

in an embodiment, the high-energy light such as at least one of UV and EUV may
dissociate at least one of H,O and H; i the reaction cell chamber 5b31 to increase the rate of
the hydrino reaction. The dissociation may be an altemative to the effect of thermolysis. In
an embodiment, the temperature is maintained low to avoid vaporization of the molten metal
such as silver. In an embodiment, the electrodes are cooled to lower the amount of silver
vaporization. In this case, the metal vapor condensation in the cone reservoir may be lowered
to decrease that heat loss and thermal cooling load. In an embodiment, the elecirodes may be
maintained atl a lower {emperature while decreasing the ignition power by reducing the
electrode resistance. The electrode resistance may be lowered by at least one of welding,
alloying, forming a nuxture, fusing, and tightly fastening the bus bar metal to the electrode
metal. In an exemplary embodiment, the attachment comprises as at least one of a Mo-Cu or
W-Cu alloy, mixture, or weld. In an embodiment, UV dissociation may serve as a means {0
produce the gas or plasma phase hydrine reaction. In this case, the vaporization of molten
metal such as silver may be munimized. The vaporization may be suppressed by cooling the
electrodes. Decreasing the elecirode resistance may also lower the electrode temperature.

The lower resistance may lower the ignition power and serve to lower the electrode resistive
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heating. Fusing the metals of the bus bars and the electrodes where they connect may lower
the electrode resistance. In an embodiment, the electrical resistance of the ignition circuit
may be lowered. The resistance for fast electrical transients such as occurs during pulsing
may be lowered by using cable connections from the source of electrical power 2 to the bus
bars 9 and 10 such as braided cables, such as Litz cables. In an embodiment, the electrode
assembly comprises outer electrode in contact with an inner bus bar. The bus bars may be
cooled. The contact of the electrode with the bus bar may cool af least a portion of the
electrode. The bus bar contact of the electrode along its entire length may cool the entire
electrode. Fach electrode may comprise a tube that is concentric to its bus bar that may be
cooled. The outer elecirode tube may comprise a refractory metal such as W, Ta, or Mo.
The bus bar may comprise a high conducior such as copper. The outer electrode tube may
comprise a desired shape such as one of circular tubular, square tubular, rectangular tubular,
and inangular tubular. The inner bus bar may have the same shape. The bus bar may
comprise a centerline inlet coolant tube with a concentric outer channel for coolant return
flow. The coolant may comprise water. The water may be cooled with a chiller such as a
radiator.

In an embodiment, the concentric tube such as a W tube may comprise a semicircle (o
munimize the surface area for molten, metal solidification and adherence. In an embodiment,
the bus bar and the electrical connection to the electrode such as the concentric tubes may be
cooled only to the bus bar atiachment end. The electrodes may be solid to improve the
conductivity at a higher operating teroperature. The operating temperature may be greater
than the melting point of the melt such as silver melt. In an embodiment, the bus bars are
cooled to just before the W tube electrode. In an exemplary embodiment, the elecirode
comprises a tip on the end of the bus bar comprising a W rod electrode with a larger cross
section than a concentric tube in order to lower the resistance due to the higher operating
temperature. In an embodiment, the cooled bus bars are covered with a shield to prevent the
metal melt from adhering. The shield may comprise a material to which the metal does not
adhere such as graphite. The shigld may have a gap between 1t and the cooled bus bar and
may be maintained at a temperature above the melting point of the metal melt 10 prevent the
moklien metal from adhering. In an embodiment the electrodes may penetrate the cone
reservoir Sb such that only the elecirodes are exposad to the molten metal to avoid the melt
from adhering to the cooled bus bars (o which the elecirodes are attached.

In another embodiment, the generator is operated to maintain a high metal vapor
pressure in the reaction cell chamber Sb31. The high metal vapor pressure may at least one
of create an optically thick plasma to convert the UV and EUV emission from the hydrino

eaction into blackbody radiation and serve as a reactant such as a conductive matrix for the

hvdrino reaction to increase iis rate of reaction. The hydrino reaction may propagate m the
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reaction cell chamber supported by thermolysis of water. At least one of the metal vapor and
blackbody temperatures may be high such as m the range of 1000K to 16,000K to support the
thermolysis of water to increase the hydrino reaction rate. The hydrino reaction may occur in
at least one of the gas phase and plasma phase. The metal may be injected into the electrodes
by the electromagnetic pump and vaporized by at least one of the ignition current and heat
from the hydrino reaction. The reaction conditions, current, and elecirode spacing may be
adjusted (o achieve the desired metal vapor pressure. In an embodiment, the electrodes are
mechanically agitated such as vibrated to aerosolize the metal vapor. The mechanical
agitation may comprise a means of the disclosure such as a pieroeleciric, pneumatic, or
electromagnetic vibrator for agrosolizing metal such as silver. The electrode electromagnetic
purmp may also be oriented to pump the super heated metal vapor formed in the ignition from
the electrode gap into the reaction cell chamber to increase the metal vapor pressure. Inan
embodiment, the injection system further comprises a manipulator of the nozzle to adjust its
position relative to the electrodes. The manipulator may comprise at least one of a
servomaotor, mechanical such asg a screw mechanism, electromagnetic, pneumatic and other
manipuiators known to those skilied in the art. The screw mechanism may compare two
threaded bolts that are 180° relative to each other, screwed into the circular perimeter of the
reservolr and contacting the nozzle on opposite sides wherein the opposite rotation of one
bolts relative to the other moves the nozzle by deflecting it.

The operation of the generator at a temperature over the bhoiling point of metal source
of the metal vapor may result in g reaction cell chamber pressure that 1s greaier than
aimospheric. At operating temperatures over the corresponding metal boiling point, at least
one of metal vapor leakage from the seals of the cell such as the seals at the top cover and
cone joint, and structural fatlure of a cell component such as the cone may be avoided by
controlling the pressure of the metal vapor in the reaction cell chamber. The metal vapor
pressure may be controlled by at least one of the controlling the amount of metal vapor
supplied to the chamber by the electromagnetic (EM) pump and by controlling the
temperature of a cell component such as the cell reservoir. The EM pumyp may be controlied
io stop the pumping when the desired metal vapor pressure is achieved. In an embodiment,
the condensation of the metal vapor is reduced or minimized to avoid excessive heat transfer
o a cell component other than the blackbody radiator to the PV converter 26a such as the top
cover 5b4. The active cooling may be applied to control the temperature of the cell
component. The cooling may be achieved by water-cooling. In an example, water-cooling
may be achieved with the inductively coupled heater coil. Alternatively, the pressure of the
cell chamber may be matched to that of the reaction cell chamber such that there 15 an
absence of a pressure gradient across chambers. The chamber pressures may be equalized or
equilibrated by adding gas such as a noble gas to the cell chamber from a gas supply
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controlled by a valve, regulator, controller, and pressure sensor. In an embodiment, at least
one of the cell component joints, at least one cell component such as the cone 5b2, and a
valve are permeable or leaky 1o gas between the cell chamber 5b3 and the reaction cell
chamber 5b31. The chamber gas, but not the metal vapor, may move and equilibrate the
pressure of the two chambers. Both chambers may be pressurized with a gas such as a noble
gas to an elevated pressure. The pressure may be higher than the highest operating partial
pressure of the metal vapor. The highest metal vapor partial pressure may correspond to the
highest operating temperatare. During operation, the metal vapor pressure may increase the
reaction cell pressure such that the gas selectively flows from the reaction cell chamber 5b3
to the cell chamber 5b31 until the pressures equilibrale and vice versa. In an embodiment,
the gas pressures between the two chambers automatically equilibrate. The equilibration may
be achieved by the selective mobility of the gas between chambers. In an embodiment,
excursions in pressure are avoided so that large pressure differentials are avoided.

The pressure in the cell chamber may be maintained greater that that in the reaction
cell chamber. The greater pressure in the external cell charnber may serve fo mechanically
hold the cell components such as the iop cover, cone, and cone reservoir together.

In an embodiment, the metal vapor is maintained at a steady state pressure wherein
condensation of the vapor is manimized. The electromagnetic pump may be stopped at a

esired metal vapor pressure. The EM pump may be intermuiitently activated to pump {o
maintain the desired steady state pressure. The metal vapor pressure mav be mamtained in
the at least one range of 0.01 Torr to 200 atm, 0.1 Torr to 100 atm, and 1 Torr to 50 atm.

in an embodiment to achieve a high hydrino power, the electrode electromagnetic
pumping action 15 controlled to control the ignition current parameters such as waveform,
peak current, peak voliage, constant current, and constant voliage. In an embodiment, the
waveform may be any desired that optimizes the desire power output and efficiency. The
waveform maybe constant current, constant voltage, constant power, saw tooth, square wave,
sinusordal, traperoid, triangular, ramp up with cutoff, ramp up-ramp down, and other
waveforms know in the art. In cases wherein the waveform has a portion having about zero
voltage or current, the duly cycle may be in the range of about 1% 10 99%. The frequency
may be any desired such as in at least one range of about 6.001 Hz to 1 MHz, 0.01 Hz to 100
kHz, and 0.1 Hz to 10 kHz. The peak current of the waveform may be in at least one range
of about 10 A to 1 MA, 100 A to 100 kA, and 1 kA 1o 20 kA, The voltage may be given by
the product of the resistance and curreni. In an exemplary embodiment, the waveformis a
saw tooth with a frequency between | and 2 Hz, a peak current between 2 kA and 3 kA, and a
voltage given by the product of the current and the resistance of the injected molten metal al
the electrodes wherein the voltage during the open circuit condition foliowing ignition and

giection of the molten metal as plasma may be higher such as in the range of about 2 V to 15
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V. An alternative exeraplary waveform may comprise an alteration between a saw tooth and
high frequency current pulses such as a 1 Hz to 2 Hz saw tooth and 0.1 kHz to 2 kHz pulses
wherein the saw tooth fo pulses duty cycle 1s about 20% to 60%. In an embodiment, power is
applied to the igonition system intermittently wherein the off period permits the electrodes to
cool. The off period of the duty cycle may be adjusted to any desirable to optimirze the
reaction and performance of the generator. In an embodiment, the source of electrical power
2, may compnise a capacitor bank. In an embodiment, the capacitor current is ramped from a
lower to higher current to power a continuous current and ignition mode. The current ramp
may sustain a constant current over a pulsed current mode to eliminate reactive voltage
spikes of the pulsed mode. In an embodiment, the source of electrical power 2 such as the
capacitor bank may be cooled. The cooling system may comprise one of the disclosure such
as a radiator,

In an embodiment, the source of electrical power 2 comprises a capaciior bank with
different numbers of series and parallel capacitors to provide the optimal electrode voltage
and current. The PV converter may charge the capacitor bank to the desired optimal voliage
and maintain the optimal current. The ignition voltage may be increased by increasing the
resistance across the electrodes. The electrode resistance may be increased by operating the
electrodes at a more elevaied temperature such as in the temperature range of about 1000K to
3700K. The electrode temperature may be controlled to maintain a desired temperature by
controlling the ignition process and the electrode cooling. The voltage mayv be in at least one
range of abot T Vo 5300V, I V1o 100V, 1 V1o 30V, and T V1o 20 V. The current may
be in at least one range of about 10 A 1o 100 kA, 100 Ato 10 kA, and 100 Ato S kA Inan
exemplary embodiment, the voltage is about 16 V at a constant current between 150 A and
250 A. In an embodiment, the power due to the hydrino reaction is higher at the positive
electrode due to a higher hyvdrino reaction rate. The higher rate may be due to the more
effective removal of electrons from the reaction plasma by the positive electrode. In an
embodiment, the hyvdrino reaction is dependent on the removal of electrons that is favored at
higher applied elecirode voltage. The removal of electrons may also be enhanced by
grounding the cell components in contact with the reaction plasma. The generator may
comprise additional grounded or positively biased electrodes. The capacitor may be
contained in a capacitor housing 90 (FIGURE 2166},

In an embodiment, an elevated electrode temperature 1s maintained to vaporize the
mnjected molten metal such as molten silver. The electrode temperature may be in a
temperature range that 1s above the vaporization temperature of the injected molten metal and
below the melting point of the electrodes. The electrode ternperature may be above the
temperature of the vaporization of the melt by at least one range of abowt 10 °C to 1000 °C,
10 °C to 700 °C, and 10 °C to 500 °C. The electrode temperature mav be below the
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temperature of the melting point of the electrodes by at least one range of about 10°C to
1000 °C, 16 °C to 700 °C, and 10 °C 1o 500 °C. The elecirode temperature may be
maintained by the electrode cooling svstem of the disclosure such as the bus bar water-
cooling system to which the electrodes may be heat sunk. The electrodes may be center
cooled by a coolant such as water. The vaporization of the melt such as silver may increase
the electrode voltage drop. The voltage may be elevated such as in at least one range of
about I Vio 100V, 1 V050V, and 1 V1o 25V, The current may be pulsed or continuous.
The current may in at least one range of about 50 A to 100 kA, 100 Ato 10 kA, and 300 A to
5 kA, The vaporized relt may provide a conductive path to remove electrons from the
hvdrino catalysis reaction to increase the reaction rate. In an exemplary embodiment, the
sitver vapor pressure is elevated such as in the range of about 0.5 atm to 100 atm due to
vaporization at tungsten electrodes in the temperature range of about 2162 °C 10 3422 °C, the
voltage may be about 10 V {0 16 V, and the current may be continuous at about 200 A to 500
A. Some current pulses may be superimposad on the continuous current.

As shown in FIGURE 2172, the electrode assembly may comprise an inner canmula
Sla for inlet coolant flow wherein the coolant may comprise water, an electrode coolant inlet
91b, an electrode coolant outlet 21¢. bus bars 9 and 10, bus bar connectors 9a to the source of
electrical power 2, electrode feed throughs 10a of the pressure chamber, a dual threaded
electrode to bus bar connecior 91c, a set of threaded elecirodes & that may each thread into
the reservoir 5S¢, and alocking O-ring 8a and lock nut 8al to tighten each electrode on the
outside of the reservoir wall.

in an embodiment, the ignition system comprises a source of electrical power 2 across
the electrodes 8 and a source of electrical power 2 through the ignited plasma. The ignition
system may comprise a plurality of sources of electrical power 2 of independent voltages and
currents such as those voltage and current ranges given in the disclosure. The source of
electrical power 2 may provide power to the electrodes and plasroa in at least one of series
and parallel. A single source of electrical power 2 may ramp current through the injected
melt with a corresponding voltage ramp 1o a voltage that causes breakdown of the injected
melt to form plasma. The source of elecirical power 2 may then cutput an increased voliage
1o cause current to flow through both the injected meli and the plasma. The current may flow
through multiple paths such as between the electrodes and between at least one additional
electrode tn contact with the plasma. The at least one addition electrode may be in the
reaction chamber at a desired distance from the electrodes 8 such as in the range of 0.001 m
io 1 m. The distance may be such that the voltage 1s 10 the range of about 0.1 V to 1000 kV
and the corresponding current is in the range of about 100 A to 10,000 A

In an embodiment, the voliage applied by at least one source of electrical power is
high relative to the voltage given by the current times the typical resistance of the njected
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melt such as molten stlver. In an embodiment, the resistance of the melt 15 in a range of
about 100 micro-ohms to 600 micro-chms. In an embodiment, the high voltage disrupts the
mjection of the melt by the EM pump to increase the resistance. The impedance may be
mcreased. The mjection may be disrupted by the pressure from the ignition plasma. The
high voltage may increase the hydrino reaction rate. The hydrino reaction rate may be
mcreased by creating a higher concentration of at least one of the HOH catalyst and atomic
H. An exemplary voliage is about 16 V, and exemplary corresponding current is about 1 kA

in an embodiment, at least one cell component such as the grounded elecirode and a
cell component such as the reservoir S¢, the cone reservoir Sb, and the dome 5b4 may be
electincally grounded.

In an embodiment, the SunCell may comprise liquid electrodes. The electrodes may
comprise hiquid metal. The liguid metal may comprise the molten metal of the fuel. The
mjection system may comprise at least two reservoirs 5S¢ and at least two electromagnetic
pumps that may be substantially elactrically 1solated from each other. The nozzles 5q of each
of the plurality of injections system may be oriented to cause the plurality of molten metal
streams 1o intersect. Hach stream may have a connection to a ferminal of a source of
electricity 2 to provide voltage and current to the intersecting streams. The current may flow
from one nozzle Sq through its molten metal stream {o the other stream and nozzle 5q and
back to the corresponding terminal of the source of electricity 2. The cell comprises a molten
metal retum system to facilitate the retumn on the injected molten metal to the plurality of
reservoirs. In an embodiment, the molten metal retam system mininnizes the shorting of at
least one of the ignition current and the injection current through the molten metal. The
reaction cell chamber 5b31 mav comprise a floor that directs the return flow of the injected
molien metal into the separate reservoirs 5¢ such that the silver 1s substantially isolated o the
separate reservoirs 5S¢ to minimize the elecirical shortage through silver connecting the
reservoirs. The resistance for elecinical conduction may be substantially higher through the
return flow of silver between reservoirs than through the intersecting silver such that the
majority of the current flows through the intersecting streams. The cell may comprise a
reservolr electrical isolator or separator that may comprise an electrical insulator such as a
ceramic or a refractory material of low conductivity such as graphite.

The hydrino reaction may cause the production of a high concentration of electrons
that may slow further hyvdrino production and thereby inhubit the hvdrino reaction rate. A
current at the ignition electrodes 8 may remove the electrons. In an embodiment, a solid
electrode such as a solid refractory metal electrode 1s prone to melting when 1t 15 the positive
electrode or anode due to the preference of electrons o be removed at the anode causing a
high hydrino reaction rate and local heating. In an embodiment, the electrodes comprise a
hvbrid of liquid and solid electrodes. The anode may comprise a liquid metal electrode and
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the cathode may comprise a solid electrode such as a W electrode and vice versa. The liguid
metal anode may compnse at least one EM purip and nozzle wherein the iquid metal is
mjected to make contact with the cathode to complete the ignition electrical circuit.

The molten metal pumping may be adjusted 1o achieve ignition current pulsing. The
adjustment may comprise aft least one of a time varying pump pressure and rate. The pulsing
may be maintained superimposed on a continuous current. The current pulsing may be
maintained n at least one case that the plasma emission 1s blackbody emission in the visible
and UV region and the plasma emission is UV and EUV emission. In an embodiment, the
electrode EM purnp puraps excess molten metal from the electrode gap to intermitiently
create an open circutl. The open circuit mav be achieved following an ignition event to
intermitiently create an open circuit with each current pulse from ignition. In an embodiment
io improve the electrical power balance, the magnets of the elecirode electromagnetic pump
&¢ and the current flow corresponding to the purped ignition products form a crossed current
and magnetic figld wherein the current experiences a Lorentz force along the inter-electrode
axis. The Lorentz force on the current generates a voltage across the electrodes. The voltage
may cause cuirent flow through the ignition circuit to recharge the source of electrical power
2 such as the capacitors. The ignition system may comprise a magnetohvdrodynamic (MHD}
generator comprising the electrode electromagnetic pump magnets, the moving ignition
products, and the ignition electrodes 8. The MHD electrical power may recharge the source
of electrical power 2 such as the bank of capacitors.

In an embodiment, the ignition power 1s termunated when the hvdrino reaction
propagates in the absence of electnical power input. The hydrino reaction may propagate in
the reaction cell chamber supported by thermolysis of water. The ignmition-power
mdependent reaction may be self propagates under suitable reaction conditions. The reaction
conditions may cormprise at least one of an elevated temperature and suitable reactant
concentrations. At least one of the hydrine reaction conditions and current may be controlied
to achieve a high temperature on at least a potion of the electrodes to achieve thermolysis. At
feast one of the reaction temperature and the temperature of a portion of the electrodes may
be high such as in at least one range of about 1000 °C 1o 20,000 °C, 1000 °C 10 15,000 °C,
and 1000 °C 10 16,000 °C. Suitable reaction concenirations may comprise a water vapor
pressure in at least one range of about 0.1 Torr 1o 10,000 Torr, 0.2 Torr to 1000 Torr, 0.5 Torr
to 100 Torr, and 0.5 Torr to 16 Torr. Swatable reaction concentrations may comprise a
hvdrogen pressure in at least one range of about 0.1 Torr to 10,000 Torr, 0.2 Torr to 1000
Torr, 0.5 Torr to 100 Torr, and 0.5 Torr to 10 Torr. Suitable reaction concentrations may
comprise a metal vapor pressure in at least one range of about 1 Torr to 100,000 Torr, 10
Torr to 10,000 Torr, and 1 Torr to 760 Torr. The reaction cell chamber may be maintained at

a temperature that maintains a metal vapor pressure that optimizes the hvdrino reaction rate.
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in an embodiment, solid fuels propagate the hvdrino reaction. HOH catalyst and H
may be formed in a reaction of the reactants of the solid fuel. The heat from the reaction may
be sufficient to create H by thermolysis. Exemplary solid fuels comprise Ag + Cu0 + Al +
ice, Cu+ CuQ + Al + ice, tungsten oxide + Al + ice, tungsten hydroxide + Al + ice, tungsten
hvdroxide + Al, hvdrated tungsien oxide + Al + ice, and hydrated tungsten oxide + Al

In an embodiment, the source of HOH catalvst and source of H comprises water that
15 injected inio the electrodes. At least one of the bus bars and electrodes may comprise a
water injector. The water injection may be through the water-cooled bus bars that may be
extended to the electrodes. The mjector may comprise a cannula. The water may be directly
mjected mto the molten metal stream form the EM pump using a fine cannula that houts the
flow 1o control the amount of water vapor delivered to molten metal flow. The cannula may
be water~cooled. The water-cooling may be achieved by heat sinking the cannula to a water-
cooled cell component. The cannula may be water-cooled by being heat sunk to the water-
cooled bus bars. Alternatively, at least one of the bus bars and electrodes may comprise a
small cannula extension from the water-cooling svstem to inject water. In an embodiment,
sitver is prevented from solidifying on the end of the cannula. The cannula may be at a
distance from the igrution plasma and inject at high pressure across the plasma region. In an
ernbodiment, the electrode electromagnetic pump may clear the excess molten metal from the
cannula region {o prevent the metal from solidifving on the cannula. The cannuia may be
mserted into at least one of the ignition plasma and the molten metal such as molten silver.
The cannula may enter the pump tube. The cannula may penetrate the pump tube. The
cannuia may enter the pump tube through the pump tube inlet through a suitable path such as
through the reservoir. The cannula may be under stearn pressure to prevent silver from
entering, Alternatively, the cannula may comprise an eleciromagnetic pump. Inan
embodiment, the steam injection may pump the molten metal such as the molten silver or
AgCu alloy. The steam may be dehivered using a carrier gas such as a noble gas such as
argon. The carrier gas may flow through a steam source such as a blubber or steam
generator. The carrier gas may be recirculated by a recirculator of the disclosure. The
pressure and flow rate of the injected gas may be controlled with a controller of at least one
of the rate of water injection and the pneumatic pumping rate of the molten metal. The
partial pressure of the water vapor in the gas flow may be conirolled by a means of the
disclosure such as by the bubbler temperature controller of the disclosure,

in an embodiment, the injector comprises a mixer for the water injections into the
molien metal. The mixer may be housed 10 at least one of the pump tube and a chamber of
the purnp tube. The mixer may comprise a source of turbulence in the pump tube. The melt
may be at least one of mixed, stirred, and agitated as water is applied to increase at least one

of the efficiency, rate, and extent of water incorporation into the roelt. The water droplets in
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steam may be removed with a steam-water separator such as at least one of a cyclone or
centrifugal separator, a mechanical coalescing separator, and a baflle or vane type separator.
In an embodiment, the water vapor injector comprises a closed tube comprised of a reversible
hvdrating crystal such as bayerite or gibbsite tube that is perroeable to water. In an
embodiment, water is injecied by flowing hydrogen over a recombiner comprising a source
of oxvgen such as CuO recombiner. The water vapor from the hydrogen combustion maybe
flowed into the molten metal such as at the oullet or nozzle portion of the pump tube. The
recombiner such as CuQ may be regenerated by reaction with oxvgen. The oxygen may be
supplied from air,

In an embodiment, a compound may be added to the molien metal such as molten Ag
or Ag(Cu alloy to at least one of lower its melting point and viscosity. The compound may
comprise a fluxing agent such as borax. In an embodiment, a solid fuel such as one of the
disclosure may be added to the molten metal. Tn an embodiment, the molten metal such as
molien silver, copper, or Ag{u alloy comprise a composition of matier to bind or disperse
water in the melt such as fluxing agent that may be hydrated such as borax that may be
hvdrated to various extents such as borax dehvdrate, pentahydraie, and decahydrate. The
melt may comprise a fluxing agent to remove oxide from the inside of the pump tube. The
rernoval may mantain a good elecirical contact between the molten metal and the pump tube
5ké6 at region of the electromagnetic pump bus bar 5k2.

in an embodiment, a compound coraprising a source of oxygen may be added to the
molten metal such as molten silver, copper, or AgCu alloy. In an embodiment, the metal
melt comprises a metal that does not adhere to cell components such as the cone reservoir
and cone or dome. The metal may comprise an alloy such as Ag-Cu such as AgCu (28wi%)
or Ag-Cu-Nt allov. The compound may be melied at the operating temperature of the
reservoir Sc and the electromagnetic pump such that it at least one of dissolves and mixes
with the molten metal. The compound may at least one of dissolve and mixes in the molten
metal at a temperature below its melting point. Exemplary compounds comprising a source
of oxygen comprise oxides such as metal oxides or Group 13, 14, 15, 16, or 17 oxides.
Exemplary metals of the metal oxide are at teast one of metals having low water reactivity
such as those of the group of Cu, Ni, Bb, §b, Bi, Co, {d, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re,
Rh, Ru, Se, Ag, Tc. Te, Tl, Sn, W, and Zn. The corresponding oxide may react
thermodynamically favorably with hvdrogen to form HOH catalvst. Exemplary metal oxades
and their corresponding melting points are sodium tetraborate decahydrate (M.P. = 743 °(,
anhvdrate), CuO (ML, = 1326 °C), NiO (M.P. = 1955 °C), PbO (M.P. = 888 °C), §b,0;
{(M.P. =656 °C), Bir0s (M.P. = 817 °C), Coy05 (M.P. = 1900 (), CdO (M.P. = 900-1000
°CY, GeO, (MP. = 1115 °C), Fe;03 (M.P. = 1538-1565 °C), MoOx (M.P. = 795 °C), Te,
(M.P. =732 °C), SnO; (M.P. = 1630 °C), WO+ (M.P. = 1473 °C), WO, (M.P. = 1700 °C),
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Zn0 (M.P. = 1975 °C), Ti0, (M.P. = 1843 °C). ALO; (M.P. = 2072 °C), an alkaline earth
oxide, a rare earth oxide, a transition metal oxide, an inner transition metal oxide, an alkall
oxide such as Lix0 (M.P. = 1438 °C), Na,O (M.P. = 1132 °C). K»0 (M.P. = 740 °C). Rb,0
(M.P.=>300 (), 5,0 (M.P. =490 °C), a boron oxide such as B,0; (M P. =450 °C), V,0s
(M.P. =690 °C), VO (M.P. = 1789 °C}), NbyOs (M.P. = 1512 °C), NbQ, (M.P. = 1915 °C),
80, (MLE. = 1713 °C), GayO3 (M.P. = 1900 °C). In,Os (M.P. = 1910 °C), LLbWO, (M.P. =
740 °Cy, LipByO7 (MLP. = 917 °C), NagMoOy (M.P. = 687 °(C}, LiVG; (ML.P. = 605 °C),
Li,VOs, MnyOs (MP. = 1567 °C), and Aga WOy (MUP. = 620 °(). Further exemplary oxides
comprise mixtures of oxides such as a mixture comprising at least two of an alkali oxide such
as L1, and NapO and AL Q5. B20;. and VO, The mixture may result in a more desirable
physical property such as a lower melting point or higher boiling point. The oxide may be
dried. In an exemplary embodiment of the source of oxvgen such as Bi,O; or, L1y WOy, the
hydrogen reduction reaction of the source of oxygen is thermodynamically favorable, and the

eaction of the reduction product with water to form the source of oxygen may occur under
operating conditions such as at red heat conditions. In an exemplary embodiment, at red
heat, bismuth reacts with water {0 form the rioxide hismuth(Ii} oxide (2Bis) -+ 3H20(g) —
Bi203¢sy + 3H2(zyy In an embodiment, the oxide 15 vaporized into the gas phase or plasma.
The moles of oxade i the reaction cell chamber Sb31 may linmt ifs vapor pressure. In an
embodiment, the source of oxygen to form HOH catalyst may comprise mubiiple oxides.
Fach of a phlurality of oxides roay be volatile to serve as a source of HOH catalyst within
certain temperature ranges. For example LiVO: may serve as the main oxygen source above
s melting point and below the meliing point of a second sowrce of oxygen such as a second
oxide. The second oxide may serve a8 an oxvgen source at a lagher temperature such as
above s mwelting point. Exeraplary second oxides are ALOs, £r(, MO, allahine earth
oxides, and rare earth ovides. The oxide may be essentially all gaseous at the operating
temperature such as 3000K. The pressure may be adjusted by the moles added to the reaction
cell chamber 5b31. The ratio of the oxide and silver vapor pressures may be adjusted {o
optimize the hydrino reaction conditions and rate.

In an embodiment, the source of oxygen may comprise an inorganic compound such
as CO, COp, N0, NO, NGy, No0a, NoOy, NoGs, SO, SOy, 804, PO, PO,, P05, P05, The
source of oxygen such as CO, may be a gas at room temperature. The oxygen source such as
a gas may be in the ouler pressure vessel chamber 5b31a. The oxygen source may comprise
a gas. The gas may diffuse or permeate from the outer pressure vessel chamber 3b31a o the
reaction cell chamber 5b31. The oxygen source gas concentration inside of the reaction cell
chamber Sb31 may be conirolled by controlling its pressure in the outer pressure vessel
chamber Sh31a. The oxygen source gas may be added to the reaction cell chamber as a gas

mside of the reaction cell chamber by a supply line. The supply line may enter in a colder
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region such as i the EM pump tube at the bottom of areservoir. The oxvgen source gas may
be supplied by the decomposition or vaporization of a solid or liqund such as frozen CO,, a
carbonate, or carbonic acid. The pressure in at least one of the outer pressure vessel chamber
3b31a and the reaction cell chamber 5b31 may be measured with a pressure gauge such as
one of the disclosure. The gas pressure may be controlled with a controlier and a gas source.
The source of oxygen may comprise a compound comprising an oxyanion. The
compound may comprise a metal. The compound may be chosen from one of oxides,
hydroxides, carbonate, hydrogen carbonate, sulfates, hvdrogen sulfaies, phosphates,
hvdrogen phosphates, dihydrogen phosphates, nitrates, nitrites, permanganates, chiorates,
perchiorates, chlorites, perchlorites, hypochlorites, bromates, perbromates, bromites,
perbromiies, iodates, peniodates, iodites, periodites, chromates, dichromates, telfurates,
selenates, arsenates, silicates, borates, cobalt oxides, tellurium oxides, and other oxyanions
such as those of halogens, P, B, Si, N, As, 8, Te, 8b, C, 8§, P, Mn, Cr, Co, and Te whereimn the
metal may comprise one or more of an alkali, alkaline earth, transition, inner transition, or
rare earth, Al, Ga, In, Ge, Sn, Pb, §b, Bi, 8¢, and Te. The source of oxygen may comprise at
feast one of MNGs;, MCIO,, MO,, MO, and MO, wherein M is a metal such as a transition
metal, inner transition metal, rare earth metal, Sn, Ga, In, lead, germanium, alkali metal or
alkaline earth metal and < and v are integers. The source of oxygen may comprise at least
one of 8O, 503, $:05Chy, FsSOF, M:S,0s, SOX, such as SOCL, SOF,, SOF,, or SOBr;,
XX 0, wherem X and X are halogen such as CI1O,F, CIOuF,, CIOF;, CIO5F, and CIO,Fs,
telturium oxide such as TeO, such as Te(, or TeOs, Te{OH)s, Se(y such as Se(, or Se(;, a
selentum oxide such as Se(;, Se(s, Se0Br, Se0C, Se0F,, or 3e0,F,, P,0s, POX,
wherein X is halogen such as POBr;, POL, POCL or POF;, an arsenic oxide such as As;O; or
As;Os, an anlimony oxide such as SbyG;, S50y, or S1,0s, or SbOCE, Sby{(S04)5, a bismuth
oxide, another bismuth compound such as BiAsO4, Bi{OH);, Bi,G;, Bi0OBr, BiOCI, BiOIl,
B1,Q4, a metal oxade or hvdroxide such as Y,0;, GeO, FeO, Fe,0;, or Nb(, Ni0, Ni,0s,
SnQ, Snik, Ag 0, AgQ, GayO, As; s, 5e(y, Te(,, In{OH ), Sn(OH),, In{GH);, Ga(OH)s, or
Bi(OH};, CO,, a permanganate such as KMnO, and NaMnQ,, P05, a nitrate such as LiNG;,
NaNG; and KNG, a transition metal oxide or hyvdroxide (8¢, Ty, V, Cr, Mn, Fe, Co, N1, Cu,
or Zn with at least one O and OH), an oxyhydroxide such as FeQOH, a second or third
transition series oxide or hydroxide such as those of Y, Zr, Nb, Mo, T¢, Ag, Cd, Hf. Ta, W,
(s, a noble metal oxide such as PAO or P10, a metal and an oxvanion such as NaxTe(, or
Na,Te(;, CoO, a compound containing af least two atoms from the group of oxygen and
different halogen atoms such as F,Q, CLO, CIO,, (1,04, CLO,, CIOF;, CIOF, CIOF,,
CIO5F, 105, a compound that can form a metal upon reduction. The source of oxygen may

COMPTise a gas comprising oxygen such as at least one O,, N,O, and NO,.
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o an embodiment, the melt comprises at least one additive. The additive may
comprise one of a source of oxygen and a source of hvdrogen. The at least one of a source of
oxvgen and a source of hydrogen source mayv comprise one or more of the group of:

H2. NH3, MNH2, M2NH, MOH, MAJH4, M3AIHG, and MBH4, MH, MNQ3, MNO,
MNG2, M2NH, MNH2, NH3, MBH4, MAIH4 M3AIH6, MHS, M2C03, MHCQO3, M2804,
MHSO4, M3P04, MZHPO4, MHZPO4, M2Mo(4, M2ZMo(3, MNDbO3, M2B407, MBO2Z,
M2W0O4, M2CrOQ4, M2C1207, M2Ti03, MZr(03, MAIOZ, M2AI202, MCo(2, MGa(2,
M2Ge03, MMnO4, M2MnO4, M4ASi04, M28i03, MTa03, MVO3, MIO3, MFe02, MI(4,
MOCH MCIO2, MCIO3, MCIG4, MCIO4, MScO3, MScOn, MTiOn, MY On, MCrOn,
MCr20n, MMn20n, MFeOn, MxCoOn (x 15 an integer or fraction), MNiOn, MNi20On,
MCuOn, MZnOn, wherein n=1, 2.3, or 4 and M is metal such as an alkali metal,
Mg3(B0O3)2, and M2S208;

a mixed metal oxide or an intercalation oxide such as a lithium 1on battery
mtercalation compound such as at least one of the group of LiCo(,, LiFeP(y,
LiNi My Co, 0, LiMin Oy, LiFeQy, LMnOs, LiMnQy, LiNiO,, LiFe(,, 1LiTa0s, LiVOs,,
L, Vs, Li;NbG;, LizSe(s, LizSeQy, LizTe(s, LiyTeGs, LibWO,, LixUr0y, LU 04,
LiHEO;, LixMoO; or LixMoQOy, L1, Ti05, LipZr(0s, and LiAIO,;

a fhuxing agent such as sodium tetraborate (M P. = 743 °C, anhydrate), K2504 (M.P.
= 1069 °C), Na2CO3 (M.P. =851 °C), K2CO3 (M.P. = 891 °Cy, KOH (M.P. =360 °(),
MeO, (M.P. = 2852 °C), Ca0, (M.P. = 2613 °C), S5O, (M.P. = 2531 °C). BaQ, (M.P. = 1923
°Cy, CaC O3 (M.P. = 1339 °(C),

a molecular oxidant that may comprise a gas such as €02, SO2Z, 803, §205C12,
FSSOF, SOxXy such as SOCIZ, SOF2, SO2F2, SOBr2, PO2, P203, P205, POxXy such as
POB3. POI3, POCI3 or POF3, 1203, Re207, 1204, 1205, 1209, 802, CO2. N20, NO,
NOZ, N203, N204, N20O5, C120, CIO2, Ciz03, C1206, Cl1207, NH4X wherein X is a
nitrate or other suitable anion known to those skilled in the art such as one of the group
comprising NO3-, NO2-, 8042-, H504-, Co02-, 103-, 104-, Ti03-, Cr4-, Fe(2-, PO43-,
HPG42- HZPO4-, VO3-, ClO4- and Cr2072;

an oxyanion such as one of the group of NO3-, NO2-, 8042~ HS04-, Co02-, 103-,
104~ Ti03- Cr(34- FeD2- PO43- HPO42- H2PO4- VO3-, Cl04- and (2072~

an oxyanion of a strong acid, an oxidant, a molecular oxidant such as one of the group
of V203, 1205, Mn(2, Re207, Cr03, Ru02, AgD, PAQ, PAO2, PO, P02, and NH4X
wherein X is a nitrate or other suitable anion known by those skilled in the art;

a hydroxide such as one of the group of Ma, K, Rb, Cs, Mg, Ca, Sr, Ba, ALV, Zr, T1,
Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ry,
Se, Ag, Te, Te, T1, and W, MOH, MOH, M (OH)}2 wherein M is an alkali metal and M’ is
alkaline earth metal, a fransition metal hydroxide, Co(OH)2, Zn(OH)2, Ni{OH)2, other
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iransition metal hvdroxides, a rare earth hvdroxide, AI{OH)3, CA{OH)2, Sn( 0H)2 Ph{OH),

In{OH)3, Ga(OH)3, BIi{OH)3, compounds comprising 7}4( OH \)L_, ,Sm(OH SJL({)H )

Sh ((_)H ) Fb (( H ) C V(«’ JH } and A/ ( OH >4 complex ion hydroxides such as

Li2Zn(OH)4, Na2Zn(OH)4, Li2Sn(OH)4, Na2Sn{OH)4. LiZPb(OH)4, Na2Ph(OH M4,
LiSh(OH)4, NaSb(OH)4, LiAl(OH)4, NaAl(OH), LICH{OH)M, NaCr(OH)M, Li2Sn(CH)6,
and Na2S8Sn{OH)6,

an acid such as H2S803, H2804, H3PO3, H3PO4, HCIO4, HNQO3, HNO, HNO2Z,
H2CO3, H2aMoO4, HNDbO3, H2B407, HBOZ, H2WO4, H2Cr04, H2Cr207, H2Ti03,
HZr0O3, MAIG2, HMn204, HIO3, HIO4, HCIO4, or a source of an acid such as an
anhvdrous acid such as at least one of the group of 802, 803, €02, NO2, N203, N2035,
C1207, PO2. P203, and P205;

a solid acid such as one of the group of MHSO4, MHCO3, M2HP(4, and MH2P0O4
wherein M is metal such as an alkali metal;

an oxyhydroxide such as one of the group of WOZ(OH), WOZ(OH)2, VO(OH},
VO{OH)2, VO(OH)3, V202{0H)2, VZOZ(GHM VZOZIOH, V 7()3(()} 32,
Y203(0H)4,VZO40OH)2, FeO(OH), (& "vin@(()}{) groutite and ~’\/in0(();‘~i) manganite),
MnO(OH), MaO(OH)2, Mn203(0H), Mn202(0H)3, Mn20(CH)S, MnO3(0OH),
MnO2(0H)3, MnO(OH)5, Mn202(0H)2, MnZO6(OH)2, Mn204(0OH)6, NiO(OH),
TIO(OH), TIO(OH)2, TiZ03(0H), Ti203(0H)2, TI202(0H)3, TizO2(OH)4, and NiO(OH),
bracewellite (CrO(OH)), diaspore (AIO(OH)), ScO(OH), YO(OH), VO(OH), goethite (/-
Fe3+0O(0H)), groutite (Mn3+0O(0H)), guyanaite (Cr{OH)), montroseite ({(V, FeY3(OH)},
CoO(OH), NiO(OH), Ni1/2C01/20(0H), and Nil/3Co1/3Mnl/30(0OH), RhO(OH),
nG(OH), tsumgallite (GaO(OH)), manganite (Mn3+0(0H)), yitrotungstite~(Y)
YW2O6(0OH)3, vitrotungstite-{Ce) ({Ce, Nd, YIYW206(0OH)3), unnamed (Nd-analogue of
yitrotungstite~-(Ce) ) Y (N4, Ce, LaYW206{0OH}3), [rankhawthomeite (CuzZ[({OH)2[Te04]),

2+

khinite (Pb2+Cu3 (1306)( OH)Y2), parakhinite (Pb2+Cu3 TeO6(0OH)2), and MxOvHz
wherein x, v, and z are integers and M s a metal such as a transition, inner transition, or rare
earth metal such as metal oxyhydroxides;

an oxide such as one of the group of oxyanion compounds, aluminate, tungsiate,

zirconate, titanate, sulfate, phosphate, carbonate, niirate, chromate, and manganate, oxides,
nitrites, borates, boron oxide such as B-0s;, metal oxides, nonmetal oxides, oxides of alkal,
alkaline earth, transifion, inner transition, and rare earth metals, and Al Ga. In, Sn, Pb, §, Te,
Se, N, P, As, 8b, Bi, C, 81, Ge, and B, and other elements that form oxides or oxyanions, an
oxide comprising at least one cation from the group of alkaline, alkaline earth, transition,
nner iransition, and rare earth meatal, and AL Ga, In. Sn, and Pb cations, a metal oxide amon

and & cation such as an atkali, alkaline earth, transition, inner transition and rare earth metal
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cation, and those of other metals and metallowds such as those of Al Ga. In, 81, Ge, Sn, Pb,
As, Sb, By, Se, and Te such as MM 2x03x+1 or MM 2x04 (M = glkaline earth, M’ =
transition metal such as Fe or Ni or Mn, x = mteger} and M2M 2x03x+1 or M2M 2x04 (M
= alkali, M" = transition metal such as Fe or Ni or Mn, x = integer), M20 and MO where in
M 15 metal such as an alkali metal such as Li20, Na2Q, and K20, and alkaline earth metal
such as Mg, Ca0, 10, and BaO, M{Co02 wherein M 1s metal such as an alkali metal,
Co02, Mn0O2, Mn203, Mn304, Pb0O2, Ag202, AgO, RuO2, compounds comprising silver
and oxygen, oxides of transition metals such as Ni(d and Co(0, those of V., Zrx, Ti, Mn, Zn, Cr,
Sn, fn, Cu, M1, Pb, Sb, By, Co, Cd, Ge, Ay, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, T¢,
Te, T1, and W transition metals and Sn such as SnQ, those of alkali metals such as 1120,
Naz2(, and K20, and alkaline earth metal such as Mg, Cal, $10, and Ba, Mo(2Z, Ti02,
Zr02, S102, Al203, NiQ, Ni203, Fe(, Fe2(3, Ta02, Ta205, VO, V02, V203, V203,
B203, Nb(, NbO2Z, Nb2035, Se(2, Se03, Te(2, Te(3, W02, W03, Cr304, Cr203, Cr(2,
CrO3, MnO, Mn207. HIO2, Co203, CoO, Co304, PdO, P12, BaZr03, Ce203, LiCo02,
Sb203, Baw04, BaCr(Q,, BaSi,0s, Ba(B02)2, Ba(P03)2, BaSi03, BaMo(4, Ba(Nb(3)2.
BaTi(;, BaTi2035, BaW(4, CoMoQy, Co28104, CoS04, CoTiO3, CoW4, Co2Ti04,
Nb20S5, Li2Mo(04, LiNbO3, LiSi04, Li3P04, Li2804, LiTa03, Li2B407, Li2Ti03,
L2WO4, LaVO3, LV, Li2Z2r03, LiFe02, LiMnO,, LiMn204, 11Ga02, Li2Ge(3,
LiGa(32;

a hydrate such as one of the disclosure such as borax or sodium tetraborate
hexahvdrate;

a peroxide such as H202, M202 where M is an alkali metal, such as L1202, Na22,
K202, other ionic peroxides such as those of alkaline earth peroxides such as Ca, Sr, or Ba
peroxides, those of other electropositive metals such as those of lanthamdes, and covalent
metal peroxides such as those of Zn, Cd, and Hg;

a superoxide such as MO2 where M is an alkali metal, such as Na02, KO2, Rb0O2,
and CsO2, and alkaline earth metal superoxides;

a compound comprising at least one of an oxygen species such as at least one of 02,
03, O], 0/, 0, 0+, H20, H30+, OH, OH+, OH-, HOOH, O0H-, 0-, 02-, O], and O,
and a H species such as at least one of H2, H, H+, H20, H30+, GH, OH+, OH-, HOOH, and
O0H-;

an anhydride or oxide capable of undergo a hvdration reaction comprising an element,
metal, alioy, or mixture such as one from the group of Mo, Ti, Zr, 8i, Al, Ni, Fe, Ta, V., B,
Nb. Se, Te, W, Cr. Mn, Hf, Co, and Mg, LiZMo03, LiZMo04, Li2TiO3, Li2Zr03, Li28i03,
LiAIO2, LiNiO2, LiFe02, LiTa03, LiVO3, LizVOs. Li2B407, LiZNbO3, Li2Se03,
LiZSe04, Li2Te03, Li2Te4, LiZWO04, LiZ2Cr04, LizCr207, Li2Mn04, Li2HIO3, LiCo(2,
and MO wherein M is metal such as an alkaline earth metal such as Mg of MgO, As203,
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As205, 8h203, Sh204, Sb20S, Bi203, SOz, 803, CO2Z, NO2, N203, N2035, Ci207, PO2Z,
P20¥3, and P2OS;

a hvdride such ag one from the group of R-Ni, La2Co1Ni9H6, LaZColNi9H6,
ZrCr2H3.8, LaNi3.55Mn0.4 A10.3Co0.75, Zrvin0.5Cr0.2V 0. 1N11.2, and other alloys capable
of storing hvdrogen such as one chosen from MmNi5 (Mm = misch metal) such as
MmNi3.5Co0.7A10.8, ABS (LaCePrNdNiCoMnAly or ABZ (VTiZrMNiCrCoMnAlSn) type,
where the “ABx” designation refers 1o the ratio of the A type elements (LaCePrNd or TiZs)
to that of the B tvpe elemenis (VNiCrCoMnAlISn}, ABS-type,

MmNi3 2Co1 0Mn0.6AI0. 11 Mo0.09 (Mm = misch metal: 25 wt% La, 50 wi% Ce, 7 wt% Pr,
18 wi% Nd), Lal-vRyMNiS-xMx, AB2-type: Ti0.51Zr0.49V0.70N11 . 18(r0.12 alloys,
magnesium-based atloys, Mg1.9A10.1Ni0.8C00. 1Mn0. 1 alloy, Mg0.725¢0.28(Pd0.012 +
Rh0.012), and MgR0T:i20, MgR0V20, La0 8Nd0.2Ni12.4C02 55101, LaMNiS-xMx (M= Mn,
Al), (M= Al, 81, Cu), (M= Sn), (M= Al, Mn, Cu) and LaNi4Co,

MmNi3.55Mn0.44 A10.3C00.75, LaNi13 55Mn0 44 A10.3C00.75, Mg{u2, Mgén2, Mghi2,
AB compounds, TiFe, TiCo, and TiNi. ABn compounds (n =5, 2, or 1), AB3-4 compounds,
ABx {A=La, Ce, Mn, Mg, B =Ni, Mn, Co, Al}, ZrFe2, Zr0.5Cs0.5Fe2, Z10.85¢(.2Fe2,
YNiS, LaNis, LaNi4.5Co0.5, {(Ce, La, Nd, PriNi5S, Mischmetal-nickel allov,
Ti0.98Z750.02V0.43Fe0.09Cr0.05Mn 1.5, La2ColNi9, FeNi, TiMn2, TiFeH2, a species of a
M-N-H system such as LiNHZ, LiZNH, or Li3N, and a alkali metal hvdride further
comprising boron such as borohydndes or aluminum such as alunminohvdides, alkaline earth
metal hyvdrides such as MgH2, metal alloy hyvdrides such as BaReH9, LaNiSH6, FeTiH1.7,
and MgMNiH4, metal borohydrides such as Be(BH4)2, Mg(BH4)2, Ca(BH4)2, Zn(BH4)2,
Sc(BH4)3, TIBHA)3, Mn(BH4)2, Zr(BH4)4, NaBH4, LiBH4, KBH4, and AIBH4)3, AIH3,
NaAlH4, Na3AlHe, LiATH4, LiBAIHG, LiH, LaNiSH6, La2ColNi9Hs6, and TiFeH2,
NH3BH3, hydride metals or semi-metals comprising alkali metals (Na, K, Rb, Cg), alkaline
earth metals (Mg, Ca, Ba, S1), elements from the Group IHA such as B, Al, Ga, Sh, from the
Group IVA such as €, 81, Ge, Sn, and from the Group VA such as N, P, As, transition metal
alloys and intermetallic compounds ABn, in which A represents one or more element(s)
capable of forming a stable hydride and B is an element that forms an unstable hydrnide,
mtermetallic compounds given in TABLE 2, intermetallic compounds wherein part of sites A
and/or sites B are substituted with another element such as for M representing LaNi5, the
miermetallic allov may be represented by LaNiS-xAx, where A is, for example, Al, Cu, Fe,
Mn, and/or Co, and La may be substituted with Mischmetal, a mixture of rare earth metals
containing 30% to 70% of certum, neodyrmium and verv small amnounts of elernents from the
same series, the remainder being lanthamum, an alloy such as Li3Mg, K3Mg, Na3Mg that
forms a mixed hydride such as MMgH3 (M=alkali metal), polvannnoborane, amine borane

complexes such as amine borane, boron hydride aromoriates, hvdrazine-borane corplexes,
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diborane diammoniate, borazine, and ammonium octahydrotriborates or tetrahvdroborates,
imidazohium ionie iquids such as alkylaryl}-3-methylimidazolium N-
bis{trifluoromethanesulfonvlmidate salis, phosphonium borate, and carbonite substances.
Further exemplary compounds are amimonia borane, alkali aminonia borane such as hithium
ammonia borane, and borane alkvl amine complex such as borane dimethylamine complex,
borane trimethylamine complex, and amino boranes and borane amines such as
amninodiborane, n-dimnethylaminodiborane, tris{dimethylaminojborane, di-n-
butviboronamine, dimethyvlaminoborane, trimethylaminoborane, ammonia-trimethviborane,
and triethylanunoborane. Further suttable hydrogen storage matenals are organic hiquids
with absorbed hvdrogen such as carbazole and derivatives such as 9-(2-ethyvthexylcarbazole,
S-gthvicarbazole, 9-phenylcarbazole, 9-methylcarbazole, and 4.47-bis(W-carbazolyi)-1,1"-
biphenyl;

TABLE 2. Flements and combinations that form hydrides,

A B ABn

Mg, Zr Ni, Fe, Co Mg2ZNi, Mg2Clo,
/2 Zr2Fe

Ti, Zr Ni, Fe TilNi, TiFe, ZrNi

La, Zr, TL Y, L V. Cr, Mn, Fe, Ni LaNiZ, YNi2,

YMun2, Z5Cr2, Zrvin2,
ZrV2, TiMin2

La. bn Y, Mg Ni, Co £nCo3, YNi3,
LaMg2Ni9
La, rare earihs Ni, Cu, Co, Pt LaNis, LaCoSs,

LaCu3, LaPt5

a hydrogen permeable membrane such as Ni(H2), V(H2), Ti(H2), Fe(H2), or Nb(H2);

a compound comprising at least one of oxvgen and hydrogen such as one of the
disclosure wherein other metals may replaced the metals of the disclosure, M may also be
another cation such as an alkaline earth, {ransition, inner transition, or rare earth metal cation,
or a Group 13 to 16 cation such as Al Ga, In, Sn, Pb, Bi, and Te, and the metal may be one
of the molten metal such as at least one of silver and copper,

and other such sources of at least one of hydrogen and oxvgen such as ones known
by those skilled in the art. In an embodiment, at least one of the energy released by the
hvdrino reaction and the voltage applied across the elecirodes 1s sufficient fo break the
oxvgen bonding of the source of oxvgen to release oxygen. The voltage may be in at least

one range of about 0.1 V10 8V, 0.5 Vio 4V, and (.5 V 10 2V, In an embodiment, the source

174



WO 2017/127447 PCT/US2017/013972

of oxvgen is more stable than the hvdrogen reduction products such as water and the source
of oxygen that comprises Tess oxygen. The hydrogen reduction products may react with
water to form the source of oxygen. The reduced source of oxvgen may react at least one of
water and oxygen 1o maintain a low concentration of these oxidants in the reaction cell
chamber 5b31. The reduced source of oxygen may maintain the dome 5b4. In an exemplary
embodiment comprising a W dome and a highly stable oxide such as Na,O, the reduced
source of oxygen is Na metal vapor that reacts with both HhO and (O, (o scavenge these gases
from the reaction cell chamber. The Na may also reduce W oxide on the dome to W {o
maintain it from corrosion.

Exemplary sources of oxvgen such as one with a suttable melting and boiling point
capable of being dissolved or mixed into the melt such as molten silver ate at least one
selected from the group of NaReO4, NaOH, NaBrQ3, B203, P02, Mn02, Na5P3010,
NaV3, Sb203, Na2Mo04, V2035, Na2W04, Li2Mo04, 112C03, Te(2, LiZW(4,
Na2B407, NazCr04, Bi203, LaB02, Li2804, Na2C03, Na2S04, K203, K2ZMo04,
KIWO4, LiZB407, KBO2, NaBO2, NadP207, CoMoO4, StMo04, BidGe3012, K2804,
Mn2Q3, Ge(Q2, Naz8i(3, Naz(, Li3P04, StNb206, Cuz(, LiSi104, LiNbO3, Culy,
Co28104, BaCr(4, BaSi205, NaNb(03, Li20, BaMoO4, BaNbO3, W03, Baw04, SrCO3,
CoTiO3, CoWO4, LiVO3, Li»VOs, Li2Zr03, LiMn204, LiGa02, Mn304, Ba(BO2)2 *H20,
Na3zvV(4, LiMnQG4, K2B407%4H20, and Na(2.

In an embodiment, the source of oxvgen such as peroxide such as Na,(,, the source
of hydrogen such as a hydride or hydrogen gas such as argon/H, (3% to 5%, and a
conductive matrix such molten silver may serve as a solid fuel to form hydrinos. The
reaction may be run in an inert vessel such as an alkaline earth oxide vessel such as an MgO
vessel.

The additive may further comprise the compound or element formed by hydrogen
reduction of the source of oxvgen. The reduced source of oxygen may form the source of
oxvgen such as the oxide by reaction with at least one of excess oxygen and water in the
reaction cell chamber 5b31. At least one of the source of oxygen and reduced source of
oxygen may comprise a weight percentage of the injected melt comprising at least two of the
molien metal such as silver, the source of oxygen such as borax, and the reduced source of
oxygen that maximizes the hvdrino reaction rate. The weight percentage of at least one of the
source of oxyvgen and the reduced source of oxvgen may be n al least one weight percentage
range of about .01 wit% 1o 50 wi%, 0.1 wi% to 40 wi%, 0.1 wi% to 30 wt%, 0.1 wi% to 2¢
wi%, 0.1 wi% 1o 10 wt%, 1 wi% to 10 wi%, and 1 wi% to 5 wi%. The reaction cell chamber
gas may comprise a mixiure of gases. The mixture may comprise a noble gas such as argon
and hydrogen. The reaction cell chamber 5b31 mayv be maintained under an atmosphere

comprising a partial pressure of hydrogen. The hvdrogen pressure may be in at least one
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range of about 0.01 Torr to 10,000 Torr, 0.1 Torr to 1000 Torr, 1 Torr to 100 Torr, and § Torr
io 10 Torr. The noble gas such as argon pressure may be in at least one range of about 0.1
Torr to 100,000 Torr, 1 Torr io 10,00 Torr, and 10 Torr to 1000 Torr. The source of oxygen
may undergo reaction with the hydrogen to form H,O. The H,O may serve as HOH catalyst
to form hvdrinos. The source of oxygen may be thermodynamicaliv unfavorable {o hydroge
reduction. The HOH may form during ignition such as in the plasma. The reduced product
may react with water formed during ignition. The water reaction may maintain the water in
the reaction cell chamber 5b31 at fow levels. The low water levels may be in at least one
range of about less than 40 Torr, less than 30 Torr, less than 20 Torr, less than 10 Torr, less
than 5 Torr, and less than | Torr. The low water vapor pressure in the reaction cell chamber
may protect at feast one cell component such as the dome 5b4 such as a W or graphite dome
from undergoing corrosion. The tungsien oxide as the source of oxygen could participate in a
tungsten cycle {o maintain a tungsten dome 5b4 against corrosion. The balance of the oxvgen
and tungsten inventory may stay near constant. Any tungsten oxide corrosion product by
reaction of the oxygen from the tungsten oxide with tungsten metal may be replaced by
tungsten metal from tungsten oxide that was reduced to provide the oxygen reactant.

The additive may comprise a compound to enhance the solubility of another additive
such as the source of oxyvgen. The compound may comprise a dispersant. The compound
may comprise a flux. The generator may further comprise a stirrer to mix the molten metal
such as silver with the additive such as the source of oxygen. The stirrer may comprise at
teast one of a mechanical, pneumatic, magnetic, electromagnetic such as one that uses a
Lorentz force, piezoelectric, and other stirrers known in the art. The stirrer may comprise a
sonicator such as an ultrasomic somcator. The stirrer may comprise an electromagnetic pump.
The stirrer may comprise at least one of the electrode electromagnetic pump and the injection
electromagnetic pump Sk. The stirring may occur in a cell component that holds the melt
such as at least one of the cone reservoir, reservoir, and EM pump. The melt composition
may be adjusted to increase the solubility of the additive. The meli may comprise at least one
of silver, silver-copper alloy, and copper wherein the melt composition may be adjusted o
mcrease the solubility of the additive. The compound that increases the solubility may
comprise a gas. The gas may have a reversible reaction with the additive such as the source
of oxygen. The reversible reaction may enhance the solubility of the source of oxvgen. Inan
exernplary embodiment, the gas comprises CO,. An exeraplary reversible reaction is the
reaction of CO; and an oxude such as an alkali oxide such as L1,O to form the carbonate. In
another erobodirnent, the reaction comprises the reaction of the reduction products of the
source of oxygen such as the metal and water of a roetal oxide such as an alkali oxide such as

Lix0O or Na,O, a transition metal oxide such as CuQ, and bismuth oxide.
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fn an exemplary embodiment, the shot comprises silver and at least one of LaV Q5 and
M, (M = Li or Na) in at least one concentration range of about 6.1 {0 5 mol%, 1 {0 3 mol%,
and 1.5 to 2.5 moi%. The reaction cell chamber 5b31 gas comprises an inert gas such as
argon with hydrogen gas maintained in at least one range of about | to 10%, 210 5%, and 3
1o 5%. The consumed hydrogen may be replaced by supplving hvdrogen to the cell chamber
5b3 while monitoring at least one of the hvdrogen partial pressure and the total pressure such
as in the cell chamber wherein the hydrogen pressure may be inferred {rom the fotal pressure
due to the inert nature and constancy of the argon gas inveniory. The hvdrogen add back rate
may be in at least one range of about 0.00001 moles/s to 0.01 moles/s, 0.00005 moles/s {0
0.001 moles/s, and 0.0001 moles/s {0 0.001 moles/s. The cell dorse 5b4 may comprise W or
carbon. The dome 5b4 may comprise cloth or weave such as one comprising tungsten
comprising fine tungsten filarents wherein the weave density 15 permeable to gases, but
prevents silver vapor from permeating from inside the reaction cell chamber to the cell
chamber. At least one of the cone reservoir 3b, reservoir 5¢, and EM pump components such
as the pump tube 5k6 may comprise at least one of miohium, roolybdenum, tardahum,
tungsten, rhenium, tifanium, vanadium, chromium, zirconium, hafnium, ruthenium, rhodium,
osmium and irdium. The components may be ioined by at least one joirung or fabrication
technique of the group of sintering powder welds, laser welds, electron beam welding,
electric discharge machining, casting, using treaded joints, using Swageloks comprising
refractory matenials, using alloying agents such as rhenturn, titartum and zirconium (TZM)
for Mo, and electroplating joining. In an embodiment comprising a refractory metal, the
section of the pump tube 5k6 at the EM pump bus bars Sk2 may be machined from a solid
piece or cast by means such as power sintering cast. The section roay comprise an inlet and
outlet tube for adjoining the corresponding inlet and nozzle portion of the pump tube. The
joining may be by means of the disclosure. The adjoined pipe sections may be eleciron beam
welded as straight sections and then bent to form the pump loop. The pump tube inlet portion
from the reservoir and the nozzle portion may be abutted to the bottom of the reservoir and
passed through the bottom, respectively. The tube may be welded at each penetration of the
bottom of the reservoir by eleciron beam welding.

In an embodiment, threaded refractory metal cell component pieces are sealed
together using O-rings such as refractory metal or material O-rings (FIGURES 2156-2164),
The threaded connecting pieces may join at a flat and kunife-edge pairs wherein the knife-edge
compresses the O-ring. Exemplary refractory metals or matenals are those of the disclosure
such as W, Ta, Nb, Mo, and WC. In an embodiment, parts of the cell such as parts of the EM
pump such as at least one of the pump tube nozzle Sq, the pump tube 5k6 nlet and outlet of
the reservoir 5¢, and the reservoir S¢, the cone reservoir 5h, and the dome 5b4 may be
connected to the contiguous part by at least one of threads, O-nings, VCR-type fittings, flare
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and compression fittings, and Swagelok fittings or Swagelok-~type fittings. At least one of the
fittings and O-rings may comprise a refractory material such as W. At least one of the O-
rings, compression ring of the VCUR-type fittings, Swagelok fittings, or Swagelok-tvpe
fithings may coraprise a softer refractory ruaterial such as Ta or graphite. Atleast ove of the
cell parts and fittings may comprise at least one of Ta, W, Mo, W-La,(; alioy, Mo, TZM,
and niobium (Nb}. The part such as the dome 5b4 may be machined from solid W or W-
Fanthanum oxide alloy. The part such as the dome 5b4 such as a W dome may be formed by
selective laser melting (SLM).

in an embodiment, a cell component such as at least one of the cone 5b2, cone
reservoir Sb, reservoir 5¢, and dome 5b4 comprises a high temperature substrate material
such as carbon such as graphite that 1s coated with a refractory material. The refractory
matenal may comprise at least one of a refractory metal and a carbide such as a refractory
metal carbide. The coaling may comprise one that serves at least one fumnction of reducing
the vapor pressure of graphite, preventing carbon sublimation, and reducing the wear of the
graphite surface. The coating may comprise a plurality of coatings. The coatings may enable
bounding of a desired outer coating such as W. The plurality of coatings may comprise a
first graphite bonding layer, a transition layer, and an outer layer. The first layer may
comprise carbide such as at least one of WC, Tall, and HIC. The transition layer may
comprise a refractory metal such as at feast one of Ta and Hf. The outer layer may comprise
a refractory material such as a refractory metal such as W. In an exemplary embodiment,
graphite having at thermal coefficient of expansion sumilar to that of Hf or Ta may be coated
with Ta or Hf, and this layer may be coated with W. In an embodiment, the top surface
coating such as a thenium (Re) or tungsten (W) surface may be patterned or textured to
mcrease the enussivity. The patterning or {exturing may be achieved by vapor deposition.
Alternatively, the surface may be polished to decrease the emssivity,

in an embodiment, a cell component such as at least one of the cone 5b2, cone
reservoir 5b, reservoir 5¢, and dome 5b4 comprises a high temperature substrate material
such as carbon such as graphite that is clad with a refractory material. The refractory
material may comprise at least one of a refractory metal and a carbide such as a refractory
metal carbide. The cladding may comprise one that serves at feast one function of reducing
the vapor pressure of graphite, preventing carbon sublimation, and reducing the wear of the
graphite surface. The cladding may comprise a plurality of claddings. The cell body
component such as at least one of the cone 5b2, cone reservoir 5b, reservoir 5¢, and dome
5h4 mav comprise any desired shape. The shape of the cell body comprising a cell
component or components may be closed to form a closed reaction cell chamber 5631 and
may have an outer surface that performs the function of the irradiation of the surrounding PV
converter 26a. The cell body may comprise a cvlinder or faceted cylinder. The body may be
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comprised of a structural material such as graphite that 1s lined on at least one surface. The
body may comprise at least one of an imner and outer body surface liner or covering such as a
refractory liner or covering such as one comprising fungsten. In an embodiment, the inner
and outer claddings, liners, or surface coverings may be connected through the middle layer
by fasteners such as bolis, rivets, or screws. The cell body component or components may
comprise a sealed reaction cell chamber 5631, The sealing may contain the vapor of the fuel
melt such as one comprising molten sthver. The seal may comprise at least one of a weld,
threads, VUR-tvpe fittings, flare and compression-type fittings, and a Swagelok-type seal. In
an embodiment, the outer body surface liner or covering mayv be sealed to contain the
sublimation vapor pressure of graphite such as about 43 Torr at 3500K. The cell operating
temperature may be below a temperature that avoids a metal vapor pressure that causes
fatlure of the cell. In an exemplary embodiment, the cell body comprises a thick graphite
cvlinder with an inner W liner, and an outer W cover cylinder wherein at least one of the
graphite, inner W, and outer W cylinders are sealad to the components that connect {o the EM
pump by means such as threads. The operating temperature may be about 3000 K or below
to maintain the pressure at or below 10 atm Ag vapor pressure. In another embodiment, the
Ag may be condensed on a cooled surface to maintain the metal vapor pressure below the cell
fatlure limut wherein the cell may be operated at a higher temperature than in the absence of
the condensation by cooling. An exemplary higher temperature is 3500K.

in an embodiment, the cell may be cooled with cold plates such as microchannel cold
plates that may be water-cooled. At least one cell component such as the cone Sb2, the cone
reservoir 5b, the reservoir Sc, the PV converter 26a, the electrodes 8. the bus bars 9 and 10,
and the EM pump may be cooled with cold plates. At least one of the cell and at least one
cell component may be water cooled by the cooling cotl 50 of the inductively coupled heater.

In an exemplary embodiment (FIGURES 2156-2179}, the cell comprises (i) a dome
5b4 such as a tungsten dome 5b4 comprising a sphere with a threaded neck connected to the
sphere at the top and comprising a knife edge at the bottom; the dome 5b4 neck may
comprise two threaded penetrations onented 180° relative to each other to attach matching
threaded-in electrodes; each electrode may be sealed against the cutside of the dome collar
wall with an G-ring such as a Ta O-ring and a locking nut 8al threaded on the electrode; the
corresponding bus bar may be threaded onto the electrode on the end outside of the reaction
cell chamber 5b31; each electrode may comprise a cvlindrical body and a plate discharge
end, the electrode threads could have opposite handedness such that the electrodes can both
be rotated to screw in simultaneously, (i1} a dome separator plate 581 that may comprise a
threaded penetration for the neck of the dome that has matching threads to form a seal with
the plate; altematively, the dome separator plate may be machined or cast as part of at least
one of the dome neck and dome and dome neck; a thermal insulator 5b82 such as a disk
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comprising fire brick may insert into the dome separator plate 5b#1 as shown in FIGURE
2176, (i1} a tungsten right circular cvhindrical reservoir S¢ with the open top comprising
mating threads to the threaded dome neck, an O-ring 5b7 such as a Ta O-ring, and a seat for
the O-ring such that the neck knife edge seals with the O-ring when the threads are tightened;
the reservoir 5¢ further comprising a base plate 5b8 such as a tungsten base plate that may be
fabricated as part of the cylindrical reservoir 5c as shown in FIGURES 2156-2164 and the
base plate further comprises penetrations for the inlet and outlet of the tungsien
electromagnetic pump tube 5k6; alternatively, the base plate comprising EM pump
penetrations roay further comprise a recessed threaded female part of a joint, a seat for an O-
ring, and an O-ring such as a Ta or graphite O-ring; the right cvhindrical reservoir 5¢ may
further comprise a knife edge at the bottom and mating threads on the outside bottom section
comprising a male part of a joint; and the male and female portions may screw together and
seal at the knife edge on the cylinder against the G-ring on the base plate 5b8, (1v) tungsien
Swagelok-type or VUR-type fittings 5k9 (FIGURES 2158 and 2162} that may comprise at
least one O-ring 5k10 to seal the pump tube penetrations at the reservoir base plate 5bs, (via
tungsten pump tube 5k6 and comprising a tungsien nozzle 5q wherein the tube and nozzle
may comprise one piece or may comprise two that may be joined by a fitting such as a VCR
fitting Sk9 such as one at the peneiration of the reservoir base plate, (vi) tungsten
electromagnetic pump bus bars Sk2 that may be permanently or dynamically mechanically
pressed onto the pump tube wall that may comprise indentation to facilitate good electrical
contacts between the each bus bar at opposing sides of the pump tube wall, and {vii} tumgsten
heat transfer blocks 5k7. The electromagnetic pump may be mounted on blocks or EM pump
mount Ske (FIGURE 2175) that may comprise an insulator such as one comprised of silicon
carbide.

In an embodiment, the EM pump tube may comprise at least three pieces, an inlet, an
outlet, a bus bar, and a nozzle section 5k61. Additionally, a separate nozzle may thread onto
the nozzle section of the pump tube. The nozzle may comprise at least two flat external
surfaces to facilitate tightening with a wrench or similar tool. At least one of the inlet, outlet,
and nozzle sections may connect to the base plale of the reservoir 5¢ by a threaded joint. The
union between the threaded base plate and the threaded tube section may further comprise an
O-ring such as a Ta O-ring that may further seal the section to the base plate. In an
exemplary embodiment, the fube section may comprise a raised collar that compresses the O-
ring to the outside of the base plate as the threads are tightened. The bus bar section may be
conmected to at least one of the inlet and outlet tube sections by threads. The threads of at
Jeast one joint may be in excess of that needed for jomning or over threaded such that the bus
bar section may be excessively screwed into one of the inlet or outlet sections such that the

oppostie end of the bus bar section can be fitted (o the starting threads of opposing piece

180



WO 2017/127447 PCT/US2017/013972

comprising the outlet or inlet section, respectively. Then, the bus bar section can be screwed
imto the opposing piece such that both the inlet and outlet sections are screwed into the bus
bar section. In another embodiment, at least one of the bus bar, inlet, and outlet, and nozzle
sections are joined by flare and corapression fittings. The joints roay be sealed with a thread
sealant such as graphite. At least one joint mav be sealed with a weld such as an electron
beam weld. In addition to flare and compression, threaded. ¥V CR-type fittings, welded, O-
rings, knife-end, and Swagelok-type, other joints know in the art may be used {0 join at least
two pieces of the EM pump tube sections and the reservoir.

In an embodiment, the dome, cone reservolr, or reservoir may comprise sealed
electrode penetrations. The electrode penetration may be sealed with a means of the
disclosure such as a refractory (-ring {0 an insulating feed-through. Altematively, the seal
may comprise a non-conducting surface such as an anodized surface on the bus bars such as
anodized aluminum, anodized titarium, or anodized zirconium wherein the seal may
comprise a compression seal. The seal may be by differential thermal expansion. The seal
may be maintained below the failure temperature by cooling the seal. Heat at the seals may
be at least partially removed by the cooled bus bars such as the water-cooled bus bars. The
seal may be made by heating the cell component such as the reservoir or cone reservoir
comprising electrode penetrations o high temperature, inserting the cold bus bars or
electrodes having an insuiating coating such as an anodized coating, and then aliowing the
component to cool to form the seal. Alternatively, at least one of the bus bar and electrode
may be cooled to cause the part to shrink before insertion into the penetration. The part may
be allowed to warm to form the shrink or compression seal. The cooling may be with hiquid
nitrogen or other crvogen. The mmsulating surface may comprise a coating such as one of the
disclosure such as at feast one of zirconia + 8% vytiria, Mullite, or Mullite-Y$Z, silicon
carbide. The seal may be maintained under high-temperature cell operating conditions since
the penetration being in contact with the cooled bus bar or electrodes remains at a lower
temperature than that at which the component was originally heated before inserting the bus
bars or electrodes. The parts comprising the seal such ag the reservoir and the bus bars may
have flanges, grooves, O-rings, maling pteces, and other geometries of fasteners {o improve
the strength of the thermal compression seal known to those skilied in the art. Other feed-
throughs of the generator such as those of the electromagnetic pump bus bars may comprise
thermal compression seals wherein the surface of the penetrating parts may comprise
electrical insulating matenials. The insulating surface may comprise an anodized metal such
as at least one of aluminum, titanium, and zircoruum.  The insulating surface may comprise a
coaling such as one of the disclosure such as at least one of zirconia + 8% vitria, Mullite, or
Mullite-YSZ, silicon carbide. In an embodiment, at least one of the housing wall and the

penetrations roay be electrically jnsulating by means such as anodization to provide thermal
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compression seals for the inductively coupled heater antennae coil leads. The insulating
fayver may be at least the skin depth of the inductively coupled heater frequency such as RF
frequency.

in an embodiment, the electrode bus bars may cormprise an electrified conductor
mnside of a water-cooled housing. The inner electrified conductor may comprise the bus bar
cannula of the disclosure that is in the center of a hollow tube wherein water flows n the
cannula to cool the electrodes attached at the end and flows back inside the housing along the
outside of the cannula. The electrified cannula may be electrically connected to a plate at the
end of the bus bar that connects to the electrode. The end plate may be electrically msulated
from the housing. In another embodiment, the end plate 1s 1n electrical connection with the
cell wall wherein the parasitic current through the cell wall is low compared to the current
through the electrodes. The inner electrified conductor may enter the bus bar through an
electrically insulated penetration at the end opposite the dectrode connectlion end. Since the
temperature is low at the penetration end, the penetration may be a Swagelok type that may
comprise a polymer insulator such as Teflon or other suitable electrical msulator known in
the art.

In an embodiment (FIGURES 2156-2164), the electrodes 8 may comprise rods such as
tungsten rods that are threaded at the penetrations with the cell wall such as the reservoir 5¢
or cone reservoir cell wall 5b that has matching threads. Each threaded tungsien rod
electrode may screw uto a matching threaded W cell wall. Each electrode may comprise a
center channel for water-cooling. The electrode end opposite the ignition gap 8g may be
fastened to the water-cooled bus bar 9 and 10 that may further connect bus bar current
connectors 9a. The fastening may comprise solder such as silver solder. The electrode may
be electrically msulated from the cell wall at the threaded penetration by a covering on the
threads such as an insulating wrapping o1 tape such as at least one of Teflon, Kalrez, or Viton
tape. The covering mav further provide at least one function of sealing the cell to pressure
such as a pressure in the range of abowt 1 atm to 50 atm and provide stress relief from the
differential expansion of the electrode and the cell wall. In an embodiment, the bus bar or
electrode that penetrates the cell wall comprises a matenal having a thermal expansion thatis
matched to that of the cell wall to prevent excessive wall stress due to differential thermal
expansion during operation. In an embodiment, at least one of the electrode threads and
electrodes may be electrically isolated from the cell by a coating such as vitrium oxide.

In another embodiment (FIGURES 2156-2164), the electrodes 8 penetrate the cell wall
such as the reservoir 3¢ or cone reservoir 5h wall and are fasted at the penetrations. The
fastening may compnise a weld or a threaded joint. In an exemplary embodiment, the
electrodes may comprise rods such as tungsten rods or shafis that are threaded at the

penetrations with the cell wall such as the reservoir or cone reservoir cell wall that has
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matching threads. Fach threaded tungsten rod electrode may screw into a matching threaded
W cell wall, The union between the threaded wall and the threaded electrode may further
comprise an O-ring 8a such as a Ta O-ring that may further seal the electrode and the wall.
in an exemplary erobodiment, the electrode may comprise a raised collar that compresses the
(-ring 8a to the ouiside of the wall as the threads are tightened. Alternatively, each electrode
may comprise alock nut 8al threaded on the shaft and may be tightened against the O-ring
and the wall. In an embodiment the nut 8al may comprise a compound threaded fastener,
The fastening may provide an electrical connection between the electrode and the cell wall
wherein the resistance to current flow through the cell wall 1s munimized relative to that
which flows between the elecirodes with injection of the molien metal such as silver. The
parasitic current through the cell wall may be low compared to the current through the
electrodes. The electrode current may be increased relative to the parasitic wall current by
lowering the resistance of the elecirode current and increasing the resistance of the parasitic
current. The resistance of the electrode current may be decreased by at ieast one of
mcreasing the electrode cross-section such as by increasing the diameter of rod electrodes,

decreasing the elecirode length, decreasing the inier-electrode gap 8g

g, increasing the
conductivity of the melt, and cooling the electrodes wherein the temperature may be
maintained above the melting point of the injected melt such a silver melt. The resistance of
the parasitic wall current may be increased by at least one of increasing the wall
circumferential path, using more resistive wall matenial, oxidizing the wall such as at
electrical contact points, decreasing the thickness of the wall, and mcreasing the lemperature
of the wall. In an embodiment, the threads can be at least partially oxidized by exposure to a
source of oxygen or may be anodized to decrease the electrical contact between the
electrodes and wall to lower the parasitic current. In an embodiment, the electrical contact
points between the electrodes and wall may be coated with a tungsten bronze such as

M r WO, (0<n<1) wherein n maybe less than about 0.3 such that the bronze is a
semiconductor rather than a conductor. The bronze may be formed by reacting 3 W0;
coating with an alkal metal or by hydrogen reduction of sodium tungsiate coating at red heat.
Alternatively, the W surface may be coated with boronitride or tungsten nitride, boride,
silicide, or carbide by methods known in the art. At least one of the threads and proximal

egion about the electrodes may be coated wherein the proximal region may be the region
where the melt may short the electrodes to the wall. The proximal region roay be cooled such
that the coating does not rapidly thermally degrade. In an embodiment, the electrode O-ring
such as the Ta O-ring, the locking nint, and the threads at the locking nut may be coated to
lower the conductivity between the electrode shaft and the wall through which the electrode

penetrates such as the dome coliar wall,
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Each electrode may comprise a center channel for water-cooling. The electrode end
opposite the ignition gap 8g may be fastened to the water-cooled bus bar 3 and 10. The
fastening may comprise threads, or solder such as silver solder. The corresponding bus bar
may be threaded onto the electrode on the end outside of the reaction cell chamber 5b31. The
cooling may lower the electrode resistance relative to the wall resistance to lower the
parasitic wall current.

In an embodiment, the refractory material electrodes such as tungsien elecirodes
comprise a cooling channel or cannula. The cooling channel may be centerline. The cooling
channel may be plated or coated with a matenial that does not react with water such as silver,
nickel, or copper, or a coating of the disclosure. The channel may be clad with a material
such as metal, graphite, or a coating that is non-reactive with water.

in an embodiment, parallel plate electrodes are conmected to opposing bus bars. The
electrodes may comprise a cyvlindncal threaded section that threads into matching threads n
the cell wall such as the reservoir 5S¢ wall. The threads may be tightened with a nut on the
outside of the cell wall that may comprise an O-ning such as a Ta O-nng. The electrodes
such as W electrodes may each be fabncated as a single piece comprising a cylindrical
threaded portion and a plate section wherein the plate may be offset from the center of the
cylindrical section to permit the two opposing electrodes o parallel overlap. The electrodes
may be screwed in by rotating both simultaneously in the same direction with opposing
electrodes and walls having oppositely handed threads. Altematively, each electrode may
comprise a cvlindrical piece and a plate. Each cylindnical piece may be screwed in
independently, and the plate and cylindrical sections may be joined by fasteners such as
welds, nvets, or screws.

In an embodiment to prevent the capacitor from discharging when the generator 13 not
in operation comprising a storage source of electrical power 2 or ignition sowrce such as a
capacitor bank or battery and further comprising electrodes having a parasific current, the
generator may comprise a switch to elecinify the electrodes with the initiation of the delivery
of melt to the electrode gap 8g by the EM pump. The current may be constant or pulsed.
The constant current may be ramped from a lower to a higher level. Tn an embodiment, the
voltage may be raised to inttiate breakdown and then reduced.

In an embodiment, the generator further comprises a cell chamber capable of
pressures below atmospheric, atmospheric, and above atrmospheric that houses the dome 5b4d
and corresponding reaction cell chamber Sb31. The cell chamber 5b3 housing and the lower
chamber 5b5 housing may be in continuity. Alternatively, the lower chamber 5b3 may be
separate having its own pressure control system that may be operated at a different pressure
than the cell chamber such as atmospheric pressure or vacuum. The separator of the cell
chamber 5b3 and the lower chamber 5b3S may comprise a plate at the top 5hR1 or bottom 5b



WO 2017/127447 PCT/US2017/013972

of the reservoir S¢. The plate 5h8 may be fastened to the reservoir by threads between the
plate 5b81 or 5b8 and the reservoir Sc. At least one of the threaded dome and neck, and the
reservoir with a base plate may be machine as single pieces from forged tungsten. The
pressed tungsten electromagnetic pump bus bars 5k2 may be sinter welded to the pump tube
wall indentation by applving tungsten powder that forms a sinter weld during operation at
high temperature. The use of a refractory material such as tungsten for the cell components
may avoid the necessity of having a thermal barrier such as a thermal insulator such as SiC
between the dome and the reservoir or between the cone reservoir and the reservoir.

in an embodiment, the reaction cell chamber 5b31 may comprise a silver boiler. In an
embodiment, the vapor pressure of the molten metal such as silver is allowed to about reach
equilibrivm at the operating temperature such that the process of metal evaporation about
ceases and power loss to silver vaporization and condensation with heat rejection 15 about
eliminated. Exemplary silver vapor pressures at operating temperatures of 3000K and 35060K
are 10 atim and 46 atm, respectively. The maintenance of the equilibrium silver vapor
pressure at the cell operating ternperature comprises a stable means to maintain the cell
pressure with refluxing liguid sifver during cell power generation operation. Since the dome
5b4 may rupture at the high pressure and temperature, in an embodiment, the pressure in the
cell chamber 5b3 1s matched to the pressure in the reaction cell chamber 5b31 such that
essentially no net pressure differential exists across the dome 5b4. In an embodiment, a

shght excess pressure such as in the range of about 1 mTomr to 100 Torr may be maintained

ld
in the reaction cell chamber 5b31 to prevent creep of the tungsten dome 5b4 such as creep
against the force of gravity. In an embodiment creep may be suppressed by the addition of a
stabilizing additive to the metal of the blackbody radiator 5bd. In an embodiment, tungsien 1s
doped with an additive such as small amounts of at least one of K, Re, Ce(d,, HIC, ¥,0;,
HiO,, Lay0s, Zr(;, AlLOs, 810, and KO to reduce creep. The additive may be in any
desirable amount such as in a range of 1 ppm o 10 wi%.

In an embodiment of the reaction cell chamber 5b31 operated as a silver boiler, the
cell components such as the dome 5b4 and reservoir Sc comprise a refractory material such as
tungsten. In a startup mode, the reservoir 5¢ may be heated to sufficient temperature with a
heater such as the mductively coupled heater Sm and 50 to cause metal vapor pressure such
as silver metal vapor pressure to heat the dome 5b4. The temperature may be above the
melting point of silver when the EM pump and electrodes are activated {o cause pumping and
ignition. In an embodiment, a source of oxvgen such as an oxide such as LiV{(; may be
coated on the dore 5b4 wall to be incorporated o the roelt as the roetal vapor refluxes
during warm up during the startup.

In an embodiment, the hydrino reaction is maintained by silver vapor that serves as

the conductive matrix. At least one of continuous injection wherein at least a portion
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becomes vapor and direct botling of the stlver from the reservoir may provide the silver
vapor. The electrodes may provide high current to the reaction 1o remove electrons and
mitigte the hydrino reaction. The heat from the hyvdrino reaction may assist in providing
metal vapor such as silver metal vapor to the reaction cell chamber.  In an embodiment, the
currentt through the electrodes may be at least partially diverted to alternative or
supplementary electrodes in contact with the plasma. The current diversion may occur after
the pressure of the sitver vapor becomes sufficiently high such that the silver vapor at least
partially serves as the conductive matrix. The aliernative or supplementary electrodes in
contact with the plasma may corprise one or more center electrodes and counter electrodes
about the perimeter of the reaction cell chamber. The cell wall may serve as an elecirode.

In an embodiment, the PV converter 26a is contained in an outer pressure vessel 5b3a
having an outer chamber 5b3al (FIGURE 2165). The outer pressure vessel may have any
desirable geometrical shape that contains the PV converter and inner cell components
comprising the source of light to illuminate the PV converter. The outer chamber may
comprise a cylindrical body with at least one domed end cap. The outer pressure vessel may
comprise a dome or spherical geometry or other suitable geometry capable of containing the
PY converter and dome 5h4 and capable of maintaining a pressure of at least one of legs than,
equal {o, or grealer than vacuum. In an embodiment, the PV converter 26a comprising PV
cells, cold plates, and cooling svstem are located inside of the outer pressure vessel whergin
electrical and coolant lines penetrate the vessel through sealed penetrations and feed-throughs
such as one of those of the disclosure. In an embodiment, the outer pressure vessel may
comprise a cylindrical body that may comprise at least one dome top. In an embodiment, the
generator roay comprise a cyhindrical chamber that may have a domed cap to house the
blackbody radiator Sbd and the PV converter 26a. The generator may comprise a top
chamber to house the PV converter and a bottom chamber to house 10 the electromagnetic
pump. The chambers may be operated at the same or different pressures.

In an embodiment, the cuter pressure vessel comprises the PV converter support such
as the PV dome that forms the cell chamber 5b3 that contains the dome 5b4 that encloses the
reaction cell chamber 5b3. The outer pressure vessel may comprise a dome or spherical
geometry or other suitable geometry capable of containing the dome 5b4 and capable of
maintaining a pressure of at least one of less than, equal to, or greater than vacuum. Inan
embodiment, the PV cells 15 are on the inside of the ouler pressure vessel wall such as a

spherical dome wall,

and the cold plates and cooling svstem are on the outside of the wall.
Electrical connections may penetrate the vessel through sealed penetrations and feed-
throughs such as one of those of the disclosure. Heat transfer may occur across the wall that
may be thermally conductive. A suitable wall material comprises a metal such as copper,

stainless steel, or aluminum. The PV window on the inside of the PV cells may comprise
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iransparent sections that may be joined by an adhesive such as silicon adhesive 1o form a gas
{ight transparent window. The window may protect the PV cell from gases that redeposit
metal vaporized from the dome 5b4 back to the dome. The gases may comprise those of the
halogen cycle. The pressure vessel PV vessel such as a domed vessel may seal to a separator
plate 5b81 or 5b8 between an upper and lower chamber or other chamber by a ConFlat or
other such flange seal. The upper chamber may contain the blackbody radiator 5b4 and PV
cells 15, and the lower chamber may contain the EM pump. The lower chamber may {urther
comprise lower chamber cold plates or cooling lines 5b6a (FIGURES 2166 and 2167).

As shown in FIGURES 2165-2176, the generator may comprise a transparent vessel or
transparent-walled vessel Sbda comprising a chamber that houses the blackbody radiator 5b4.
The transparent vessel may contain a source of at least one of trace oxygen and halogen such
as at least one of a hydrocarbon bromine compound such as at least one of HBr, CH:Br, and
CH;Br; and 1odine that preforms the funclion of transporting tungsten vaporized from the
surface of the blackbody radiator 5b4 back to the radiator 5b4 and re-depositing the tungsten.
The transporting systems and conditions such as wall temperature and halogen and tumgsten-
halogen complex or halide or oxvhalide vapor pressures may be about the same as those of a
tungsten-halogen light bulb that are known to those skilled in the art. The wall temperature
of the transparent vessel may be above about 250 °C. The halogen cycle may mitiate in the
200-250 °C range. The transparent vessel may comprise a bulb or a dome that may surround
the dome 3b4. The transparent bulb or dome 5hda surrounding the blackbody radiator 5h4
such as one comprising quartz or fused silica guartz glass may operate in the {emperature
range of about 400 °C 1o 1000 °C. Tungsten vaporized from the dome 5b4 may redeposit by
the halogen cycle known to those skilled in the art. The wall of the transparent vessel may
comprise the wall matenal of a tungsien halogen light bulb such as at least one of fused
silica, quartz and high melting point glass such as aluminosilicate glass. The transparent
vessel may comprise an atmosphere comprising at ieast one of an mert gas, hydrogen gas,
and a halogen gas source such as a hvdrocarbon bromine compound or iodine. The wall may
be maintained at a temperature suitable for vaporizing tungsten halogen complex. Tungsten
that evaporates from the dome 5b4 may form a tungsten-halogen complex that vaporizes on
the hot transparent wall, diffuses to the dome 5b4, and decomposes to redeposit W on the
dome 5b4.

The transparent vessel 5bda may be capable of pressures in excess of atmospheric
pressure. The transparent vessel may be pressurized to a pressure about equal to the pressure
of the reaction cell chamber during operation such as one in the pressure range of about | to
50 atm. The transparent vessel may maintain a temperaiure greater that that required o
support the halogen cvcle. The iransparent vessel may comprise a seal to a base plate capable

of maintaining the high pressure inside the transparent vessel. The transparent vessel may be
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pressurized with a gas such as an inert gas such as xenon by gas svstems such as a tank,
valves, a pump, pressure sensors, and a controller of the disclosure. The pumping may be
consolidated by using a svstem of a pump and valves such as gas solenoid valves 3ima
(FIGURE 2167} to control which chamber is pumped or pressurized. Hydrogen may also be
added to the transparent vessel gases. The gas used to equalize the pressure may be supplied
through a selective membrane or value. The selective membrane or valve may block the
iransport of halogen-source gas. Hydrogen gas may diffuse through the reaction cell
chamber walls to supply hydrogen to the hydrino reaction. The PV converter 26a may be
circumferential {o the transparent vessel.

Tungsten's melting point of 3422 °C is the highest of all metals and second only to
carbon (3550 °C) among the elements. Refractory ceramics and alloys have higher melting
points, notably TasHCsTaXHICXs with a melting point of 4215 °C, hafniura carbide at
3900 °C, and tantahum carbide at 3800 €. In embodiment cell components such as the
blackbody radiator 5b4 and reservoir 5S¢ may comprise a refractory material such as at least
one of W, C, and a refractory ceramic or alloy. In an embodiment wherein the blackbody
radiator comprises graphite, the cell chamber 5b3 contains a high-pressure gas such as a high-
pressure inert gas atmosphere that suppress the sublimation of graphic. In an embodiment,
the inner wall of the transparent dome Sbda facing the blackbody radiator 5b4 comprises a
material, coating, or surface that has anti-stick properties towards carbon. The surface may
comprise a thin layer that does not substantially attenuate the light to be converted to
electricity by the PV converter 26a. In an embodiment wherein the blackbody radiator
comprises graphite, the sublimation of graphite to the PV cells or transparent vessel wall may
be suppressed by maintaining a high pressure in the PV pressure vessel or the transparent
vessel, respectively.

In an embodiment, the blackbody radiator may comprise carbon. The carbon
sublimed from a graphite blackbody radiator such as a spherical graphite blackbody radiator
may be removed from the cell chamber 5b3 by electrostatic precipiiation {ESP). The ESP
systermn may comprise an ancde, a cathode, a power supply, and a controlier. The particles
may be charged by one electrode and collected by another counter electrode. The collected
soot may be dislodged from the collection electrode and caused to drop into a collection bin.
The dislodging may be achieved by a mechanical system. In an embodiment, the inner wall
of the transparent vessel may be charged negative and the dome may be charged positive with
an applied source of voltage. Negatively charged carbon particles that sublime form the
graphite dome 5b4 may mugrate back to the dome under the influence of the field between the
wall and the dome Sb4. In an embodiment, the carbon may be removed by active transport
such a by flowing gas through the cell chamber 53b and then a carbon particle filter.

In an embodiment, the blackbody radiator comprises a coating that will not react with
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hydrogen. The cell may comprise a liner for the reaction cell chamber and reservoir to
reduce the reaction of plasma hyvdrogen with the cell walls such as carbon walls. The
eaction cell chamber gas may comprise a hvdrocarbon product of the reaction of hydroge

with carbon. The hvdrocarbon may suppress the reaction of hydrogen with the cell walls that
comprise carbon.

in an embodiment, the dome 5b4 may comprise graphite, and the reservoir may
comprise a refractory material such as tumgsten. The graphite may comprise isotropic
eraphite. The reservolr may comprise penetrations for the electrodes at the top section. The
graphite dome may thread onto the reservoir. In an embodiment, the graphite blackbody
radiator such as a spherical dome may comprise a liner to prevent the molien metal inside of
the reaction cell chamber 5b31 from eroding the graphite. The liner may comprise a
refractory material such as tungsten. The liner may comprise a mesh or sheet that is formed
io the inside of the graphite dome. The hner may prevent shear forces of flowing molten
metal from eroding the inner surface of the reaction cell chamber.

in an embodiment, the outer pressure vessel may contain PV converter 26a and the
transparent vessel or transparent-walled vessel Sb4a that is concentric to the blackbody
radiator wherein the blackbody radiator is contained inside of the transparent-walled vessel.
The pressure of at Teast two of the outer pressure chamber, the transparent-walled chamber,
and the reaction cell chamber Sb31 may be about equalized. In an embodiment, the PV
converter coraprising a dense receiver array of PV cells comprises a window comprising the
transparent vessel. The transparent vessel may comprise a hiner of the dense recetver array.
At least one of the PV converter and the transparent vessel may comprise a plurality of
sections such as two hemuspherical domes that jon at the equator of a sphere having an
opening to the reservoir S¢. The seal may comprise at least one of a flange and a gasket such
as an O-ring. In an embodiment, the blackbody radiator 5b4 may comprise a plurality of
sections such as two hemispherical domes that join at the equator of a sphere having an
opening to the reservoir 5¢. The seal may comprise at least one of a flange and a gasket such
as an O-ring. The order of assembly of the generator may be (i) reservoir 5¢ assembled to
separator plaie 5b8, (11} electromagnetic pump assembled into reservoir 5¢, (i) bottom
hemusphere of transparent vessel and PV converter assembled onto dome separator plate
3b81, (iv) threading of blackbody radiator 5bd into reservoir 5S¢, (v} assembly of top
hemisphere of transparent vessel and PV converter onto botiom hemisphere of transparent
vessel and PV converter, (vi) threading of electrodes into neck of blackbody radiator wherein
the later may be achieved by using a precision machine to achieve proper electrode
alignment. In addition or alternatively, the electrode position may be observed for
adjustment using X-ray imaging. In another embodiment, the transparent vessel may be

molded over the blackbody radiator sphere to eliminate the transparent hermispheres and
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associated joint between the henuspheres. In this case, the blackbody radiator may be
threaded inlo the reservoir. The mechanical connection to apply the torque to tighten may be
achieved by using the threaded electrode opening of the reservoir.

Altematively, the PV converter support structure such as the PV dome may comprise
the ouier pressure vessel comprising a cell chamber 5b3 concenirnic to the transparent-walled
vessel that is concentric to the blackbody radiator. The pressure of at least two of the cell
chamber Sb3, the transparent-walled chamber, and the reaction cell chamber 5b31 may be
about equalized. The pressures may be equalized by addition of a gas such as at least one of
an mert gas and hydrogen. The gas pressures may be maintained by sensors, controlier,
valves, pumps, gas sources, and tanks for gas recirculation such as those of the disclosure.
The gas used to equalize the pressure may be supplied through a selective membrane or
value. The selective membrane or valve may block the transport of halogen-source gas.
Hydrogen gas may diffuse through at least one of the transparent-chamber walls and the

eaction cell chamber walls.

The outer surface of the transparent wall of the transparent vessel may comprise at
least one thermophotovoltaic filter such as an infrared filter. The filter may preferentially
reflect light having wavelengths that are not converted to electricity by the PV converter,

The cells of the PV converter may be mirrored on the backside 1o reflect ight that passed
through the cells back io the blackbody radiator. The mirror may be selective for infrared
tight that is not converted to electricity by the PV cells. The infrared nurror may comprise a
metal. The back of the cells may be metalized. The metal may comprise an imfrared reflector
such as gold. The metal may be attached to the semiconductor substrate of the PV celi by
contract poinis. The contract points may be distributed over the back ot the celis. The points
may comprise a bonding material such as Ti~Au allov or Cr-Au alloy. The PV cells may
comprise at least one junction. Representative cells to operate at 3500 K comprise GaAs on
GaAs substrate or InAlGaAs on InP or GaAs substrate as a single junction cell and InAlGaAs
on InP or GaAs substrate as a double junction cell. Representative cells to operate at 3000 K
comprise GaAs on GaAs substrate or lnAlGaAs on InP or GaAs substrate as a single junction
cell and InAlGaAs on InP or GaAs substrate as a double junction cell.

In an embodiment, the wall of the transparent vessel comprises the window of the PV
cells such that the transparent vessel is eliminated. The window of the PV converter may be
thick to provide thermal insulation between the surface closest to the blackbody radiator 5b4
and the PV cells 15 cooled by the cooling system such as cold plates and heat exchanger 87
such as a water-cooling svstem. In a representative embodiment, the inner surface of the PV
window closest {o the blackbody radiator is maintained at a temperature above that which
supports the halogen cvcle such as above 250 °C, and the outer surface that interfaces the PV

cells may be maintained at a temperature desirable and suitable for operation of the PV cells
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such as i the range of 25 °C to 150 °C. The window mav comprise at least one reflector of
the light not converted to electricity by the PV cells 15 such as an infrared reflecior. In an
embodiment, the reflector may be embedded inn the window or coat the back of the window.
The PV window may coraprise a plurality of lavers wherein a light filter or infrared reflector
may be coated on at least one swrface in between layers. The pressures of the corresponding
cell chamber and reaction cell chamber may be about balanced.

In an embodiment, a chamber that comprises an atmosphere that support the halogen
cyvcie is in contact with at least one halogen-cycle reactive component such as the EM pump.
Components of the cell that may react with the source of halogen may be coated with a
chemically resistant coat such as one of the disclosure such as Mullite.

In an embodiment, the geodesic PV converter 26 of the blackbody radiator 5b4 may
comprise and optical distribution systern 23 such as one of the disclosure (FIGURE 2155).
The optical distribution system 23 may split the light into different wavelength regions. The
splitting may be achieved by at least one of mirrors and filters such as those of the disclosure.
The slit light may be incident corresponding PV cell 15 selective to the split and mcident
light. The optical distribution system 23 may be arranged as columns projecting outward
from the geodesic sphere surrounding the spherical blackbody radiator Sbd.

In an embodiment, the generator ray comprise an upper and lower cell chamber, A
fower chamber wall or separator plate 5b81 or 5b8 mav separate the upper from the iower
charober. The wall may comprise a plate such as a tungsten plate or S1C plate that extends
from the reservoir or cone reservoir to the PV converter. The plate may be attached o the
reservoir by a threaded joint. The cell chamber may comprise a seal at the PV converter to
seal the PV window to the separator plate such as 5b81. The seal may comprise an O-~ring
seal. In the case that the seal is at a low temperature portion of the window, the O-ring may
comprise a polymer such as a Teflon or Viton O-ring or graphite. In the casethesealisata
high teraperature portion of the window, the seal may comprise a compressible metallic O-
ring wherein the joining parts may comprise a knife-edge and a seating plate. The window
may serve as a pressure vessel. At least one of the window pressure vessel and the
iransparent vessel may comprise a segmented window or vessel comprising a plurality of
transparent window elements. The window elements may be joined together in a frame such
as a metal or graphite frame. The frame may comprise a geodesic frame or other suitable
geomelry. The frame siructural components that shadow the PV cells may comprise abigh
emissivity to reflect the blackbody radiation back fo the blackbody radiator. The components
may be at least one of silvered and polished. The window elements may comprise triangles
or other suitable geometric elements such as square or rectangular elements. The transparent
window elements may comprise sapphire, guartz, fused silica, glass, MgF,, and other widow

materials known in the art. The window material may support the halogen cvcle on the
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surface facing the blackbody radiator. The segmented window or vessel may be cooled. The
cooling may be on the backside towards the PV cells. A suitable cooling svstem is one
comprising a water stream between the window or vessel wall and the PV cells. The
segmented window or vessel may be sealed to the separator plate such as Sb81 at the trame
bv a seal known in the art such as a ConFlat or other flange seal known in the art. The
prassure in at least two of the upper cell chamber, the lower chamber, and the reaction cell
chamber may be about balanced.

The generator may comprise a precise gas pressure sensing and control system for at
least one of the cell chamber and reaction cell chamber pressures. The svstem of the
disclosure may comprise gas tanks and lines such as at least one of noble gas and hydrogen
tanks and lines such as Su and 5v. The gas system may further comprise pressure sensors, a
manifold such as 5y, indet lines such as 5g and Sh, feed-throughs such as 5g1 and 5hi., an
mjector such as 571, an injector valve such as 522, a vacuum pump such as 13a, a vacuum
pump line such as 13b, control valves such as 13e and 13f, and lines and feed-throughs such
as 13d and 13¢c. A noble gas such as argon or xenon may be added to the cell chamber 5b3 to
match the pressure in the reaction cell chamber 5b31. In an embodiment, at least one of the
reaction cell chamber and the cell chamber pressures are measured by the compression on a
movable component of the cell as given in the disclosure. In an embodiment, the silver vapor
pressure is measured from a cell component’s temperature such as at least one of the reaction
cell chamber 3b31 temperature and the dome 5b4 temperature wherein the cell component
temperature may be determined from the blackbody radiation spectrum and the relationship
between the component temperature and the silver vapor pressure may be known. In ansther
embodiment, the pressure such as that of the reaction cell chamber is measured by gas
conductivity. The conductivity may be dominated the metal vapor pressure such as the silver
vapor pressure such that the silver vapor pressure can be measured by the conductivity. The
conductivity may be measured across electrodes in contact with the gas inside the reaction
cell chamber. Conduits in the bus bars 9 and 10 may provide a passage to connect the
electrodes to conductivity measurement instrumentation outside of the reaction cell chamber.
The temiperature of the dome may be measured with a photocell. The photocell may
comprise at least one cell of the PV converter 26a. The temperature of the dome may be
measured using its blackbody spectral emission. The temperatire may be measured using an
optical pyrometer that may use an optical fiber to collect and transport the hight to the sensor.
The temperaiure may be measured by a plurality of diodes that may have filters selective to
sample portions of the blackbody curve to determune the temperature.

In addition o anoble gas, the gas in at least one of the outer pressure vessel chamber,
the cell chamber 563, and the transparent vessel chamber may also comprise hydrogen. The
hvdrogen supplied to the at least one chamber by tank, lines, valves, and injector may diffuse
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through a cell component that 1s hydrogen permeable at the cell operating temperature (o
replace that consumed to form hydrinos. The hvdrogen may permeate the dome 5b4. The
hydrino gas product may diffuse out of the chambers such as 5b3 and 5b31 to ambient
atrnosphere or to a collection svstem. Alternatively, hydrino gas product mav be selectively
pumped out of at least one chamber. In another embodiment, the hydrino gas may be
coliected in getter that may be periodically replaced or regenerated. The gas of the chamber
enclosing the blackbody radiator may further comprise a halogen source suchas hor Bryora
hydrocarbon bromine compound that forms a complex with subliming tungsten. The
complex may decompose on the hot tungsten dome surface to redeposit the tungsten on the
dome 5b4. Some dome refractory metal such as W may be added to the molten metal such as
silver to be vaporized and deposiied on the inner dome surface o replace evaporated or
sublimed metal.

In an embodiment, the cell further comprises a hydrogen supply to the reaction cell
chamber. The supply may penetrate the cell through at least one of the EM pump tube, the
reservaoir, and the blackbody radiator. The supply may comprise a refractory material such as
ai least one of W and Ta. The supply may comprise a hydrogen permeable membrane such
as one comprising a refractory material. The hydrogen supply may penetrate a region of the
cell that 1s Tower in temperature than that of the blackbody radiator. The supply may
penetrate the cell at the EM pump tube or reservoir. The supply may comprise a hydrogen
permeable membrane that is stable at the operating temperature of the molten silver in the
EM purnp tube or reservoir. The hvdrogen permeable membrane may comprise Ta, Pt, Ir,
Pd, Nb, Ni, T1 or other suitable hydrogen permeable metal with suitable melting point know
to those skilled in the art.

fn an embodiment, at least one outer chamber or chamber external 1o the reaction cell
chamber 5b31 is pressurized to an external pressure of about the inside pressure of the
reaction cell chamber at the operating temperature of the reaction cell charnber and
blackbody radiator. The external pressure mayv match the inside pressure to within a range of
about plus of minus 0.01% to plus nunus 500%. In an exemplary embodiment, the external
pressure of at least one chamber of one vessel external the blackbody radialor and the
reaction cell chamber is about 10 atm to match the 10 atm silver vapor pressure of the
reaction cell chamber at an operating temperature of about 3000K. Exemplary chambers pre-
pressurized at an elevated pressure such as 10 atm are the outer pressure vessel that containg
the PV converter and the transparent pressure vessel. The blackbody radiator is capable of
supporting the external pressure differential decreases as the blackbody radiator temperature
mcrease 10 the operating temperature,

In an embodiment shown in FIGURES 2177-21103, the SunCell comprises an outer
pressure vessel 5b3a having a chamber 5b3al that contains the PV converter 26a, the
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blackbody radiator 5b4, the reservoir 5S¢, and the EM purnp. The walls of the outer pressure
vessel 5b3a may be water-cooled by coolant lines, cold plates, or heat exchanger 5bta.
Sunlell components such as the walls of the outer pressure vessel 5b3a mayv comprise a heat
or radiation shield fo assist with cooling. The shueld may have a low enussivity to reflect
heat. The outer pressure vessel Sh3a may comprise heat exchanger {ins on the cutside. The
fins mav comprise a high thermal conductor such as copper or aluminum. The generator may
further compnse a means (o provide forced convection heat transfer from the heat fins. The
means may comprise a fan or blower that may be located in the housing under the pressure
vessel. The fan or blower may force air upwards over the fins. The outer pressure vessel
may comprise a section such as a cvlindrical section to contam and mount cell components
such as the PV converter 26a, the blackbody radiator 5b4, the reservoir 5¢, and the EM pump
assembly Ska. The connections to mount and support cell components comprise means (o
accommodate different rates or amounts of thermal expansion between the components and
the mounts and supports such that expansion damage is avoided. The mounts and supports
may comprise at least one of expansion joints and expandable connectors or fasteners such as
washers and bushings. The connectors and fasteners may comprise compressible carbon such
as Graphoil or Perma-Foil (Tovo Tanso). In an embodiment, the electrical, gas. sensor,
control, and cooling lines may penetraie the bottom of the outer pressure vessel 5b3a. The
outer pressure vessel mav comprise a cvlindrical and dome housing and a baseplate Sb3b to
which the housing seals. The housing may comprise carbon fiber, or stammless steel or steel
that is coated. The coating may comprise nickel plating. The housing may be removable for
easy access 1o the internal Sun{ell components. The baseplate 5b3b may comprise the feed
throughs of the at least one of the electrical, gas, sensor, control, and cooling lines. The feed
through may be pressure tight and elecirically 1solaling in the case that the hines can
electrically short to the housing. In an embodiment, the PV converter cooling system
comprises a manifold with branches to the cold plates of the elements such as tnangular
elements of the dense recetver array. The baseplate feed throughs may comprise 1.} ignition
bus bar connectors 10a2 connected to the source of electrical power 2 such as one comprising
a capactior bank i housing 90 that may further comprise BC to DC converlers powered by
the PV converter 26a output, and 10a2 further connected to feed throughs 10a for the ignition
bus bars 9 and 10 that penetrate the baseplate at ignition bus bar feed through assembly 10al
{exernplary 1gnition voltage and current are about 50 V DC and 30 to 100 A), in.) EM pump
bus bar connectors 5k33 connected to EM power supplies 5k13 and further connected to EM
punmp feed throughs 5k31 that penetrate the baseplate at EM pump bus bar feed through
flange 5k33; the power supplies Ski3 may comprise DC {o DC converters powered by the PV
converter 26a output {exemplary EM pump voltage and current are about 0.5 to 1 V DC and

100 to 500 A), 11} inductively coupled heater anterma feed through assemblies Smc wherein



WO 2017/127447 PCT/US2017/013972

the antenna are powered by inductively couple heater power supply Sm that may coraprise
DC to DC converters powered by the PV converter 26a output, a transformer, at least one
IGBT, and a radio frequency transmitter {exemplarv inductively coupled heater frequency,
voltage, and current are about 15 kHz, 250V AC or DC equavalent, and 100 to 300 A), 1v.)
penetrations Sh1 and 5h3 for the hydrogen gas line Sua and argon gas line Sual, connectad to
the hydrogen tank Su and argon tank Sul, respectively, v.) penetrations for the EM pump
coolant Iines 31d and 31e connected to heat exchanger coolant line Ski1 wherein the coolant
line 5k11 and EM pump cold plate 5k12 of the EM pump heat exchangers Ski may each
comprise one piece that spans the two heat exchangers 3k1, vi.) penetrations for the PV
coolant lines 31b and 31¢, and vii.) penetrations for the power flow from the PV converter
26a to the power conditioner 110. The inlet coolant lines such as 31e are connected to the
radiator mlet line 311 and outlet coolant lines such as 314 are connected to water pump outlet
31u. In addition to the radiator 31, the generator is cooled by air fan 3131,

In an embodiment, the PV converter 26a comprises a lower 26al and an upper 26a2
hemuspherical pieces that fasten together to fit around the blackbody radiator 5b4. The PV
cells may each comprise a window on the PV cell. The PV converter may rest on a PV
converter support plate 5b81. The support plate may be suspended to avoid a contact with
the blackbody radiator or reservoir and may be perforated 1o allow for gas exchange between
the entire outer pressure vessel. The hemisphere such as the lower hemisphere 26al may
comprise mirrors about a portion of the area such as the bottom portion to reflect light to PV
cells of the PV converter. The murrors may accomrodate any mismaich between an 1deal
geodesic dome 1o receive light from the blackbody radiator and that which may be formed of
the PV elements. The non-ideality may be due to space limitations of fiting PV elements
about the blackbody radiator due to the geometry of the PV elemenis that comprise the
geodesic dome.

An exemplary PV converier roay comprise a geodesic dome comprised of an array
modular triangular elements each comprising a plurality of concentrator PC cells and backing
cold plates. The elements may snap together. The exemplary array may comprise a pentakis
dodecahedron. The exemplary array may comprise six penlagons and 16 {riangles. Inan
embodiment, the base of the PV converter 26a may comprise reflectors in locations where
triangular PV elements of the geodesic PV converter array do not fit. The reflectors may
reflect incident light to at least one of another portion of the PV converter and back to the
blackbody radiator. In an embodiment, the power from the base of the lower hemisphere
5h41 is at least partially recovered as at least one of light and heat. In an embodiment, the
PV converter 26a comprises a collar of PV cells around the base of the lower hemisphere
3b41l. In an embodiment, the power 1s coliected as heat by a heat exchanger such as a heat
pipe. The heat may be used for cooling. The heat may be supplied to an absorption chiller
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known by those skilled in the art to achieve the cooling. In an embodiment, the footprint of
the cooling system such as at least one of a chiller and a racdiator may be reduced by allowing
the coolant such as water such as pool-filtered water to undergo a phase change. The phase
change may coraprise liquid to gas. The phase change may occur within the cold plates that
remove heat from the PV cells. The phase change of lignid to gas may occur in
microchannels of the microchannel cold plates. The coolant system may comprise a vacuum
pump to reduce the pressure in at least one location in the cooling system. The phase change
may be assisted by maintaining a reduced pressure in the coolant system. The reduced
pressure may be maintained 1o the condenser section of the cooling systern. At least one of
the PV converler, the cold plates and the PV cells may be immersed in a coolant that
undergoes a phase change such as boiling {0 increase the heat removal. The coolant may
comprise one known in the art such as an mert coolant such as 3M Fluorinert.

The PV cell may be mounted to cold plates. The heat may be removed from the cold
plates by coolant conduits or coolant pipes to a cooling manifold. The manifold may
comprise a plurality of toroidal pipes circurnferential around the PV converter that may be
spaced along the vertical or z-axis of the PV converter and comprise the coolant conduits or
coolant pipes coming off of' it

The outer pressure vessel may {further comprise a cap such as a dome that seals 1o the
section such as the cylindrical section to which the cell componenis mount. The seal may
comprise at least one of a flange, at least one gasket, and fasteners such as clamps and bolts.
The cylindrical section may comprise penetrations or feed throughs for hines and cables
through the cell wail such as coolant lines and electrical, sensor, and control cables such as
electromagnetic pump and inductively coupled heater coolant lines feed through assembly
5kbl and electromagnetic pump and pressure vessel wall coolant lines feed through assembly
3kb2. The connections inside of the pressure vessel chamber 5b3al mav comprise flexible
connections such as wires and flexible tubing or pipes. The blackbody radiator may comprise
a plurality of pieces that seal together io comprise a reaction cell chamber 3b31. The
plurality of pieces may comprise a lower henusphere Sb4land an upper hemisphere 5b42.
Other shapes are within the scope of the present disclosure. The two hemispheres may faster
together at a seal 5b71. The seal may comprise at least one of a flange, at least one gasket
3b71, and fasteners such as clamps and bolis. The seal may comprise a graphite gasket such
as Perma-Foil (Toyo Tanso) and refractory bolts such as graphite or W bolis and nuts
wherein the metal bolts and nuts such as W bolts and nuts may further comprise a graphite or
Perma-Foil gasket or washer to compensate for the different coefficients of thermal
expansion between carbon and the bolt and nut metal such as W. The lower hemisphere of
the blackbody radiator 5h41 and the reservoir 3¢ may be joined. The joining may comprise a
sealed flange, threaded joint, welded joint, glued joint, or another joint such as ones of the
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disclosure or known to those skilled in the art. In an embodiment, the lower hemisphere
5b41 and the reservoir 3¢ may comprise a single piece. The reservoir may comprise a botiom
plate that is attached by a joint such as one of the disclosure or known to those skilled in the
art. Alternatively, the bottom plate and the reservoir body may comprise one piece that may
further comprise one pigce with the lower hemisphere. The reservoir bottom plate may
conmect o a reservoir support plate 5b8 that provides a connection to the outer pregsure
vessel 5b3a wall to support the reservoir S¢. The EM pump tube 5k6 and nozzle 5q may
penetrate and connect to the reservoir 5S¢ bottom plaie with joints such as mechanical fittings
such as at least one of Swagelok-type and VCR-ype fitings 5k9 and Swagelok-type joint O-
ring Sk10. In an embodiment, at least one of the top hemisphere 5b42, the bottom
hemisphere 5b42, the reservoir 5S¢, the bottom plate of the reservoir 5¢, and the EM pump
tube 5k6, nozzle 5q and connectors 5k9 comprise at least one of W, Mo, and carbon. The
carbon tube components such as ones having a bend such as a carbon riser or injecior tube
and nozzle may be formed by casting. In an embodiment, the top hemisphere 5b42, the
bottom hemisphere 5b41, the reservoir 5S¢, and the bottom plate of the reservoir 5S¢ comprise
carbon. In an embodiment, the carbon cell paris such as the reservoir and blackbody radiator
may comprise a liner 5b4b. The liner may prevent the underlving surface such as a carbon
surface from eroding. The liner may comprise at least one of a reflraclory matenal sheet or
mesh. The liner may comprise W foil or mesh or W sheet. The foil may be annealed. In
an embodiment, the liner of a graphite cell component such as the mside of the blackbody
radiator, the reservoir, and VCR-iype fitlings may comprise a coating such as pyrolviic
graphite, silicon carbide or another coating of the disclosure or known in the art that prevents
carbon erosion. The coating may be stabilized at high temperature by applying and
maintainming a high gas pressure on the coating.

In embodiments comprising cell component coatings, at least one of the coating and
the substrate such as carbon may be selected such that the thermal expansion coefficients
match.

In an embodiment, a liquid electrode replaces a solid electrode 8. The electrodes may
comprise a liquid and a solid electrode. The liquid electrode may comprise the molten metal
stream of the electromagnetic pump injector. The ignition sysiem may comprise an
electromagnetic pump that injects molten metal onto the solid electrode to complate the
circuif. The completion of the ignition circuit may cause ignition due to current flow from
the source of electricity 2. The solid electrode may be electrically isolated from the molten
electrode. The electrical isolation may be provided by an elecincally insulating coating of
the solid electrode at its penetration such as at the reservoir Sc sidewall. The solid electrode
may comprise the negative elecirode, and the liquid electrode may comprise the positive

electrode. The hquid posttive electrode mav elirninate the possibility of the positive

197



WO 2017/127447 PCT/US2017/013972

electrode melting due to high heat from the high kinetics at the positive electrode. The solid

electrode may comprise wrought W. The electrode may comprise a conductive ceramic such
as at least one of WO, HfC, ZrC, and TaC. The conductive ceramic electrode may comprise

a coating or covering such as a sleeve or collar,

In an embodiment, a liquid electrode repiaces a solid electrode 8. The elecirodes may
comprise a hiquid and a solid electrode. The liquid electrode may comprise the molten metal
stream of the electromagnetic pump ingector. The ignttion system may comprise an
electromagnetic pump that injects molten metal onto the solid electrode to complete the
circuit. The solid electrode may comprise arefractory matenal such as one of the disclosure
such as W or carbon. The sohid electrode may comprise arod. The solid electrode may be
glectrically isolated from the penetration into the cell such as the penetration through the top
of the reservoir S¢. The electrical isolation may comprise an insulator such as an insulating
cover or coating such as one of the disclosure. The imsulator may compnse SiC. The
electrode may comprise a W or carbon rod that is threaded into a silicon carbide collar that is
threaded into the wall of the cell to comprise the cell penetration. The threaded joints may
further comprise gaskets such as carbon gaskeis to further seal the joint. The gasket may be
held tight by at least one threaded nut on the shaft on the elecirode assembly comprising the
rod electrode and collar. In an embodiment, the solid electrode may penetrate the cell at a
fower temperature location such as through the botiom of the reaction cell chamber 5b31.
The penetration may comprise a cell collar to move the electrode penetration to a cooler
region. The cell collar may be an extension of the wall of the reaction cell chamber Sb31.
The electrode may extend from the penetration to a desired region of the reaction cell
chamber to cause ignition in that region. The electrode may comprise an electrically
msulating sleeve or collar (o electrically isolate the electrode except at the end where ignition
is desired.

in an embodiment, the SunCell comprises at least two EM purmp injectors that
produce at least two molien metal streams that mtersect to comprise at least dual ligquid
electrodes. The corresponding reservoirs of the EM pumps may be vertical having nozzles
that deviate from the vertical such that the gjected molten metal streams intersect. Each EM
pump injector may be connected to a source of electrical power of opposite polarity such that
current flows through the metal streams at the point of intersection. The positive terminal of
the source of electrical power 2 may be connecied to one EM pump injector and the negative
terminal may be connected to the other EM pump injector. The ignition electrical
connections may comprise ignition electromagnetic pump bus bars 5k2a. The source of
electrical power 2 may supply voltage and current to the ignition process while avoiding
substantial electrical inference with the EM pump power supplies. The source of electrical

power 2 may comprise af least one of a floating voltage power supply and a switching power
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supply. The electrical connection may be at an electricallv conductive component of the EM
pump such as at least one of EM pump tube 5k6, heat transfer blocks 5k7, and EM purnp bus
bars 5k2. Fach heat transfer blocks 5k7 mayv be thermally coupled to the pump tubes 5k6 by
conductive paste such as a metal powder such as W or Mo powder. The ignition power may

be connected to each set of heat transfer blocks 5k7 such that a good electrical connection of
opposite polarity is established between the source of electrical power 2 and each set of heat

iransfer blocks 3k7. The heat transfer blocks may distnbute the heat from the ignition power
along the heat transfer blocks.

in an embodiment, the injection tube 5k61 may be bent to place the nozzle 5q in about
the center at the top of the reservoir S¢. In an embodiment, the mjection tube Sk61 may be
angled from the vertical to center the nozzle 5¢ at the top of the reservoir Sc. The angle may
be fixed at the connector at the bottom of the reservoir 5k9. The cornector may establish the
angle. The connector may comprise a Swagelok Sk9 with alocking nut to the reservoir base
and further comprising an angled female connecior 1o a threaded-end injection tube 5k61.
The female connector may comprise a bent collar with a temale connector or an angled nut so
that the angle of the female threads are titled. Alternatively, the reservoir base may be angled
to establish the angle of the injector tube.

The reservotir support plate Sb8 may comprise an electrical mnsulator such as S
Alternatively, the support plate may be a metal such as titanium capable of operating at the
local temperature wherein electrical isolation is provided by an insulator between the plate
and the mounting fixtures and also the reservoir and the plaie. The insulators may comprise
nswator washers or bushings such as $iC or ceramic ones. The support plate of the dual
reservolrs may be one or separate support plates. The reservour support plate may coraprise a
fongitudmally sphit plate with insulator collars or bushing such as SiC ones to electrically
isolate the reservoirs. The reservoir support plate may comprnse a iongitudinally split, two
piece base plate with slots for SiC gaskets on which the reservoirs are seated.

The intersection point may be any desired such as in a region ranging from in the
reservolr to a region at the top of the reaction cell chamber 5b31. The intersection point may
be about 1n the center of the reaction cell chamber. The point of intersection may be
controlied by at least one of the pump pressure and the relative bend or tilt of the nozzles
from vertical. The reservoirs may be separate and electrically isolated. The molien metal
such as molten silver may flow back from the reaction cell chamber to each reservoir to be
recvcled. The returning silver may be prevented from electrically shorting across the two
reservolrs by a metal strearn interrupter or splitter to mterrupt the continuity of silver that
would otherwise bridge the two reservoirs and provide a conductive path. The splitter may
comprise an trregular surface comprised of a material that causes silver to bead to interrupt

the electrical connection between reservoirs. The splitter may comprise a cutback of each
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reservolr wall at the region of shorting such that the silver drops over the cut back or drip
edge such that the contimuty is broken. The sphiter roay comprise a dome or hemisphere
capping the intersection of the two reservoirs wherein the base of the dome or hemisphere
comprises the cut back for each reservoir. In an embodiment, the two reservoirs 5S¢ and their
botioms or base plates and the lower hemisphere of the blackbody radiator 5b41 may
comprise one piece. The lower hemisphere of the blackbody radiator 5b41 may comprise a
ratsed dome or transverse ridge in the bottom into which the reservoirs are set. In an
embodiment, the top of each reservoir may comprise a ring plate or washer that serves as a
lip over which returning silver flows. The lip may cause an interruption in the metal stream
flowing into each reservoir to break anv current path between the reservoirs that may
otherwise flow through the returning silver. The top of each reservoir may comprise a
machined circumferential groove into which the washer 1s seated to form the Iip or drip edge
5ca as shown in FIGURE 2183, At least one cell component such as the splitier such as a
dome or hemisphere splitter, reservoirs 5¢, lower hemisphere of the blackbody radiator 5b41,
the raised or domed bottom of the lower hemusphere of the blackbody radiator 5b41, and lip
on each reservoir may comprise carbon. In an embodiment, the generator comprises a sensor
and ignition controller to reduce at least one of the ignition voltage and current o prevent a
short through a cell component such as the lower hemisphere 5b41 from causing damage to
the component. The electrical short sensor may comprise a current or voltage sensor that
feeds a signal into the igrution controller that controls at least one of the 1gnition current and
voliage.

In an embodiment, the SunCell comprises a reservoir silver level equalization system
comprising silver level sensors, EM purap current controllers, and a controller such as a
programmable logic controlier (PLC) or a computer 100 that receives input from the level
sensors and drives the current controllers to maintain about equal metal levels in the
reservairs 5¢. In an embodiment, the SunCell comprises a molten metal equalizer to roaintain
about equal levels such as silver levels in each reservoir 5¢. The equalizer may comprise a
reservoir level sensor and an EM pump rate controller on each reservoir and a controlier to
activate each EM pump to maintain about equal levels. The sensor may comprise one based
on at least one physical parameter such as radioactivity opacity, resistance or capacitance,
thermal emission, temperature gradient, sound such as ultrasound frequency, levei-dependent
acoustic resonance frequency, impedance, or velocity, optical such as infrared emussion, or
other sensor known in the art suitable for detecting a parameter indicative of the reservoir
molten metal level by a change 1n the parameter due to a change in the level or a change
across the level interface. The level sensor may indicate the activation level of the EM
pumps and thereby indicate molten metal flow. The ignition status may be monitored by the

monitoring at least one of the ignmtion current and voltage.
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The sensor may comprise a source 5s1 of radioactivity such as a radionuchide such as
at least one of americium such as ~*'Am that erits a 60 keV gamma ray, 5pg ¥, iongﬁ
B7gs, 00, CCo, By, TFe, *Mn, “Na, 11%Pb, 1%Po, St *T1 or ©Zn. The radionuclide
radiation may be collimated. The source 551 may comprise an X-ray or garmma ray generator
such as a Bremsstrablung X-ray source such as those at http://www.sourcelxray . com/index-
1.htmi. The sensor may further comprise at least one radiation detector 552 on the opposite
side of the reservoir relative to the source of radicactivity. The sensor may {urther comprise
a position scanner or means such as a mechanical means to move at least one of the source of
radiation and radiation detector along the vertical reservoir axis while maintaining alignment
between source and detector. The movement may be across the molten metal level. The
change in the penetrating radiation counts upon crossing the level with the collimated
radiation may identify the level. Alternatively, the scanner may cyclically change the relative
orientation of the source and detector to scan above and below the metal level in order to
detect it. In another embodiment, the sensor may comprise a plurality of sources 5s1
arranged along the vertical axis of each reservoir. The sensor roay comprise a plurality of
radiation deteciors 352 on the opposite side of the reservoir relative {0 the corresponding
source. In an embodiment, the radiation detectors may be paired with sources of radiation
such that the radiation travels along an axial path from the source through the reservoir to the
detector. The source of radiation may be attenuated by the reservoir metal when present such
that the radiation detector will record a lower signal as the level nises over the radiation path
and will record a higher signal when the level drops below the path. The source may
comprise a broad beam or one having a broad angular extent of radiation that traverses the
reservoir to a spatially extended detector or extended array of detectors such as an X-ray
sensifive linear diode array to provide a measurement of the longitudinal or depth profite of
the metal content of the reservoir in the radiation path. An exemplary X-rav sensitive linear
diode array (LD A) 15 X-Scan Imaging Corporation XI8800 LDA. The attenuation of the
counts by the metal level may indicate the level. An exemplary source may comprise a
spread beam from a radiocactive or X-ray tube source, and the detector may comprise an
extended scintilation or Geiger counter detector. The detector may comprise at least one of a
Geiger counter, a CMOS detector, a scintitiator detector, and a scintiliator such as sodium
iodide or cesium iodide with a photodiode detector. The detector may comprise an ionization
detector such a MOSFET detector such as one in a smoke detector. The ionization chamber
electrodes may comprise at least one thin foil or wire grid on the radiation incoming side and
a counter electrode as is tvpical of a smoke detector circuit,

In an embodiment, the sensor comprising a source of penetrating radiation such as X-
rays, a detector, and a coniroller further comprises an algorithim to process the intensity of the

signal received at the detector from the source into a reservoir molten metal level reading,
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The sensor may comprise a single, wide-angle emutier and single wide-angle detector. The
X-rays or gamma rays may penetrate the inside of the reservoir at an angle {0 the reservoir
transverse plane to increase the path length through the molten metal contaming region in
flight to the detector. The angle may sample a greater depth of the molten metal to increase
the discrimination for determining the depth of the molten metal in the reservoir. The
detector signal intensity may be calibrated against known reservoir molten metal levels. As
the level rises, the detector intensity signal decreases wherein the level may be determined
from the calibration. Exemplary sources are a radioisotope such as americium 241 and an X-
ray source such as a Bremsstrahlung device. Exemplary detectors are g Geiger counter and a
scintillator and photodiode. The Xeray source may comprise an AmeTek source such as
Mini-X and the detector may comprise a Nal or YSO crystal detector. At least one of the
radiation source such as the X-ray source and detector may be scanned to get a longitudinal
profite of the X-ray attenuation and thereby the metal level. The scanner may comprise a
mechanical scanner such as a cam driven scanmer. The cam may be turned by a rotating shaft
that may be driven by an electric motor. The scanner may comprise a mechanical,
preumatic, hydraulic, piezoelectric, electromagnetic, servomotor-driven or other such
scanner or means known by those skilled in the art to reversibly translate or re-orient at least
one of the X-ray source and detector to depth profile the metal level. The radioisotope such
as americium may be encased in a refractory material such as W, Mo, Ta, Nb, alumina, Zr(3,
MgO, or another refractory material such as one of the disclosure to pernut 1s it to be placed
i close proximity to the reservoir where the temperature is high. At least one of the Xeray
source and emitter and detector may be mounted in a housing that may have at least one of
the pressure and temperature controlled. The housing may be mounted to the outer pressure
vessel 5b3a. The housing may be removal to permit easy removal of the ouler pressure
vessel 5b3a. The housing may be horizontally removal 1o permit the vertical removal of the
outer pressure vessel 5h3a. The housing may have an inner window for passage of X-rays
while maintaining a pressure gradient across the window. The window may comprise carbon
fiber. The outer end of the housing may be open to atmosphere or closed off,

The sensor may comprise a series of elecirical contacts spaced along the vertical axis
of the reservoir and at least one of a conductivity and capacitance meter to measure aft ieast
one of the conductivity and capacitance between electrical contacts wherein at least one of
the conductivity and capacitance changes measurably across the molten metal level inside the
reservoir. The electrical contracts may each comprise a conductive ring. The conductivity
meter may comprise an chmmeter,

The sensor may comprise a series of temperature measurement devices such as

thermistors or thermocouples spaced along the vertical axis of the reservoir to measure the
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temperature between temperature measurernent devices wherein the temperature changes
measurably across the molten metal fevel inside the reservoir.

The sensor may comprise an infrared camera. The infrared temperature signature
may change across the silver level.

The sensor may comprise a level-dependent acoustic resonance frequency sensor.
The reservoir may comprise a cavity. In general, cavities such as musical instruments such as
partially filled water bottles each have a resonance frequency such as a fundamental note
depending on the water fill level. In an embodiment, the reservoir cavity has a resonance
acoustic frequency that is dependent on the molten metal fill level. The frequency may shift
as the molien metal level changes and the volume of the gas filled portion versus metal filled
portion of the reservoir cavity changes. At least one resonance acoustic wave may be
supported in the reservoir with a frequency that is dependent on the fill level. The sensor
may be calibrated using the il tevel and corresponding frequency at a given operating
condition such as reservoir and cell temperatures.

The resonance acoustic sensor may comprise a means to excite an acoustic wave such
as a standing acoustic wave and an acoustic frequency analyzer to detect the frequency of the
fevel dependent acoustic wave. The means to excite the sound in the reservoir cavily may
comprise a mechanical, pneumatic, hydraulic, piezoelectric, electromagnetic, servomotor-
driven source means to reversible deform the wall of the reservoir. The means to at least one
of excite and receive the sound in the reservoir cavity may comprise a driven diaphragm.

The diaphragm may cause sound to propagate into the reservoir. The diaphragm may
comprise a component of the cell such as at least one of an EM pump, the upper hemisphere
and the lower henusphere. The contact between the acoustic excitation source and the
component for acoustic excitation may be through a probe such as a refractory material probe
that is stable to the temperature of the contact point with the component. The means fo excite
the sound 1n the reservoir cavity may comprise a pinger such as a sonar pinger. The
frequency analyzer may be a microphone that may receive the resonance frequency response
of the reservoir as sound through gas surrounding the component. The means to receive and
analyze the sound may comprise a microphone, a transducer, a pressure fransducer, a
capacitor plate that may be deformable by sound and may have a residual charge, and may
comprise other sound analyzers known in the art. In an embodiment, at least one of the
means to cause the acoustic excitation of the reservoir and to receive the resonance acoustic
frequency may comprise a microphone. The microphone may comprise a frequency analyzer
to determine the fill level. At least one of the excitation source and the receiver may be
located outside of the outer pressure vessel 5b3a.

In an embodiment, the acoustic sensor comprises a piezoelectric fransducer of sound

frequency. The sensor may receive sound through a sound guide such as a hollow conduit or
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a solid condutt. The sound may be extted with a reservoir pinger. The piezoelectric
iransducer may comprise an autormnotive knock sensor. The knock senor mav be maiched to
the acoustic resonance characteristics of the reservoir with the stlver at the desired level. The
resonance characteristics may be determined using an accelerometer. The sound conduit
conductor may be directly attached to the reservoir and the transducer. The sound conductor
may comprise a refractory material such as tungsten or carbon. The transducer may be
located outside of the hot area such as outside of the outer pressure vessel Sb3a. Tnan
exemplary embodiment, a knock sensor is threaded mto a hole in the base plate 5b3b of the
outer vessel 5h3a connected to the sound conductor that is in contact with the reservoir on the
oppostie end. The conduit may travel along the vertical axis to avoid interference with the
motion of the coil 5f A notch filter could selectively pass the frequencies appropriate for
sensing the silver level in the reservoir. The controller may adjust the EM pump currents to
change the silver level to the desired level as determined from the frequencies that are a
function of level.

The sensor may comprise an impedance meter that is responsive to the reservoir silver
level. The impedance meter may comprise a coil that is responsive to the inductance that is
function of the metal level. The coil mav comprise the inductively coupled heater coil. The
cotl mav comprise a high-teraperatore or refractory metal wire such as W or Mo coated with
high temperature insulation. The wire pitch of a coil may be such that non-insulated wire
does not electrically short. The molten silver may comprise an additive such as a
ferromagnetic or paramagnetic metal or compound such as ones known in the art to increase
the inductance response. The inductance may be measured by the phase shift between the
current and voltage measured on an alternating current waveform driven coil. The frequency
may be radio frequency such as in the range of about 5 kHz to 1 MHz,

In an embodiment, the sensor comprises a pressure sensor wherein the pressure
mcreases as the level increases. The pressure increase may be due to the head pressure
mncrease due to the additional weight of the molten metal column in the reservoir Sc.

In an embodiment, the sensor comprises a weight sensor 1o detect the change in
weight of at least one reservoir or the change in the center of gravity between the reservoirs
wherein the weight increases as the reservoir molten metal level increases. The differential
weight distribution between the reservoirs shifts the measured center of gravity. The weight
sensor may be located on the support of the corresponding reservoir.

A spontaneous increase in the molten metal flow rate through the EM pump may
occur due to an increased head pressure when the molten metal level is elevated in the
corresponding reservoir. The head pressure may contribute to the pump pressure and give
rise to a corresponding contribution in the flow rate. In an embodiment, the reservoir height

is sufficient to given rise to a sufficient head pressure differential between the extremes
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comprising the lowest and highest desired molten metal levels to provide a control signal for
at least one EM pump 1o maintain about equal molten metal levels. The EM pump sensor
may comprise a flow sensor such as a Lorentz force sensor or other EM pump flow sensor
known in the art. The flow rate may change due to the change in head pressure due to a
change in fevel. At least one flow rate parameter such as the individual EM pump flow rate,
the combined flow rate, the individual differential flow rate, the conmbined differential flow
rate, the relative flow rates, the rate of change of the individual flow rate, the rate of c¢hange
of the combined flow rates, the rate of change of the relative flow rates, and other flow rate
measurements may be used to sense the molten metal level in at least one reservoir. The
sensed flow rate parameter may be compared to at least one EM pump current to determine
the control adjustment of at least one EM pump current {0 maintain the about equal reservoir
molten metal levels.

In an embodiment, the generator comprises a circuit control system that senses the
molien silver level in each reservoir and adjusts the EM pump current to maintam about
matching levels in the reservoirs. The control systern may about continuously maintain
minimum injection pressures on each EM pump such that the opposing molien silver streams
mtersect to cause ignition. In an embodiment, the mjection system comprises two metal
streams in the same plane wherein the streams hit with non-matched EM pump speeds so that
the speeds can be variably controlied to maintain matched reservoir silver levels. Inan
embodiment, the generator may comprise a level sensor on one reservoir rather than comprise
two level sensors, one for each reservoir, The total amount of molten mwetal such as silver is
constant in the case of a closed reaction cell chamber 5b31. Thus, by measurement of the
fevel n one reservoir, the level in the other reservoir may be deternmined. The generator may
comprise a circuit control system for the EM purnp of one reservoir rather than comprise two
circut control systems, one for the EM pump of each reservoir. The current of the EM pump
of the reservoir without a level sensor may be fixed. Alternatively, the EM purop for the
reservoir without a level sensor may comprise a circuit control system that is responsive {o
the level sensed in the reservoir with the level sensor.

{n an embodiment, the lower hemisphere 5b41 may comprise mirror-image heighi-
eraded channels to direct overflow from one reservoir 3¢ to the other and further facilitate

eturn of the molten metal such as silver to the reservoirs. In another embodiment, the levels
are equalized by a conduit connecting the two reservoirs with a drip edge at each end of the
conduit to prevent a short between the two reservoirs. Silver in an over-filled reservoir flows
back to the other through the conduit to more equalize the levels.

In an embodiment, the levels between reservoirs S¢ remain essentially the same by al
least one of active and passive mechanisms. The active mechanism may comprise adjusting

the EM pump rate in response to the level measured by the sensor. The passive mechanism
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may comprise a spontaneous increase in molten metal rate through the EM pump due to an
mcreased head pressure when the molten metal level is elevated in the corresponding
reservoir. The head pressure may conirtbute to a fixed or varied EM pump pressure 1o
maintain the about equal reservoir levels. In an embodiment, the reservoir height 1s sufficient
to given rise to a sufficient head pressure differential between the extremes comprising the
fowest and highest desired molten metal levels to maintain the reservoir levels about the same
during operation. The maintenance may be achieved due to the ditferential flow rate due to a
differential head pressure corresponding to a differential in molten metal level between the
FESSTVOITS.

Each EM pump may be powered by an independent power supply. Altematively, the
plurality of EM pumps such as two EM pumps may be powered by a common power supply
through parallel electrical connections. The current of each pump may be controlled by a
current regulator of each parallel circuit. Each parallel civcuit may comprise isolation diodes
to cause each circuit to be electrically isolated. The electrical isolation may prevent shorting
of the ignition power between EM pump injectors. In an embodiment, the EM pump coolant
fines 5k11 may be common to both EM pump assemblies 5ka. In an embodiment, the nozzle
5q of at least one EM pump injector may be submerged in the molten silver. The subimersion
may al least partially prevent the nozzle from being degraded by the plasma.

The nozzle 5q may be below the molten metal level to prevent nozzle damage by the
plasma. Altematively, the nozzle section 3k61 of the pump tube may be elevated, and the
nozzie may comprise a side hole to cause sideways injection towards the opposite matching
nozzle such that the streams intersect. The nozzle may be angled to cause the point of
mtersection of the dual streams at a desired location. The nozzle may comprise a spherical
tube end with a hole at an angular position on the sphere to direct the molten metal o the
destred location in the reaction cell chamber 5b31. The nozzle tube section such as a
refractory one such as one comprising W or Mo may be vertical. It may comprise a threaded
connection o another section of the pump tube. It may comprise a threaded connection to a
Swagelok or VCR fitting such as the one at the reservoir penetration 5k9. The nozzle 5q
such as a refractory one such as a W or Mo one may have an angled outlel. The nozzle may
join the nozzle section 5k61 of the pump tube by a threaded joint. The screwed in nozzle
may be held at the desired position that resulis in intersection of the molten metal streams by
a fastener such as a setscrew or lock nut or by a weld. The weld may comprise a laser weld.

in an embodiment, the lower hemisphere of the blackbody radiator Sb41 comprising
two reservorrs and two EM pumps that serve as dual liquid electrodes 1s divided into at least
iwo sections connected by an electrically insulating seal. The seal may comprise flanges,
gaskets, and fasteners. The gasket may comprise an electrical insulator. The seal may

electrically isolate the two liquid electrodes. In an embodiment, the electrically msulated
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boundary between the two reservoirs may he achieved by onenting the flange and gasket of
the upper Sb41 and lower Sb42 hemispheres vertically rather than horizontally such that the
blackbody radiator Sbd comprises left and right halves joined at the vertical flange. Each half
may comprise a vertically sectioned half of the blackbody radiator 5b4 and one reservoir Sc.

In an embodiment, the fower hemisphere of the blackbody radiator 5b41 comprises a
separate piece having two reservoirs 5¢ that are fastened or connected to it. The connections
may each comprise a threaded union or joint. Each reservoir S¢ may comprise threads on the
outer surface at the top that mates with threads of the lower hemisphere 5b41. The threads
may be coated with a paste or coating that at least partially electrically isolates each reservoir
from the lower hemisphere to further electrically isolate the two reservoirs from each other.
The coating may comprise one of the disclosure such as ZrO. In an embodiment, the
electrically insulating surface coating may comprise a coating or high-temperature material of
the disclosure such as at least one of Zr(, SiC, and functionalized graphite. The insulating
surface coating may comprise a ceramic such as a zirconium-based ceramic. An exemplary
zirconmuim oxide coating corprises yitria~stabilized zircoma such as 3 wt% vtiria. Auvother
possible zirconium ceramic coating is zirconium diboride {(ZrB;). The surface coating may
be applied by thermal spray or other techniques known in the art. The coating may comprise
an impregnated graphite coating. The coating may be multi-layer. An exemplary mudti-laver
coating comprises alternating layers of a zirconium oxide and alumina. The functionalized
graphite may comprise ternmunated graphite. The terminated graphite may comprnse at least
one of H, F, and O termunated graphite. In an embodiment, at least one reservoir may be
glectrically isolated and at least one another may be in electrical contact with the lower
hemisphere of the blackbody radiator 3b41 such that the lower hemisphere may comprise an
electrode. The tower henusphere may comprise the negative electrode. Tn an embodiment,
the connection between each reservoir 5¢ and the lower hemisphere of the blackbody radiator
3b41 1g distal from the reaction cell chamber 5b31 such the electrically msulating coating of
the connection is maintained at a temperature below the meliing or degradation temperature
of the coating such as SiC or 710

The electrical isolation between the reservoirs may be achieved by a spacer that
comprises an electrical insulator such as a silicon carbide spacer. The lower hemisphere
5b41 may comprise an extended connection to the spacer that is sufficiently extended from
the body of the lower reservoir such that the temperature at the connection is suiably below
that of the spacer. The spacer may be connected at the extended connection by threads and
may connect to the reservoir 5¢. The connection to the reservoir 5¢ may comprise threads.
The spacer may comprise a silicon carbide cvlinder that connects to an extension of the lower
reservoir 5b41 by threads and connects by threads to the reservoir 5S¢ at the opposite end of

the SiC cvlinder. The union may be sealed by the threads directly and may further coraprise
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at feast one of a sealant and a gasket such as one at the connection between the spacer and the
lower hemisphere and one at the connection between the spacer and the reservoir. The gasket
may comprise graphite such as Perma-Foil (Toyo Tanso) or Graphoil. The SiC spacer may
comprise reaction bonded SiC. The spacer comprising the threads may nitially comprise St
that is carbonized to form the threaded SiC spacer. The spacer may be bonded to the lower
hemisphere and the upper portion of the corresponding reservoir. The bonding may comprise
a chemical bonding. The bonding may comprise SiC. 5iC spacers may fuse to carbon
components such as the corresponding lower hemisphere and reservoir. The fusing may
occur at high temperature. Altematively, the bonding may comprise an adhesive. The spacer
may comprise the drip edge to prevent the returning flow of molten metal from electrically
shorting the reservoirs. The drip edge may be machined or cast inio the spacer such as the
SiC spacer. Altermatively, the spacer may comprise a recess for imserting a drip edge such as
an anmular disc drip edge. The spacer may comprise other refractory, elecirical insulating
materials of the disclosure such as zirconium oxide, ytiria stabilized zirconium oxide, and
MgO. In an embodiment, the ignition system coraprises a safety cutoff switch to sense an
electrical short between the dual reservoir-injectors and terminate the ignition power to
prevent damage to the injectors such as the nozzles 5q. The sensor may comprise a current
sensor of the current beiween the reservoir circuits through the lower hemisphere 5b41,

In an embodiment shown in FIGURES 2195-21103, the joints of the cell are reduce
i number to avoid the risk of fallure. In an emobodiment, at least one of the joints between (1)
the lower hemisphere 5b41 and the upper hemisphere Sb42, (i1} the lower hemisphere and the
non-conducting spacer, and {(iii) the non-conducting spacer and the reservoir are eliminated.
The joint elimination may be achieved by forning a single piece rather than joined pieces.
For example, the lower and upper hemispheres may be formed to comprise a single dome
3b4. At least one joint between (1} the lower hemisphere and the non-conducting spacer and
(1) the non-conducting spacer and the reservoir may be elinunated by forming a single piece.
The lower and upper hemispheres may comprise a single piece or two pieces wherein at least
one joint between (1) the lower hemisphere and the non-conducting spacer and (i1) the non-
conducting spacer and the reservoir may be eliminated by forming a single piece. The single

piece may be formed by at least one method of casting

w2

molding, sintering, pressing, 3D
printing, electrical discharge machining, laser ablation machining, laser ablation with
chemical etching such as laser ignition of carbon-oxygen combustion in an atmosphere
comprising oxygen, pneumatic or liguid machining such as water jet machining, chemical or
thermal etching, tool machining, and other methods known in the art.

In an embodiment, at least one section of a cell component such as the blackbody
radiator Sbd such as a dome blackbody radiator and at least one reservoir 3¢ is non-

conductive. A circumferential section of at least one of a reservoir 5¢ and the blackbody
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radiator comprising a dome 3b4 or the lower henusphere 5b41 and the upper henusphere
5b42 may be non-conductive or comprise a non-conducior. The non-conducting section of
the blackbody radiator may comprise a plane fransverse 1o the line between the two nozzles
of a dual liquid injector erabodiment. The non-conductor may be formed by conversion of
the material of a section of the component to be non-conductive. The non-conductor may
corprise SiC or boron carbide such as ByC. The 8iC or B4 section of the cell component
may be formed by reacting a carbon cell component with a silicon source or boron source,
respectively. For example, a carbon reservoir may be reacted with at least one of liquid
siticon or a silicon polymer such as polv(methyisilyne) to form the silicon carbide section.
The polymer may be formed at a desived section of the component. The cell component may
be heated. An electrical current may be passed through the component to cause the reaction
io form the non-conducting section. The non-conductive section may be formed by other
methods known by those skilled in the art. The ouiside surface of the reservoir S¢ may
comprise raised circunferential bands to hold molten silicon or boron during the conversion
of carbon to silicon carbide or boroun carbide in the desired section. The silicon carbide may
be formed by reaction bonding. An exemplary method of forming boron carbide from boron

and carbon 15 given in hiips//www. geogde. convpatents/US391437 1, which is incorporated by

reference. The silicon carbide or boron carbide sections may be formed by combustion
synthesis as given in
hitpsy

Silicon Carbide Formation By Liquid Sthicon Infiltration By Porous Carbon Structures by

wiwvwa nd.edw/-amoukasy/combustion_svathesis_of _silicon carbide pdf and Study Of

P

Jesse . Margioita, which are incorporated by reference.

As shown in FIGURES 219521103, the dome 34b and reservoirs 3¢ may comprise a
single piece. The reservoir may comprise a non-conducting section near the top close to the
dome. The reservoir may conneact to a baseplate. The reservoir may sit into a female collar,
At least one of the external surfaces of the collar and the end of the reservoir just distal to the
top of the collar mav be threaded. A nut, tightened on the threads, may join the reservoir and
the baseplate. The threads mayv be in pitched such that rotation of the nut draws the reservoir
and baseplate fogether. The threads may have opposite piich on opposing pieces with mating
nut threads. The reservoir mayv comprise a slipnut 5k14 at the baseplate 5b8 end wherein the
stipnut 1s tightened on the outer threaded baseplate collar 5k15 to form a tight joint. The
outer threaded baseplate collar may further be tapered {o receive the reservoir. The slipnut
5k14 fastener may fwrther comprise a gasket Skl14a or an O-ring such as a Graphotl or Perma-
Foil (Tovo Tanso) gasket or ceramic rope O-ring to seal the reservoir to the baseplate. The
collar may comprise an iniernal taper (o receive the reservoir to compress the gasket with the
tightening of the shipnut. The reservoir may comprise an external taper to be received by the

collar to compress the gasket with the tightening of the slipmut. The collar may comprise an
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external taper to apply tension to the O-ring with the tightening of the shipnut. The baseplate
may comprise carbon. The baseplate may comprise fasteners to the EM pump tube such as
Swageloks with gaskets such as Graphotl or Perma-Foil {Toyo Tanso) gaskets. Alternatively,
the baseplate may coraprise metal such as stainless steel or a refractory metal. The EM pumyp
tube may be fastened to a metal baseplate by welds. The baseplate metal may be selected to
match the thermal expansion of the reservoir and joint parts. The slipnut and gasket may
accommodate a differential in expansion of the baseplate and reservoir components. In an
embodiment, the reservoir may comprise an insulator such as a ceramic such as SiC or
alurnina that 15 joined at the dome 5b4 by a union. The urion may corprise a shipnut union
such as one of the same type as that between the reservoir and baseplate. The shipnul may
comprise at least one of a refractory material such as carbon, 5iC, W, Ta, or another
refractory metal. The ceramic reservoir may be milled by means such as diamond tool
milling to form a precision surface suitable to achieve the slipnut seal.

The joining surfaces that interface the gasket or O-ring may be roughened or grooved
to form a high-pressure capable seal. The gasket or O-ring may be further sealed with a
sealant. Silicon such as silicon powder or liquid silicon may be added to a gasket or O-1ing
comprising carbon wherein the reaction to form SiC may occur at elevated temperature to
form a chemical bond as a sealant. In addition {0 the slipnul to creale a gasket or O-~ring seal,
the joined parts may comprise mating threads to prevent the parts from separating due to
elevated reaction cell chamber pressure. The union may further comprise a structural support
between the blackbody radiator 5b4 and the bottom of the reservoir 5¢ or baseplate to prevent
the union from separating under internal pressure. The structural support may comprise at
feast one clamp that holds the parts together. Alternatively, the structural support may
comprise end-threaded rods with end nuts that bolt the blackbody radiator and the bottom of
the reservoir or baseplate together wherein the blackbody radiator and the bottom of the
reservoir or baseplate compnise structural anchors for the rods. The rods and nuts may
comprise carbon.

In an embodiment, the union may comprise at least one end flange and an O-ring or
gasket seal. The union may comprise a slipnut or a clamp. The slipnut may be placed on the
joined preces before the flange 1s formed. Alernatively, the slipmut may comprise metal such
as stainless steel or a refractory metal that is welded together from at least two pieces about at
teast one of the reservoir and a collar,

The baseplate and EM pump parts may be assembled to comprise the baseplaie-EM
pump-ijector assembly Skk (FIGURE 2198). In the case of the dual molten metal injector
embodiment, the generator comprises two electrically isolated baseplate-EM pump-ingector
assemblies. The electrical isolation may be achieved by physical separation of the two

assemblies. Alternatively, the two assemblies are electrically isolated by electrical insulation
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between the assemblies. The nozzles of the dual hquid myector embodiment may be aligned.
The reservoirs may be placed upside down or in an inverted position, and the metal to serve
as the molien metal may be added to the reaction cell chamber through the open end of at
least one reservoir. Then, the baseplate-EM purnp~-ingector assembly may be connected to the
reservoirs. The connection may be achieved with the slipnut-coliar connector. The nozzles
may be run submerged in Hquid metal to prevent elecirical arc and heating damage.

In an embodiment, a reservoir that is less elecinically conductive or msulating such as
a Si1C or B4C reservoir may replace the carbon reservoir. The insulating reservoir may
comprise at least one of (1) threads at the top to connect to the lower hemisphere 5bd! ora
one~piece blackbody radiator dome 5b4 and (11} a reservoir bottom wherein the reservoir and
reservoir bottom are one piece. A SiC reservoir may join to a carbon lower hemisphere by at
least one of a gasket and a sealant comprising silicon wherein the silicone may react with
carbon to form SiC. Other sealants known in the art may be used as well. The reservoir
bottom may comprise threaded penetrations for the EM pump tube fasteners such as
Swagelok fasteners. The reservoir bottom may be a separate piece such as a baseplate that
may comprise metal. The metal baseplate may comprise welded joints to the EM pump tube
at the penetrations. The baseplate may comprise a threaded collar that connects to the mating
fastener of the reservoir such as a slipnut. The collar may be tapered o receive the reservoir,
The collar taper may be internal. The reservoir end may be tapered. The reservoir taper may
be exiernal 1o be received inside of the collar. The fastener may comprise a gasket such as a
Graphotl or Perma-Foil (Toyo Tanso) gasket. The tightening of the slipnut may apply
compression to the gasket.

in an embodiment, the blackbody radiator 5bd may comprise one piece such as a
dome or may comprise upper and lower hemispheres, 5b42 and Sb4l. The dome 5b4 or
fower hemisphere 5b41 may comprise at least one threaded collar at the base. The threads
may mate to areservour 5¢. The union of the collar and the reservoir may comprise external
threads on the reservoir screwing into internal threads of the collar or vice versa. The union
may further comprise a gasket. Alternatively, the union may comprise a slipnut on the
reservoir that screws onto external threads on the collar. The collar may comprnise an internal
taper at the end that receives the reservoir. The union may comprise a gasket such as a
Graphot! or Perma-Foil (Toyvo Tanso) gasket, ceramic rope, or other high temperature gasket
material known by those skilled in the art. The gasket may seat at the union between the
reservoir and the collar. The reservoir may comprise a nonconductor such as $1C, BsC, or
alununa. The reservoir mav be cast or machined. The dore or lower henusphere may
comprise carbon. The slipnut may comprise a refractory material such as carbon, SiC, W,
Ta, or other refractory metal or material such as one of the disclosure. The reservoir may

further attach to a baseplate asserably at the EM pump end. The union may comprise the
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same type as at the blackbody radiator end. The baseplate assembly may comprise (i) the
union collar that may be internally or externally threaded to mate with the matching threaded
reservoir, (11) the union collar that may be internally tapered at the end to receive the reservoir
and externally threaded to mate with the shpnut, (111) the reservoir bottom, and (1v) the EM
purmp tube components wherein the penetrations may be joined by welds. The baseplate
assembly and shipnut may comprise stainless steel. In an embodiment, slipnut may be
atiached to the reservoir at a flange or grove. The grove may be cast or machined inio a
cylindrical reservoir wall. The reservoir and collar may both comprise a flange on af least
one end wherein the union comprises an O-ring or gasket between the mating flanges of the
joined preces and a clamp the goes over the Hanges and draws them together when tightened.
In the case that the inductively coupled heater is mefficient at heating the reservoir such as
cerarnic reservolr such as a SiC reservoir, the reservoir may comprise a refractory covering or
sleeve capable of efficiently absorbing inductively coupled heater radiation. An exemplary
RF absorbing sleeve comprises carbon.

in an embodiment, each reservoilr may comprise a heater such as an inductively
coupled heater to maintain the reservoir metal such as silver in a molten state for at least
startup. The generator may further comprise a heater around the blackbody radiator to
prevent the molten metal such as silver from adhering for at least during startup. Tn an
embodiment wherein the blackbody radiator 5b4 heater is not necessary, the blackbody
radiator such a 3b41 and 5b42 mav comprise a material to which the molten metal such silver
does not adhere. The non-adhesion may occur al a temperature that is achieved by heat
transfer from the reservoir 5¢ heaters. The blackbody radiator mav comprise carbon and may
be heated {o a temperature at or above that to which the molien metal such as silver is non-
adherent before the EM pumps are activated. In an embodiment, the blackbody radiator s

eated by the reservoir heaters during startup. The blackbody radiator 5bd walls may be

sufficiently thick to permit heat transfer from the reservours to the blackbody radiator to
perimit the blackbody radiator to achieve a temperature that is af least one of above the
temperature at which the molten metal adheres to the blackbody radiator and greater than the
melting point of the molten metal. In an embodiment, the inductively coupled heater (ICH)
antenna that is in proximity to a heated cell component such as coiled around the reservoirs
5¢ 1s well thermally insulated from the cell component wherein the RF radiation from the
ICH penetrates the imsulation. The thermal nsulation may reduce the heat flow from the cell
component to the coolant of the ICH antenna to a desired flow rate.

The system further comprises a startup power/energy source such as a battery such as
a hithium ton battery. Alternatively, external power such as grid power may be provided for
startup through a connection from an external power source to the generator. The connection

may comprise the power output bus bar.
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In an embodiment, the blackbody radiator may be heated by an extemal radiative
heater such as at least one heat lamp during startup. The heat lamps may be external to the
PV converter 26a and may provide radiation through removal panels in the PV converter.
Alternatively, the blackbody radiator may be heated during startup, and the heaters may be
removed after the cell is continuously operating and producing enough power to mainiain the
reaction cell chamber 5b31 at a sufficient temperature to maintain the hyvdrino reaction. The
mductively coupled heater antenna 5t may comprise sections that are movable. The
imductively couple heater may comprise at least one coil 5{ for each reservoir that may be
retractable (FIGURES 2184-21103). The coil may comprise a shape or geometrv that
efficiently applies power to the reservoir. An exemplary shape is a cradle or adjustable
clamshell for a cvlindrical reservoir. The cradle may apply RF power to the corresponding
reservolr during heat up and may be retracted thereafter. The generator may coraprise an
actuator 5t1 such as at least one of a mechanical such as rack and pinion, screw, linear gear
and others known in the art, pneumatic, hvdraulic, and electromagnetic svstem to apply and
retract the heater coil. The electromagnetic actuator may comprise a speaker mechanism.
The pneumatic and hydraulic may comprise pistons. The heater antenna may comprise a
flexible section to permit the refraction. An exemplary flexible antenna is wire braided
Teflon tubing such as copper braided. In an embodiment, the outer pressure vessel Sb3a may
comprise recessed chambers to house the retracted antenna.

In an embodiment, the heater such as an inductively coupled heater comprises a single
refractable coil S[{FIGURES 2193-2194}. The cotl may be circumferential about at least one
of the reservoirs 5¢. The heater may comprise a single mudti-tumn coil about both reservoirs
5¢. The heater mav comprise a low frequency heater such as a 15 kHz heater. The frequency
of the heater may be in at least one range of about 1 kHz to 100 kHz, 1 kHz 10 25 kHz, and 1
kHz to 20 kHz. The single coil may be retractable along the vertical axis of the reservoirs.
The cotl 5t may be moved along the vertical axis by an actuator such as one of the disclosure
such as a pneumatic, hvdraulic, electromagnetic, mechanical, or servomotor-driven actuator,
gear-motor-drive actuator. The cotl may be moved with mechanical devices known by thoge
skilled in the art such as a screw, rack and pinion, and piston. The coil may be mounted to
the actuator at one or more side or end positions or other convenient position that permits the

esired motion while not overloading the actuator with weight. The antenna may be
connected to the power supply through a flexible antenna section to permit the motion. Inan
embodiment, the inductively coupled heater comprises a split unit having the transmitier
component separate tfrom the balance of the heater. The separate transroitter component may
comprise a capactior/RF transmitter. The capacitor/RF transmitter may mount on the
actuator. The capacitor/RF transmitter may be connected to the balance of the heater by

flexible electrical lines and cooling lines in the outer pressure vessel chamber 5h3al. These
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hines may penetrate the wall of the outer pressure vessel 5b3a. The capacitor/RF transmitter
may be mounted on the actuator connected to the RF antenna wherein the antenna is also
mounted on the actuator. The capacitors may be mounted in an enclosure box that may be
cooled. The box may corprise a thermal reflective coating. The enclosure box may serve as
the mounting fixture. The box may comprise mounting brackets to guide rails and other
drive mechanisms. The inductively coupled heater may comprise a parallel resonance model
heater that uses a long heater such as one 6 to 12 meter long. A heat exchanger such as
cooling plates mav be mounted on the capacitor/RF transmitier with cooling provided by the
antenna cooling lines. The actuator may be driven by an electric servomotor or gear motor
controlled by a controller that may be responsive to temperature profile inputs to achieve a
desired temperature profile of the generafor components such as the reservoirs 5¢, EM pump,
lower hemisphere 5b41, and upper hemisphere 5b42.

In an embodiment, the actuator may comprise a drive mechanism such as a servo-
motor that 1s mounted in a recessed chamber such as one in the base of the outer pressure
vessel 5b3b. The servo-motor or gear motor may drive a mechanical movement device such
as a screw, piston, or rack and pinion. At least one of the coil 5f and the capaciior for the
mductively coupled heater may be moved by the movement device wherein the motion may
be achieved by moving a guided mount {o which the moved components are atlached. In an
embodiment, the actuator mayv be at least partially located ouiside of the outer pressure vessel
Sb3a. The actuator may be at least partially located outside of the base of the outer pressure
vessel 5b3b. The hifting mechanism may comprise at teast one of a pneumatic, byvdraalic,
glectromagnetic, mechanical, or servomotor-driven mechamism. The coil may be moved with
mechanical devices known by those skilled m the art such as a screw, rack and pinion, and
piston. The actuator may comprise at least one 1ift piston with piston penetrations that may
be sealed in bellows wherein the mechanism to move the pistons vertically may be outside of
the pressure vessel 5b3a such as outside of the base of the outer pressure vessel 5b3b. An
exemplary actuator of this type comprises that of an MBE/MOCVD system such as a Veeco
systern comprising exemplary shutter blade bellows. In an embodiment, the accuator may
comprise a magnetic coupling mechamsm wherein an external magnetic {ield can cause a
mechanical movement inside of the outer pressure vessel 5b3a. The magnetic coupling
mechanism may comprise an extemal motor, an external permanent or electromagnet, an
miernal permanent or electromagnet and a mechanical movement device. The external motor
may cause the rotation of the external magnet. The rotating external magnet may couple to
the internal magnet to cause it to rotate. The intermnal magnet may be connected to the
mechanical movement device such as a rack and pinion or screw wherein the rotation causes
the device to move at least one of the coil 5f and the capaciior. The actuaior may comprise

an electronic external source of rotating magnetic field and an internal magnetic coupler. In
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an embodirment, the external rotating magnetic field coupling to an internal magnet moay be
achieved electronically. The rotating outer field may be produced by a stator, and the
coupling may be to an intemal rotor such as the ones of an electric motor. The stator may be
an electronically commutating tvpe.

In an embodiment such as shown in FIGURES 2195-21103, the motor 93 such as a
servomotor or gear motor may drive a mechanical movement device such as a ball screw 94
with bearing 94a, piston, or rack and pinion. The drive connection between the motor 93 and
the mechanical movement device such as a ball screw mechanism 94 may comprise a
gearbox 92. The motor such as the gear motor and the mechanical movement device such as
the rack and pinion or ball and screw 94, and guide rails 92a may be inside or outside of the
outer pressure vessel 5b3a such as outside of the base plate of the outer pressure vessal 5b3b
and may further comprise a linear bearing 95 and bearing shaft that may be capable of at least
one of high-temperature and high-pressure. The linear bearing 95 may comprise a glide
material such as Glyon. The bearing shaft may penetrate the outer pressure vessel chamber
3b3al such as through the base plate of the outer pressure vessel Sb3b and attach to at least
one of the heater coil 51 and the heater coil capacitor box {0 cause their vertical movement
when the shaft is driven vertically 1n either the upward or downward direction by the
mechanical movement device. The linear bearing may be mounted in a recessed chamber
such as one in the base of the outer pressure vessel 5b3b. The bearing shaft may penstrate
the base plate of the outer pressure vessel 5b3b through a hole. At least one of the coil 5f and
the capaciior 90 for the inductively coupled heater may be moved by the movement device
wherein the motion may be achieved by moving a guided mount to which the moved
components are attached.

In an emvbodiment, the cell components such as the lower hemisphere 5b41, the upper
hemisphera 5h42, the reservoirs 5¢ and connectors may be capable of being pressurized to the
pressure at the operating temperature of the blackbody radiator such as 3000K corresponding
to a silver vapor pressure of 10 atm. The blackbody radiator may be covered with a mesh
bottle of carbon fiber to maintain the high pressure. The outer pressure vessel chamber
5b3al may not be pressurized to balance the pressure 1o the reaction cell chamber Sb31. The
outer pressure vessel mav be capable of atmospheric or less than atmospheric pressure. The
outer pressure vessel chamber 5b3al may be maintained under vacuum to avoid heat transfer
to the chamber wall. The actuator may comprise a sealed bearing at the base plate 5b3b of
the outer vessel 5b3a for the penetration of a furning or drive shaft driven by an external
motor such as a servo or stepper motor controller by a controller such as a computer. The
drive system may comprise at least one of a stepper molor, timing belt, tightening pulley,
drive pulley or gearbox for increased torque, encoder, and controlier. The drive shaft may

turn a gear such as a worm gear, a bevel gear, a rack and pinion, a ball screw and nut, a
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swashplate, or other roechanical means to move the heater coil 5f. The bearing for the drive
shaft penetration may be capable of sealing against at least one of vacoum, atmospheric, and
elevated pressure. The bearing may be capable of operating at elevated temperature. In an
embodiment, the bearing may be offset from the base plate 5b3b bv a collar or tube and
flange fitting to position the bearing in a lower operating temperature environment.

The generator may comprise a heater system. The heater system may comprise a
movable heater, an actuator, temperature sensors such as thermocouples, and a controller to
receive the sensor input such as temperatures of the cell components such as those of the
upper hemisphere, the lower hemisphere, the reservoir, and the EM pump coraponents. The
thermocouples may comprise one in a thermocouple well that provides access to the
temperature in the cell intertor such as at least one of the temperature inside of the EM pump
tube and the temperature 1nside of the reservoir. The thermocouple may penetrate into at
jeast one of the EM pump tube and reservoir through the wall of the EM pump tube. The
thermocouple may measure the temperature of the connector of the EM pump tube and the
reservoir such as the Swagelok temperature that may be measured internal to the EM pump
tube. The Swagelok temperature may be measured with an external thermocouple that has
good thermal contact to the Swagelok surface by means such as a bonding means or thermal
conductor such as thermal paste. The controller may at least one of drive the actuator to
move the heater cotl and control the heater power to control the temperatures of the cell
components in desired ranges. The ranges may each be above the melting pomnt of the molten
metal and below the melting point or failure pont of the cell component. The thermocouples
may be capable of high temperature operation such as ones comprised of lead selenide,
tantalum, and others known in the art. The thermocouples may be electricallv isolated or
biased to prevent interference for external power sources such as the inductively coupled

eater. The electrical isolation may be achieved with an electrically insulating, high
temperature capable sheath such as a ceramic sheath. The thermocouples may be replaced by
infrared temperature sensors. The optical sensors may comprise {iber optic temperature
SENsors.

The thermocouples that measure al least one of the lower and upper hemisphere

temperatures may be retractable. The reaction may occur when the measured temperature
eaches an upper limit of its operation. The retractor may comprise a mechanical, pneumatic,
hvdraulic, ptezcelectric, electromagnetic, servomotor-driven or other such retractor known by
those skilled in the art. The retraction may be within or more distal to the PV converter that
15 cooled. The temperature of at least one of the lower and upper henusphere above the
operating temperature of the thermocouple may be measured by at least one of an optical

sensor such as a pyrometer or spectrometer and by the PV converter response.
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The coil may be lowered after cell startup. The base plate Sb3b may have recessed
housings for at least one of the coil 51 and the corresponding capaciior bank mounted on the
actuator. The coil may comprise a water-cooled radio frequency (RF} antenna. The coil may
further serve as a heat exchanger to provide cooling water-cooling. The coil may serve to
water cool the electromagnetic pump when its operating temperature becomes too high due to
heating from the hydrino reaction in the reaction cell chamber 5b31 wherein heat is
conducted to the EM pump along the reservoirs 5¢. Cell components such as the EM pump
and reservoirs may be insulated to maintain the desired temperature of the component with
the heating power lowered or ternunated wherein the antenna may also provide cooling to
non-insudated components. An exemplary desired {emperature is above the meliing point of
the molten metal injected by the EM pump.

{n an emnbodiment. the inductively coupled heater may extend to the EM pump region
io heat the EM pump tube to maintain the molten metal when needed such as during startup.
The magnets may compiise an electromagnetic radiation shield {o refiect a substantial portion
of the heating power from the inductivelv coupled heater. The shield may comprise a highly
electrically conductively covering such as one comprising aluminum or copper. The EM
pump magnets may be shielded with an RF reflector to allow the coil 5{to be at the level of
the magnets. The avoidance of heating the EM pump magnets may be at least partially
achieved by using a notched coil design wherein the notch is at the magnet location. The
mductively coupled heater power may be increased as the EM pump power 15 decreased and
vice versa to maintain a stable temperature to avoid rapid changes that cause EM pump and
reservoir connector thread failures.

The EM magnets Sk4 may comprise a conduit for internal cooling. The internal
cooling system may comprise two concentric water lines. The water lines may comprise an
mternal cannula that delivers water to the EM-pump-tube end of the magnet and an outer
return water line. The water lines may comprise a bend or elbow to permit a vertical exit of
the ouder pressure vessel 5b3a through the base 5b3b. The two concentric intemal waier lines
of each magnet may be on the center longitudinal axis of the magnets. The water lines may
press inio a channel in the magnets. The internal cooling systermn may further comprise heat
transter paste to increase the thermal contact between the cooling lines and the magnets. The
internal water-cooling lines may decrease the size of the magnet cooling system 1o allow the
heater coil 5110 move vertically in the region of the EM pump. The magnets may comprise a
non-linear geometry to provide axial magnetic field across the pump tube while further
providing a compact design. The design may allow passage of the coil 5f over the magnets.
The magnets may cormprise an L-shape with the L oniented such that the cooling lines may be
directed in a desired direction to provide a compact design. The water lines may be directed

downwards towards the base of the outer pressure vessel 5b3b or o horizontally such as
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towards the center between the two reservoirs. Consider a clockwise circular path of the
Fatter case that follows the axes of the {our EM pump magnets of two reservoirs. The
magnetic poles may be oriented S-N-S-N // §-N-8-N wherein // designates the two sets of
EM purop moagnets, and the current orientation of one EM pump relative to the other roay be
reversed. Gther compact magnet cooling designs are within the scope of the present
disclosure such magnet-fitied coolant jackets and coils.

The EM pump mayv comprise a RF shield at EM pump magnets 5k4 to prevent the
magnets from being heated by the inductively coupled heater coil 3£ The shield can later
serve as a heat transfer plate when the RF coul 3 contacts it in cooling mode with RF of the
mductively coupled heater off. Tn another embodiment, the coolant lines may penetrate
through the sides of the magnets in a coolant loop through each magnet. Other coolant
geometries may be used that are favorable for removing the heat from the magoets while
permitling the heater coil o pass by them when moved vertically.

In an embodiment, the heater indirectly heats the pump tube 5k6 by heating the
reservoir Sc and the molten metal contained in the reservoir. Heat is transferred to the pump
tube such as the section having an applied magnetic field through at least one of the molten
metal such a silver, the reservoir wall, and the heat transter blocks 5k7. The EM pump may
further comprnise a temperature sensor such as a thermocouple or thermisior. The temperature
reading may be input to a control system such as a programmable logic controller and a
heater power controller that reads the pump tube temperature and controls the heater to
maintain the temperature in a desired range such as above the melting point of the mwetal and
below the melting point of the pump tube such as within 100 °C of the melting point of the
molten metal such as in the range of 1600 °C to 1050 °C in the case of molten silver.

Cell components such as at east one of the lower hemisphere Sb41, the upper
hemisphere 5b42, the reservoirs 5¢, the heat transfer blocks 5k7, and the EM pump tube 5k6
may be insulated. The insulation may be removable following startup. The insulation may
be reusable. The imsulation may comprise at feast one of particles, beads, grains, and flakes
such as ones comprising at least one of MgQ, Ca0, silicon dioxide, alumina, stlicates such as
mica, and alumina-silicates such as zeolites. The insulation may comprise sand. The
msulation may be dried to remove water. The insulation may be held in a vessel Sel
{(FIGURES 21102 and 21103} that may be transparent o the radiation from the inductively
coupled heater. The vessel may be configured to permut the heater coil 5f to move along the
vertical axis. In an exemplary embodiment, the insulation comprising sand is contained in a
fiberglass or ceramic vessel Sel wherein the heater coil can move vertically along the vessel
mside of the coil 5 The particulate imsulation vessel Sel may comprise an inlet 5e2 and an
outlet 5e3. The insulation may be drained or added back to change the insulation. The

msulation may be drain out of the vessel by gravity. The removal may be such that the
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msulation 1s removed in order from the top of the reservoir o the bottom of the EM pump
tube. The msulation may be removed in order from the closest to the farthest {rom the power
producing hydrino reaction. The removed insulation may be stored in an insulation reservoir.
The insulation may be recvcled by retuming it to the vessel. The insulation may be returned
by at least one of mechanical and pneumatic means. The insulation may be mechanically
moved by an auger or conveyor belt. The insulation may be pneumatically moved with a
blower or suction pumip. The msulation may be moved by other means known by those
skilied in the art. In an embodiment, the particulate insulation such as sand may be replaced
bv a heat transfer medium such as copper shot that mav be added from a storage container
following generator startup to remove heal from at least one of the reservoirs and EM pump.
The heat transfer may be to the water-cooled antenna of the inductively coupled heater.

The reaction may self sustain under favorable reaction conditions such as at least one
of an elevated cell temperature and plasma temperature. The reaction conditions may support
thermolysis at a sufficient rate to maintain the temperature and the hydrino reaction rate. In
an embodiment wherein the hydrino reaction becomes self~sustaining, at least one startup
power source may be terminated such as at least one of the heater power, the ignition power,
and the molten metal pumping power. In an embodiment, the electromagnetic pump may be
termunated when the cell terperature is sufficiently elevated to maintain a sufficiently high
vapor pressure of the molten metal such that the metal pumping is not required fo mamtain
the desired hvdrino reaction rate. The elevated temperature may be above the boiling point
of the molten metal. In an exemplary embodiment, the temperature of the walls of the
reaction cell chamber comprising the blackbody radiator 5b4 1s in the range of about 2900K
io 3600K and the molten silver vapor pressure is i the range of about 5 to 50 atm wherein
the reaction cell chamber Sb31 serves as a botler that refluxes molten siiver such the EM
pump power may be eliminated. In an embodiment, the molten metal vapor pressure is
sufficiently high such that the metal vapor serves as a conductive matrix to eliminate the need
for the arc plasma and thereby the need for the ignition current. In an embodiment, the
hydrino reaction provides the heat fo maintain the cell components such as the reservairs 3¢,
the lower hemusphere 5b41, and upper henusphere 5b42 at a desired elevated temperature
such that the heater power may be removed. The desired temperature may be above the
melting point of the molten metal. In an embodiment, the cell startup may be achieved with
at least one removable power source such as at least one of removable heater, ignition, and
EM pump power sources. The cell may be operated in continuous operation once started. In
an embodirment, the startup may be achieved with an energy storage device such as at least
one of battery and capaciior such as supercapacitor devices. The devices may be charged by
the electrical power output of the generator or by an independent power source. In an

embodiment, the generator may be started up at the factory using independent startup power
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supplies and shipped in continuous operation absence the startup power supplies such as at
least one of heater, ignition, and pumping power supplies.

In exemplary embodiments, the SunCell comprises molten aluminum (M.P. = 660 °C,
B.P.=2470 °C) or molten silver (MLP. =962 °C, B.P. = 2162 °C) in carbon reservoirs
mnjected into a reaction cell chamber 5531 comprising carbon lower 5b41 and carbon upper
5b42 hemispheres by dual EM pumps comprising at least one of stainless steel such as Hayes
230, Ti, Mb, W, V and Zr {asteners such as Swageloks 5k9 and at least one of stainless stegl
such as Havnes 230 or §5 316, Ti, Nb, W, V and Zr EM pump tube, carbon or iron heat
transfer blocks Sk7, at least one of a stainless steel, T1, Nb, W, V and Zr mitial section of
nozzle pump tube with atack welded W end nozzle section 5k61 of the pump tube and a W
nozzle. Each EM pump tube may further comprise an ignition sowrce bus bar for connection
io a terminal of the source of electrical power 2 comprising the same metal as the EM purop
tube. In an embodiment, the ignition system may further comprise a circuil comprising a
switch that when closed shorts the ignition source EM pump tube bus bars to heat the pump
tube during startup. The swiich in the open position during cell operation causes the current
to flow through the crossed molten metal streams. Carbon heat transfer blocks may comprise
heat transferring carbon powder to line the indentation for the EM pump tube. The reservoirs
may be made longer to reduce the temperature at the EM pump components such as fasteners
5k9 and EM pump tube 5k6. The oxide source of HOH catalyst with added source of
hvdrogen such as argon-H, (3%) may comprise at least one of LiVOs, Al,Os, and NaAlQ,.
HOH may form in the ignition plasma. In an erabodiment, cell components in contact with
molten aluminum may comprise a ceramic such as SiC or carbon. The reservoir and EM
punmp tube and nozzle may comprise carbon. The component may comprise a metal such a
stainless steel that 1s coated with a protective coating such as a ceramic. Exemplary ceramic
coatings are those of the disclosure such as graphite, aluminosilicate refractories, AIN, Al,Os,
813Ny, and sialons. In an embodiment, the cell component in contact with molten aluminum
may comprise at least one corrosion resistant material such as Nb-30Ti-20W alloy, Ti, Nb,
W, V, Zr, and a ceramic such as graphite, aluminosilicate refractories, AIN, AL O, Si3Ny, and
sialons.

in an embodiment, the splitier comprises an EM pump that may be located at the
region of the joining of the two reservoirs. The EM pump may comprise at least one of
electromagnets and permanent magnets. The polanty of at least one of the current on the EM
purp bus bars and the electromagnet current may be reversed periodically to direct the
returning silver to one and then the other reservoir to avoid an electrical short between the
reservolrs. In an embodiment, the ignttion circutt comprises an electrical diode to force the

current in one direction through the dual EM pump injector higuid electrodes.
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In an embodiment, the electromagnetic pump tube section that 1s connected to the
nozzle 5q, the nozzle section 5k61, may comprise arefractory matenial such as tungsten. The
norzzie section may be extendible such as telescoping. The telescoping section may be
extended by the pressure of the internal molten metal exerted by the EM pump. The
telescoping nozzle may have a track to prevent it from rotating as it extends. The track could
comprise a crease. The extension of the tube by the molten metal serves fo permit the nozzle
section to be heated before molten metal flows through this tube section. The preheating may
avoid the solidification and clogging of the nozzle section. In an embodiment, the nozzle
section Sk61 1s heated by at least one of conduction, convection, radiation, and metal vapor
from the components heated by the inductively coupled heater such as the reservoir and the
metal contained therein such as silver. The thickness of the nozzle section may be sufficient
io provide adequate heat transfer from the heated components fo the nozzle section to raise its
temperature above the melting point of the metal such as silver before the EM pump s
activated to present solidification and clogging of the nozzle section. In an embodiment, the
each reservoir 3¢ may comprise an independent inductively coupled heater coil 3f and radio
frequency (RF) power supply. Alemnatively, the inductivelyv coupled heater coil 5f may
comprise a section for each reservoir 5¢ and may be powered by a single radio frequency
power supply Sm.

In an embodiment, the cell components comprised of carbon are coated with a coating
such as a carbon coating capable of maintaining about zero vapor pressure at the operating
temperature of the cell component. An exemplary operating temperature of the blackbody
radiator is 3000K. In an embodiment, the coating to suppress sublimation applied to the
surface such as the outside surface of a carbon cell component such as the blackbody radiator
5b4 or reservoir 5¢ comprises pyrolytic graphite, a Pyrograph coating (Tovo Tanso),
eraphitized coating (Poco/Entegris), silicon carbide, Tal or another coating of the disclosure
or known n the art that suppresses sublimation. The coating may be stabilized at high
temperature by applving and maintaining a high gas pressure on the coating. In an
embodiment, the EM pump tube 5k6, current bus bar 5k2, heat transfer blocks 5k7. nozzle 5g
and fittings 5k9 may comprise at least one of Mo and W. In an embodiment, the Swagelok-
tvpe and VCR-type fittings 5k9 may comprise carbon wherein the reservoir may comprise
carbon. Carbon fittings may comprise a liner such as a refractory metal mesh or foil such as
W ones. In an embodiment, the electrodes penetrate the pressure vessel wall at feed throughs
10a and at ieast one of the lower hemisphere 5b41 of the blackbody radiator 5b4 and the
reservolr 5¢. The electrodes 8 may be locked in place with an electrode O-ring lock nut 8al.
The electrode bus bars 9 and 10 may be connected {0 the source of electrical power through
bus bar current collectors 9a. The elecirodes penetrations may be coated with an electrical

msulator such as ZrO. Since C has low conductivity, the electrodes may be sealed directly at
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the penetration such as ones at the reservoir wall with a sealant such as graphite paste.
Alternatively, the electrodes may be sealed at the penetrations with VCR or Swagelok feed
throughs. The mechanical joining of parts with different thermal coefficients of expansion
such as at least one of the VCR-type or Swage-like type fittings between the EM purap tube
and the base of the reservoir 5¢ and the electrodes and the reservoir wall may comprise a
compressible seal such as a carbon gasket or washer such as a Perma-Foil or Graphaoil gaske
or washer.

In an exemplary embodiment, the reaction cell chamber power 1s 400 kW, the
operating temperature of the carbon blackbody radiator having a 6 inch diameter 1s 3000 K,
the pumping raie of the EM pump is about 10 ce/s, the inductively coupled heater power to
mel{ the silver is about 3 kW, the ignition power is about 3 kW, the EM pump power is about
500 W, the reaction cell gases comprise Ag vapor and argon/H»(3%), the outer chamber gas
comprises argon/H{(3%), and the reaction cell and outer chamber pressures are each about 10
atm.

The outer pressure vessel may be pressurized to balance the pressure of the reaction
cell chamber 5b31 wherein the latter pressure increases with temperature due to the
vaporization of the matrix metal such as silver. The pressure vessel may be initially
pressurized, or the pressure may be increased as the reaction cell chamber temperature
mcreases. Hydrogen may be added to the pressure vessel to permeate into the reaction cell
chamber. In an embodiment wherein the blackbody radiation 1s isotropic carbon, the dome is
ai least partially permeable to gases such as at least one of hvdrogen and an inert gas such as
argon to balance the pressure and supply hvdrogen to the reaction. In an embodiment, the
power may be controlled by controlling the hydrogen flow to the hydrino reaction in the
reaction cell chamber 5b31. The hydrino reaction may be stopped by purging or evacualing
the hydrogen. The purging may be achieved by flowing an inert gas such as argon gas. The
SunCell may comprise a high-pressure water electrolyzer such as one comprising a proton
exchange membrane (PEM) electrolyzer having water under high pressure to provide high-
pressure hvdrogen. The PEM may serve as at least one of the separator and salt bridge of the
anode and cathode compartments to allow for hydrogen to be produced at the cathode and
oxygen at the anode as separate gases. The hvdrogen mayv be produced at high pressure and
may be supplied to the reaction cell chamber 5b31 directly or by permeation such as
permeation through the blackbody radiator. The SunCell may comprise a hvdrogen gas line
from the cathode compartment to the point of delivery of the hyvdrogen gas to the cell. The
SunCell may comprise an oxygen gas hine from the anode compartment to the point of
delivery of the oxygen gas o a storage vesse] or a vent.

The pressure of the reaction chamber 5b31 may be measured by measuring the

extension or displacement of at least one cell component due to the internal pressure. The
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extension or displacement due to internal pressure may be calibrated at a given reaction
chamber Sb31 temperature by measuring at least one of these parameters as a finction of the
mternal pressure caused by a non-condensable gas at the given reaction chamber temperature.

in an embodiment, the coating of a graphite cell component such as a surface of the
blackbody radiator, the reservoir, and VUR-iype fitlings may comprise pyrolytic graphite,
silicon carbide, or another coating of the disclosure or known in the art that is resistant fo
reaction with hydrogen. The coating may be stabilized at high temperature by applying and
maintaining a high gas pressure on the coating.

In an embodiment, the excess water in the reaction cell chamber gas such as argon is
removed. The water partial pressure may be mamntained at a level that at least one of
maintains an optimal hvdrino reaction rate and avoids or reduces corrosion of at least one cell
component such as the dome 5b4 such as a tungsten dome. The water mav be removed with
a getler. In an embodiment, the generator comprises a condenser to remove at least one of
the molten metal vapor such as silver vapor and water vapor, a water getter such as a drving
charober comprising a hvdroscopic material or desiccant such as zeolite or an alkaline earth
oxide, a pump to circulate at least one reaction cell chamber gas and lines and valves to
control the gas flow. The gas may flow from the reaction cell chamber 5b31 through the
condenser to remove metal vapor that may dnip or be pumped back into the reaction cell
chamber as a liquid, then through the drying chamber to remove the water vapor and back to
the reaction cell chamber. The gas may return to the reaction cell chamber through a port
such as one at the cone reservoir. The gas recirculation flow rale through the drving chamber
may be controlied to maintain the reaction chamber gas at a desired partial pressure of H.0O.
An exemplary reaction cell chamber water pressure is in the range of about 0.1 Torrto 5
Torr. The desiccant may be regenerated. The regeneration may be achieved by at least one
of chemical regeneration such as by hydrogen reduction of a metal getier such as by
reduction of CuO to Cu and electrolvsis of Al,O; to Al, and heating. The heating may cause
the water to be dniven off as vapor. The driven off water vapor may be vented to the outside
atmosphere or returmned to the water bubbler. In the heating case, the desiccant such as
hydrated zeolite or an alkaline earth hydroxide may be heated to the anhydrous form. The
eenerator may comprise a plurality of drying chambers, heaters, and valves and gas lines. At
least one drying chamber may be connected to dry and recirculate reaction cell chamber gas
while at Teast one other drying chamber i3 undergoing regeneration. The generator may
comprise a conirol system that switches the valves 1o the proper gas connections with the
reaction cell chamber and outside of the chamber to control the recirculation and
regeneration.

The generator may further comprise lines and valves and a water sowrce such as a

water bubbler and a port to inject water into the molten metal. The bubbler may comprise a
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heater and a controller to control the water pressure. The injection port may be in at least one
of the reservoir and pump tube such as the outlet portion of the pump tube. Inan
embodiment, the injector may be at or near the electrode gap 8g. The gas may flow from the
drving chamber may be at least partially diverted to the bubbler wherein it bubbles through
the water therein. The gas may acquire a desired partial pressure of water vapor depending
on the bubbler temperature and the gas flow rate. A controller may control the gas pump and
valves to control the gas flow rate. Allematively, the generator may comprise an independent
steam injector of the disclosure.

In an embodiment, a negative (reducing) potential is applied to cell components such
as at teast one of the cone or dorne, reservoir, cone reservotr, and pump tube that may
undergo oxidation from the reaction of the maternial of the component with at least one of
H,0 and oxygen. The generator may comprise a voltage source at least two electrical leads
and a counter electrode 1o apply the negative vollage to the cell component. Inan
embodiment, the positive counter elecirode may be in contact with the plasma. Inan
embodiment, the generator cornprises an extemnal power source such as a DC power source 1o
apply a voltage to at least one cell component to prevent the very elevated temperature cell
component from oxidation by at least one of steam and oxygen. The oxvgen can be
scavenged with a hydrogen atmosphere. The cell may comprise an electrical break
comprising a thermal and electrical insulator such as SiC between the dome and the silver
reservair. The metal melt such as silver in the reservoir may serve as the anode, and the cell
component such as the dome 5b4 may serve as the cathode biased negatively. Alternatively,
the anode may comprise at least one of the bus bars, the electrodes, and an independent
electrode inside the reaction cell charober 5b31 in contact with the plasma therein. In an
ernbodiment, the other power sources to the generator such as the electromagnetic pump
power supply and the source of electrical power 1o the elecirodes may be elecirically floated
such that the negative voltage may be applied to the cell component. The cell component
may comprise a surface coating to protect it against at ieast one of femperature, wear, and
reaction with at least one of water and oxygen. The surface coating may comprise one of the
disclosure such as a carbide such as hafnmium carbide or tantalum carbide. In an embodiment,
the component comprising a refractory ceramic such as at least one of Si1C, HIC, TaC, and
W is formed by high-energy milling and hot pressing. The component may be formed by at
teast one of casting, powder sintering, and mulling.

In an embodiment, the water-cooled bus bars may comprise the magnet{s) of the
electromagnetic pump. The maguoets of the electromagunetic pump may be incorporated into
the water-cooled bus bars such that the bus bar cooling system may also cool the magnet(s).
The magneis may each comprise a ferromagnetic volk in closer proximity to the electrodes
and may further comprise a gap between the magnet and voke to reduce the heating of the
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magnet. The voke may be cooled as well. The yoke may have a higher Curie teraperature
than the magnet such that it may be operated at a higher temperature to reduce the cooling
load. The electromagnetic pump may comprise one magnetic circuit comprising a magnet
and optionally a gap and yoke.

In an alternative embodiment to water injection, at least one of a hydrogen and
oxygen mixture such as one from electrolysis of water, and both hvdrogen gas and oxygen
gas are ijected from sources wherein the gases react to form water in the melt. In an
embodiment, the melt comprises a hyvdrogen and oxygen recombiner catalyst such as copper
to catalyze the reaction of the gases to water. The autoignition temperature of hyvdrogen is
536 °C. In an embodiment, the ijection of both gases into the melt such as molten silver
will result in H, being injected into the melt. A source of a stoichiomeiric mixture of H,
and O 15 the electrolysis of HyO. In an embodiment, the gas line may comprise a flame
arrestor to prevent ignition from propagating back up the gas line. In an embodiment, at least
one of the H, and O, gas are delivered through concentric tubes (fube-in-tube) wherein one
tube carries one gas, and the other carries the other gas. The tube-in-tube may penetrate the
purmp tube 5k6 to inject the gases into the flowing metal melt to form H,O. Altematively, the
myjection may occur in at least one of the reservoir 5¢ and cone reservoir 5b. Inan
embodiment, at least one of the H, and G, gas are delivered through a membrane permeable
to the corresponding gas. In an exemplary embodiment, hydrogen may permeate through a
Pd or Pd-Ag membrane. Oxygen may permeate through an oxide conductor. The supply of
at least one of H; and 0, may be controlled by at least one of a voliage and a current. The
oxvgen may be supplied by following a current through an oxide electrode such as one used
i a solid oxide fuel cell. Excess H, may be added to the gas mixture to prevent cell
corrosion and to react with the oxygen product of the hydrine reaction of H;0 to hydnno and
oxvgen. The gas flow such as hydrogen gas flow and oxvgen gas flow and hydrogen-oxygen
mixture gas flow may be controlied by a flow control system such as one comprising at least
one of an H,( electrolvzer, gas separator, gas supply tanks, pressure gauges, valves, flow
meters, computer 100, and a controller. To prevent (3, corrosion, the O, line may comprise a
non-corrosive material such as alumina. The gases may be premixed and auto-ignited in a
delivery tube before flowing into the melt. Water vapor and optimally hydrogen may be
mjected with a tube-in-tube design. The water vapor may be drv. The dry water vapor may
be formed by a stearn generalor comprising a steam-water droplet separator such as a waler
vapor permeable membrane such as a fiit or membrane that blocks water droplets in the flow
stream. The membrane may comprise stearmn~permeable Teflon. The frit may coroprise a
powered ceramic such as powdered alumina. The membrane may comprise a sheet with
perforations such as a metal screen or a metal plate with perforations such as one comprised

of nickel. The preformations may be drilled such as water jet or laser drilled. The frit may
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comprise a plug of metal mesh, metal foam, retal screen, or sintered roetal. The roetal may
comprise Ni. The gas nozzle such as the water vapor nozzle yay have a small opening to
prevent molten silver from entering. The nozzle may comprise a material resistant to silver
adherence such as at least one of Mo, C, W, graphene and other Ag non-adherent matenials.
C0, from the reaction of carbon with oxyvgen may be scavenging with a CO; sequestration
compound known in the art.

In an emvbodiment, cell components that contact mjected water vapor such as at least
one of the cone reservoir, the reservoir, the inner surface of the pump tube, the outer surface
of the pump tube, the water mjection tube, the hvdrogen mjection tube, the frit, and the
nozzle comprise or are coated with an anticorrosive coating such as one that is unfavorable to
react with waier such as Ni. The anticorrosive coating mayv be applied by at least one of
electroplating such as electroless electroplating such as electroless Ni plating, vapor
deposition, cladding, other known in the art, and as a liner,

in an embodiment shown in FIGURES 2124-2143, at least one of the water and
hvdrogen may be supplied to the hydrino reaction by at least one of injection into the pump
tube 5k6 such as at the nozzle 5q end and injection into the reaction cell chamber 5b31 by
corresponding injectors 571 The generator may comprise a steam line 5g that may penetrate
at feast one of the lower chamber 565, and the cell chamber 583 and reaction cell chamber
5b31 through a steam inlet line feed-through 5g1 or a common hydrogen and steam inlet line
feed-through 5h2. The generator may comprise a hvdrogen line 5h that may penetrate at least
one of the lower chamber 5b35, and the cell chamber 5b3 and reaciion celi chamber 5b31
through a hydrogen inlet line feed-through 5hi or a common hydrogen and steam inlet line
feed-through 5h2. Each of the hydrogen and steam may comprise separate lines or they may
combine into a hydrogen steam mantfold Sy that may penetrate at least one of the Jower cell
chamber 5b5 and cell chamber 5b3 and reaction cell chamber 5b31 through a common
hvdrogen and stean inlet line feed-through 5h2. The myection may be controlled by valves
such as flow or pressure valves 522 such as solenoid valves.

The generator may comprise at least on of a fan and a pump to recirculate the reaction
chamber gas. The cell gas may comprise a mixture of at least two of H,O, hvdrogen, oxygen,
and an inert gas such as argon. The recirculated cell gas may be bubbled through water {o
resupply water. The water bubbler may comprise a means to control its temperature such as
ai least one of a heater, a chiller, and a temperature controller. At least one of the bubbling
raie and temperature may be dynamically adjusted in response to the hydrino reaction raie to
optimize the reaction rate. The flow rate may be increased when the water vapor pressure is
below the desired pressure and decreased or stopped when it 1s above the desired pressure,
Different bubbler temperatures and flow rates may be apphied to alier the water partial

pressure and replenish rate. The teraperature may alter the kinetics of establishing an
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equilibriwm vapor pressure as well as the vapor pressure. {n another embodiment, the excess
water may be removed by circulating the reaction cell gases such as a mixture of H (O,
hydrogen, oxygen, and an inert gas such as argon through at least one of a condenser and a
desiccant. The gas circulation may be achieved with a vacuum pump or a fan. The desiccant
may be regenerated by means such as heating and pumping. An exemplary commercial
system is made by ZeoTech (http://zeo-tech. de/index php/en/}. Oxvgen may be removed
with a getter such a metal that form an oxide as copper that can be regenerated by means such
as hydrogen reduction. Oxygen may be removed by addition of hydrogen. The source may
be the electrolysis of water. The hydrogen may flow through a hollow electrolvsis cathode
mio the reaction cell chamber. Other exemiplary oxygen scavengers comprise sodium sulfite
(NapS0s), hydrazine (N,H,y), 1.3-diaminourea {carbohydrazide), diethvihydroxylamine
(DEHA), mitrilotniacetic acid (NTA), ethylenedianunetetraacetic acid (EDTA), and
hydroquinone. Oxygen can also be removed by reaction with supplied excess hyvdrogen. The
excess water product may be removed by means of the disclosure.

The generator may comprise a controlier to control the power output by controlling
the hydring reaction parameters. In addition to optimization of the water vapor pressure, the
corresponding molten metal injection rate and mass of corresponding aliquot or shot,
mjection current, electrode design such as one that produces a near point contact such as
rounded or inverted back-to-back V shapes, and firing rate or frequency are correspondingly
optirnized to masimize the power. Exemplary optimal pararoeters are about 80 mg molten
Ag shot, circuitl voltage of 2 V with a 1 V electrode vollage drop, 8 fo 10 kA peak current
pulse, T % water absorbed in the Ag shot, 1 Torr ambient water with 759 Torr argon or other
noble gas. and low electrode and bus bar temperature such as below 500 °C to nuninuze the
resistance and maximize the current pulse. In an embodiment, at least one of the ignition
system and injection svstem such as the source of electricity, the bus bars, the elecirodes, the
electromagunetic pump, and the nozzle mayv be designed to produce a natural frequency of the
circuit and mechanics of injection and ignition to achieve the desired ignition rate. In an
exemplary embodiment, varying the circuit impedance varies the natural frequency of the
ignition system. The circuit impedance may be adjusted by means known in the art such as
by adjusting at least one of resistance, capacitance, and inductance. In an exemplary
embodiment, the mechanical frequency may be adjusted by at least one of adjusting the rate
of metal injection, the resistance to injection flow, and rate that ignited metal is cleared from
the electrodes. The rates may be adjusted by adjusting the size, shape, and gap of the
electrodes. The desired 1grution rate may be in at least one range of about 10 Hz to 10,000
Hz, 100 Hz to 5000 Hz, and 300 Hxz 10 1000 Hz

In an embodiment, a plurality of generators may be ganged to provide a desired power

output. A plurality of generators may he interconnected in at least one of series and parallel
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io achieve the desired power output. The system of ganged generators mav comprise a
controller to control atf least one of senes and parallel connections between the generators o
control at least one of the power, voltage, and current of the superimposed output electricity
of the plurality of ganged generators. A plurality of generators may each comprise a power
controlier to control the power outpui. The power controlier may control the hvdrino reaction
parameters to control the generator power output. Each generator may comprise switches
between at feast one of PV cells or groups of PV cells of the PV converter 26a and further
comprise a controlier to control at least one of series and parallel connections between PV
cells or groups of PV cells. The controller may switch the interconnections to achieve at least
one of a desired voltage, current, and electrical power ouiput from the PV converter. The
central controller of the ganged phuality of generators mayv control atf least one of the series
and parallel interconnections between ganged generators, hydrino reaction parameters of at
least on generator, and connections between PV cells or groups of PV cells of at least one PV
converter of at least one generators of the plurality of ganged generators. The central
controller may control at least one of the generator and PV connections and hvdrino reaction
parameters directly or through the individual generator controllers. The power output may
comprise DC or AC power. Hach generator may comprise a DC 1o AC inverter such as an
mverter. Altematively, the DC power of a plurality of generators may be combined through
the conneciions between generators and converted to AC power using a BC to AC converter
such as an inverter capable of converting the superimposed DC power. Exemplary output
voltages of at least one of the PV converter and ganged generator systems 1s about 330V DC
or 780V . The about 380V outpui may be converted into two phase ALC. The about 760V
output may be converted mto three phase AC. The AC power may be converted to another
desirable voliage such as about 120V, 240V, or 480 V. The AC voltage may be transformed
using a franstormer. In an embodiment, DC voltage may be changed to another DC voltage
using an {GBT. In an embodiment, at least one IGBT of the mverter mav also be used as the
IGBT of the inductively coupled heater Sm.

In an embodiment, the electrodes may be cooled by being in contact with an extension
of the cooled bus bars that mayv contact the back of the electrodes. In an embodiment, the
electrode cooling system may comprise a centered tube-in-tube water cannula that extends to
the end of the electrodes wherein the coolant such as at least one of water and ethylene glycol
flows o the inner cannula, and the retum Bow 1s through the outer circumferential tube.
The cannula may comprise holes along its length to the electrode end to allow some water to
bypass traveling to the end. The electrode cooling system may be housed 1n a groove in
back-to-back electrode plates such a w plates. In an embodiment, the elecirode may
comprise a cooling svstem such as a liquid cooling system such as one comprising a coolant

such as water or a molten material such as metal or salt. fn another embodiment, the
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electrodes mayv comprise a plurality of solid materials wherein one may reversibly melt in
response (o a power load surge. The power load surge may be due 1o an energetic even from
the hydrino process. The outer surface of the electrode may comprise a material of the
highest melting point of the plurality of materials, and the mnside may comprise a material of
a lower melting point such that heat from a power surge is transferred to the interior to cause
the inner material to melt. The heat of fusion of the inner material absorbs some of the heat
of the surge 1o prevent the outer surface from melting. Then, the heat may be dissipated on a
longer time scale than that of the surge as the inner matenal cools and solidifies.

In an embodiment, excess water reaction cell chamber water from local injection such
as at the electrodes may be removed as oxygen gas and optionally as hvdrogen gas following
water decomposition in the cell by means such as thermolvsis and plasma decomposition.
The hvdrogen may be recovered from the plasma and recirculated wherein the oxygen may
be pumped off through a selective membrane. The hydrogen may be reacted with oxvgen
from the atmosphere to recirculate the hvdrogen. In the case that the atmosphere in the
reaction cell chamber contains substantial amounts of oxygen, the cell 26 components may
comprise a material resistant to oxidation such as a ceramic such as MgQO or Zr(0;. Inan
embodiment, the generator comprises a condenser or cold trap. The excess water may be
removed by a condenser that first removes stlver vapor as hquid silver that may flow from
the condenser back inio the reaction cell chamber. The water may be condensed at a second
colder stage of the condenser or cold trap. The condensed water may be removed through a
selective valve such as a water valve or pump o prevent back {low of atmospheric gases into
the cell. The pump may comprise at least one of a gas pump and a liguid pump. The liqud
pump may pump liguid water against atmospheric pressure. In an embodiment, the reaction
cell chamber Sb31 comprises 3 gas such as a noble gas such as argon. The chamber pressure
may be fess than, equal to. or greater than atmospheric. The chamber gas may be recirculated
from the chamber 5b3 1 through the condenser and back to the chamber wherein the metal
vapor and the excess water vapor may be condensed in the condenser. The metal vapor may
flow to the cone reservoir 5b. The condensed water may be flowed or pumped from the cell
io the water source such as Sv or extemal to the generator.

In an embodiment, excess hydrogen is supplied to at least one of the cell chamber 5b3
and the reaction cell chamber 5b31 to scavenge oxygen in the reaction cell chamber by the
combustion of the hyvdrogen to water. In an embodiment, the generator comprises a selective
oxvgen vent to release product oxygen from the reaction cell chamber. In this embodiment,
the pumping may be reduced.

In an embodiment, the source of HOH catalyst and source of H comprises water that
1s injected into the electrodes. A high current is applied to cause ignition into a brilliant light

emitting plasma. A source of water may comprise bound water. A solid fuel that is injected
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mto the electrodes may coraprise water and a lughly conductive matrix such as a molten
metal such as at least one of silver, copper, and silver-copper alloy. The solid fuel may
comprise a compound that comprises the bound water. The bound-water compound that may
be supplied to the ignition mav comprise a hydrate such as Bal; 2H,0 having a
decomposition temperature of 740 °C. The compound that may comprise bound water may
be muscible with the molten metal such as silver. The miscible compound may comprise flux
such as at least one of hydrated NapCG;, KL, carbon, borax such as NapB4G, 10H,0,
calcium oxide, and PbS. The bound water compound may be stable to water loss up to the
melting point of the molten metals. For example, the bound water may be stable to over 1000
°C, and loses the water at the wn the ignition event. The compound comprising bound water
may comprise oxygen. In the case that the oxygen is released, the molten metal may
comprise silver since silver does not form a stable oxide at its melting point. The compound
comprising bound water may comprise hvdroxide such as at least one of an alkali, alkaline
earth, transition metal, inner transition metal, rare earth, Group 13, Group 14, Group 15, and
Group 16 hydroxide, and a nuneral such as tale, a mineral composed of hydrated magnesium
silicate with the chemical formula H.Mg(S103)s or MgsS1:06(OH},, and muscovite or mica,
a phyllosilicate mineral of aluminum and potassium with formula K AL{AISH;00)(F,OH),, or
(KF)R(ALO3RG10)6(H,0). In an embodiment, the dehydrated compound serves as a
desiccant to maintain a low reaction cell chamber pressure. For example, barium hvdroxide
decomposes to barium oxide and H,O when heated to 800 °C and the boiling point of the
resulting Ba( 1s 2000 °C such that it remains substantially vaporized for a plasma
temperature above 2300 K. In an embodiment, the source of water comprises an oxide and
hydrogen that may also serve as the source of H. The source of hydrogen may comprise
hydrogen gas. The oxide may be capable of being reduced by hydrogen to form H, 0. The
oxide may comprise at least one of Cu, Ni, Pb, Sh, Bi, Co, Cd, Ge, Ay, Ir, Fe, He, Mo, Os,
Pd, Re, Rh, Ru, Se, Ag, Te, Te, TL, Sn, W, and Zn. At least one of the source of H,O
compound, the concentration of the source of H,O compound, the water vapor pressure in the
reaction cell chamber, the operating temperature, and the EM pumping rate may be controlled
io control the amount of waler supplied (o the ignition. The concentration of the source of
H,0 compound may be in at least one range of about 0.001 mole% to 50 mole%, 0.01 mole%
to 20 mole%, and 0.1 mole% to 10 mole%. In an embodiment, water is dissolved into the
fuel melt such as one comprising at least one of silver, copper, and silver-copper alloy. The
solubility of water is increased with the partial pressure of water in contact with the melt such
as the water vapor partial pressure of the reaction cell chamber. The water pressure in the
reaction cell chamber may be equiltbrated with the water vapor pressure in the cell chamber.
The equilibration may be achieved by means of the disclosure such as those for other gases

such as argon. The reaction cell chamber water vapor pressure may be i at least one range
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of about 0.01 Torr to 100 atm, 0.1 Torr to 10 atm, and 0.5 Torr to | atm. The EM pumping
rate may be in at least one range of about 0.01 ml/s to 10,000 mi/s, 0.1 mi/s to 1000 mi/s, and
0.1 ml/s to 100 ml/s.

The SF-CIHT celi power generation system includes a photovoltaic power converter
configurad to capture plasma photons generated by the fuel ignition reaction and convert
them into useable energy. In some embodiments, high conversion efficiency may be desired.
The reactor may expel plasma in muoltiple directions, e.g., at feast two directions, and the
radius of the reaction mayv be on the scale of approximately several millimeier o several
meters, for example, from about 1 nun to about 25 cm in radius. Additionally, the spectrum
of plasma generated by the ignition of fuel may resembile the spectrum of plasma generated
by the sun and/or may include additional short wavelength radiation. FIGURE 3 shows an
exemplary the absolute spectrum in the 5 nm to 450 nm region of the ignition of a 80 mg shot
of silver comprising absorbed H, and H; O from gas treatment of silver melt before dripping
nio a water reservoir showing an average optical power of 327 kW, essentially all in the
ultraviolet and extreme ultraviolet spectral region. The ignition was achieved with a low
voltage, high current using a Taylor-Winfield model ND-24-75 spot welder. The voltage
drop across the shot was less than 1 V and the current was about 25 kA~ The high intensity
UV emission had a duration of about I ms. The control spectram was flat in the UV region.
in an embodiment, the plasma is essentially 100% ionized that may be confirmed by
measuring the Stark broadening of the H Balmer £/ line. The radiation of the solid fuel such
as at teast one of line and blackbody emission may have an intensity in at least one range of
about 2 to 200,000 suns, 10 to 100,000 suns, 100 to 75,000 suns.

The UV and EUVY spectrurn moay be converted to blackbody radiation. The
conversion may be achieved by causing the cell atmosphere to be optically thick for the
propagation of at least one of UV and EUV photons. The optical thickness may be increased
by causing metal such as the fuel metal to vaponize in the cell. The optically thick plasma
may comprise a blackbody. The blackbody temperature may be high due to the
extraordinanily high power density capacity of the hydrino reaction and the high energy of the
photons emitted by the hydrino reaction. The spectram (100 nm to 300 nm region with a
cutoff at 180 nm due to the sapphire spectrometer window) of the ignition of molien siiver
pumpad into W elecirodes in atmospheric argon with an ambient H,O vapor pressure of
about 1 Torr 1s shown in FIGURE 4. The source of electrical power 2 comprised two sets of
two capacitors in series {Maxwell Technologies K2 Ultracapacitor 2.85V/3400F) that were
connected in parallel to provide about 5 to ¢ V and 300 A of constant current with
superimposed current pulses to SkA at frequency of about 1 kHz to 2 kHz. The average input
power to the W electrodes {1 cm X 4 cm) was about 75 W. The initial UV ling emission
transitioned to S000K blackbody radiation when the atmosphere became optically thick to the
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UV radiation with the vaporization of the silver by the hvdrino reaction power. The power
density of a 5000K blackbody radiator with an emisstvity of vaporized silver of 01515 5.3
MW/m”. The area of the observed plasma was about 1 m”. The blackbody radiation may
heat a component of the cell 26 such as top cover 5b4 that may serve as a blackbody radiator
to the PV convertfer 26a in a thermophotovoltaic embodiment of the disclosure.

An exemplary test of a melt comprising a source of oxygen comprised the ignition an
&0 mg silver/1 wi% borax anhydrate shot in an argon/S mole% H; atmosphere with the
optical power determined by absolute spectroscopy. Using a welder {Acme 75 KVA spot
welder) to apply a high current of about 12 kA at a voltage drop of about 1 V 250 kW of
power was observed for duration of about 1 ms. In another exemplary test of a melt
comprising a source of oxygen comprised the ignition an 80 mg silver/2 mol% Na,O
anhvdrate shot in an argon/5 moele% H» atmosphere with the optical power deterrmined by
absohute spectroscopy. Using a welder { Acme 75 KV A spot welder) to apply a high current
of about 12 kA at a voltage drop of about 1 V 370 kW of power was observed for duration of
about 1 ms. In another exemplary test of a melt comprising a source of oxygen comprisec
the ignition an 80 mg siiver/2 mol% Li;0 anhvdrate shot in an argor/S mole% H, atmosphere
with the optical power determined by absolute spectroscopy. Using a welder {(Acme 75 KVA
spot welder) to apply a high current of about 12 kA at a voltage drop of about 1 V 500 kW of
power was observed for duration of about I ms.

Based on the size of the plasma recorded with an Edgertronics high-speed video
camera, the hydrino reaction and power depends on the reaction volume. The volume may
need {0 be a minimum for optimization of the reaction power and energy such as about 0.5 to
10 liters for the ignition of a shot of about 30 to 100 mg such as a silver shot and a source of
H and HOH catalyst such as hydration. From the shot ignttion, the hydrino reaction rate is
high at very high silver pressure. In an embodiment, the hydrino reaction may have high
kinetics with the high plasma pressure. Based on high-speed spectroscopic and Edgertronics
data, the hydrino reaction rate is highest at the initiation when the plasma volume is the
lowest and the Ag vapor pressure is the highest. The 1 mm diameter Ag shot ignites when
molten (T = 1235 K). The initial volurse for the 80 mg (7.4 X 10™ moles) shot is 5.2 X 107
liters. The corresponding maximum pressure is about 1.4 X 10° atm. In an exemplary
embodiment, the reaction was observed to expand at about sound speed (343 m/s) for the
reaction duration of about 0.5 ms. The final radius was about 17 cm. The final volume
without any backpressure was about 20 liters. The final Ag partial pressure was about 3.7E-3
atm. Since the reaction may have hugher kinetics at higher pressure, the reaction rate may be
mcreased by electrode confinement by applving electrode pressure and allowing the plasma

to expand perpendicular to the inter-elecirode axis,
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The power released by the hydrino reaction caused by the addition of one mole% or
0.5 mole% bismuth oxide to molien silver injected into 1gnition electrodes of a SunCell at 2.5
mi/s in the presence of a 97% argon/3% hydrogen atmosphere was measured. The relative
change in slope of the temporal reaction cell water coolant ternperature before and after the
addition of the hydrino reaction power contribution corresponding to the oxide addition was
multiplied by the constant initial input power that served as an internal standard. For
duplicate runs, the total cell output powers with the hydrino power contribution following
oxygen source addition were determined by the products of the ratios of the siopes of the
temporal coolant temperature responses of 97, 119, 15, 538, 181, 54, and 27 corresponding to
total input powers of 7540 W, 8300 W, 8400 W, 9700 W, 8660 W, 8020 W, and 10,450 W,
The thermal burst powers were 731,000 W, 987,700 W, 126,000 W, 5,220,000 W, 1,567,000
W, 433,100 W, and 282,150 W, respectively.

The power released by the hydrino reaction caused by the addition of one mole%
bismuth oxide (Bi,05), one mole% lithium vanadate (LiVO3), or 0.5 mole% lithium vanadate
to molten silver injected into ignition electrodes of a SunCell at 2.5 mi/s in the presence of a
97% argon/3% hydrogen atmosphere was measured. The relative change in slope of the
temporal reaction cell water coolant temperature before and after the addition of the hvdrino
reaction power contribution corresponding to the oxide addition was multiplied by the
constant initiad input power that served as an internal standard. For duplicate runs, the total
cell output powers with the hydrnino power contribution following oxvgen source addition
were determined by the products of the ratios of the slopes of the temporal coolant
temperature responses of 497, 200, and 26 corresponding to total input powers of 6420 W,
9000 W, and 8790 W. The thermal burst powers were 3.2 MW, 1.8 MW, and 230,000 W,
respectivelv.

In an exemplary embodiment, the ignition current was ramped from about 0 A to
2000 A corresponding to a voltage increase from about 0 V to 1 V 1n about 0.5, at which
voltage the plasma ignifed. The voltage is then increased as a step to about 16 V and held for
about 0.25 s wherein about 1 kA flowed through the melt and 1.5 kA flowed in series through
the bulk of the plasma through another ground loop other than the elecirode 8. With an input
power of about 25 kW to a SunCell comprising Ag (0.5 mole % LiV(s) and argon-H; (3%
at a flow rate of 9 liters/s, the power ouwtput was over 1 MW, The ignition sequence repeated
at about 1.3 Hz.

in an exemplary embodiment, the ignition current was about 500 A constant current
and the voltage was about 20 V. With an input power of about 15 kW to a SunCell
comprising Ag (0.5 mole % LiVOs) and argon-H, (3% at a flow rate of 9 liters/s, the power
output was over 1 MW.
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In an embodiment, the converter comprises a plurality of converters that are ganged 1o
comprise combined ¢yvcles. The combined cycle converters may be selected from the group
of a photovoltaic converter, a photoelecironic converter, a plasmadynamic converter, a
thermionic converter, a thermoelectric converter, a Sterling engine, a Brayton cycle engine, a
Rankine cycle engine, and a heat engine, and a heaier. In an embodiment, the SF-CIHT cell
produces predominantly uliraviolet and exireme uliraviolet light. The converter may
comprise a combined cycle compnising a photoelectron converter then a photoelectric
converter wherein the photoelectric converter 1s transparent to uliraviolet light and mav be
primarily responsive to exireme ultraviolet light. The converter may further comprise
additional combined cycle converter elements such as at least one of a thermoelectric
converter, a Sterling engine, a Brayton cvcle engine, and a Rankine cycle engine.

In an embodiment, the SunCell may serve as a blackbody light calibration source
wherein the temperature may exceed that of conventional blackbody light sources. The
blackbody temperature may be in at least one range of 1000K 1o 15,000K. In an
embodiment, the SunCell may achieve very high temperatures such as in the range of 2000K
to 15,000K. The SunCell may serve as a high temperature source for material processing
such as heat treatment, curing, annealing, welding, melting, and sintering. The material to be
heated may be placed in the plasma, or the heat may be indivectly directed to the material by
means such as radiation, conduction, and conveaction by a corresponding heat transfer means
such as a heat conduit, heat pipe, radiation path, and heat exchanger. fn an embodiment,
EUV emission form by the hydrino reaction such as EUV emussion form at low voltage
comprises as a method to detect the presence of hydrogen.

A schematic drawing of a triangular elervent of the geodesic dense receiver array of
the photovoltaic converter is shown in FIGURE 5. The PV converter 26a may comprise a
dense receiver array comprised of triangular elements 200 each comprised of a plurality of
concentrator photovoltaic cells 15 capable of converting the light from the blackbody radiator
5b4 into electricity. The PV cells 15 may comprise at least one of GaAs P/N cells on a GaAs
N wafer, InAlGaAs on InP, and InAlGaAs on GaAs. The cells may each comprise at least
one junciion. The triangular element 200 may comprise a cover body 203, such as one
comprising stamped Kovar sheet, a hot port and a cold port such as ones comprising press fit
tubes 202, and attachment flanges 203 such as ones comprising stamped Kovar sheet for
connecting contiguous irtangular elements 200,

in an embodiment, the SunCell comprises a reaction muxture that forms hydrinos as a
reaction product. The reaction may form energetic plasma. The reaction mixture may further
comprise a source of carbon such as at least one of graphite and a hydrocarbon. The
energetic plasma may bombard solid carbon or carbon deposited on a substrate from the

source of carbon. In an embodiment, the bombardment converts graphitic carbon fo diamond

234



WO 2017/127447 PCT/US2017/013972

form of carbon. In exemplary embodiments described in Mills publications R. L. Mills, J.
Sankar, A Voigt, J. He, B. Dhandapani, “Synthesis of HDLC Films from Solid Carbon,” J.
Materials Science, J. Mater. Sci. 39 (2004) 3309-3318 and R L. Mills, J. Sankar, A Voigt, J.
He, B. Dhandapani, “Spectroscopic Characterization of the Atornic Hydrogen Energies and
Deensities and Carbon Species During Helium-Hydrogen-Methane Plasma CVD Synthesis of
Diamond Films,” Chemistry of Materials, Vol. 15, (2003), pp. 1313-1321 incorporated by
reference, the SunCell comprises the energetic plasma source to cause formation of diamond
from non-diamond form of carbon. The production of diamond may be measured by the
presence of the 1333 em™ Raman peak.

Molecular hydrino gas may be purified and 1solated by 1onizing ordinary hydrogen.
The ionized hydrogen may be separated removed by at least one of electric and magnetic
fields. Alternativelv, the ordinary hydrogen can be removed by reaction with a reactant that
forms a condensable reaction product wherein the reaction 13 made favorable by the plasma
condition. An exemplary reactant is nitrogen that forms condensable ammonia that s
removed in a cryotrap to vield purified molecular hvdnino gas. Allematively, molecular
hvdrino gas may be purified and isolated using molecular sieves that separate ordinary
hydrogen from molecular hyvdrino gas based on the higher diffusion of the latter. An
exemplary separatory molecular sieve is Nag{ Al $1,0, (1CI

.
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What Is Claimed Is:

[

[, ]

Q‘

A power system that generates at least one of electrical energy and thermal energy
COMpIising:
at 1east one vessel capable of a maintaining a pressure of below, at, or above
atmospheric;
reactanis, the reactants comprising:
a) at least one source of catalyst or a catalyst comprising nascent H,G;
b} at least one source of H,0 or H,(O;
¢} at least one source of atormic hydrogen or atomic hydrogen; and
d} amolten metal;
at least one molten metal mjection system comprising a molten metal reservoir
and an electromagnetic pump;
at least one additional reactants injection system, wherein the additional
reactanis comprise:
a} at least one source of catalyst or a catalyst comprising nascent HO;
b} at least one source of HyO or HyO, and
¢) atleast one source of atomic hydrogen or atomic hydrogen.
at least one reactants ignition system comprising a source of electrical power,
wheren the source of electrical power receives electrical power from the power
converter,
a system to recover the molten metal;
at least one power converter or output system of at least one of the hight and
thermal output to electrical power and/or thermal power.
The power system of Claim 1 wherein the molten metal ignition system comprises:
a) at feast one set of electrodes to confine the molten metal; and
b} a source of electrical power to deliver a short burst of high-current electrical
energy sufficient to cause the reactants to react to form plasma.
The power system of Claim 1| wherein the electrodes comprise a refractory metal.
The power system of Claim 3 wherein the source of electrical power to deliver a short
burst of high-current elecirical energy sufficient to cause the reactants to react to form
plasma comprises at least one supercapaciior.
The power system of Claim 1 wherein the molten metal injection system comprises an
electromagnetic pump comprising at least one magnet providing a magnetic field and
cuwrrent source to provide a vector-crossed current component,
The power system of Claim 1 wherein the molten metal reservoir comprises an

mductively coupled heater.
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10.

1.

14.

16.

The power system of Claim 2 wherein the molten metal ignition svstem comprises at
least one set of electrodes that are separated 1o form an open circuil, wherein the open
circuit is closed by the injection of the molten metal to cause the high current to flow
to achieve ignition.

The power system of Claim 7 wherein the molten metal ignition system current IS in
the range of 500 A 10 50,000 A

The power system of Claim 8 wherein the molten metal ignition systern wherein the
circuit is closed to cause an ignition frequency in the range of T Hz to 10,000 Hz.
The power syster of Claim 1 wherein the molten metal comprises at least one of
sitver, silver-copper alloy, and copper.

The power system of Claim 1 wherein the addition reactants comprise at least one of
H, O vapor and hydrogen gas.

The power system of Claim 1 wherein the additional reactants injection system
comprises at feast one of a computer, H,O and H; pressure sensors, and flow
controllers comprising at least one or more of the group of a mass flow controlier, a
pump, a syringe pump, and a high precision electronically controliable valve; the
valve comprising at least one of a needle valve, proportional electronic valve, and
stepper motor valve wherein the valve 13 controlled by the pressure sensor and the
computer to maintain at least one of the HyO and H; pressure at a desired value.

The power system of Claim 12 wherein the additional reactants injection sysiem
maintains the H,O vapor pressure in the range of 0.1 Torr to 1 Torr

The power system of Claim 1 wherein the svstem to recover the products of the
reactants comprises at least one of the vessel comprising walls capable of providing
flow to the melt under gravity, an electrode electromagnetic pump, and the reservoir
in commumication with the vessel and further comprising a cooling system to
mautain the reservoir at a lower temperature than another portion of the vessel to
cause metal vapor of the molien metal to condense in the reservoir.

The power system of Claim 14 wherein the recovery system comprising an electrode
gleciromagnetic pump comprises at least one magnet providing a magnetic field and a
vector-crossed ignition current component.

The power system of Claim 1 wherein the vessel capable of a maintaining a pressure
of below, at, or above atmospheric comprises an inner reaction cell, a top cover
comprising a blackbody radiator, and an outer chamber capable of maintaining the a
pressure of below, at, or above atmospheric.

The power system of Claim 16 wherein the top cover comprising a blackbody radiator
is maintained at a temperature in the range of 1000 K to 3700 K.

The power systerm of Claim 17 wherein at least one of the inner reaction cell and top
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cover coraprising a blackbody radiator comprises a refractory metal having a high
enmissivity.

19, The power system of Claim 1 wherein the at least one power converter of the reaction
power output comprises at least one of the group of a thermophotovoltaic converter, a
photovoltaic converter, a photoelectronic converter, a plasmadynamic converter, a
thermionic converter, a thermoelectric converter, a Sterling engine, a Brayton cvcle
engine, a Rankine cycle engine, and a heat engine, and a heater.

20.  The power system of Claim 19 wherein the light emitted by the cell is predominantly
blackbody radiation comprising visible and near infrared light, and the photovoitaic
cells are concentrator cells that comprise at least one compound chosen from
crystalline silicon, germanium, gatliom arsenide {GaAs), gallnim antimonide (GaSh),
mdinm galhum arsenide (InGaAs), mdivm galliom arsenide antimonide {(InGaAssb,
indivrn phosphide arsenide antimonide (InP AsSh), InGaP/InGaAs/Ge;
InAlGaP/AlGaAs/GalnNAsSb/Ge: GalnP/GaAsP/SiGe; GalnP/GaAsP/Si;
GalnP/GaAsP/Ge, GalnP/GaAsP/S1/81Ge; GalnP/GaAs/InGaAs;
GalnP/GaAs/GalnNAs; GalnP/GaAs/InGaAs/InGaAs; GalnP/Ga(lniAs/InGaAs;
GalnP-GaAs-wafer-InGaAs; GalnP-Ga(in)As-Ge; and GalnP-GalnAs-Ge.

21, The power system of Claim 19 wherein the light emitted by the cell is predomnantly
aliraviolet light, and the photovoltaic cells are concentrator cells that comprise at least
one compound chosen from a Group I nitride, GaN, AIN, GaAIN, and InGaN.

22, The power system of Claim 1 further comprising a vacoum purmp and at least one
chiller.

23. A power system that generates at least one of electrical energy and thermal energy
comprising;

at least one vessel capable of a maintaining a pressure of below, at, or above
atmospheric;
reactants, the reactants comprnsing:
ay at least one source of catalvst or a catalyst comprising nascent H,0;
by at least one source of HL,G or HL0;
c) at least one source of atomic hydrogen or atomic hydrogen; and
d)y amolten metal;
at teast one molten metal ijection system comprising a molten metal reservoir
and an electromagnetic pump,
at least one additional reactants injection system, wherein the additional
reactants comprise:
a) at least one source of catalyst or a catalyst comprising nascent H,0;

b} at least one source of H,O or HO, and
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c) atleast one source of atomic hydrogen or atonuc hydrogen;
at least one reactants ignition system comprising a source of electrical power
to cause the reactants to form at least one of light-emitting plasma and thermal-
ernitting plasra wherein the source of electrical power receives electrical power from
the power converter;
a system to recover the molten metal;
at least one power converter or output systern of at least one of the hight and
thermal output to elecirical power and/or thermal power;
wherein the molten metal ignition svstem comprises:
a) at feast one set of electrodes to confing the molten metal; and
b} a source of electrical power to deliver a short burst of high-current electrical
energy sufficient to cause the reactants to react to forra plasma;
wherein the elecirodes comprise a refractory metal;
wherein the source of electrical power to deliver a short burst of high-current
electrical energy sufficient to cause the reactants o react to form plasma comprises at
least one supercapacttor;
wherein the molten metal injection system comprises an electromagnetic pump
comprising at least one magnet providing a rmagnetic field and current sowrce to
provide a vector-crossed current component;
wherein the molten metal reservoir comprises an inductively coupled heater;
wherein the molien metal ignition system comprises at least one set of electrodes that
are separated to form an open circuit, wherein the open circuit is closed by the
mjection of the molten metal to cause the high current to flow to achieve igmition;
wherein the molten metal 1gmition system current 1s in the range of 500 A to 50,000
A;
wherein the molten metal ignition svstem wherein the circuit 1s closed to cause an
ignition frequency in the range of 1 Hz to 10,000 Hz;
wherein the molten metal comprises at least one of silver, silver-copper alloy, and
copper;
wherein the addition reactants comprise at least one of Hy(b vapor and hydrogen gas;
wherein the additional reactants injection system comprises at least one of a
compuier, FoO and H; pressure sensors, and flow controllers comprising at least one
or more of the group of a mass flow controller, a pump, a syringe pump, and a high
precision electronically controllable valve; the valve comprising at least one of a
needle valve, proportional electromc valve, and stepper motor valve wherein the valve
is controlled by the pressure sensor and the computer to maintain at least one of the

H, O and H;, pressure at a desired value;
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24.

wherein the additional reactants injection system maintains the H,O vapor pressure in
the range of 0.1 Torr to 1 Torr;

wherein the system to recover the products of the reactants comprises at east ong of
the vessel comprising walls capable of providing flow to the melt under gravity, an
electrode electromagnetic pump, and the reservoir in communication with the vessel
and further comprising a cooling system to maintain the reservoir at a lower
temperature than another portion of the vessel (o cause metal vapor of the molten
metal {0 condense i the reservoir;

wherein the recovery system cormprising an electrode electromagnetic purop
comprises al feast one magnet providing a magnetic field and a vector-crossed
ignition cirrent component;

wherein the vessel capable of a maintaining a pressure of below, at, or above
aimospheric comprises an inner reaction cell, a top cover comprising a blackbody
radiator, and an outer chamber capable of maintaining the a pressure of below, at, or
above atmospheric;

wherein the top cover comprising a blackbody radiator 13 maintained at a temperaiure
in the range of 1000 K 10 3700 K;

wherein at least one of the mmer reaction cell and top cover comprising a blackbody
radiator comprises a refractory metal having a high emissivity;

wherein the blackbody radiator further comprises a blackbody temperature sensor and
controller;

wherein the at least one power converter of the reaction power ouiput comprises at
least one of the group of a thermophotovoltaic converter and a photovoltaic converter;
wherein the light emitted by the cell is predominantly blackbody radiation compnising
visible and near infrared light, and the photovoliaic cells are concentrator cells that
coraprise at least one compound chosen from crystalline silicon, germanium, galliuro
arsemide (GaAs), galiiom antimonide (GaBb}, indivm gallivm arsenide (InaAs),
mdium gallium arsenide antimonide (InGGaAsSh), and mdivm phosphide arsenide
antimonide (TP AsSh), Group BV semiconduciors, mGaP/InGaAs/Ge;
InAlGaP/AlGaAs/GalnNAsSb/Ge, GalnP/GaAsP/S1Ge; GalnP/GaAsP/Si;
GalnP/GaAsP/Ge; GalnP/GaAsP/S1/S1Ge; GalnP/GaAs/InGaAs;
GalnP/GaAs/GalnNAs; GalnP/GaAs/InGaAs/InGaAs; GalnP/Ga(lniAs/InGaAs;
GalnP-GaAs-wafer-InGaAs; GalnP-Gal{In)As-Ge; and GalnP-GalnAs-Ge, and

the power system further comprises a vacuum pump and at least one chiller.

A power system that generates at least one of electrical energy and thermal energy
CoOMprising:

at least one vessel capable of a maintaining a pressure of below, at, or above

240



WO 2017/127447 PCT/US2017/013972

atmospheric;
reactanis, the reactants comprising:
a) at least one source of HyO or HO;
by H2 gas; and
¢y amolien metal;
at least one molten metal mjection system comprising a molten metal reservoir
and an electromagnetic pump;
at least one additional reactants injection system, wherein the additional
reactanis comprise:
ay at least one source of H>(O or HO, and
by H2;
at least one reactants ignition system comprising a source of electrical power
o cause the reactants {o form at least one of light-emutting plasma and thermal-
emitting plasma wherein the source of electiical power receives electrical power from
the power converter;
a system to recover the molten metal;
at least one power converter or outpit system of at least one of the light and
thermal output to electrical power and/or thermal power;
wherein the molten metal ignition system comprises:
a) at feast one set of electrodes to confine the molten metal; and
b} a source of electrical power to deliver a short burst of high-current electrical
energy sufficient to cause the reactants to react to form plasma;
wherein the electrodes comprise a refractory metal;
wherein the source of electrical power to deliver a short burst of high-current
electrical energy sufficient to cause the reactants to react to form plasma comprises at
least one supercapacitor;
wherein the molten metal injection system comprises an electromagnetic pump
comprising at least one magnet providing a magnetic field and current source io
provide a vector-crossed current component;
wherein the molten metal reservoir comprises an inductively coupled heater to ai least
initially heat a metal that forms the molten metal;
wherein the molien metal ignition system comprises at least one set of electrodes that
are separated to form an open circuit, wherein the open circuit is closed by the
mjection of the molten metal to cause the high current to flow to achueve ignition;
wherein the molten metal 1gmition system current 1s in the range of 500 A to 50,000
A;

>

wherein the molten metal ignition svstem wherein the circuit 1s closed to cause an
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ignition frequency in the range of 1 Hz to 10,000 Hz;

wherein the molten metal comprises at least one of silver, silver-copper alloy, and
copper;

wherein the additional reactants injection system comprises at least one of a
computer, H,( and H; pressure sensors, and flow controllers comprising at feast one
or more of the group of a mass flow controller, a pump, a syringe pump, and a high
precision electromcally controllable valve; the valve comprising at least one of a
needle valve, proportional electronic valve, and stepper motor valve wherein the valve
15 controlled by the pressure sensor and the computer to maintain at least one of the
Hz G and H; pressure at a desired value;

wherein the additional reactants injection system maintains the H,O vapor pressure in
the range of 0.1 Torrto 1 Torr;

wherein the sysiem to recover the products of the reactants comprises at least one of
the vessel comprising walls capable of providing flow fo the melt under gravity, an
electrode electromagnetic pump, and the reservour in comununication with the vessel
and further comprising a cooling system to maintain the reservoir at a lower
temperature than another portion of the vessel to cause metal vapor of the molten
metal o condense n the reservoir;

wherein the recovery sysiem comprising an electrode electromagnetic pump
comprises at least one magnet providing a magnetic field and a vector-crossed
ignition current component;

wherein the vessel capable of a maintaining a pressure of below, at, or above
atmospheric comprises an inner reaction cell, a top cover comprising a high
temperature blackbody radiator, and an ouler chamber capable of mainiaining the a
pressure of below, at, or above atmospheric;

wheren the top cover comprising a blackbody radiator is maintained at a temperature
in the range of 1000 K to 3700 K

wherein at least one of the inner reaction cell and top cover comprising a blackbody
radiator comprises a refractory metal having a high emussivity;

wherein the blackbody radiator further comprises a blackbody temperature sensor and
controller;

wherein the at least one power converter of the reaction power oulput comprises at
least one of a thermophotovoltaic converter and a photovoltaic convertar;

wherein the light emitted by the cell is predominantly blackbody radiation comprising
vistble and near infrared light, and the photovoltaic cells are concentraior cells that
comprise at least one compound chosen from crystalline silicon, germanium, gallium

arsemide (GaAs), gallivm antirooniude (GaSh), mdivm gallium arserede (InGaAs),
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mdinm galhum arsemde antimomde (nGadsSh), and mdiur phosphade arserude
antimonide (TP AsSh), Group BV semiconduciors, mGaP/InGaAs/Ge;
InAlGaP/AlGaAs/GalnNAsSb/Ge: GalnP/GaAsP/SiGe; GalnP/GaAsP/Si;
GalnP/GaAsP/Ge, GalnP/GaAsP/S1/81Ge; GalnP/GaAs/InGaAs;
GralnP/GaAs/GalnNAs; GalnP/GaAs/InGaAs/InGaAs: GalnP/Ga(In)As/InGaAs;
GalnP-GaAs-wafer-InGaAs; GalnP-Ga{ln}As-Ge; and GalnP-GalnAs-Ge, and

the power system {urther comprises a vacuum pump and at least one chiller.
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