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(57) ABSTRACT 

An electrochemical power system is provided that generates 
an electromotive force (EMF) from the catalytic reaction of 
hydrogen to lower energy (hydrino) states providing direct 
conversion of the energy released from the hydrino reaction 
into electricity, the system comprising at least two compo 
nents chosen from: H2O catalyst or a source of H2O catalyst; 
atomic hydrogen or a source of atomic hydrogen; reactants to 
form the H2O catalyst or source of H2O catalyst and atomic 
hydrogen or source of atomic hydrogen; and one or more 
reactants to initiate the catalysis of atomic hydrogen. The 
electrochemical power system for forming hydrinos and elec 
tricity can further comprise a cathode compartment compris 
ing a cathode, an anode compartment comprising an anode, 
optionally a saltbridge, reactants that constitute hydrino reac 
tants during cell operation with separate electron flow and ion 
mass transport, and a source of hydrogen. Due to oxidation 
reduction cell half reactions, the hydrino-producing reaction 
mixture is constituted with the migration of electrons through 
an external circuit and ion mass transport through a separate 
path Such as the electrolyte to complete an electrical circuit. A 
power source and hydride reactor is further provided that 
powers a power system comprising (i) a reaction cell for the 
catalysis of atomic hydrogen to form hydrinos, (ii) a chemical 
fuel mixture comprising at least two components chosen 
from: a source of H2O catalyst or HO catalyst; a source of 
atomic hydrogen or atomic hydrogen; reactants to form the 
Source of H2O catalyst or H2O catalyst and a source of atomic 
hydrogen or atomic hydrogen; one or more reactants to ini 
tiate the catalysis of atomic hydrogen; and a Support to enable 
the catalysis, (iii) thermal systems for reversing an exchange 
reaction to thermally regenerate the fuel from the reaction 
products, (iv) a heat sink that accepts the heat from the power 
producing reactions, and (v) a power conversion system. 
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H2O-BASED ELECTROCHEMICAL 
HYDROGEN-CATALYST POWER SYSTEM 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of priority of 
U.S. Provisional Application Nos. 61/472,076, filed Apr. 5, 
2011: 61/482,932, filed May 5, 2011: 61/485,769, filed May 
13, 2011: 61/490,903, filed May 27, 2011: 61/498,245, filed 
Jun. 17, 2011: 61/505,719, filed Jul. 8, 2011: 61/515,505, 
filed Aug. 5, 2011: 61/538,534, filed Sep. 23, 2011: 61/559, 
504, filed Nov. 14, 2011: 61/566,225, filed Dec. 2, 2011; 
61/578,465, filed Dec. 21, 2011: 61/591,532, filed Jan. 27, 
2012; and 61/612,607, filed Mar. 19, 2012, all of which are 
herein incorporated by reference in their entirety. 

SUMMARY OF DISCLOSED EMBODIMENTS 

0002 The present disclosure is directed to an electro 
chemical power system that generates at least one of electric 
ity and thermal energy comprising a vessel closed to atmo 
sphere, the vessel comprising at least one cathode; at least one 
anode, at least one bipolar plate, and reactants that constitute 
hydrino reactants during cell operation with separate electron 
flow and ion mass transport, the reactants comprising at least 
two components chosen from: a) at least one source of H2O: 
b) at least one source of catalyst or a catalyst comprising at 
least one of the group chosen from nFI, OH, OH, nascent 
H2O, HS, or MNH, wherein n is an integer and M is alkali 
metal; and c) at least one source of atomic hydrogen or atomic 
hydrogen, one or more reactants to form at least one of the 
Source of catalyst, the catalyst, the Source of atomic hydro 
gen, and the atomic hydrogen; one or more reactants to ini 
tiate the catalysis of atomic hydrogen; and a Support, wherein 
the combination of the cathode, anode, reactants, and bipolar 
plate maintains a chemical potential between each cathode 
and corresponding anode to permit the catalysis of atomic 
hydrogen to propagate, and the system further comprising an 
electrolysis system. In an embodiment, the electrolysis sys 
tem of the electrochemical power system intermittently elec 
trolyzes HO to provide the source of atomic hydrogen or 
atomic hydrogen and discharges the cell Such that there is a 
gain in the net energy balance of the cycle. The reactants may 
comprise at least one electrolyte chosen from: at least one 
molten hydroxide; at least one eutectic salt mixture; at least 
one mixture of a molten hydroxide and at least one other 
compound; at least one mixture of a moltenhydroxide and a 
salt; at least one mixture of a molten hydroxide and halide 
salt; at least one mixture of an alkaline hydroxide and an 
alkaline halide; LiOH LiBr, LiOH LiX, NaOH NaBr, 
NaOH NaI, NaOH NaX, and KOH KX, wherein X rep 
resents a halide), at least one matrix, and at least one additive. 
The electrochemical power system may further comprise a 
heater. The cell temperature of the electrochemical power 
system above the electrolyte melting point may be in at least 
one range chosen from about 0 to 1500° C. higher than the 
melting point, from about 0 to 1000° C. higher than the 
melting point, from about 0 to 500° C. higher than the melting 
point, 0 to about 250° C. higher than the melting point, and 
from about 0 to 100° C. higher than the melting point. In 
embodiments, the matrix of the electrochemical power sys 
tem comprises at least one of oxyanion compounds, alumi 
nate, tungstate, Zirconate, titanate, Sulfate, phosphate, car 
bonate, nitrate, chromate, and manganate, oxides, nitrides, 
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borides, chalcogenides, silicides, phosphides, and carbides, 
metals, metal oxides, nonmetals, and nonmetal oxides; 
oxides of alkali, alkaline earth, transition, inner transition, 
and earth metals, and Al, Ga, In, Sn, Pb, S, Te, Se, N, PAs, Sb, 
Bi, C, Si, Ge, and B, and other elements that form oxides or 
oxyanions; at least one oxide such as one of an alkaline, 
alkaline earth, transition, inner transition, and rare earth 
metal, and Al, Ga, In, Sn, Pb, S, Te, Se, N. P. As, Sb, Bi, C, Si, 
Ge, and B, and other elements that form oxides, and one 
oxyanion and further comprise at least one cation from the 
group of alkaline, alkaline earth, transition, inner transition, 
and rare earth metal, and Al. Ga, In, Sn, and Pb cations; 
LiAlO, MgO, Li TiO, or SrTiO; an oxide of the anode 
materials and a compound of the electrolyte; at least one of a 
cation and an oxide of the electrolyte; an oxide of the elec 
trolyte MOH (Malkali); an oxide of the electrolyte compris 
ing an element, metal, alloy, or mixture of the group of Mo, Ti, 
Zr, Si,Al, Ni, Fe, Ta, V, B, Nb, Se, Te W. Cr, Mn, Hf, Co, and 
M", wherein M' represents an alkaline earth metal; MoC) 
TiO, ZrO, SiO, Al-O, NiO. FeC) or FeO, TaO, Ta-Os. 
VO, VO, VO, V.O.s, B.O., NbO, NbO, NbOs, SeO, 
SeO, TeO, Te0, WO, WO, CrO, CrOs. CrO, CrOs. 
MnO, MnO, MnO, MnO, MnO, Hf), CoO, CoO, 
Co-O, CoO, and MgO, an oxide of the cathode material 
and optionally an oxide of the electrolyte: LiMoO, or 
LiMoO, Li TiO, Li ZrOs. LiSiO, LiAlO, LiNiO, 
LiFeC), LiTaC), LiVO, LiBO7, LiNbO, Li-SeO. 
LiSeO, LiTe0s, LiTeC), Li WO, Li CrO, Li CrO7. 
LiMnO, Li HfC), LiCoO, and MO, wherein M' repre 
sents an alkaline earth metal, and MgO, an oxide of an ele 
ment of the anode or an element of the same group, and 
LiMoO, MoC), LiWO, Li CrO, and Li Cr-O, with a Mo 
anode, and the additive comprises at least one of S. LiS, 
oxides, MoC), TiO, ZrO, SiO, Al-O, NiO. FeC) or FeO. 
TaO, Ta-Os. VO, VO, VO, V.O.s, BO, NbO, NbO, 
NbOs, SeO, SeO, Te0, Te0, WOWO, CrO. CrOs. 
CrO, CrO, MgO, TiO, Li TiO, LiAlO2, LiMoO or 
LiMoO, Li ZrOs. Li SiO, LiNiO, LiFeO, LiTaC), 
LiVO, LiBO, LiNbO, Li-SeO, Li-SeO, LiTeC), 
LiTeC), Li WO, Li2CrO, Li2Cr2O7. LiMnO, or 
LiCoO, MnO, and CeO. At least one of the following reac 
tions may occur during the operation of the electrochemical 
power system: a) at least one of H and H is formed at the 
discharge anode from electrolysis of HO; b) at least one of O 
and O, is formed at the discharge cathode from electrolysis of 
HO; c) the hydrogen catalyst is formed by a reaction of the 
reaction mixture; d) hydrinos are formed during discharge to 
produce at least one of electrical power and thermal power; e) 
OH is oxidized and reacts with H to form nascent HO that 
serves as a hydrino catalyst, f) OH is oxidized to oxygen ions 
and H; g) at least one of oxygen ions, oxygen, and H2O are 
reduced at the discharge cathode; h) H and nascent HO 
catalyst react to form hydrinos; and i) hydrinos are formed 
during discharge to produce at least one of electrical power 
and thermal power. In an embodiment of the electrochemical 
power system the at least one reaction of the oxidation of OH 
and the reduction of at least one of oxygen ions, oxygen, and 
H2O occur during cell discharge to produce a current over 
time that exceeds the current over time during the electrolysis 
phase of the intermittent electrolysis. In an embodiment, the 
anode half-cell reaction may be 
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wherein the reaction of a first H with OH to form HO 
catalystande is concerted with the HO catalysis of a second 
H to hydrino. In embodiments, the discharge anode half-cell 
reaction has a voltage of at least one of about 1.2 volts ther 
modynamically corrected for the operating temperature rela 
tive to the standard hydrogen electrode, and a Voltage in at 
least one of the ranges of about 1.5V to 0.75V, 1.3V to 0.9V. 
and 1.25 V to 1.1 V relative to a standard hydrogen electrode 
and 25°C., and the cathode half-cell reactions has a voltage of 
at least one of about 0V thermodynamically corrected for the 
operating temperature, and a Voltage in at least one of the 
ranges of about -0.5V to +0.5V, -0.2V to +0.2V, and -0.1V 
to +0.1V relative to the standard hydrogen electrode and 25° 
C. 

0003. In an embodiment of the electrochemical power sys 
tem of the present disclosure, the cathode comprises NiO, the 
anode comprises at least one of Ni, Mo, H242 alloy, and 
carbon, and the bimetallic junction comprises at least one of 
Hastelloy, Ni, Mo, and H242 that is a different metal than that 
of the anode. The electrochemical power system may com 
prise at least one stack of cells wherein the bipolar plate 
comprises a bimetallic junction separating the anode and 
cathode. In an embodiment, the cell is supplied with H2O, 
wherein the HO vapor pressure is in at least one range chosen 
from about 0.001 Torr to 100 atm, about 0.001 Torr to 0.1 Torr, 
about 0.1 Torr to 1 Torr, about 1 Torr to 10 Torr, about 10 Torr 
to 100 Torr, about 100 Torr to 1000 Torr, and about 1000 Torr 
to 100 atm, and the balance of pressure to achieve at least 
atmospheric pressure is provided by a supplied inert gas 
comprising at least one of a noble gas and N. In an embodi 
ment, the electrochemical power system may comprise a 
water vapor generator to supply HO to the system. In an 
embodiment, the cell is intermittently switched between 
charge and discharge phases, wherein (i) the charging phase 
comprises at least the electrolysis of water at electrodes of 
opposite Voltage polarity, and (ii) the discharge phase com 
prises at least the formation of HO catalyst at one or both of 
the electrodes; wherein (i) the role of each electrode of each 
cell as the cathode or anode reverses in Switching back and 
forth between the charge and discharge phases, and (ii) the 
current polarity reverses in Switching back and forth between 
the charge and discharge phases, and wherein the charging 
comprises at least one of the application of an applied current 
and Voltage. In embodiments, at least one of the applied 
current and Voltage has a waveform comprising a duty cycle 
in the range of about 0.001% to about 95%; a peak voltageper 
cell within the range of about 0.1 V to 10 V: a peak power 
density of about 0.001 W/cm to 1000 W/cm, and an average 
power within the range of about 0.0001 W/cm to 100 W/cm 
wherein the applied current and Voltage further comprises at 
least one of direct Voltage, direct current, and at least one of 
alternating current and Voltage waveforms, wherein the 
waveform comprises frequencies within the range of about 1 
to about 1000Hz. The waveform of the intermittent cycle may 
comprise at least one of constant current, power, Voltage, and 
resistance, and variable current, power, Voltage, and resis 
tance for at least one of the electrolysis and discharging 
phases of the intermittent cycle. In embodiments, the param 
eters for at least one phase of the cycle comprises: the fre 
quency of the intermittent phase is in at least one range chosen 
from about 0.001 Hz to 10 MHz, about 0.01 Hz to 100 kHz, 
and about 0.01 Hz to 10 kHz: the voltage per cell is in at least 
one range chosen from about 0.1 V to 100 V, about 0.3 V to 5 
V, about 0.5 V to 2V, and about 0.5V to 1.5V: the current per 
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electrode area active to form hydrinos is in at least one range 
chosen from about 1 microamp cm° to 10 Acm', about 0.1 
milliamp cm to 5A cm, and about 1 milliamp cm to 1 A 
cm°; the power per electrode area active to form hydrinos is 
in at least one range chosen from about 1 microW cm to 10 
W cm, about 0.1 milliW cm to 5 W cm, and about 1 
milliW cm to 1 W cm; the constant current per electrode 
area active to form hydrinos is in the range of about 1 micro 
amp cm° to 1 A cm’; the constant power per electrode area 
active to form hydrinosis in the range of about 1 milliW cm 
to 1 W cm-: the time interval is in at least one range chosen 
from about 10's to 10,000 s, 10s to 1000 s, and 10's to 
100s, and 10's to 10s; the resistance percell is in at least one 
range chosen from about 1 milliohm to 100 Mohm, about 1 
ohm to 1 Mohm, and 10 ohm to 1 kohm; conductivity of a 
suitable load per electrode area active to form hydrinos is in at 
least one range chosen from about 10 to 1000 ohm' cm, 
10 to 100 ohm cm, 10 to 10 ohm cm, and 10° to 
1 ohm' Cm, and at least one of the discharge current, 
Voltage, power, or time interval is larger than that of the 
electrolysis phase to give rise to at least one of power or 
energy gain over the cycle. The Voltage during discharge may 
be maintained above that which prevents the anode from 
excessively corroding. 
0004. In an embodiment of the electrochemical power sys 
tem, the catalyst-forming reaction is given by 

O+5H+5e to 2H2O+H(1/p); 

the counter half-cell reaction is given by 
H2 to 2H+2e; and 

the overall reaction is given by 

0005. At least one of the following products may be 
formed from hydrogen during the operation of the electro 
chemical power system: a) a hydrogen product with a Raman 
peak at integer multiple of 0.23 to 0.25 cm plus a matrix shift 
in the range of 0 to 2000 cm; b) a hydrogen product with a 
infrared peak at integer multiple of 0.23 to 0.25 cm plus a 
matrix shift in the range of 0 to 2000 cm; c) a hydrogen 
product with a X-ray photoelectron spectroscopy peak at an 
energy in the range of 500 to 525 eV plus a matrix shift in the 
range of 0 to 10 eV; d) a hydrogen product that causes an 
upfield MAS NMR matrix shift; e) a hydrogen product that 
has an upfield MAS NMR or liquid NMR shift of greater than 
-5 ppm relative to TMS: f) a hydrogen product with at least 
two electron-beam emission spectral peaks in the range of 
200 to 300 nm having a spacing at an integer multiple of 0.23 
to 0.3 cm plus a matrix shift in the range of 0 to 5000 cm': 
and g) a hydrogen product with at least two UV fluorescence 
emission spectral peaks in the range of 200 to 300 nm having 
a spacing at an integer multiple of 0.23 to 0.3 cm plus a 
matrix shift in the range of 0 to 5000 cm. 
0006. The present disclosure is further directed to an elec 
trochemical power system comprising a hydrogen anode 
comprising a hydrogen permeable electrode; a molten salt 
electrolyte comprising a hydroxide; and at least one of an O. 
and a HO cathode. In embodiments, the cell temperature that 
maintains at least one of a molten state of the electrolyte and 
the membrane in a hydrogen permeable state is in at least one 
range chosen from about 25 to 2000° C., about 100 to 1000° 
C., about 200 to 750° C., and about 250 to 500° C., the cell 
temperature above the electrolyte melting point in at least one 
range of about 0 to 1500° C. higher than the melting point, 0 
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to 1000°C. higher than the melting point, 0 to 500°C. higher 
than the melting point, 0 to 250° C. higher than the melting 
point, and 0 to 100° C. higher than the melting point; the 
membrane thickness is in at least one range chosen from 
about 0.0001 to 0.25 cm, 0.001 to 0.1 cm, and 0.005 to 0.05 
cm; the hydrogen pressure is maintained in at least one range 
chosen from about 1 Torr to 500 atm, 10 Torr to 100 atm, and 
100 Torr to 5 atm; the hydrogen permeation rate is in at least 
one range chosen from about 1x10' moles' cm to 
1x10" moles' cm°, 1x10' moles' cm° to 1x10 mole 
s' cm, 1x10" mole ST cm to 1x10 moles' cm, 
1x10' moles' cm to 1x107 mole S' cm, and 1x10 
moles' cm° to 1x10 moles' cm’. In an embodiment, 
the electrochemical power system comprises a hydrogen 
anode comprising a hydrogen sparging electrode; a molten 
salt electrolyte comprising a hydroxide, and at least one of an 
O and a HO cathode. In embodiments, the cell temperature 
that maintains a molten state of the electrolyte is in at least one 
range chosen from about 0 to 1500° C. higher than the elec 
trolyte melting point, 0 to 1000°C. higher than the electrolyte 
melting point, 0 to 500° C. higher than the electrolyte melting 
point, 0 to 250° C. higher than the electrolyte melting point, 
and 0 to 100° C. higher than the electrolyte melting point; the 
hydrogen flow rate per geometric area of the H bubbling or 
sparging electrode is in at least one range chosen from about 
1x10" moles' cm to 1x10" moles' cm, 1x10'’ 
moles' cm° to 1x10 moles' cm', 1x10' moles' 
cm to 1x10 moles' cm, 1x10' moles' cm to 
1x107 moles' cm’, and 1x10 moles' cm° to 1x10 
moles' cm’; the rate of reaction at the counter electrode 
matches or exceeds that at the electrode at which hydrogen 
reacts; the reduction rate of at least one of HO and O, is 
sufficient to maintain the reaction rate of H or H, and the 
counter electrode has a surface area and a material Sufficient 
to support the sufficient rate. 
0007. The present disclosure is further directed to a power 
system that generates thermal energy comprising: at least one 
vessel capable of a pressure of at least one of atmospheric, 
above atmospheric, and below atmospheric; at least one 
heater, reactants that constitute hydrino reactants comprising: 
a) a source of catalyst or a catalyst comprising nascent H2O: 
b) a source of atomic hydrogen or atomic hydrogen; c) reac 
tants to form at least one of the Source of catalyst, the catalyst, 
the Source of atomic hydrogen, and the atomic hydrogen; and 
one or more reactants to initiate the catalysis of atomic hydro 
gen wherein the reaction occurs upon at least one of mixing 
and heating the reactants. In embodiments, the reaction of the 
power system to form at least one of the source of catalyst, the 
catalyst, the source of atomic hydrogen, and the atomic 
hydrogen comprise at least one reaction chosen from a dehy 
dration reaction; a combustion reaction; a reaction of a Lewis 
acid or base and a Bronsted-Lowry acid or base; an oxide 
base reaction; an acid anhydride-base reaction; an acid-base 
reaction; a base-active metal reaction; an oxidation-reduction 
reaction; a decomposition reaction; an exchange reaction, and 
an exchange reaction of a halide, O, S, Se, Te, NH, with 
compound having at least one OH: a hydrogen reduction 
reaction of a compound comprising O, and the Source of His 
at least one of nascent H formed when the reactants undergo 
reaction and hydrogen from a hydride or gas source and a 
dissociator. 

0008. The present disclosure is further directed to a battery 
or fuel cell system that generates an electromotive force 
(EMF) from the catalytic reaction of hydrogen to lower 
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energy (hydrino) states providing direct conversion of the 
energy released from the hydrino reaction into electricity, the 
system comprising: 
0009 reactants that constitute hydrino reactants during 
cell operation with separate electron flow and ion mass trans 
port, 
0010 a cathode compartment comprising a cathode, 
0011 an anode compartment comprising an anode, and 
0012 a source of hydrogen. 
0013. Other embodiments of the present disclosure are 
directed to a battery or fuel cell system that generates an 
electromotive force (EMF) from the catalytic reaction of 
hydrogen to lower energy (hydrino) states providing direct 
conversion of the energy released from the hydrino reaction 
into electricity, the system comprising at least two compo 
nents chosen from: a catalyst or a source of catalyst; atomic 
hydrogen or a source of atomic hydrogen; reactants to form 
the catalyst or source of catalyst and atomic hydrogen or 
Source of atomic hydrogen; one or more reactants to initiate 
the catalysis of atomic hydrogen; and a Support to enable the 
catalysis, 
0014 wherein the battery or fuel cell system for forming 
hydrinos can further comprise a cathode compartment com 
prising a cathode, an anode compartment comprising an 
anode, optionally a salt bridge, reactants that constitute 
hydrino reactants during cell operation with separate electron 
flow and ion mass transport, and a source of hydrogen. 
0015. In an embodiment of the present disclosure, the 
reaction mixtures and reactions to initiate the hydrino reac 
tion Such as the exchange reactions of the present disclosure 
are the basis of a fuel cell wherein electrical power is devel 
oped by the reaction of hydrogen to form hydrinos. Due to 
oxidation-reduction cell half reactions, the hydrino-produc 
ing reaction mixture is constituted with the migration of elec 
trons through an external circuit and ion mass transport 
through a separate path to complete an electrical circuit. The 
overall reactions and corresponding reaction mixtures that 
produce hydrinos given by the sum of the half-cell reactions 
may comprise the reaction types for thermal power and 
hydrino chemical production of the present disclosure. 
0016. In an embodiment of the present disclosure, differ 
ent reactants or the same reactants under different states or 
conditions such as at least one of different temperature, pres 
Sure, and concentration are provided in different cell com 
partments that are connected by separate conduits for elec 
trons and ions to complete an electrical circuit between the 
compartments. The potential and electrical power gain 
between electrodes of the separate compartments or thermal 
gain of the system is generated due to the dependence of the 
hydrino reaction on mass flow from one compartment to 
another. The mass flow provides at least one of the formation 
of the reaction mixture that reacts to produce hydrinos and the 
conditions that permit the hydrino reaction to occur at Sub 
stantial rates. Ideally, the hydrino reaction does not occur or 
doesn’t occur at an appreciable rate in the absence of the 
electron flow and ion mass transport. 
0017. In another embodiment, the cell produces at least 
one of electrical and thermal power gain over that of an 
applied electrolysis power through the electrodes. 
0018. In an embodiment, the reactants to form hydrinos 
are at least one of thermally regenerative or electrolytically 
regenerative. 
0019. An embodiment of the disclosure is directed to an 
electrochemical power system that generates an electromo 
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tive force (EMF) and thermal energy comprising a cathode, 
an anode, and reactants that constitute hydrino reactants dur 
ing cell operation with separate electron flow and ion mass 
transport, comprising at least two components chosen from: 
a) a source of catalyst or a catalyst comprising at least one of 
the group of nFI, OH, OH, H2O, HS, or MNH wherein n is 
an integer and M is alkali metal; b) a Source of atomic hydro 
gen oratomic hydrogen; c) reactants to format least one of the 
Source of catalyst, the catalyst, the Source of atomic hydro 
gen, and the atomic hydrogen; one or more reactants to ini 
tiate the catalysis of atomic hydrogen; and a Support. At least 
one of the following conditions may occur in the electro 
chemical power system: a) atomic hydrogen and the hydro 
gen catalyst is formed by a reaction of the reaction mixture; b) 
one reactant that by virtue of it undergoing a reaction causes 
the catalysis to be active; and c) the reaction to cause the 
catalysis reaction comprises a reaction chosen from: (i) exo 
thermic reactions; (ii) coupled reactions; (iii) free radical 
reactions; (iv) oxidation-reduction reactions; (V) exchange 
reactions, and (vi) getter, Support, or matrix-assisted catalysis 
reactions. In an embodiment, at least one of a) different reac 
tants or b) the same reactants under different states or condi 
tions are provided in different cell compartments that are 
connected by separate conduits for electrons and ions to com 
plete an electrical circuit between the compartments. At least 
one of an internal mass flow and an external electron flow may 
provide at least one of the following conditions to occur: a) 
formation of the reaction mixture that reacts to produce hydri 
nos; and b) formation of the conditions that permit the 
hydrino reaction to occur at Substantial rates. In an embodi 
ment, the reactants to form hydrinos are at least one of ther 
mally or electrolytically regenerative. At least one of electri 
cal and thermal energy output may be over that required to 
regenerate the reactants from the products. 
0020. Other embodiments of the disclosure are directed to 
an electrochemical power system that generates an electro 
motive force (EMF) and thermal energy comprising a cath 
ode, an anode, and reactants that constitute hydrino reactants 
during cell operation with separate electron flow and ion mass 
transport, comprising at least two components chosen from: 
a) a source of catalyst or catalyst comprising at least one 
oxygen species chosen from O, O, O, O, O, O, H2O, 
HO", OH, OH, OH, HOOH, OOH, O, O, O, and 
O that undergoes an oxidative reaction with a H species to 
form at least one of OH and H2O, wherein the H species 
comprises at least one of H. H. H. H.O., HO", OH, OH", 
OH, HOOH, and OOH; b) a source of atomic hydrogen or 
atomic hydrogen; c) reactants to form at least one of the 
Source of catalyst, the catalyst, the Source of atomic hydro 
gen, and the atomic hydrogen; and one or more reactants to 
initiate the catalysis of atomic hydrogen; and a Support. The 
Source of the O species may comprise at least one compound 
or admixture of compounds comprising O, O, air, oxides, 
NiO, CoO, alkali metal oxides, LiO, NaO, K2O, alkaline 
earth metal oxides, MgO, CaO, SrO, and BaO, oxides from 
the group of Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, 
Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, Sn, and W. 
peroxides, alkali metal peroxides, Superoxide, alkali or alka 
line earth metal Superoxides, hydroxides, alkali, alkaline 
earth, transition metal, inner transition metal, and Group III, 
IV, or V. hydroxides, oxyhydroxides, AlO(OH), ScC(OH), 
YO(OH), VO(OH), CrO(OH), MnO(OH) (c.-MnO(OH) 
groutite and Y-MnO(OH) manganite). FeC)(OH), CoO(OH), 
NiO(OH), RhCl(OH), GaO(OH), InC)(OH), NiCoO 
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(OH), and NiCo, MnO(OH). The source of the H spe 
cies may comprise at least one compound or admixture of 
compounds comprising H, a metal hydride, LaNis 
hydroxide, oxyhydroxide, H, a source of H. H. and a hydro 
gen permeable membrane, Ni(H), V(H), Ti(H), Nb(H), 
Pd(H), PdAg(H), Fe(H), and stainless steel (SS) such as 
430 SS(H). 
0021. In another embodiment, the electrochemical power 
system comprises a hydrogen anode; a molten salt electrolyte 
comprising a hydroxide, and at least one of an O and a H2O 
cathode. The hydrogen anode may comprise at least one of a 
hydrogen permeable electrode such as at least one of Ni(H). 
V(H), Ti(H), Nb(H), Pd(H2), PdAg(H2), Fe(H), and 430 
SS(H), a porous electrode that may sparge H. and a hydride 
such as a hydride chosen from R. Ni, LaNish, 
LaCoNighs. ZrCr2Hss, LaNissMino-Alois Coo. 7s. Zr.Mno. 
sCroV, Ni, and other alloys capable of storing hydrogen, 
ABs (LaCePrNdNiCoMnAl) or AB (VTiZrNiCrCoM 
nAISn) 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), ABS-type: MmNiCo 
oMno Alo Moo (Mm-misch metal: 25 wt % La, 50 wt % 
Ce, 7 wt % Pr, 18 wt % Nd), AB-type: Tiosi Zro-Vozo Ni 
18Cro alloys, magnesium-based alloys, MgAlo, Nio. 
8Coo. Mino alloy, Mgo.72Sco.2s (Pdoo2+Rhool 2), and 
MgsoTio MgsoV2o. LaosNdo.2Ni2.4Cu2s Siol. LaNis-M, 
(M=Mn, Al), (M=Al, Si, Cu), (M=Sn), (M=Al, Mn, Cu) and 
LaNi4Co, MmNissMino-44Alois Coo7s. LaNissMino.44Alo. 
3Coos, MgCul, Mg2n. MgNi, AB compounds, TiFe, 
TiCo, and TiNi, AB, compounds (n=5, 2, or 1), AB com 
pounds, AB (A-La, Ce, Mn, Mg, B-Ni, Mn, Co, Al), ZrFe, 
Zros Csos Fe2Zros Sco.2Fe2.YNis, LaNis, LaNi4sCoos (Ce, 
La, Nd, Pr)Nis, Mischmetal-nickel alloy, Tiszroo Vo 
43 FeoCroos Mins, LaCo Nio, FeNi, and TiMn. The mol 
ten salt may comprise a hydroxide with at least one other salt 
Such as one chosen from one or more other hydroxides, 
halides, nitrates, Sulfates, carbonates, and phosphates. The 
molten salt may comprise at least one salt mixture chosen 
from CsNO CsCH, CsOH KOH, CsCH LiOH, 
CsOH NaOH, CsCH-RbOH, KCO, KOH, KBr— 
KOH, KC1 KOH, KF KOH, KI KOH, KNO, KOH, 
KOH KSO, KOH LiOH, KOH NaOH, KOH 
RbOH, LiCO, LiOH, LiBr LiOH, LiC1 LiOH, LiF 
LiOH, LiI LiOH, LiNO, LiOH, LiOH NaOH, LiOH 
RbOH, NaCO, NaOH, NaBr NaOH:NaCl. NaOH, 
NaF NaOH, NaI NaOH, NaNO, NaOH, NaOH 
NaSO, NaOH. RbCH, RbCl RbOH, RbNO, RbCH, 
LiOH LiX, NaOH NaX, KOH KX, RbCH RbX, 
CsOH CSX, Mg(OH), Mgx, Ca(OH) CaX, Sr(OH) 

SrX, or Ba(OH) BaX, wherein X-F, Cl, Br, or I, and 
LiOH, NaOH, KOH, RbCH, CsOH, Mg(OH), Ca(OH), 
Sr(OH), or Ba(OH), and one or more of AIX, VX, ZrX, 
TiX MnX, Znx, CrX, SnX, InX, CuX, NiX, PbX. 
SbX, BiX CoX, CdX, GeX, AuX, IrX, FeX, HgX, 
MoX, OSX, PdX, ReX, RhX, RuX, SeX, AgX, TcX. 
TeX, TIX, and WX, wherein X-F, Cl, Br, or I. The molten 
salt may comprise a cation that is common to the anions of the 
salt mixture electrolyte; or the anion is common to the cat 
ions, and the hydroxide is stable to the other salts of the 
mixture. 

0022. In another embodiment of the disclosure, the elec 
trochemical power system comprises at least one of M"(H)/ 
MOH-M' halide/M" and M"(H)/M(OH)-M' halide/M", 
wherein M is an alkali or alkaline earth metal, M' is a metal 
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having hydroxides and oxides that are at least one of less 
stable than those of alkali or alkaline earth metals or have a 
low reactivity with water, M" is a hydrogen permeable metal, 
and M" is a conductor. In an embodiment, M' is metal such as 
one chosen from Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, 
Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, Sn, W. Al, V, Zr, 
Ti, Mn, Zn, Cr, In, and Pb. Alternatively, M and M' may be 
metals such as ones independently chosen from Li, Na, K, Rb, 
Cs, Mg, Ca, Sr., Ba, Al, V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, 
Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, 
Se, Ag, Tc, Te, T1, and W. Other exemplary systems comprise 
M'(H,)/MOH M"X/M" wherein M, M', M", and M" are 
metal cations or metal, X is an anion Such as one chosen from 
hydroxides, halides, nitrates, sulfates, carbonates, and phos 
phates, and M is H. permeable. In an embodiment, the hydro 
gen anode comprises a metal Such as at least one chosen from 
V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. 
Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, and 
W that reacts with the electrolyte during discharge. In another 
embodiment, the electrochemical power system comprises a 
hydrogen Source; a hydrogen anode capable of forming at 
least one of OH, OH, and H2O catalyst, and providing H; a 
source of at least one of O, and HO; a cathode capable of 
reducing at least one of H2O or O, an alkaline electrolyte; an 
optional system capable of collection and recirculation of at 
least one of H2O vapor, N, and O, and a system to collect 
and recirculate H. 
0023 The present disclosure is further directed to an elec 
trochemical power System comprising an anode comprising 
at least one of: a metal such as one chosen from V, Zr, Ti, Mn, 
Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, 
Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, and W and a metal 
hydride such as one chosen from R Ni, LaNish, 
La-Col Nighs. ZrCr2Hss, LaNissMino-Alois Coo. 7s. Zr.Mno. 
5CroV, Ni, and other alloys capable of storing hydrogen 
such as one chosen from ABs (LaCePrNdNiCoMnAl) or AB 
(VTiZrNiCrCoMnAlSn) type, where the “AB,” designation 
refers to the ratio of the A type elements (LaCePrNdor TiZr) 
to that of the B type elements (VNiCrCoMnAISn), ABS-type, 
MmNiCo, Mn. Alo Moo (Mm misch metal: 25 wt 
% La, 50 wt % Ce, 7 wt % Pr, 18 wt % Nd), AB-type: 
Tiosi Zro.49VozoNisCro.12 alloys, magnesium-based 
alloys, Mg1.9Aloi Nios Cuo Mino alloy, Mgo.72Sco.2s(Pdo. 
O12 Rhool.2), and MgsoTi2O, MgsoV20, LaosNdo.2Ni2.4Co2. 
sSio, LaNis-M, (M=Mn, Al). (M=Al, Si, Cu), (M=Sn), 
(MAl, Mn, Cu) and LaNiCo, MmNissMino-AlloCoors, 
LaNissMino-Alo Cuo.7s, MgCu2, Mg2n. MgNi2, AB 
compounds, TiFe, TiCo, and TiNi, AB compounds (n=5, 2, or 
1), AB compounds, AB (A-La, Ce, Mn, Mg; B-Ni, Mn, 
Co., Al), ZrFe, ZrosCsos Fe, Zrossco Fe. YNis, LaNis, 
LaNisCoos (Ce, La, Nd, Pr)Nis, Mischmetal-nickel alloy, 
Tio 987roo VoasFeologCroos Mnis. LaCo Nio FeNi, and 
TiMn., a separator; an aqueous alkaline electrolyte; at least 
one of a O and a H2O reduction cathode, and at least one of 
air and O. The electrochemical system may further comprise 
an electrolysis system that intermittently charges and dis 
charges the cell Such that there is a gain in the net energy 
balance. Alternatively, the electrochemical power system 
may comprise or further comprise a hydrogenation system 
that regenerates the power system by rehydriding the hydride 
anode. 

0024. Another embodiment comprises an electrochemical 
power system that generates an electromotive force (EMF) 
and thermal energy comprising a molten alkali metal anode: 
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beta-alumina solid electrolyte (BASE), and a molten salt 
cathode comprising a hydroxide. The molten salt cathode 
may comprise a eutectic mixture Such as one of those of 
TABLE 4 and a source of hydrogen such as a hydrogen 
permeable membrane and H2 gas. The catalyst or the Source 
of catalyst may be chosen from OH, OFF, H2O, NaH, Li, K, 
Rb", and Cs. The molten salt cathode may comprise an alkali 
hydroxide. The system may further comprise a hydrogen 
reactor and metal-hydroxide separator wherein the alkali 
metal cathode and the alkali hydroxide cathode are regener 
ated by hydrogenation of product oxide and separation of the 
resulting alkali metal and metal hydroxide. 
0025. Another embodiment of the electrochemical power 
system comprises an anode comprising a source of hydrogen 
Such as one chosen from a hydrogen permeable membrane 
and H2 gas and a hydride further comprising a moltenhydrox 
ide; beta-alumina solid electrolyte (BASE), and a cathode 
comprising at least one of a molten element and a molten 
halide salt or mixture. Suitable cathodes comprise a molten 
element cathode comprising one of In, Ga., Te, Pb, Sn, Cd, Hg, 
P. S., I, Se, Bi, and As. Alternatively, the cathode may be a 
molten salt cathode comprising NaX (Xishalide) and one or 
more of the group of Nax, AgX, AlX, ASX, AuX, AuX. 
BaX, BeX, BiX. CaX, CdX, CeX. CoX, Crx, CSX, 
CuX, CuX, EuX, FeX, FeX, GaX, GdX, GeX, Hfx, 
HgX, HgX, InX, InX, InX, IrX, IrX, KX, KAgX, 
KAIX, KAIX, LaX, LiX, MgX, MnX, MoX, MoXs. 
MoX, NaAIX, NaAlx, NbXs, NdX, NiX, OSX, OSX, 
PbX, Pdx. PrX PtX, PtX PuX, RbX, Rex, RhX, 
RhX, RuX, SbX, SbXs, ScX. Six, SnX, SnX, SrX, 
ThX, TiX, TiX. TIX, UX, UX VX, WXYX, Znx, 
and ZrX. 
0026. Another embodiment of an electrochemical power 
system that generates an electromotive force (EMF) and ther 
mal energy comprises an anode comprising Li; an electrolyte 
comprising an organic solvent and at least one of an inorganic 
Li electrolyte and LiPF, an olefin separator, and a cathode 
comprising at least one of an oxyhydroxide, AlO(OH), ScC) 
(OH), YO(OH), VO(OH), CrO(OH), MnO(OH) (C-MnO 
(OH) groutite and Y-MnO(OH) manganite), FeC(OH), CoO 
(OH), NiO(OH), RhC(OH), GaC(OH), InC(OH), NiCo, 
2O(OH), and NiCO, MnO(OH). 
0027. In another embodiment, the electrochemical power 
system comprises an anode comprising at least one of Li, a 
lithium alloy, Li Mg, and a species of the Li-N-H system; 
a molten salt electrolyte, and a hydrogen cathode comprising 
at least one of H gas and a porous cathode, H and a hydrogen 
permeable membrane, and one of a metal hydride, alkali, 
alkaline earth, transition metal, inner transition metal, and 
rare earth hydride. 
0028. The present disclosure is further directed to an elec 
trochemical power system comprising at least one of the cells 
a) through h) comprising: 
0029 a) (i) an anode comprising a hydrogen permeable 
metal and hydrogen gas such as one chosen from Ni(H), 
V(H), Ti(H), Fe(H), Nb(H) or a metal hydride such as one 
chosen from LaNis, TiMnH, and La NigCoH (X is an 
integer); (ii) a molten electrolyte Such as one chosen from 
MOH or M(OH), or MOH or M(OH), with MX or MX, 
wherein M and M are metals such as ones independently 
chosen from Li, Na, K, Rb, Cs, Mg, Ca, Sr. and Ba, and X is 
an anion Such as one chosen from hydroxides, halides, Sul 



US 2014/007283.6 A1 

fates, and carbonates, and (iii) a cathode comprising the metal 
that may be the same as that of the anode and further com 
prising air or O, 
0030 b)(i) an anode comprising at least one metal such as 
one chosen from R Ni, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, 
Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, Sn, W. 
Al, V, Zr, Ti, Mn, Zn, Cr, In, and Pb: (ii) an electrolyte 
comprising an aqueous alkali hydroxide having the concen 
tration range of about 10 M to saturated; (iii) an olefin sepa 
rator, and (iv) a carbon cathode and further comprising air or 
O; 
0031 c) (i) an anode comprising molten NaOH and a 
hydrogen permeable membrane Such as Niand hydrogen gas; 
(ii) an electrolyte comprising beta alumina Solid electrolyte 
(BASE), and (iii) a cathode comprising a molten eutectic salt 
such as NaCl MgCl, NaCl CaCl, or MX-M'X' (M is 
alkali, M' is alkaline earth, and X and X’ are halide); 
0032 d) (i) an anode comprising molten Na; (ii) an elec 
trolyte comprising beta alumina solid electrolyte (BASE), 
and (iii) a cathode comprising molten NaOH: 
0033 e) (i) an anode comprising an hydride such as 
LaNisF1; (ii) an electrolyte comprising an aqueous alkali 
hydroxide having the concentration range of about 10 M to 
saturated; (iii) an olefin separator, and (iv) a carbon cathode 
and further comprising air or O, 
0034 f) (i) an anode comprising Li; (ii) an olefin separa 

tor; (ii) an organic electrolyte Such as one comprising LP30 
and LiPF, and (iv) a cathode comprising an oxyhydroxide 
such as CoO(OH); 
0035 g) (i) an anode comprising a lithium alloy such as 
LiMg; (ii) a molten salt electrolyte such as LiCl-KCl or 
MX-M'X' (Mand Mare alkali, X and X’ are halide), and (iii) 
a cathode comprising a metal hydride Such as one chosen 
from CeH, LaH, ZrH, and TiH, and further comprising 
carbon black, and h) (i) an anode comprising Li; (ii) a molten 
salt electrolyte such as LiCl-KCl or MX-M'X' (MandM'are 
alkali, X and X’ are halide), and 

0036 (iii) a cathode comprising a metal hydride such as 
one chosen from CeH, LaH2, ZrH, and TiH, and 
further comprising carbon black. 

0037. The present disclosure is further directed to an 
electrochemical power system comprising at least one of 
the cells: Ni(H)/LiOH LiBr/Ni wherein the hydro 
gen electrode designated Ni(H) comprises at least one 
of a permeation, sparging, and intermittent electrolysis 
source of hydrogen; PtTi/HSO (about 5 M aq) or 
HPO (about 14.5 Maq)/PtTi intermittent electrolysis, 
and NaOH Ni(H)/BASE/NaCl MgCl, wherein the 
hydrogen electrode designated Ni(H) comprises a per 
meation source of hydrogen. In Suitable embodiments, 
the hydrogen electrode comprises a metal Such as nickel 
that is prepared to have a protective oxide coat such as 
NiO. The oxide coat may be formed by anodizing or 
oxidation in an oxidizing atmosphere such as one com 
prising oxygen. 

0038. The present disclosure is further directed to an elec 
trochemical power system comprising at least one of the cells: 
Ni(H)/LiOH LiBr/Ni wherein the hydrogen electrode 
designated Ni(H2) comprises at least one of a permeation, 
sparging, and intermittent electrolysis source of hydrogen; 
PtTi/HSO (about 5 Maq) or HPO (about 14.5 M aq)/ 
PtTi intermittent electrolysis, and NaOH Ni(H)/BASE/ 
NaCl MgCl, wherein the hydrogen electrode designated 
Ni(H2) comprises a permeation source of hydrogen. 
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0039. The present disclosure is further directed to an elec 
trochemical power system comprising at least one of the cells 
a) through d) comprising: 
0040 a) (i) an anode comprising a hydrogen electrode 
designated Ni(H2) comprising at least one of a permeation, 
sparging, and intermittent electrolysis source of hydrogen; 
(ii) a molten electrolyte such as one chosen from MOH or 
M(OH), or MOH or M(OH), with MX or MX, wherein M 
and Mare metals such as ones independently chosen from Li, 
Na, K, Rb, Cs, Mg, Ca, Sr, and Ba, and X is an anion Such as 
one chosen from hydroxides, halides, Sulfates, and carbon 
ates, and (iii) a cathode comprising the metal that may be the 
same as that of the anode and further comprising air or O, 
0041 b) (i) an anode comprising a hydrogen electrode 
designated Ni(H2) comprises at least one of a permeation, 
sparging, and intermittent electrolysis source of hydrogen; 
(ii) a molten electrolyte such as LiOH LiBr, NaOH NaBr, 
or NaOH NaI, and (iii) a cathode comprising the metal that 
may be the same as that of the anode and further comprising 
air or O, 
0042 c) (i) an anode comprising a noble metal such as 
Pt/Ti; (ii) an aqueous acid electrolyte such as HSO or 
HPO, that may be in the concentration range of 1 to 10 M. 
and 5 to 15 M, respectively, and (iii) a cathode comprising the 
metal that may be the same as that of the anode and further 
comprising air or O, and 
0043 d) (i) an anode comprising molten NaOH and a 
hydrogen electrode designated Ni(H) comprising a perme 
ation source of hydrogen; (ii) an electrolyte comprising beta 
alumina solid electrolyte (BASE), and (iii) a cathode com 
prising a molten eutectic salt such as NaCl-MgCl, NaCl 
CaCl, or MX-M'X' (M is alkali, M is alkaline earth, and X 
and X’ are halide). 
0044) Further embodiments of the present disclosure are 
directed to catalyst systems such as those of the electrochemi 
cal cells comprising a hydrogen catalyst capable of causing 
atomic Hin its n-1 state to form a lower-energy state, a source 
of atomic hydrogen, and other species capable of initiating 
and propagating the reaction to form lower-energy hydrogen. 
In certain embodiments, the present disclosure is directed to 
a reaction mixture comprising at least one source of atomic 
hydrogen and at least one catalyst or source of catalyst to 
Support the catalysis of hydrogen to form hydrinos. The reac 
tants and reactions disclosed herein for Solid and liquid fuels 
are also reactants and reactions of heterogeneous fuels com 
prising a mixture of phases. The reaction mixture comprises 
at least two components chosen from a hydrogen catalyst or 
Source of hydrogen catalyst and atomic hydrogen or a source 
of atomic hydrogen, wherein at least one of the atomic hydro 
gen and the hydrogen catalyst may be formed by a reaction of 
the reaction mixture. In additional embodiments, the reaction 
mixture further comprises a Support, which in certain 
embodiments can be electrically conductive, a reductant, and 
an oxidant, wherein at least one reactant that by virtue of it 
undergoing a reaction causes the catalysis to be active. The 
reactants may be regenerated for any non-hydrino product by 
heating. 
0045. The present disclosure is also directed to a power 
Source comprising: 
0046 a reaction cell for the catalysis of atomic hydrogen; 
0047 a reaction vessel; 
0048 a vacuum pump; 
0049 a source of atomic hydrogen in communication with 
the reaction vessel; 



US 2014/007283.6 A1 

0050 a source of a hydrogen catalyst comprising a bulk 
material in communication with the reaction vessel, 
0051 the source of at least one of the source of atomic 
hydrogen and the source of hydrogen catalyst comprising a 
reaction mixture comprising at least one reactant comprising 
the element or elements that form at least one of the atomic 
hydrogen and the hydrogen catalyst and at least one other 
element, whereby at least one of the atomic hydrogen and 
hydrogen catalyst is formed from the source, 
0052 at least one other reactant to cause catalysis; and 
0053 a heater for the vessel, 
0054 whereby the catalysis of atomic hydrogen releases 
energy in an amount greater than about 300 kJ per mole of 
hydrogen. 
0055. The reaction to form hydrinos may be activated or 
initiated and propagated by one or more chemical reactions. 
These reactions can be chosen for example from (i) hydride 
exchange reactions, (ii) halide-hydride exchange reactions, 
(iii) exothermic reactions, which in certain embodiments pro 
vide the activation energy for the hydrino reaction, (iv) 
coupled reactions, which in certain embodiments provide for 
at least one of a source of catalyst or atomic hydrogen to 
Support the hydrino reaction, (v) free radical reactions, which 
in certain embodiments serve as an acceptor of electrons from 
the catalyst during the hydrino reaction, (vi) oxidation-reduc 
tion reactions, which in certain embodiments, serve as an 
acceptor of electrons from the catalyst during the hydrino 
reaction, (vi) other exchange reactions such as anion 
exchange including halide, Sulfide, hydride, arsenide, oxide, 
phosphide, and nitride exchange that in an embodiment, 
facilitate the action of the catalyst to become ionized as it 
accepts energy from atomic hydrogen to form hydrinos, and 
(vii) getter, Support, or matrix-assisted hydrino reactions, 
which may provide at least one of (a) a chemical environment 
for the hydrino reaction, (b) act to transfer electrons to facili 
tate the H catalyst function, (c) undergoea reversible phase or 
other physical change or change in its electronic State, and (d) 
bind a lower-energy hydrogen product to increase at least one 
of the extent or rate of the hydrino reaction. In certain embodi 
ments, the electrically conductive Support enables the activa 
tion reaction. 

0056. In another embodiment, the reaction to form hydri 
nos comprises at least one of a hydride exchange and a halide 
exchange between at least two species such as two metals. At 
least one metal may be a catalyst or a source of a catalyst to 
form hydrinos Such as an alkali metal or alkali metal hydride. 
The hydride exchange may be between at least two hydrides, 
at least one metal and at least one hydride, at least two metal 
hydrides, at least one metal and at least one metal hydride, and 
other Such combinations with the exchange between or 
involving two or more species. In an embodiment, the hydride 
exchange forms a mixed metal hydride such as (M),(M2).H. 
wherein X, y, and Z are integers and M and M are metals. 
0057. Other embodiments of the present disclosure are 
directed to reactants wherein the catalyst in the activating 
reaction and/or the propagation reaction comprises a reaction 
of the catalyst or source of catalyst and Source of hydrogen 
with a material or compound to form an intercalation com 
pound wherein the reactants are regenerated by removing the 
intercalated species. In an embodiment, carbon may serve as 
the oxidant and the carbon may be regenerated from an alkali 
metal intercalated carbon for example by heating, use of 
displacing agent, electrolytically, or by using a solvent. 
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0058. In additional embodiments, the present disclosure is 
directed to a power system comprising: 
0059 (i) a chemical fuel mixture comprising at least two 
components chosen from: a catalyst or source of catalyst; 
atomic hydrogen or a source of atomic hydrogen; reactants to 
form the catalyst or the Source of catalyst and atomic hydro 
gen or a source of atomic hydrogen; one or more reactants to 
initiate the catalysis of atomic hydrogen; and a Support to 
enable the catalysis, 
0060 (ii) at least one thermal system for reversing an 
exchange reaction to thermally regenerate the fuel from the 
reaction products comprising a plurality of reaction vessels, 
0061 wherein regeneration reactions comprising reac 
tions that form the initial chemical fuel mixture from the 
products of the reaction of the mixture are performed in at 
least one reaction vessel of the plurality in conjunction with 
the at least one other reaction vessel undergoing power reac 
tions, 
0062 the heat from at least one power-producing vessel 
flows to at least one vessel that is undergoing regeneration to 
provide the energy for the thermal regeneration, 
0063 the vessels are embedded in a heat transfer medium 
to achieve the heat flow, 
0064 at least one vessel further comprising a vacuum 
pump and a source of hydrogen, and may further comprise 
two chambers having a temperature difference maintained 
between a hotter chamber and a colder chamber such that a 
species preferentially accumulates in the colder chamber, 
0065 wherein a hydride reaction is performed in the 
colder chamber to form at least one initial reactant that is 
returned to the hotter chamber, 
0.066 (iii) a heat sink that accepts the heat from the power 
producing reaction vessels across a thermal barrier, 
0067 and 
0068 (iv) a power conversion system that may comprise a 
heat engine Such as a Rankine or Brayton-cycle engine, a 
steam engine, a Stirling engine, wherein the power conver 
sion system may comprise thermoelectric orthermionic con 
Verters. In certain embodiments, the heat sink may transfer 
power to a power conversion system to produce electricity. 
0069. In certain embodiments, the power conversion sys 
tem accepts the flow of heat from the heat sink, and in certain 
embodiments, the heat sink comprises a steam generator and 
steam flows to a heat engine such as a turbine to produce 
electricity. 
0070. In additional embodiments, the present disclosure is 
directed to a power system comprising: 
0071 (i) a chemical fuel mixture comprising at least two 
components chosen from: a catalyst or a source of catalyst; 
atomic hydrogen or a source of atomic hydrogen; reactants to 
form the catalyst or the Source of catalyst and atomic hydro 
gen or a source of atomic hydrogen; one or more reactants to 
initiate the catalysis of atomic hydrogen; and a Support to 
enable the catalysis, 
0072 (ii) a thermal system for reversing an exchange reac 
tion to thermally regenerate the fuel from the reaction prod 
ucts comprising at least one reaction vessel, wherein regen 
eration reactions comprising reactions that form the initial 
chemical fuel mixture from the products of the reaction of the 
mixture are performed in the at least one reaction vessel in 
conjunction with power reactions, the heat from power-pro 
ducing reactions flows to regeneration reactions to provide 
the energy for the thermal regeneration, at least one vessel is 
insulated on one section and in contact with a thermally 
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conductive medium on another section to achieve a heat gra 
dient between the hotter and colder sections, respectively, of 
the vessel Such that a species preferentially accumulates in the 
colder section, at least one vessel further comprising a 
vacuum pump and a source of hydrogen, wherein a hydride 
reaction is performed in the colder section to form at least one 
initial reactant that is returned to the hotter section, 
0073 (iii) a heat sink that accepts the heat from the power 
producing reactions transferred through the thermally con 
ductive medium and optionally across at least one thermal 
barrier, and 
0074 (iv) a power conversion system that may comprise a 
heat engine Such as a Rankine or Brayton-cycle engine, a 
steam engine, a Stirling engine, wherein the power conver 
sion system may comprise thermoelectric orthermionic con 
verters, wherein the conversion system accepts the flow of 
heat from the heat sink. 
0075. In an embodiment, the heat sink comprises a steam 
generator and steam flows to a heat engine Such as a turbine to 
produce electricity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0076 FIG. 1 is a schematic drawing of a battery and fuel 
cell and electrolysis cell in accordance with the present dis 
closure. 
0077 FIG. 2 is a schematic drawing of a CIHT cell in 
accordance with the present disclosure. 
0078 FIG.3 is a schematic drawing of a CIHT cell dipolar 
plate in accordance with the present disclosure. 
007.9 FIG. 4 is a schematic drawing of a three half-cell 
CIHT cell in accordance with the present disclosure. 
0080 FIG. 5 is a schematic drawing of a CIHT cell com 
prising HO and H collection and recycling systems in accor 
dance with the present disclosure. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS OF THE DISCLOSURE 

0081. The present disclosure is directed to catalyst sys 
tems 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 harnessed for 
power generation and additionally new hydrogen species and 
compounds are desired products. These energy states are 
predicted by classical physical laws and require a catalyst to 
accept energy from the hydrogen in order to undergo the 
corresponding energy-releasing transition. 
0082 Classical physics gives closed-form solutions of the 
hydrogenatom, the hydride ion, the hydrogen molecularion, 
and the hydrogen molecule and predicts corresponding spe 
cies having fractional principal quantum numbers. Using 
Maxwell's equations, the structure of the electron was 
derived as a boundary-value problem wherein the electron 
comprises the source current of time-varying electromagnetic 
fields during transitions with the constraint that the bound 
n=1 state electron cannot radiate energy. A reaction predicted 
by the solution of the H atom involves a resonant, nonradia 
tive energy transfer from otherwise stable atomic hydrogen to 
a catalyst capable of accepting the energy to form hydrogen in 
lower-energy states than previously thought possible. Spe 
cifically, classical physics predicts that atomic hydrogen may 
undergo a catalytic reaction with certain atoms, excimers, 
ions, and diatomic hydrides which provide a reaction with a 
net enthalpy of an integer multiple of the potential energy of 
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atomic hydrogen, E-27.2 eV where E, is one Hartree. Spe 
cific species (e.g. He", Ar", Sr*., K. Li, HCl, and NaH, OH, 
SH, SeH, H2O, nH (ninteger)) identifiable on the basis of 
their known electron energy levels are required to be present 
with atomic hydrogen to catalyze the process. The reaction 
involves a nonradiative energy transfer followed by q13.6 eV 
continuum emission or q13.6 eV transfer to H to form 
extraordinarily hot, excited-state H and a hydrogen atom that 
is lower in energy than unreacted atomic hydrogen that cor 
responds to a fractional principal quantum number. That is, in 
the formula for the principal energy levels of the hydrogen 
atOm: 

E = e? 13.598 eV (1) 
n - 28 - 2 

n = 1, 2, 3, ... (2) 

where a is the Bohr radius for the hydrogen atom (52.947 
pm), e is the magnitude of the charge of the electron, and 6. 
is the vacuum permittivity, fractional quantum numbers: 

1 (3) = 1. . . . it 2 3 4. . . . p’ 

where p < 137 is an integer 

replace the well known parameter ninteger in the Rydberg 
equation for hydrogen excited States and represent lower 
energy-state hydrogenatoms called "hydrinos.' Then, similar 
to an excited statehaving the analytical solution of Maxwell's 
equations, a hydrino atom also comprises an electron, a pro 
ton, and a photon. However, the electric field of the latter 
increases the binding corresponding to desorption of energy 
rather than decreasing the central field with the absorption of 
energy as in an excited State, and the resultant photon-electron 
interaction of the hydrino is stable rather than radiative. 
I0083. The n=1 state of hydrogen and the 

1 
it E Integer 

states of hydrogen are nonradiative, but a transition between 
two nonradiative states, say n=1 to n=/2, is possible via a 
nonradiative energy transfer. Hydrogen is a special case of the 
stable states given by Eqs. (1) and (3) wherein the correspond 
ing radius of the hydrogen or hydrino atom is given by 

(H (4) 

where p=1,2,3,.... In order to conserve energy, energy must 
be transferred from the hydrogen atom to the catalyst in units 
of 

m:27.2 eV, n=1,2,3,4,... (5) 
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and the radius transitions to 

(H 

m + p. 

The catalyst reactions involve two steps of energy release: a 
nonradiative energy transfer to the catalyst followed by addi 
tional energy release as the radius decreases to the corre 
sponding stable final state. It is believed that the rate of 
catalysis is increased as the net enthalpy of reaction is more 
closely matched to m:27.2 eV. It has been found that catalysts 
having a net enthalpy of reaction within +10%, preferably 
+5%, of m:27.2 eV are suitable for most applications. In the 
case of the catalysis of hydrino atoms to lower energy states, 
the enthalpy of reaction of m:27.2 eV (Eq. (5)) is relativisti 
cally corrected by the same factor as the potential energy of 
the hydrino atom. 
0084 Thus, the general reaction is given by 

m .272 eV + Car" + HE- (6) p 

Cat'it' -- re + Hs (H + n. 27.2 eV 
(n + p) 

GH GH 2 2 (7) 
H-II - Hitt (p + n) - p. 13.6 eV -n. 27.2 eV 

Cat" + re - Caft + m, 27.2 eV and (8) 

the overall reaction is 

HH -> Hi?t + (p + m) - p. 13.6 eV (9) 

q, r, m, and pare integers. 

Hs t p 

has the radius of the hydrogenatom (corresponding to 1 in the 
denominator) and a central field equivalent to (m+p) times 
that of a proton, and 

Hall (n + p) 

is the corresponding stable state with the radius of 

(n + p) 
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that of H. As the electron undergoes radial acceleration from 
the radius of the hydrogen atom to a radius of 

1 

(n + p) 

this distance, energy is released as characteristic light emis 
sion or as third-body kinetic energy. The emission may be in 
the form of an extreme-ultraviolet continuum radiation hav 
ing an edge at I(p+m)-p-2m)- 13.6 eV or 

912 

m2 - 2 - 2n" 

and extending to longer wavelengths. In addition to radiation, 
a resonant kinetic energy transfer to form fast H may occur. 
Subsequent excitation of these fast H(n=1) atoms by colli 
sions with the background H followed by emission of the 
corresponding H(n-3) fast atoms gives rise to broadened 
Balmer C. emission. Alternatively, fast H is a direct product of 
Hor hydrino serving as the catalyst wherein the acceptance of 
the resonant energy transfer regards the potential energy 
rather than the ionization energy. Conservation of energy 
gives a proton of the kinetic energy corresponding to one half 
the potential energy in the former case and a catalyst ion at 
essentially rest in the latter case. The H recombination radia 
tion of the fast protons gives rise to broadened Balmer a 
emission that is disproportionate to the inventory of hot 
hydrogen consistent with the excess power balance. 
I0085. In the present disclosure the terms such as hydrino 
reaction, H catalysis, H catalysis reaction, catalysis when 
referring to hydrogen, the reaction of hydrogen to form hydri 
nos, and hydrino formation reaction all refer to the reaction 
such as that of Eqs. (6-9)) of a catalyst defined by Eq. (5) with 
atomic H to form states of hydrogen having energy levels 
given by EqS. (1) and (3). The corresponding terms such as 
hydrino reactants, hydrino reaction mixture, catalyst mixture, 
reactants for hydrino formation, reactants that produce or 
form lower-energy state hydrogen or hydrinos are also used 
interchangeably when referring to the reaction mixture that 
performs the catalysis of H to H states or hydrino states 
having energy levels given by Eqs. (1) and (3). 
I0086. 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 m of 
the potential energy of uncatalyzed atomic hydrogen, 27.2 
eV, that accepts the energy from atomic H to cause the tran 
sition. The endothermic catalyst reaction may be the ioniza 
tion of one or more electrons from a species such as an atom 
or ion (e.g. m-3 for Li->Li") 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 
initial bond (e.g. m=2 for NaH->Na"+H). He fulfills the 
catalyst criterion—a chemical or physical process with an 
enthalpy change equal to an integer multiple of 27.2 eV since 
it ionizes at 54.417 eV, which is 2:27.2 eV. An integer number 
of hydrogenatoms may also serve as the catalyst of an integer 
multiple of 27.2 eV enthalpy. Hydrogen atoms H(1/p) p=1,2, 
3, . . . 137 can undergo further transitions to lower-energy 
states given by Eqs. (1) and (3) wherein the transition of one 
atom is catalyzed by one or more additional H atoms that 
resonantly and nonradiatively accepts m27.2 eV with a con 
comitant opposite change in its potential energy. The overall 
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general equation for the transition of H(1/p) to H(1/(p+m)) 
induced by a resonance transfer of m:27.2 eV to H(1/p") is 
represented by 

0087 Hydrogen atoms may serve as a catalyst wherein 
m=l, m=2, and m3 for one, two, and three atoms, respec 
tively, acting as a catalyst for another. The rate for the two 
atom-catalyst, 2H, may be high when extraordinarily fast H 
collides with a molecule to form the 2H wherein two atoms 
resonantly and nonradiatively accept 54.4 eV from a third 
hydrogenatom of the collision partners. By the same mecha 
nism, the collision of two hot H provide 3H to serve as a 
catalyst of 3:27.2 eV for the fourth. The EUV continua at 22.8 
nm and 10.1 nm, extraordinary (>100 eV) Balmer C. line 
broadening, highly excited H states, the product gas H2(4), 
and large energy release is observed consistent with predic 
tions. 

0088 H(4) is a preferred hydrino state based on its mul 
tipolarity and the selection rules for its formation. Thus, in the 
case that H(/3) is formed, the transition to H(/4) may occur 
rapidly catalyzed by Haccording to Eq. (10). Similarly, H(4) 
is a preferred State for a catalyst energy greater than or equal 
to 81.6 eV corresponding to m=3 in Eq. (5). In this case the 
energy transfer to the catalyst comprises the 81.6 eV that 
forms that H(A) intermediate of Eq. (7) as well as an integer 
of 27.2 eV from the decay of the intermediate. For example, 
a catalyst having an enthalpy of 108.8 eV may form H*(4) by 
accepting 81.6 eV as well as 27.2 eV from the H*(4) decay 
energy of 122.4 eV. The remaining decay energy of 95.2 eV is 
released to the environment to form the preferred state H(4) 
that then reacts to form H2(4). 
0089. A suitable catalyst can therefore provide a net posi 
tive enthalpy of reaction of m:27.2 eV. That is, the catalyst 
resonantly accepts the nonradiative energy transfer from 
hydrogen atoms and releases the energy to the Surroundings 
to affect electronic transitions to fractional quantum energy 
levels. As a consequence of the nonradiative energy transfer, 
the hydrogen atom becomes unstable and emits further 
energy until it achieves a lower-energy nonradiative state 
having a principal energy level given by Eqs. (1) and (3). 
Thus, the catalysis releases energy from the hydrogen atom 
with a commensurate decrease in size of the hydrogen atom, 
rina where n is given by Eq. (3). For example, the catalysis 
of H(n=1) to H(n=/4) releases 204 eV. and the hydrogen 
radius decreases from a to 

(H. 

0090 The catalyst product, H(1/p), may also react with an 
electron to form a hydrino hydride ion H(1/p), or two H(1/p) 
may react to form the corresponding molecular hydrino H2(1/ 
p). Specifically, the catalyst product, H(1/p), may also react 
with an electron to form a novel hydride ion H(1/p) with a 
binding energy E: 
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where p=integers-1, S=1/2, his Planck's constant bar, u is the 
permeability of vacuum, m is the mass of the electron, L is 
the reduced electron mass given by 

where m is the mass of the proton, a is the Bohr radius, and 
the ionic radius is 

r1 = 2 (l + VS (S + 1) ). 

From Eq. (11), the calculated ionization energy of the hydride 
ion is 0.75418 eV, and the experimental value is 6082.99-0. 
15 cm (0.75418 eV). The binding energies of hydrino 
hydride ions may be measured by X-ray photoelectron spec 
troscopy (XPS). 
(0091. Upfield-shifted NMR peaks are direct evidence of 
the existence of lower-energy state hydrogen with a reduced 
radius relative to ordinary hydride ion and having an increase 
in diamagnetic shielding of the proton. The shift is given by 
the sum of the contributions of the diamagnetism of the two 
electrons and the photon field of magnitude p (Mills GUTCP 
Eq. (7.87)): 

AB e2 (12) T o— E = (1 + pa’) = 
B 12m.ao (1 + VS(S + 1) ) 

-(p29.9 + p 1.59x10)ppm 

where the first term applies to H with p=1 and p-integerd 1 
for H(1/p) and C. is the fine structure constant. The predicted 
hydrino hydride peaks are extraordinarily upfield shifted rela 
tive to ordinary hydride 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 0, -1, -2, -3, -4, -5, -6, -7, -8. 
-9, -10, -11, -12, -13, -14, -15, -16, -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 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. (12)) within a range of about at 
least one of its ppm, t10 ppm, t20 ppm, t30 ppm, ta.0 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 -(p29.9+p 1.59x10) ppm (Eq. (12)) within a range 
of about at least one of about 0.1% to 99%, 1% to 50%, and 
1% to 10%. In another embodiment, the presence of a hydrino 
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species such as a hydrino 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 may cause the matrix peak to be in the 
range of about -0.1 to -5 ppm relative to TMS. The NMR 
determination may comprise magic angle spinning "H 
nuclear magnetic resonance spectroscopy (MASH NMR). 
0092 H(1/p) may react with a proton and two H(1/p) may 
react to form H (1/p)" and H(1/p), respectively. The hydro 
gen molecular ion and molecular charge and current density 
functions, bond distances, and energies were solved from the 
Laplacian in ellipsoidal coordinates with the constraint of 
nonradiation. 

6 (; 6d. (13) (n-1).R. (RC)+ 
(-5.R. (R.S.) -- (g-n R (R = 0 

0093. The total energy E of the hydrogen molecular ion 
having a central field of +pe at each focus of the prolate 
spheroid molecular orbital is 

e2 (14) 
(4ln3 - 1 - 2lin3) 

=-p°16.13392 eV-po. 118755 eV 

where p is an integer, c is the speed of light in vacuum, and LL 
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 

e2 |eva - V - Y. 87teao 
V2 + 1 

i-V2 
(15) 

=-p31.351 eV - p().326469 eV 

0094. The bond dissociation energy, E, of the hydrogen 
molecule H(1/p) is the difference between the total energy of 
the corresponding hydrogen atoms and E. 
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E=E(2H(1/p))-E (16) 

where 

E(2H(1/p))=-p27.20 eV (17) 

E, is given by Eqs. (16-17) and (15): 

Ep = -p°27.20 eV - Er (18) 

=-p°27.20 eV - (-p31.351 eV - p().326469 eV) 
= p°4.151 eV + po.326469 eV 

H(1/p) may be identified by X-ray photoelectron spectros 
copy (XPS) wherein the ionization product in addition to the 
ionized electron may beat least one of the possibilities such as 
those comprising two protons and an electron, a H atom, a 
hydrino atom, a molecular ion, hydrogen molecular ion, and 
H(1/p)" wherein the energies may be shifted by the matrix. 
0.095 The NMR of catalysis-product gas provides a 
definitive test of the theoretically predicted chemical shift of 
H(1/p). In general, the "H NMR resonance of H (1/p) is 
predicted to be upfield from that of H due to the fractional 
radius in elliptic coordinates wherein the electrons are sig 
nificantly closer to the nuclei. The predicted shift, 

ABT 
B 

for H. (1/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 Eqs. (11.415-11.416)): 

ABF V2 + 1 pe' 2 (19) R ----v2 in Hsia pai 
AB 20 = -(p28.01 + p 1.49x10)ppm (20) 

where the first term applies to H with p=1 and p-integerd 1 
for H. (1/p). The experimental absolute H gas-phase reso 
nance shift of -28.0 ppm is in excellent agreement with the 
predicted absolute gas-phase shift of -28.01 ppm (Eq. (20)). 
The predicted molecular hydrino peaks are extraordinarily 
upfield shifted relative to ordinary H. 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 Halone 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, -11, -12, -13, -14, -15, -16, -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 absolute shift relative to a bare proton, wherein the shift 
of TMS is about -31.5 relative to a bare proton, may be 
-(p28.01+p°2.56) ppm (Eq. (20)) within a range of about at 
least one of its ppm, t10 ppm, t20 ppm, t30 ppm, ta.0 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 -(p28.01+p 1.49x10) ppm (Eq. (20)) within a 
range of about at least one of about 0.1% to 99%, 1% to 50%, 
and 1% to 10%. 
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0096. The vibrational energies, E, for the v=0 to v=1 
transition of hydrogen-type molecules H(1/p) are 

E=p^0.515902 eV (21) 

where p is an integer. 
0097. The rotational energies, E for the J to J--1 transi 
tion of hydrogen-type molecules H(1/p) are 

i2 (22) 
Eot = Ey + 1 - EJ = (J + 1) = p(J + 1)0.01509 eV 

where p is an integer and I is the moment of inertia. Ro 
vibrational emission of H(/4) was observed on e-beam 
excited molecules in gases and trapped in solid matrix. Thep' 
dependence of the rotational energies results from an inverse 
p dependence of the internuclear distance and the correspond 
ing impact on the moment of inertia I. The predicted inter 
nuclear distance 2c' for H. (1/p) is 

(23) 

At least one of the rotational and vibration energies of H(1/p) 
may be measured by at least one of electron-beam excitation 
emission spectroscopy, Raman spectroscopy, and Fourier 
transform infrared (FTIR) spectroscopy. H(1/p) may be 
trapped in a matrix for measurement Such as in at least one of 
MOH, MX, and MCO, (Malkali: X=halide) matrix. 

Catalysts 

0098. He", Art, Sr", Li, K, NaH, nEH (n=integer), and HO 
are predicted to serve as catalysts since they meet the catalyst 
criterion a chemical or physical process with an enthalpy 
change equal to an integer multiple of the potential energy of 
atomic hydrogen, 27.2 eV. Specifically, a catalytic system is 
provided by the ionization of telectrons from an atom each to 
a continuum energy level Such that the Sum of the ionization 
energies of the telectrons is approximately m27.2 eV where 
m is an integer. One such catalytic system involves lithium 
atoms. The first and second ionization energies of lithium are 
5.39172 eV and 75.64018 eV, respectively. The double ion 
ization (t=2) reaction of Lito Li" then, has a net enthalpy of 
reaction of 81.0319 eV, which is equivalent to 3:27.2 eV. 

81.0319 ev+ Lim) + HE -> (24) p 

Li+ +2e. +H (H + (p +3)? - p. 13.6 eV 
p +3 

Li?t +2e – Li(m) + 81.0319 eV (25) 

And, the overall reaction is 

(H. (H 2 - r21. (26) H p - Hits+ (p +3) p-l. 13.6 eV 

where m3 in Eq. (5). The energy given off during catalysis is 
much greater than the energy lost to the catalyst. The energy 

12 
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released is large as compared to conventional chemical reac 
tions. For example, when hydrogen and oxygen gases 
undergo combustion to form water 

1 (27) 
H. (g) + O(g) ? H.O(l) 

the known enthalpy of formation of wateris AH, 286 kJ/mole 
or 1.48 eV per hydrogen atom. By contrast, each (n=1) ordi 
nary hydrogen atom undergoing a catalysis step to 

l 

releases a net of 40.8 eV. Moreover, further catalytic transi 
tions may occur: 

l i i 
and so on. Once catalysis begins, hydrinos autocatalyze fur 
ther in a process called disproportionation wherein Hor H(1/ 
p) serves as the catalyst for another Hor H(1/p") (p may equal 
p'). 
0099 Certain molecules may also serve to affect transi 
tions of H to form hydrinos. In general, a compound compris 
ing hydrogen such as MH, where M is an element other than 
hydrogen, serves as a source of hydrogen and a source of 
catalyst. A catalytic reaction is provided by the breakage of 
the M-H bond plus the ionization of telectrons from the atom 
Meach to a continuum energy level such that the sum of the 
bond energy and ionization energies of the telectrons is 
approximately m27.2 eV, where m is an integer. One Such 
catalytic system involves sodium hydride. The bondenergy of 
NaHis 1.9245 eV, and the first and second ionization energies 
of Na are 5.13908 eV and 47.2864 eV, respectively. Based on 
these energies NaH molecule can serve as a catalyst and H 
source, since the bond energy of NaH plus the double ioniza 
tion (t=2) of Na to Na" is 54.35 eV (2:27.2 eV). The con 
certed catalyst reactions are given by 

54.35 eV+NaH-e Nat +2e + H. +(3? - 1). 13.6 eV (28) 

Na2e +H - NaH+54.35 eV (29) 

And, the overall reaction is 

(30) H-> H.-- 3? - 12). 13.6 eV 

0100. With m=2, the product of catalyst NaH is H(/3) that 
reacts rapidly to form H(/4), then molecular hydrino, H(4), 
as a preferred State. Specifically, in the case of a high hydro 
gen atom concentration, the further transition given by Eq. 
(10) of H(/3) (p=3) to H(4) (p+m=4) with H as the catalyst 
(p'=1; m=1) can be fast: 
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(31) 
H(1/3) - I - H(1/4) + 95.2 eV 

The corresponding molecular hydrino H2(4) and hydrino 
hydride ion H(/4) are preferred final products consistent 
with observation since the p-4 quantum state has a multipo 
larity greater than that of a quadrupole giving H(4) a long 
theoretical lifetime for further catalysis. 
0101 Helium ions can serve as a catalyst because the 
second ionization energy of helium is 54.417 eV, which is 
equivalent to 2:27.2 eV. In this case, 54.417 eV is transferred 
nonradiatively from atomic hydrogen to He' which is reso 
nantly ionized. The electron decays to the n=1/3 state with the 
further release of 54.417 eV as given in Eq. (33). The catalysis 
reaction is 

54,417 eV+ He' + Hat) - He’ + e +H: + 54.4 eV (32) 

H-II H|2) + 54.4 eV (33) 

He’ + e - He" + 54.417 eV (34) 

And, the overall reaction is 

(35) HaH-> H. + 54.4 eV+ 54.4 eV 

wherein 

has the radius of the hydrogenatom and a central field equiva 
lent to 3 times that of a proton and 

is the corresponding stable state with the radius of/3 that of 
H. As the electron undergoes radial acceleration from the 
radius of the hydrogen atom to a radius of /3 this distance, 
energy is released as characteristic light emission or as third 
body kinetic energy. Characteristic continuum emission start 
ing at 22.8 nm (54.4 eV) and continuing to longer wave 
lengths was observed as predicted for this transition reaction 
as the energetic hydrino intermediate decays. The emission 
has been observed by EUV spectroscopy recorded on pulsed 
discharges of helium with hydrogen. Alternatively, a resonant 
kinetic energy transfer to form fast H may occur consistent 
with the observation of extraordinary Balmer C. line broad 
ening corresponding to high-kinetic energy H. 
0102 Hydrogen and hydrinos may serves as catalysts. 
Hydrogen atoms H(1/p) p=1, 2, 3, . . . 137 can undergo 
transitions to lower-energy states given by Eqs. (1) and (3) 
wherein the transition of one atom is catalyzed by a second 
that resonantly and nonradiatively accepts m:27.2 eV with a 
concomitant opposite change in its potential energy. The 
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overall general equation for the transition of H(1/p) to H(1/ 
(m+p)) induced by a resonance transfer of m:27.2 eV to 
H(1/p') is represented by Eq. (10). 
0103) Thus, hydrogen atoms may serve as a catalyst 
wherein m=1, m=2, and m=3 for one, two, and three atoms, 
respectively, acting as a catalyst for another. The rate for the 
two- or three-atom-catalyst case would be appreciable only 
when the H density is high. But, high H densities are not 
uncommon. A high hydrogen atom concentration permissive 
of 2H or 3H serving as the energy acceptor for a third or fourth 
may be achieved under several circumstances such as on the 
Surface of the Sun and stars due to the temperature and gravity 
driven density, on metal Surfaces that Support multiple mono 
layers, and in highly dissociated plasmas, especially pinched 
hydrogen plasmas. Additionally, a three-body Hinteraction is 
easily achieved when two H atoms arise with the collision of 
a hot H with H. This event can commonly occur in plasmas 
having a large population of extraordinarily fast H. This is 
evidenced by the unusual intensity of atomic Hemission. In 
Such cases, energy transfer can occur from a hydrogenatom to 
two others within sufficient proximity, being typically a few 
angstroms via multipole coupling. Then, the reaction 
between three hydrogen atoms whereby two atoms reso 
nantly and nonradiatively accept 54.4 eV from the third 
hydrogenatom Such that 2H serves as the catalyst is given by 

54.4 eV+2H +H - 2H +2e +H: T + 54.4 eV (36) 

H: t H|2) + 54.4 eV (37) 

2H +2e – 2H + 54.4 eV (38) 

And, the overall reaction is 

CH (39) H-> HIE+ 3? - 12). 13.6 eV 

Since the 

0104 

intermediate of Eq. (37) is equivalent to that of Eq. (33), the 
continuum emission is predicted to be the same as that with 
He" as the catalyst. The energy transfer to two H causes 
pumping of the catalyst excited States, and fast His produced 
directly as given by Eqs. (36-39) and by resonant kinetic 
energy transfer as in the case of He" as the catalyst. The 22.8 
nm continuum radiation, pumping of H excited States, and 
fast H were also observed with hydrogen plasmas wherein 2H 
served as the catalyst. 
0105. The predicted product of both of the helium ion and 
2H catalyst reactions given by Eqs. (32-35) and Eqs. (36-39), 
respectively, is H(/3). In the case of a high hydrogen atom 
concentration, the further transition given by Eq. (10) of 
H(/3) (p=3) to H(4) (p+m=4) with H as the catalyst (p=1: 
m=1) can be fast as given by Eq. (31). A secondary continuum 
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band is predicted arising from the Subsequently rapid transi 
tion of the He" catalysis product 

(Eqs. (32-35)) to the 

01.06 

This 30.4 nm continuum was observed, as well. Similarly, 
when Ar" served as the catalyst, its predicted 91.2 nm and 
45.6 nm continua were observed. The predicted fast H was 
observed as well. 

0107. In another H-atom catalyst reaction involving a 
direct transition to 

state, two hot H molecules collide and dissociate such that 
three H atoms serve as a catalyst of 3:27.2 eV for the fourth. 
Then, the reaction between four hydrogen atoms whereby 
three atoms resonantly and nonradiatively accept 81.6 eV 
from the fourth hydrogen atom such that 3H serves as the 
catalyst is given by 

81.6 eV +3H + H-3H +3e + H+ + 81.6 eV (40) 

He - H + 1224 eV (41) 
3H +3e - 3H + 81.6 eV (42) 

And, the overall reaction is 

(H (43) H-> H. + (4-1). 13.6 eV 

The extreme-ultraviolet continuum radiation band due to the 

intermediate of Eq. (40) is predicted to have short wavelength 
cutoff at 122.4 eV (10.1 nm) and extend to longer wave 
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lengths. This continuum band was confirmed experimentally. 
In general, the transition of H to 

H. H. p = n + 1 

due by the acceptance of m27.2 eV gives a continuum band 
with a short wavelength cutoff and energy 

H-H HI) 

given by 

H-H HI) = m. 13.6 eV (44) 

A... a = m (45) 
(H-HEI) m2 

and extending to longer wavelengths than the corresponding 
cutoff. The hydrogen emission series of 10.1 nm, 22.8 nm, 
and 91.2 nm continua were observed experimentally. 

I. Hydrinos 

0108. A hydrogen atom having a binding energy given by 

13.6 eV. (46) Binding Energy = 

where p is an integer greater than 1, preferably from 2 to 137, 
is the product of the H catalysis reaction of the present dis 
closure. The binding energy of anatom, ion, or molecule, also 
known as the ionization energy, is the energy required to 
remove one electron from the atom, ion or molecule. A hydro 
gen atom having the binding energy given in Eq. (46) is 
hereafter referred to as a “hydrino atom’ or “hydrino.” The 
designation for a hydrino of radius 

where a is the radius of an ordinary hydrogenatom and p is 
an integer, is 

A hydrogenatom with a radius at is hereinafter referred to as 
“ordinary hydrogenatom' or “normal hydrogenatom.” Ordi 
nary atomic hydrogen is characterized by its binding energy 
of 13.6 eV. 

0109) Hydrinos are formed by reacting an ordinary hydro 
gen atom with a Suitable catalyst having a net enthalpy of 
reaction of m-27.2 eV (47) 
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where m is an integer. It is believed that the rate of catalysis is 
increased as the net enthalpy of reaction is more closely 
matched to m:27.2 eV. It has been found that catalysts having 
a net enthalpy of reaction within +10%, preferably +5%, of 
m:27.2 eV are suitable for most applications. 
0110. This catalysis releases energy from the hydrogen 
atom with a commensurate decrease in size of the hydrogen 
atom, r na. For example, the catalysis of H(n-1) to 
H(n=/2) releases 40.8 eV. and the hydrogen radius decreases 
from a to 

(i. 

A catalytic system is provided by the ionization of telectrons 
from an atom each to a continuum energy level Such that the 
Sum of the ionization energies of the telectrons is approxi 
mately m:27.2 eV where m is an integer. 
0111. A further example to such catalytic systems given 
Supra (Eqs. (6-9) involves cesium. The first and second ion 
ization energies of cesium are 3.89390 eV and 23.15745 eV. 
respectively. The double ionization (t=2) reaction of Cs to 
Cs", then, has a net enthalpy of reaction of 27.05135 eV. 
which is equivalent to m=1 in Eq. (47). 

27.05135 eV + Cs(n) + H|| -> (48) 

Cs’ +2e. +H: + (p + 1) - p. 13.6 eV 

Cs’ +2e – Cs(m) +27.05135 eV. (49) 

And the overall reaction is 

(50) Hil -> Hill + (p + 1) - p. 13.6 eV. 

0112 An additional catalytic system involves potassium 
metal. The first, second, and third ionization energies of 
potassium are 4.34066 eV. 31.63 eV. 45.806 eV, respectively. 
The triple ionization (t=3) reaction of K to K", then, has a net 
enthalpy of reaction of 81.7767 eV, which is equivalent to 
m=3 in Eq. (47). 

81,7767 ev + Kim) + HE -> (51) p 

(H 

(p +3) 
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-continued 

K" +3e - K(n) + 81.7426 eV. (52) 

And the overall reaction is 

H|2|- Hits+ (p+3-pi)-136 eV. (53) 

As a power source, the energy given off during catalysis is 
much greater than the energy lost to the catalyst. The energy 
released is large as compared to conventional chemical reac 
tions. For example, when hydrogen and oxygen gases 
undergo combustion to form water 

1 (54) H2(g) + sO(g) - HO(l) 

the known enthalpy of formation of wateris AH, 286 kJ/mole 
or 1.48 eV per hydrogen atom. By contrast, each (n=1) ordi 
nary hydrogen atom undergoing catalysis releases a net of 
40.8 eV. Moreover, further catalytic transitions may occur: 

i l i i i 
and so on. Once catalysis begins, hydrinos autocatalyze fur 
therina process called disproportionation. This mechanism is 
similar to that of an inorganic ion catalysis. But, hydrino 
catalysis should have a higher reaction rate than that of the 
inorganic ion catalyst due to the better match of the enthalpy 
to m27.2 eV. 
0113 Hydrogen catalysts capable of providing a net 
enthalpy of reaction of approximately m:27.2 eV where m is 
an integer to produce a hydrino (whereby t electrons are 
ionized from an atom or ion) are given in TABLE 1. The 
atoms or ions given in the first column are ionized to provide 
the net enthalpy of reaction of m:27.2 eV given in the tenth 
column where m is given in the eleventh column. The elec 
trons, that participate in ionization are given with the ioniza 
tion potential (also called ionization energy or binding 
energy). The ionization potential of the nth electron of the 
atom or ion is designated by IP and is given by the CRC. That 
is for example, Li+5.39172 eV->Li"+e and Li'+75.6402 
eV->Li+e. The first ionization potential, IP=5.39172 eV. 
and the second ionization potential, IP-75.6402 eV. are 
given in the second and third columns, respectively. The net 
enthalpy of reaction for the double ionization of Li is 81.0319 
eV as given in the tenth column, and m3 in Eq. (5) as given 
in the eleventh column. 

TABLE 1 

Hydrogen Catalysts. 

Catalyst IP1 IP2 IP3 IP4 IP5 IP6 IP7 IP8 Enthalpy m 

Li 5.39172 75.64O2 81.032 3 
Be 9.32263. 18.2112 27.534 1 
Mg 7.64623S 15.O3527 80.1437 109.26SS 141.27 353.3607 13 
K 4.34O66 31.63 45.806 81.777 3 
Ca 6.11316 11.8717 SO9131 67.27 136.17 5 
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TABLE 1-continued 
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Hydrogen Catalysts. 

Catalyst IP1 

T 6.8282 
V 6.7463 
Cr 6.76664 
Mn 7.434O2 
Fe 7.9024 
Fe 7.9024 
Co 7.881 
Co 7.881 
N 7.6398 
N 7.6398 
Cu 7.72638 
Zn 9.394OS 
Zn 9.394OS 
Ga 5.999301 
As 9.8152 
Se 9.75238 
Kr 13.9996 
Kr 13.9996 
Rb 4.17713 
Rb 4.17713 
Sir 5.69484 
Nb 6.75885 
Mo 7.09.243 
Mo 7.09.243 
Ru 7.3605 
Po 8.3369 
Sn 7.34381 
Te 9.0096 
Te 9.0096 
Cs 3.8939 
Ba 5.211664 
Ba S.21 
Ce 5.5387 
Ce 5.5387 
Pr 5.464 
Sm 5.6437 
Gd 6.15 
Dy S.9389 
Pb 7.41666 
Pt 8.9587 
He 
Na 

Air 
Srt 

IP2 

13.5755 
14.66 
16.4857 
15.64 
16.1878 
16.1878 
17.083 
17.083 
18.1688 
18.1688 
2O.2924 
17.9644 
17.9644 
2O.S1514 
18.633 
21.19 
24.3599 
24.3599 
27.285 
27.285 
1.O3O1 
4.32 
6.16 
6.16 
6.76 
9.43 
4.6323 
8.6 
8.6 

23.1575 
O.OO383 
O 
O.85 
O.85 
0.55 
1.07 
2.09 
1.67 
S.O322 
8.563 

S441.78 
47.2864 

27.285 

27.62 
11.03 

IP3 

27.4917 
29.311 
30.96 
33.668 
30.652 
30.652 
33.5 
33.5 
35.19 
35.19 

39.723 

28.351 
3O82O)4 
36.9S 
36.9S 
40 
40 
42.89 
2SO4 
27.13 
27.13 
28.47 

3OSO26 

27.96 

35.84 
37.3 
2O.198 
2O.198 
21624 
23.4 
20.63 
22.8 
31.9373 

71.62OO 
80.1437 

27.13 

42.89 

IP4 

43.267 
46.709 

51.2 

54.8 
51.3 
51.3 
S4.9 
S4.9 

59.4 

SO.13 
42.945 
52.5 
52.5 
52.6 
52.6 
57 
38.3 
46.4 
46.4 
50 

40.735 

49 

36.758 
36.758 
38.98 
41.4 

41.47 

98.91 

54.8 

S4 

IP5 

99.3 
65.2817 

79.5 
76.06 
76.06 

82.6 

62.63 
68.3 
64.7 
64.7 
71 
71 
71.6 
50.55 
54.49 
54.49 
60 

72.28 

62 

6555 
6555 
57.53 

54.49 

108 

108 

127.6 
81.7 
78.5 
78.5 
84.4 
84.4 

68.8276 
68.8276 

77.6 

IP7 IP8 Enthalpy m 

190.46 
162.71 
54.212 
107.94 
54.742 
109.54 
109.76 
18926 
191.96 
299.96 
28.019 
27.358 

134 174 625.08 2 
26.5144 

297.16 
1554 410.11 

271.01 
111 382.01 
99.2 378.66 
99.2 136 514.66 

188.21 
134.97 
22O10 

125.664. 143.6 48936 1 
162.5905 
27.767 
165.49 
27.61 
55.57 
27.051 
162.0555 

1 

138.89 
216.49 
134.15 
81.514 
82.87 
81.879 
S4.386 
27.522 
54.418 

217.816 
80.1437 
27.285 
54.8 
27.13 
54.49 
S4 
27.62 
S3.92 

0114. The hydrino hydride ion of the present disclosure 
can be formed by the reaction of an electron source with a 
hydrino, that is, a hydrogen atom having a binding energy of 
about 

13.6 eV 

where 

and p is an integer greater than 1. The hydrino hydride ion is 
represented by H(n=1/p) or H(1/p): 

H|The - H(n = 1/p (55) 
(H (56) 

0115 The hydrino hydride ion is distinguished from an 
ordinary hydride ion comprising an ordinary hydrogen 
nucleus and two electrons having a binding energy of about 
0.8 eV. The latter is hereafter referred to as “ordinary hydride 
ion' or “normal hydride ion.” The hydrino hydride ion com 
prises a hydrogen nucleus including proteum, deuterium, or 
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tritium, and two indistinguishable electrons at a binding 
energy according to Eqs. (57-58). 
0116. The binding energy of a hydrino hydride ion can be 
represented by the following formula: 

Binding Energy = (57) 

h° Vs (s + 1) tueh 1 22 
-- 

1 + vs(S+ 1) 2 m; ai. 1 + vs(S+ 1) 3 
8pta - H - ao 

p p 

where p is an integer greater than one, S=/2. It is pi, h is 
Planck's constant bar, u is the permeability of vacuum, m is 
the mass of the electron, L is the reduced electron mass given 
by 

where m is the mass of the proton, a, is the radius of the 
hydrogenatom, a is the Bohr radius, and e is the elementary 
charge. The radii are given by 

i2 = 1 = ao(1 + Vss + 1)); (58) 
1 

S 2. 

0117 The binding energies of the hydrino hydride ion, 
H(n=1/p) as a function of p, where p is an integer, are shown 
in TABLE 2. 

TABLE 1. 

The representative binding energy of the hydrino hydride ion HT 
n = YE) as a function of D. Eq. (49). 

r Binding Wavelength 
Hydride Ion (a) Energy (eV) (nm) 

H (n = 1) 18660 O.7542 1644 
H (n = 1/2) O.9330 3.047 4O6.9 
H (n = 1/4) O. 6220 6.61O 187.6 
H (n = 1/4) O4665 11.23 110.4 
H (n = 1/s) 0.3732 16.70 74.23 
H (n = 1/6) O.3110 22.81 5435 
H (n = 1/7) O.2666 29.34 42.25 
H (n = 1/s) O.2333 36.09 34.46 
H (n = /9) O.2O73 42.84 28.94 
H (n = 1/10) O. 1866 49.38 25.11 
H (n = 1/11) O.1696 55.50 22.34 
H (n = 1/12) 0.1555 60.98 20.33 
H (n = 1/13) O.1435 65.63 18.89 
H (n = 1/14) O.1333 69.22 17.91 
H (n = 1/s) O.1244 71.55 17.33 
H (n = 1/16) O. 1166 72.40 17.12 
H (n = 1/17) O. 1098 71.56 17.33 
H (n = 1/s) O. 1037 68.83 18.01 
H (n = 1/19) O.O982 63.98 19.38 
H (n = 1/20) O.O933 56.81 21.82 
H (n = 1/2.) O.O889 47.11 26.32 
H (n = 1/22) O.O848 34.66 35.76 
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TABLE 1-continued 

The representative binding energy of the hydrino hydride ion HT 
n = YE) as a function of D, Eq. (49). 

r Binding Wavelength 
Hydride Ion (a) Energy (eV) (nm) 

H (n = 1/33) O.O811 1926 64.36 
H (n = 1/24) 0.0778 O.6945 1785 

Eq. (58) 
Eq. (57) 

0118. According to the present disclosure, a hydrino 
hydride ion (H) having a binding energy according to Eqs. 
(57-58) that is greater than the binding of ordinary hydride ion 
(about 0.75 eV) for p=2 up to 23, and less for p=24 (H) is 
provided. For p=2 to p=24 of Eqs. (57-58), the hydride ion 
binding energies are respectively 3, 6.6, 11.2, 16.7, 22.8, 29.3, 
36.1, 42.8, 49.4, 55.5, 61.0, 65.6, 69.2, 71.6, 72.4, 71.6, 68.8, 
64.0, 56.8, 47.1, 34.7, 19.3, and 0.69 eV. Exemplary compo 
sitions comprising the novel hydride ion are also provided 
herein. 
0119 Exemplary compounds are also provided compris 
ing one or more hydrino hydride ions and one or more other 
elements. Such a compound is referred to as a “hydrino 
hydride compound.” 
I0120 Ordinary hydrogen species are characterized by the 
following binding energies (a) hydride ion, 0.754 eV (“ordi 
nary hydride ion'); (b) hydrogen atom ("ordinary hydrogen 
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) 
H', 22.6 eV (“ordinary trihydrogen molecularion'). Herein, 
with reference to forms of hydrogen, “normal” and “ordi 
nary are synonymous. 
I0121 According to a further embodiment of the present 
disclosure, a compound is provided comprising at least one 
increased binding energy hydrogen species Such as (a) a 
hydrogen atom having a binding energy of about 

0.122 such as within a range of about 0.9 to 1.1 times 

where p is an integer from 2 to 137; (b) a hydride ion (H) 
having a binding energy of about 

Binding Energy = 

h° Vss + 1) tuoeh 1 -- 22 

1 + vsts + 1) " i 1 + vsts - 1) pleas-- ai - - 
p p 

such as within a range of about 0.9 to 1.1 times 
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Binding Energy = 

h° Vs (s + 1) tuoeh ( 1 22 
8u-ai 1 + VS(S + 1) 2 m ai, 1 + vs(S+ 1) 3 
plea - a- - p p 

where p is an integer from 2 to 24; (c) H'(1/p); (d) a trihy 
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such as within a range of about 0.9 to 1.1 times 

where p is an integer, preferably an integer from 2 to 137. 
drino molecular ion, H. (1/p), having a binding energy of 
about 

22.6 

() 
such as within a range of about 0.9 to 1.1 times 

p 

where p is an integer from 2 to 137; (e) a dihydrino having a 
binding energy of about 

where p is an integer from 2 to 137: (f) a dihydrino molecular 
ion with a binding energy of about 

I0123. According to a further embodiment of the present 
disclosure, a compound is provided comprising at least one 
increased binding energy hydrogen species Such as (a) a 
dihydrino molecular ion having a total energy of about 

ET = (59) 

e2 
(4ln3 - 1 - 2n3) 1 + p. 87teoah -p 

pe2 
—s -- as 4ts.(T) 8te.( ) th p p 

2 il 

-p°16.13392 eV - p(). 118755 eV 

such as within a range of about 0.9 to 1.1 times 

(4ln3 - 1 - 2n3) 1 + p. 87teah ET = -p 

-p°16.13392 eV-po. 118755 eV 

where p is an integer, his Planck's constant bar, m is the mass 
of the electron, c is the speed of light in vacuum, and L is the 
reduced nuclear mass, and (b) a dihydrino molecule having a 
total energy of about 

e2 (60) 

2i. 4t&ai 
2 2 2 + 1 e a ?ov - V2 - \ln\l-Val- * -- 87teoao 2 V2 - 1 mec? 

2 
ET = -p pe2 pe2 

a 3 1 3 
87ts, - . ( -- a () | V2 O 

8ts - Y - 
th p 
2 il 

-p31.351 eV-po.326469 eV 
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such as within a range of about 0.9 to 1.1 times 

where p is an integer and a is the Bohr radius. 
0.124. According to one embodiment of the present disclo 
Sure wherein the compound comprises a negatively charged 
increased binding energy hydrogen species, the compound 
further comprises one or more cations, such as a proton, 
ordinary H", or ordinary H". 
0.125. A method is provided herein for preparing com 
pounds comprising at least one hydrino hydride ion. Such 
compounds are hereinafter referred to as “hydrino hydride 
compounds. The method comprises reacting atomic hydro 
gen with a catalyst having a net enthalpy of reaction of about 

".27 ev 2 ev, 

where misan integer greater than 1, preferably an integer less 
than 400, to produce an increased binding energy hydrogen 
atom having a binding energy of about 

13.6 eV 

1 Y2 () 
where p is an integer, preferably an integer from 2 to 137. A 
further product of the catalysis is energy. The increased bind 
ing energy hydrogen atom can be reacted with an electron 
Source, to produce an increased binding energy hydride ion. 
The increased binding energy hydride ion can be reacted with 
one or more cations to produce a compound comprising at 
least one increased binding energy hydride ion. 
0126 The novel hydrogen compositions of matter can 
comprise: 
0127 (a) at least one neutral, positive, or negative hydro 
gen species (hereinafter “increased binding energy hydrogen 
species') having a binding energy 

I0128 (i) greater than the binding energy of the corre 
sponding ordinary hydrogen species, or 

I0129 (ii) greater than the binding energy of any hydro 
gen species for which the corresponding ordinary hydro 
gen species is unstable or is not observed because the 
ordinary hydrogen species binding energy is less than 
thermal energies at ambient conditions (standard tem 
perature and pressure, STP), or is negative; and 

19 
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-p31.351 eV-po.326469 eV 

0.130 (b) at least one other element. The compounds of the 
present disclosure are hereinafter referred to as “increased 
binding energy hydrogen compounds.” 
I0131 By “other element in this context is meant an ele 
ment other than an increased binding energy hydrogen spe 
cies. 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 hydrogen 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 molecu 
lar and coordinate bonding; the latter group is characterized 
by ionic bonding. 
0.132. Also provided are novel compounds and molecular 
ions comprising 
0.133 (a) at least one neutral, positive, or negative hydro 
gen species (hereinafter “increased binding energy hydrogen 
species') having a total energy 

0.134 (i) greater than the total energy of the correspond 
ing ordinary hydrogen species, or 

0.135 (ii) greater than the total energy of any hydrogen 
species for which the corresponding ordinary hydrogen 
species is unstable or is not observed because the ordi 
nary hydrogen species total energy is less than thermal 
energies at ambient conditions, or is negative; and 

0.136 
The total energy of the hydrogen species is the Sum of the 
energies to remove all of the electrons from the hydrogen 
species. The hydrogen species according to the present dis 
closure has a total energy greater than the total energy of the 
corresponding ordinary hydrogen species. The hydrogen spe 
cies having an increased total energy according to the present 
disclosure is also referred to as an “increased binding energy 
hydrogen species' even though some embodiments of the 
hydrogen species having an increased total energy may have 
a first electron binding energy less that the first electron 
binding energy of the corresponding ordinary hydrogen spe 
cies. For example, the hydride ion of Eqs. (57-58) for 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 Eqs. (57-58) for p=24 is much greater than the 
total energy of the corresponding ordinary hydride ion. 

(b) at least one other element. 
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0.137 Also provided herein are novel compounds and 
molecular ions comprising 
0138 (a) a plurality of neutral, positive, or negative hydro 
gen species (hereinafter “increased binding energy hydrogen 
species') having a binding energy 

0.139 (i) greater than the binding energy of the corre 
sponding ordinary hydrogen species, or 

0140 (ii) greater than the binding energy of any hydro 
gen species for which the corresponding ordinary hydro 
gen species is unstable or is not observed because the 
ordinary hydrogen species binding energy is less than 
thermal energies at ambient conditions or is negative; 
and 

0141 (b) optionally one other element. The compounds of 
the present disclosure are hereinafter referred to as “increased 
binding energy hydrogen compounds.” 
0142. The increased binding energy hydrogen species can 
beformed by reacting one or more hydrino atoms with one or 
more of an electron, hydrino atom, a compound containing at 
least one of said increased binding energy hydrogen species, 
and at least one other atom, molecule, or ion other than an 
increased binding energy hydrogen species. 
0143 Also provided are novel compounds and molecular 
ions comprising 
0144 (a) a plurality of neutral, positive, or negative hydro 
gen species (hereinafter “increased binding energy hydrogen 
species') having a total energy 

0145 (i) greater than the total energy of ordinary 
molecular hydrogen, or 

0146 (ii) greater than the total energy of any hydrogen 
species for which the corresponding ordinary hydrogen 
species is unstable or is not observed because the ordi 
nary hydrogen species total energy is less than thermal 
energies at ambient conditions or is negative; and 

0147 (b) optionally one other element. The compounds of 
the present disclosure are hereinafter referred to as “increased 
binding energy hydrogen compounds.” 
0148. In an embodiment, a compound is provided com 
prising at least one increased binding energy hydrogen spe 
cies chosen from (a) hydride ion having a binding energy 
according to Eqs. (57-58) that is greater than the binding of 
ordinary hydride ion (about 0.8 eV) for p=2 up to 23, and less 
for p=24 ("increased binding energy hydride ion” or “hydrino 
hydride ion'); (b) hydrogen atom having a binding energy 
greater than the binding energy of ordinary hydrogen atom 
(about 13.6 eV) (“increased binding energy hydrogen atom’ 
or “hydrino'); (c) hydrogen molecule having a first binding 
energy greater than about 15.3 eV (“increased binding energy 
hydrogen molecule' or “dihydrino'); and (d) molecular 
hydrogenion having a binding energy greater than about 16.3 
eV (“increased binding energy molecular hydrogen ion’ or 
“dihydrino molecularion'). In the disclosure, increased bind 
ing energy hydrogen species and compounds is also referred 
to as lower-energy hydrogen species and compounds. Hydri 
nos comprise an increased binding energy hydrogen species 
or equivalently a lower-energy hydrogen species. 
0149. In an embodiment, NaOH is a source of NaH in a 
regenerative cycle. The reaction of NaOH and Na to NaO 
and NaH is 

The exothermic reaction can drive the formation of NaHCg). 
Thus, NaH decomposition to Na or metal can serve as a 
reductant to form catalyst NaHCg). In an embodiment, NaO 
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formed as a product of a reaction to generate NaH catalyst 
Such as that given by Eq. (61), is reacted with a source of 
hydrogen to form NaOH that can further serve as a source of 
NaH catalyst. In an embodiment, a regenerative reaction of 
NaOH from the product of Eq. (61) in the presence of atomic 
hydrogen is 

Na2O+/3H->NaOH+NaAH=11.6 kJ/mole NaOH (62) 

NaH->Na+H(1/3)AH=-10,500 kJ/mole H (63) 

and 

NaH->Na+H(A)AH=19,700 kJ/mole H (64) 

Thus, a small amount of NaOH and Na from a source such as 
Na metal or NaH with a source of atomic hydrogen or atomic 
hydrogen serves as a catalytic source of the NaH catalyst, that 
in turn forms a large yield of hydrinos via multiple cycles of 
regenerative reactions such as those given by Eqs. (61-64). 
The reaction given by Eq.(62) may be enhanced by the use of 
a hydrogen dissociator to form atomic H from H. A Suitable 
dissociator comprises at least one member from the group of 
noble metals, transition metals, Pt, Pd, Ir, Ni, Ti, and these 
elements on a Support. The reaction mixture may comprise 
NaH or a source of NaH and NaOH or a source of NaOH and 
may further comprise at least one of reductant such as an 
alkaline earth metal Such as Mg and a Support such as carbon 
or carbide such as TiC. Y.C., TiSiC and WC. The reaction 
may be run in a vessel that is inert to the reactants and 
products such as a Ni, Ag, Ni-plated, Ag-plated, or Al-O 
vessel. 
0150. In an embodiment, KOH is a source of Kand KH in 
a regenerative cycle. The reaction of KOH and K to KO and 
KH is 

During the formation of KH, the hydrino reaction occurs. In 
an embodiment, KO is reacted with a source of hydrogen to 
form KOH that can further serve as the reactant according to 
Eq. (65). In an embodiment, a regenerative reaction of KOH 
from Eq. (65) in the presence of atomic hydrogen is 

KH->K+H(A)AH=19,700 kJ/mole H (67) 

Thus, a small amount of KOH and K from a source such as K 
metal or KH with a source of atomic hydrogen or atomic 
hydrogen serves as a catalytic source of the KH Source of 
catalyst, that in turn forms a large yield of hydrinos via mul 
tiple cycles of regenerative reactions such as those given by 
Eqs. (65-67). The reaction given by Eq.(66) may be enhanced 
by the use of a hydrogen dissociator to form atomic H from 
H. A suitable dissociator comprises at least one member 
from the group of noble metals, transition metals, Pt, Pd, Ir, 
Ni, Ti, and these elements on a Support. The reaction mixture 
may comprise KH or a source of KH and KOH or a source of 
KOH and may further comprise at least one of a reductant and 
a Support Such as carbon, a carbide, or a boride Such as TiC, 
YC, TiSiC., MgB and WC. In an embodiment, the support 
is nonreactive or has a low reactivity with KOH. The reaction 
mixture may further comprise at least one of KOH-doped 
support such as R Ni, KOH, and KH. 
D. Additional MH-Type Catalysts and Reactions 
0151. In general, MH type hydrogen catalysts to produce 
hydrinos provided by the breakage of the M-H bond plus the 
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ionization of telectrons from the atom Meach to a continuum 
energy level Such that the Sum of the bond energy and ioniza 
tion energies of the telectrons is approximately m:27.2 eV 
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given in TABLE 3A to form a hydrino having a quantum 
number p increased by one (Eq. (10)) relative to the catalyst 
reaction product of MHalone as given by exemplary Eq. (31). 

TABLE 3A 

MH type hydrogen catalysts capable of providing a net enthalpy of reaction of 
approximately. In 27.2 eV In 27.2 eV. Energies in eV's. 

Bond 
Catalyst Energy 

AIH 2.98 
AsH 2.84 
BaEH 1.99 
BH 2.936 
CH 0.72 
CH 4.4703 
COH 2.538 
GeH 2.728 
In 2.520 
NaH 1.925 
NbH 2.30 
OH 4.4556 
OH 4.4556 
OH 4.4556 

RH 2.50 
RuH 2.311 
SH 3.67 
SbH 2.484 
SeH 3.239 
SH 3.040 
SnEH 2.736 
Sir 1.70 
TH 2.02 

where m is an integer are given in TABLE 3A. Each MH 
catalyst is given in the first column and the corresponding 
M-H bond energy is given in column two. The atom M of the 
MH species given in the first column is ionized to provide the 
net enthalpy of reaction of m-27.2 eV with the addition of the 
bond energy in column two. The enthalpy of the catalyst is 
given in the eighth column where m is given in the ninth 
column. The electrons that participate in ionization are given 
with the ionization potential (also called ionization energy or 
binding energy). For example, the bond energy of NaH, 
1.9245 eV, is given in column two. The ionization potential of 
the nth electron of the atom or ion is designated by IP and is 
given by the CRC. That is for example, Na+5.13908 
eV->Na"+e and Na"+47.2864 eV Na"+e. The first ioniza 
tion potential, IP =5.13908 eV. and the second ionization 
potential, IP-47.2864 eV. are given in the second and third 
columns, respectively. The net enthalpy of reaction for the 
breakage of the NaH bond and the double ionization of Na is 
54.35 eV as given in the eighth column, and m=2 in Eq. (47) 
as given in the ninth column. The bond energy of BaFI is 
198991 eV and IP, IP, and IP are 5.2117 eV. 10.00390 eV, 
and 37.3 eV, respectively. The net enthalpy of reaction for the 
breakage of the Bah bond and the triple ionization of Ba is 
54.5 eV as given in the eighth column, and m=2 in Eq. (47) as 
given in the ninth column. The bond energy of Srh is 1.70 eV 
and IP, IP, IP, IP and IPs are 5.69484 eV, 11.03013 eV. 
42.89 eV.57 eV, and 71.6 eV, respectively. The net enthalpy of 
reaction for the breakage of the Srh bond and the ionization 
of Srto Sr" is 190 eV as given in the eighth column, and m=7 
in Eq. (47) as given in the ninth column. Additionally, H can 
react with each of the H(1/p) products of the MH catalysts 

1P IP, IP 1P IPs Enthalpy m 

S.98S768 18.828SS 27.79 1 
9.8152 18.633 28.351 SO.13 109.77 4 
5.21170 1.O.OO390 37.3 S4SO 2 
7.2855 16.703 26.92 1 
8.99367 16.90832 26.62. 1 

12.96.763 23.8136 39.61 80.86 3 
7.881O1 17.084 27.50 1 
7.89943 15.93461 26.56 1 
5.78636 18.8703 27.18 1 
S.139.076 47.2864 S4.3S 2 
6.75885 14.32 25.04 38.3 50.55 137.26 5 

13.61806 35.11730 53.3 2 
13.61806 35.11730 54.9355 108.1 4 
13.61806 - 35.11730 - 8039 3 
13.6 KE 13.6 KE 
7.4589 18.08 28.0 1 
7.36.050 16.76 26.43 1 
10.36OO1 23.3379 34.79 47.222 72.5945 191.97 7 
8.60839 16.63 27.72 1 
9.75239 21.19 30.82O4 42.9450 107.9S 4 
8.151.68 16.34584 27.54 1 
7.34392 14.6322 3O.SO260 55.21 2 
S.69484 11.O3O13 42.89 57 71.6 190 7 
6.10829 20.428 28.56 1 

In other embodiments, MH type hydrogen catalysts to pro 
duce hydrinos provided by the transfer of an electron to an 
acceptor A, the breakage of the M-H bond plus the ionization 
oft electrons from the atom Meach to a continuum energy 
level such that the sum of the electron transfer energy com 
prising the difference of electron affinity (EA) of MH and A. 
M-H bond energy, and ionization energies of the telectrons 
from M is approximately m:27.2 eV where m is an integer are 
given in TABLE 3B. Each MH catalyst, the acceptor A, the 
electron affinity of MH, the electron affinity of A, and the 
M-H bond energy, are is given in the first, second, third and 
fourth columns, respectively. The electrons of the corre 
sponding atom M of MH that participate in ionization are 
given with the ionization potential (also called ionization 
energy or binding energy) in the Subsequent columns and the 
enthalpy of the catalyst and the corresponding integer mare 
given in the last column. For example, the electron affinities 
of OH and H are 1.82765 eV and 0.7542 eV, respectively, 
such that the electron transfer energy is 1.07345 eV as given 
in the fifth column. The bond energy of OH is 4.4556 eV is 
given in column six. The ionization potential of the nth elec 
tron of the atom or ion is designated by IP. That is for 
example, O+13.61806 eV->O"+e and O'+35.11730 
eV->O'"+e. The first ionization potential, IP =13.61806 eV. 
and the second ionization potential, IP-35. 11730 eV, are 
given in the seventh and eighth columns, respectively. The net 
enthalpy of the electron transfer reaction, the breakage of the 
OH bond, and the double ionization of O is 54.27 eV as given 
in the eleventh column, and m=2 in Eq. (47) as given in the 
twelfth column. Additionally, H can react with each of the 
H(1/p) products of the MH catalysts given in TABLE 3B to 
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form a hydrino having a quantum number p increased by one 
(Eq. (10)) relative to the catalyst reaction product of MH 
alone as given by exemplary Eq. (31). In other embodiments, 
the catalyst for H to form hydrinos is provided by the ioniza 
tion of a negative ion Such that the Sum of its EA plus the 
ionization energy of one or more electrons is approximately 
m:27.2 eV where m is an integer. Alternatively, the first elec 
tron of the negative ion may be transferred to an acceptor 
followed by ionization of at least one more electron such that 
the Sum of the electron transfer energy plus the ionization 
energy of one or more electrons is approximately m27.2 eV 
where m is an integer. The electron acceptor may be H. 

TABLE 3B 
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transferred from atomic hydrogen. Energetic ions or electrons 
may result due to the conservation of the kinetic energy of the 
initially bound electrons. At least one atomic H serves as a 
catalyst for at least one other wherein the 27.2 eV potential 
energy of the acceptor is cancelled by the transfer or 27.2 eV 
from the donor H atom being catalyzed. The kinetic energy of 
the acceptor catalyst H may be conserved as fast protons or 
electrons. Additionally, the intermediate state (Eq. (7)) 
formed in the catalyzed H decays with the emission of con 
tinuum energy in the form of radiation or induced kinetic 
energy in a third body. These energy releases may result in 
current flow in the CIHT cell. 

MH type hydrogen catalysts capable of providing a net enthalpy of reaction of 
approximately in 27.2 eV. Energies in eV's. 

M-H 
Acceptor EA EA Electron Bond 

Catalyst (A) (MH) (A) Transfer Energy IP IP, IP Enthalpy m 

OH H 1.8276S O.75.42 1.07345 4:4556 13.61806 35.11730 54.27 2 
SH H 1.277 O.7542 0.5228 3.040 8.15168 16.34584 28.06 1 
CoH H 0.671 O.7542 -0.0832 2.538 7.88101 17084 27.42 1 
NHT H O.481 O.7542 -0.2732 2.487 7.6398 18.16884 28.02 1 
SeHT H 2.2125 0.75.42 1.4583 3.239 9.75239 21.19 3O8204 42.9450 109.40 4 

0152. In other embodiments, MH type hydrogen cata- 0.155. In an embodiment, at least one of a molecule or 
lysts 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 t elec 
trons from the atom Meach to a continuum energy level Such 
that the Sum of the electron transfer energy comprising the 
difference of ionization energies of MH and A, bond M-H 
energy, and ionization energies of the telectrons from M is 
approximately m27.2 eV where m is an integer. 
0153. In an embodiment, a species Such as an atom, ion, or 
molecule serves as a catalyst to cause molecular hydrogen to 
undergo a transition to molecular hydrino H2(1/p) (p is an 
integer). Similarly to the case with H the catalyst accepts 
energy from H which in this case may be about m48.6 eV 
wherein m is an integer as given in Mills GUTCP. Suitable 
exemplary catalysts that form H2(1/p) by the direct catalysis 
of Hare 0, V, and Cd that form O, V", and Cd" during the 
catalysis reaction corresponding to m=1, m=2, and m4. 
respectively. The energy may be released as heat or light or as 
electricity wherein the reactions comprise a half-cell reac 
tion. 
0154) In an embodiment, the catalyst comprises any spe 
cies such as an atom, positively or negatively charged ion, 
positively or negatively charged molecular ion, molecule, 
excimer, compound, or any combination thereof in the 
ground or excited State that is capable of accepting energy of 
m:27.2 eV, m=1, 2, 3, 4... (Eq.(5)). It is believed that the rate 
of catalysis is increased as the net enthalpy of reaction is more 
closely matched to m:27.2 eV. It has been found that catalysts 
having a net enthalpy of reaction within +10%, preferably 
+5%, of m:27.2 eV are suitable for most applications. In the 
case of the catalysis of hydrino atoms to lower energy states, 
the enthalpy of reaction of m:27.2 eV (Eq. (5)) is relativisti 
cally corrected by the same factor as the potential energy of 
the hydrino atom. In an embodiment, the catalyst resonantly 
and radiationless accepts energy from atomic hydrogen. In an 
embodiment, the accepted energy decreases the magnitude of 
the potential energy of the catalyst by about the amount 

positively or negatively charged molecular ion serves as a 
catalyst that accepts about m27.2 eV from atomic H with a 
decrease in the magnitude of the potential energy of the 
molecule or positively or negatively charged molecularion by 
about m27.2 eV. For example, the potential energy of HO 
given in Mills GUTCP is 

W (); , , inst Vfl = -81.8715 ev (68) e F - 8. e 

2 87teo Va? - b2 a - Va2-b2 

A molecule that accepts m:27.2 eV from atomic H with a 
decrease in the magnitude of the potential energy of the 
molecule by the same energy may serve as a catalyst. For 
example, the catalysis reaction (m=3) regarding the potential 
energy of H2O is 

81.6 eV + H2O + Hat - 2H + O' +3e + H. + 81.6 eV. (69) 

Hist H. + 122.4 eV (70) 

2H + O' + 3e - H2O+ 81.6 eV. (71) 

And, the overall reaction is 

(72) CH 
Ha-> H. + 81.6 eV + 122.4 eV 
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wherein 

has the radius of the hydrogenatom and a central field equiva 
lent to 4 times that of a proton and 

is the corresponding stable state with the radius of 4 that of 
H. As the electron undergoes radial acceleration from the 
radius of the hydrogen atom to a radius of 4 this distance, 
energy is released as characteristic light emission or as third 
body kinetic energy. Based on the 10% energy change in the 
heat of vaporization in going from ice at 0°C. to water at 100° 
C., the average number of H bonds per water molecule in 
boiling water is 3.6. Thus, in an embodiment, HO must be 
formed chemically as isolated molecules with suitable acti 
Vation energy in order to serve as a catalyst to form hydrinos. 
In an embodiment, the HO catalyst is nascent H.O. 
0156. In an embodiment, at least one of nH, O, nC, O, 
OH, and HO (n-integer) may serve as the catalyst. The 
product of Hand OH as the catalyst may be H(/s) wherein the 
catalyst enthalpy is about 108.8 eV. The product of the reac 
tion of Hand HO as the catalyst may be H(4). The hydrino 
product may further react to lower states. The product of 
H(4) and Has the catalyst may be H(/s) wherein the catalyst 
enthalpy is about 27.2 eV. The product of H(/4) and OH as the 
catalyst may be H(/6) wherein the catalyst enthalpy is about 
54.4 eV. The product of H(/s) and H as the catalyst may be 
H(/6) wherein the catalyst enthalpy is about 27.2 eV. 
0157. The bonds in HO involve the outer two electrons of 
O. Since the potential energy of HO is 81.87 eV and the third 
ionization energy of the O atom of HO is 54.9355 eV, HO 
may accept 3x27.2 eV of potential energy and 2x27.2 eV 
corresponding to the further ionization of the resulting O" to 
O". Thus, HO may also catalyze H to H(%) corresponding 
to a catalyst enthalpy of 5x27.2 eV as well as catalyze H to 
H(4) corresponding to a catalyst enthalpy of 3x27.2 eV. The 
solid proton NMR of the hydrogen anode product of the cell 
NaOH Ni(H)/BASE/MgCl, NaCl closed cell showed a 
large -3.91 ppm singlet HMAS NMR peak corresponding 
hydrino product of H2O catalyst formed by reaction of OH 
with H at the anode. 
0158 Similarly to H2O, the potential energy of the amide 
functional group NH given in Mills GUTCP is -78.77719 
eV. From the CRC, AH for the reaction of NH to form KNH. 
calculated from each corresponding AH, is (-128.9-184.9) 
kJ/mole=-313.8 kJ/mole (3.25 eV). From the CRC, AH for 
the reaction of NH to form NaNH calculated from each 
corresponding AH, is (-123.8-1849) kJ/mole=-308.7 
kJ/mole (3.20 eV). From the CRC, AH for the reaction of NH 
to form LiNH calculated from each corresponding AH, is 
(-179.5-1849) kJ/mole=-364.4 kJ/mole (3.78 eV). Thus, 
the net enthalpy that may be accepted by alkali amides MNH 
(M=K, Na, Li) serving as H catalysts to form hydrinos are 
about 82.03 eV. 81.98 eV, and 82.56 eV (m=3 in Eq. (5)), 
respectively, corresponding to the Sum of the potential energy 
of the amide group and the energy to form the amide from the 
amide group. The hydrino product such as molecular hydrino 
may cause an upfield matrix shift observed by means such as 
MAS NMR. 
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0159. Similarly to HO, the potential energy of the HS 
functional group given in Mills GUTCP is -72.81 eV. The 
cancellation of this potential energy also eliminates the 
energy associated with the hybridization of the 3p shell. This 
hybridization energy of 7.49 eV is given by the ratio of the 
hydride orbital radius and the initial atomic orbital radius 
times the total energy of the shell. Additionally, the energy 
change of the S3p shell due to forming the two S H bonds of 
1.10 eV is included in the catalyst energy. Thus, the net 
enthalpy of HS catalyst is 81.4.0 eV (m=3 in Eq. (5)). HS 
catalyst may beformed from MHS (Malkali) by the reaction 

2MHS to MS+HS (73) 

0160 This reversible reaction may form HS in an active 
catalytic state in the transition state to product HS that may 
catalyze H to hydrino. The reaction mixture may comprise 
reactants that form HS and a source of atomic H. The hydrino 
product such as molecular hydrino may cause an upfield 
matrix shift observed by means such as MAS NMR. 
0.161 Furthermore, atomic oxygen is a special atom with 
two unpaired electrons at the same radius equal to the Bohr 
radius of atomic hydrogen. When atomic H serves as the 
catalyst, 27.2 eV of energy is accepted Such that the kinetic 
energy of each ionized H serving as a catalyst for another is 
13.6 eV. Similarly, each of the two electrons of O can be 
ionized with 13.6 eV of kinetic energy transferred to the Oion 
such that the net enthalpy for the breakage of the O H bond 
of OH with the subsequent ionization of the two outer 
unpaired electrons is 80.4 eV as given in TABLE 3. During 
the ionization of OH to OH, the energy match for the further 
reaction to H(4) and O'"+2e may occur wherein the 204 eV 
of energy released contributes to the CIHT cell's electrical 
power. The reaction is given as follows: 

80.4 ev +OH + HE -> (74) p 

O... +2e + H fast Hist (p +3) - p. 13.6 eV 

O +2e – O +80.4 eV (75) 

And, the overall reaction is 

(76) H. -> H Its +L(p +3) - p. 13.6 eV 

where m=3 in Eq. (5). The kinetic energy could also be 
conserved in hot electrons. The observation of H population 
inversion in water vapor plasmas is evidence of this mecha 
nism. The hydrino product such as molecular hydrino may 
cause an upfield matrix shift observed by means such as MAS 
NMR. Other methods of identifying the molecular hydrino 
product such as FTIR, Raman, and XPS are given in the 
disclosure. 
0162. In an embodiment wherein oxygen or a compound 
comprising oxygen participates in the oxidation or reduction 
reaction, O may serve as a catalyst or a source of a catalyst. 
The bond energy of the oxygen molecule is 5.165 eV, and the 
first, second, and third ionization energies of an oxygenatom 
are 13.61806 eV. 35.11730 eV, and 54.9355 eV, respectively. 
The reactions O->O+O, O.-->O+O", and 20->2O" pro 
vide a net enthalpy of about 2, 4, and 1 times E, respectively, 
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and comprise catalyst reactions to form hydrino by accepting 
these energies from H to cause the formation of hydrinos. 

IX. Fuel Cell and Battery 

0163 An embodiment of the fuel cell and a battery 400 is 
shown in FIG. 1. The hydrino reactants comprising a solid 
fuel or a heterogeneous catalyst comprise the reactants for 
corresponding cell half reactions. A catalyst-induced-hy 
drino-transition (CIHT) cell is enabled by the unique 
attributes of the catalyzed hydrino transition. The CIHT cell 
of the present disclosure is a hydrogen fuel cell that generates 
an electromotive force (EMF) from the catalytic reaction of 
hydrogen to lower energy (hydrino) states. Thus, it serves as 
a fuel cell for the direct conversion of the energy released 
from the hydrino reaction into electricity. 
0164. Due to oxidation-reduction cell half reactions, the 
hydrino-producing reaction mixture is constituted with the 
migration of electrons through an external circuit and ion 
mass transport through a separate path to complete an elec 
trical circuit. The overall reactions and corresponding reac 
tion mixtures that produce hydrinos given by the sum of the 
half-cell reactions may comprise the reaction types consid 
ered for thermal power production given in the present dis 
closure. The free energy AG from the hydrino reaction gives 
rise to a potential that may be an oxidation or reduction 
potential depending on the oxidation-reduction chemistry to 
constitute the hydrino-producing reaction mixture. The 
potential may be used to generate a Voltage in a fuel cell. The 
potential V may be expressed in terms of the free energy AG: 

-AG (77) 
nF 

wherein F is the Faraday constant. Given the free energy is 
about -20 MJ/mole H for the transition to H(/4), the voltage 
may be high depending on the other cell components such as 
the chemicals, electrolyte, and electrodes. In an embodiment 
wherein the voltage is limited by the oxidation-reduction 
potentials of these or other components, the energy may be 
manifest as a higher current and corresponding power contri 
bution from hydrino formation. As indicated by Eqs. (6-9), 
the energy of the hydrino transition may be released as con 
tinuum radiation. Specifically, energy is transferred to the 
catalyst nonradiatively to form a metastable intermediate, 
which decays in plasma systems with the emission of con 
tinuum radiation as the electron translates from the initial to 
final radius. In condensed matter such as the CIHT cell, this 
energy may internally convert into energetic electrons mani 
fest as a cell current and power contribution at potentials 
similar to the chemical potential of the cell reactants. Thus, 
the power may manifest as higher current at lower Voltage 
than that given by Eq. (77). The voltage will also be limited by 
the kinetics of the reaction; so, high kinetics to form hydrinos 
is favorable to increase the powerby increasing at least one of 
the current and voltage. Since the cell reaction may be driven 
by the large exothermic reaction of H with a catalyst to form 
hydrino, in an embodiment, the free energy of the conven 
tional oxidation-reduction cell reactions to form the reactants 
to form hydrinos may be any value possible. Suitable ranges 
are about +1000 kJ/mole to -1000 kJ/mole, about +1000 
kJ/mole to -100 kJ/mole, about +1000 kJ/mole to -10 
kJ/mole, and about +1000kJ/mole to 0 kJ/mole. Due to nega 
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tive free energy to form hydrinos, at least one of the cell 
current, Voltage, and power are higher than those due to the 
free energy of the non-hydrino reactions that can contribute to 
the current, Voltage, and power. This applies to the open 
circuit Voltage and that with a load. Thus, in an embodiment, 
the CIHT cell is distinguished over any prior Art by at least 
one of having a Voltage higher than that predicted by the 
Nernst equation for the non-hydrino related chemistry includ 
ing the correction of the Voltage due to any polarization 
Voltage when the cell is loaded, a higher current than that 
driven by convention chemistry, and a higher power than that 
driven by conventional chemistry. 
(0165 Regarding FIG. 1, the fuel or CIHT cell 400 com 
prises a cathode compartment 401 with a cathode 405, an 
anode compartment 402 with an anode 410, a salt bridge 420, 
reactants that constitute hydrino reactants during cell opera 
tion with separate electron flow and ion mass transport, and a 
source of hydrogen. In general embodiments, the CIHT cell is 
a hydrogen fuel cell that generates an electromotive force 
(EMF) from the catalytic reaction of hydrogen to lower 
energy (hydrino) states. Thus, it serves as a fuel cell for the 
direct conversion of the energy released from the hydrino 
reaction into electricity. In another embodiment, the CIHT 
cell produces at least one of electrical and thermal power gain 
over that of an applied electrolysis power through the elec 
trodes 405 and 410. The cell consumes hydrogen in forming 
hydrinos and requires hydrogen addition; otherwise, in an 
embodiment, the reactants to form hydrinos are at least one of 
thermally or electrolytically regenerative. Different reactants 
or the same reactants under different states or conditions such 
as at least one of different temperature, pressure, and concen 
tration are provided in different cell compartments that are 
connected by separate conduits for electrons and ions to com 
plete an electrical circuit between the compartments. The 
potential and electrical power gain between electrodes of the 
separate compartments or thermal gain of the system is gen 
erated due to the dependence of the hydrino reaction on mass 
flow from one compartment to another. The mass flow pro 
vides at least one of the formation of the reaction mixture that 
reacts to produce hydrinos and the conditions that permit the 
hydrino reaction to occurat Substantial rates. The mass flow 
further requires that electrons and ions be transported in the 
separate conduits that connect the compartments. The elec 
trons may arise from at least one of the ionization of the 
catalyst during the reaction of atomic hydrogen with the 
catalystandby an oxidation or reduction reaction of a reactant 
species Such as an atom, a molecule, a compound, or a metal. 
The ionization of the species in a compartment such as the 
anode compartment 402 may be due to at least one of (1) the 
favorable free energy change from its oxidation, the reduction 
of a reactant species in the separate compartment such as the 
cathode 401, and the reaction of the migrating ion that bal 
ances charge in the compartments to electroneutrality and (2) 
the free energy change due to hydrino formation due to the 
oxidation of the species, the reduction of a species in the 
separate compartment, and the reaction of the migrating ion 
that results in the reaction to form hydrinos. The migration of 
the ion may be through the salt bridge 420. In another 
embodiment, the oxidation of the species, the reduction of a 
species in the separate compartment, and the reaction of the 
migrating ion may not be spontaneous or may occurat a low 
rate. An electrolysis potential is applied to force the reaction 
wherein the mass flow provides at least one of the formation 
of the reaction mixture that reacts to produce hydrinos and the 
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conditions that permit the hydrino reaction to occur at Sub 
stantial rates. The electrolysis potential may be applied 
through the external circuit 425. The reactants of each half 
cell may be at least one of Supplied, maintained, and regen 
erated by addition of reactants or removal of products through 
passages 460 and 461 to sources of reactants or reservoirs for 
product storage and regeneration 430 and 431. 
0166 In an embodiment, at least one of the atomic hydro 
gen and the hydrogen catalyst may beformed by a reaction of 
the reaction mixture and one reactant that by virtue of it 
undergoing a reaction causes the catalysis to be active. The 
reactions to initiate the hydrino reaction may beat least one of 
exothermic reactions, coupled reactions, free radical reac 
tions, oxidation-reduction reactions, exchange reactions, and 
getter, Support, or matrix-assisted catalysis reactions. In an 
embodiment, the reaction to form hydrinos provides electro 
chemical power. The reaction mixtures and reactions to ini 
tiate the hydrino reaction Such as the exchange reactions of 
the present disclosure are the basis of a fuel cell wherein 
electrical power is developed by the reaction of hydrogen to 
form hydrinos. Due to oxidation-reduction cell half reactions, 
the hydrino-producing reaction mixture is constituted with 
the migration of electrons through an external circuit and ion 
mass transport through a separate path to complete an elec 
trical circuit. The overall reactions and corresponding reac 
tion mixtures that produce hydrinos given by the sum of the 
half-cell reactions may comprise the reaction types for ther 
mal power and hydrino chemical production of the present 
disclosure. Thus, ideally, the hydrino reaction does not occur 
or does not occur at an appreciable rate in the absence of the 
electron flow and ion mass transport. 
0167. The cell comprises at least a source of catalyst or a 
catalyst and a source of hydrogen or hydrogen. A Suitable 
catalyst or source of catalyst and a source of hydrogen are 
those selected from the group of Li, LiH, Na, NaH, K, KH, 
Rb, RbH, Cs, CsPI, Ba, Bah, Ca, CaFI, Mg, MgH), Mgx (X 
is a halide) and H. Further suitable catalysts are given in 
TABLE 3. In an embodiment, a positive ion may undergo 
reduction at the cathode. The ion may be a source of the 
catalyst by at least one of reduction and reaction at the cath 
ode. In an embodiment, an oxidant undergoes reaction to 
form the hydrino reactants that then react to form hydrinos. 
Alternatively, the final electron-acceptor reactants comprise 
an oxidant. The oxidant or cathode-cell reaction mixture may 
be located in the cathode compartment 401 having cathode 
405. Alternatively, the cathode-cell reaction mixture is con 
stituted in the cathode compartment from ion and electron 
migration. In one embodiment of the fuel cell, the cathode 
compartment 401 functions as the cathode. During operation, 
a positive ion may migrate from the anode to the cathode 
compartment. In certain embodiments, this migration occurs 
through a salt bridge 420. Alternatively, a negative ion may 
migrate from the cathode to anode compartment through a 
salt bridge 420. The migrating ion may be at least one of an 
ion of the catalyst or source of catalyst, an ion of hydrogen 
such as H. H., or H(1/p), and the counterion of the com 
pound formed by reaction of the catalyst or source of catalyst 
with the oxidant or anion of the oxidant. Each cell reaction 
may be at least one of Supplied, maintained, and regenerated 
by addition of reactants or removal of products through pas 
sages 460 and 461 to sources of reactants or reservoirs for 
product storage and optionally regeneration 430 and 431. 
0.168. In an embodiment, the chemistry yields the active 
hydrino reactants in the cathode compartment of the fuel cell 
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wherein the reduction potential may include a large contribu 
tion from the catalysis of H to hydrino. The catalyst or source 
of catalyst may comprise a neutral atom or molecule Such as 
an alkali metal atom or hydride that may form by the reduc 
tion of a positive species such as the corresponding alkali 
metalion. The potential of the catalystion to be reduced to the 
catalyst and the H electron to transition to a lower electronic 
state gives rise to a contribution to the potential given by Eq. 
(77) based on AG of the reaction. In an embodiment, the 
cathode half-cell reduction reaction and any other reactions 
comprise the formation of the catalyst and atomic hydrogen 
and the catalysis reaction of H to hydrino. The anode half-cell 
reaction may comprise the ionization of a metal Such as a 
catalyst metal. The ion may migrate to the cathode and be 
reduced, or an ion of the electrolyte may be reduced to form 
the catalyst. The catalyst may beformed in the presence of H. 
Exemplary reactions are 

Cathode Half-Cell Reaction: 

(0169 

Cafi' + get + H|| -> (78) 

Cat + H +(p + m) - p. 13.6 eV + ER (n + p) 

wherein E is the reduction energy of Cat". 

Anode Half-Cell Reaction: 

0170 
Cat-E->Cat" +qe (79) 

Other suitable reductants are metals such a transition metals. 

Cell Reaction: 

0171 

CH 

(n + p) 
(80) + (p + m) - p. 13.6 eV 

With the migration of the catalyst cation through a suitable 
salt bridge or electrolyte, the catalyst may be regenerated in 
the cathode compartment and replaced at the anode. Then, the 
fuel cell reactions may be maintained by replacement of 
cathode-compartment hydrogen reacted to form hydrino. The 
hydrogen may be from the electrolysis of water. The water 
may be from an external source or absorbed from the atmo 
sphere by a hydroscopic compound or electrolyte in embodi 
ments. The product from the cell may be molecular hydrino 
formed by reaction of hydrino atoms. In the case that H(4) is 
the product, the energy of these reactions are 

2H(A)->H(A)+87.31 eV (81) 

H2O+2.962 eV->H+0.5O, (82) 

0172. During operation, the catalyst reacts with atomic 
hydrogen, the nonradiative energy transfer of an integer mul 
tiple of 27.2 eV from atomic hydrogen to the catalyst results 
in the ionization of the catalyst with a transient release of free 
electrons, and a hydrino atom forms with a large release of 
energy. In an embodiment, this reaction may occur in the 
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anode compartment 402 such that the anode 410 ultimately 
accepts the ionized-electron current. The current may also be 
from the oxidation of a reductant in the anode compartment. 
In one embodiment of the fuel cell, the anode compartment 
402 functions as the anode. At least one of Li, K, NaH, nPH, 
and H2O may serve as the catalyst to form hydrinos. A Support 
such as carbon powder, carbide such as TiC, WC, YC, or 
Cr-C, or a boride may serve as a conductor of electrons in 
electrical contact with an electrode Such as the anode that may 
serve as a current collector. The conducted electrons may be 
from ionization of the catalyst or oxidation of a reductant. 
Alternatively, the Support may comprise at least one of the 
anode and cathode electrically connected to a load with a 
lead. The anode lead as well as the cathode lead connecting to 
the load may be any conductor Such as a metal. 
0173. In the case that the chemistry yields the active 
hydrino reactants in the anode compartment of the fuel cell, 
the oxidation potential and electrons may have a contribution 
from the catalyst mechanism. As shown by Eqs. (6-9), the 
catalyst may comprise a species that accepts energy from 
atomic hydrogen by becoming ionized. The potential of the 
catalyst to become ionized and the H electron to transition to 
a lower electronic state gives rise to contribution to the poten 
tial given by Eq. (77) based on AG of the reaction. Since NaH 
is a concerted internal reaction to form hydrino with the 
ionization of Na to Na" as given by Eqs. (28-30), Eq. (77) 
should especially hold in this case. In an embodiment, the 
anode half-cell oxidation reaction comprises the catalysis 
ionization reaction. The cathode half-cell reaction may com 
prise the reduction of H to hydride. Exemplary reactions are 

Anode Half-Cell Reaction: 

0174 

m. 27.2 eV + Cat + HE- (83) p 

(H 
Cat" + re + Hilt (p + m) - p. 13.6 eV 

Cathode Half-Cell Reaction: 

0175 

(MH. +2e + ER - M + 2H) (84) 

wherein E is the reduction energy of metal hydride MH. 
Suitable oxidants are hydrides such as rare earth hydrides, 
titanium hydride, zirconium hydride, yttrium hydride, LiH, 
NaH, KH, and BaH, chalocogenides, and compounds of a 
M-N H system such as Li N—H system. With the migra 
tion of the catalyst cation or the hydride ion through a suitable 
salt bridge or electrolyte, the catalyst and hydrogen may be 
regenerated in the anode compartment. In the case that the 
stable oxidation state of the catalyst is Cat, the salt bridge or 
electrolyte reaction is 
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Salt Bridge or Electrolyte Reaction: 
(0176) 

Cat" + rH - (85) 

(r-1) 
2 

(r-1) Cat-i-H H; +m27.2 eV ( 2 4.478 - r0,754 ev 

wherein 0.754 eV is the hydride ionization energy and 4.478 
eV is the bond energy of H. The catalyst or source of catalyst 
may be a hydride that may also serve as a source of H. Then, 
the salt bridge reaction is 

Salt Bridge or Electrolyte Reaction: 

0.177 

(r-1) (86) Cat" + rH - Cat- H2 + 

(r-1) (m . 27.2 eV + ( 4.478 - r0,754 ev -- E.) 

wherein E, is lattice energy of Cath. Then, the fuel cell 
reactions may be maintained by replacement of hydrogen to 
the cathode compartment, or Cath in the electrolyte may 
react with M to form MH. That exemplary reaction of M-La 
is given by 

In the former case, hydrogen may be from the recycling of 
excess hydrogen from the anode compartment formed in the 
reduction of Cat''. Hydrogen replacement for that consumed 
to form H(4) then H(/4) may from the electrolysis of water. 
0.178 The reactants may be regenerated thermally or elec 
trolytically. The products may be regenerated in the cathode 
oranode compartments. Or, they may be sent to a regenerator 
using a pump for example wherein any of the regeneration 
chemistries of the present disclosure or knownto those skilled 
in the Art may be applied to regenerate the initial reactants. 
Cells undergoing the hydrino reaction may provide heat to 
those undergoing regeneration of the reactants. In the case 
that the products are raised in temperature to achieve the 
regeneration, the CIHT cell products and regenerated reac 
tants may be passed through a recuperator while sent to and 
from the regenerator, respectively, in order recover heat and 
increase the cell efficiency and system energy balance. 
0179 The electrolytes may comprise an ionic liquid. The 
electrolyte may have a low melting point Such as in the range 
of 100-200° C. Exemplary electrolytes are ethylammonium 
nitrate, ethylammonium nitrate doped with dihydrogen phos 
phate such as about 1% doped, hydrazinium nitrate, 
NHPO TiPOz, and a eutectic salt of LiNO. NHNO. 
Other suitable electrolytes may comprise at least one salt of 
the group of LiNO, ammonium triflate (Tf=CFSO), 
ammonium trifluoroacetate (TFAc=CFCOO) ammonium 
tetrafluorobarate (BF), ammonium methanesulfonate 
(CHSO), ammonium nitrate (NO), ammonium thiocy 
anate (SCN), ammonium sulfamate (SONH), ammonium 
bifluoride (HF) ammonium hydrogen sulfate (HSO) 
ammonium bis(trifluoromethanesulfonyl)imide 
(TFSI-CFSO)N), ammonium bis(perfluoroehtanesulfo 
nyl)imide (BETI-CFCFSO)N), hydrazinium nitrate and 



US 2014/007283.6 A1 

may further comprise a mixture such as a eutectic mixture 
further comprising at least one of NH4NO. NHTf, and 
NHTFA.c. Other suitable solvents comprise acids such as 
phosphoric acid. Suitable ammonium compounds are ammo 
nium or alkyl ammonium halides, and aromatic compounds 
Such as imidazole, pyridine, pyrimidine, pyrazine, perchlor 
ates, PF, and other anions of the disclosure that are com 
patible with any component of the cell which is in contact 
with the solvent. Exemplary ambient temperature H con 
ducting molten salt electrolytes are 1-ethyl-3-methylimida 
zolium chloride-AlCls and pyrrolidinium based protic ionic 
liquids. 
0180 Referring to FIG. 1, in an embodiment of an exem 
plary cell Na/BASE/NaOH), the molten salt comprising a 
mixture of product and reactants is regenerated in the cathode 
compartment 420 by Supplying hydrogen through inlet 460 at 
a controlled pressure using hydrogen Source and pump 430. 
The molten salt temperature is maintained by heater 411 such 
that a Na layer forms on top and is pumped to the anode 
compartment 402 by pump 440. 
0181. In another embodiment also shown in FIG. 1, the 
molten salt comprising a mixture of product and reactants is 
flowed into regeneration cell 412 from the cathode compart 
ment 401 through channel 419 and through 416 and 418, each 
comprising at least one of a valve and a pump. Hydrogen is 
Supplied and the pressure is controlled by hydrogen Source 
and pump 413 connected to the regeneration cell 412 by a line 
415 with the flow controlled by a control valve 414. The 
molten salt temperature is maintained with heater 411. The 
hydrogenation causes Na to form a separate layer that is 
pumped from the top of the regeneration cell 412 to the 
cathode chamber 402 through channel 421 through 422 and 
423, each comprising at least one of a valve and a pump. In an 
embodiment such as one comprising a continuous cathode 
salt flow mode, the channel 419 extends below the Nalayer to 
Supply flowing salt from the cathode compartment to the 
lower layer comprising at least Na-O and NaOH. Any of the 
cathode or anode compartments, or regeneration cell may 
further comprise a stirrer to mix the contents at a desire time 
in the power or regeneration reactions. 
0182. In another embodiment of a cell comprising BASE 
electrolyte, the cathode is an alkali metal Such as Na, and the 
molten salt cathode comprises a eutectic mixture Such as one 
of those of TABLE 4 and a source of hydrogen such as a 
hydrogen permeable membrane and H gas or a dissociator 
and H gas. Exemplary cells are Na/BASE/eutectic salt such 
as NaI NaBr--Ni(H) or PdAl-O. The hydrogen may react 
with Na in the cathode compartment to form NaH that may 
serve as a catalyst and source of H to form hydrinos. 
0183 The reactants may be continuously fed through the 
half cells to cause the hydrino reaction and may be further 
flowed or conveyed to another region, compartment, reactor, 
or system wherein the regeneration may occur in batch, inter 
mittently, or continuously wherein the regenerating products 
may be stationary or moving. 
0184 Suitable oxidants are WO(OH), WO(OH), 
VO(OH), VO(OH), VO(OH), VO(OH), VO(OH), 
VO(OH), VO(OH), VO(OH), VO(OH), Fe0 
(OH), MnO(OH), MnO(OH), MnO(OH), MnO(OH), 
MnO(OH), MnO(OH), MnO(OH), MnO(OH), MnO, 
(OH), MnO(OH), MnO(OH), NiO(OH), TiO(OH), 
TiO(OH), TiO(OH), TiO(OH), Ti-I(OH), TiO(OH) 
NiO(OH), AlO(OH), ScC(OH), YO(OH), VO(OH), CrO 

(OH), MnO(OH) (C-MnO(OH) groutite and Y-MnO(OH) 
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manganite), Fe0(OH), CoO(OH), NiO(OH), RhCl(OH), 
GaO(OH), InC(OH), NiCo O(OH), and NiCO, Mn, 
sO(OH). In general, the oxidant may be M.O.H. whereinx, y, 
and Z are integers and M is a metal Such as a transition, inner 
transition, or rare earth metal Such as metal oxyhydroxides. 
0185. Suitable exemplary molten hydride comprising 
mixtures are the eutectic mixtures of NaH KBH at about 
43+57 mol % having the melt temperature is about 503°C., 
KH KBH at about 66+34 mol% having the melt tempera 
ture is about 390° C., NaH NaBH at about 21+79 mol % 
having the melt temperature is about 395°C., KBH LiBH 
at about 53+47 mol % having the melt temperature is about 
103°C., NaBH LiBH at about 41.3+58.7 mol % having 
the melt temperature is about 213°C., and KBH NaBH at 
about 31.8+68.2 mol% having the melt temperature is about 
453°C. wherein the mixture may further comprise analkali or 
alkaline earth hydride such as LiH, NaH, or KH. Other exem 
plary hydrides are Mg(BH) (MP 260° C.) and Ca(BHA) 
(367° C). 
0186 The H of the reactant may be bound to a metal such 
as a rare earth, transition, inner transition, alkali or alkaline 
earth metal. The H reactant may comprise a hydride. The 
hydride may be a metal hydride. In an exemplary reaction, H 
is extracted from a hydride such as a metal hydride to form 
MHT wherein M is a counterion such as that of an electro 
lyte, and H migrates to the anode, is oxidized to H, and reacts 
with an acceptor Such as those of the disclosure. 
0187. In an embodiment, the cathode product formed from 
the reduction of the migrating ion and any possible further 
reaction with a cathode reactant may be regenerated by non 
electrolysis as well as electrolysis techniques. The product 
may be regenerated to the anode starting material by the 
methods of the present disclosure for reaction mixtures. For 
example, the product comprising the element(s) of the 
migrating ion may be physically or thermally separated and 
regenerated and returned to the anode. The separation may be 
by thermal decomposition of a hydride and the evaporation of 
the metal that is the reduced migrating ion. The cathode 
product of the migrating ion may also be separated and 
reacted with anode products to form the starting reactants. 
The hydride of the cathode reactants may be regenerated by 
adding hydrogen, or the hydride may be formed in a separate 
reaction chamber following separation of the corresponding 
cathode reaction products necessary to form the starting 
hydride. Similarly, any other cathode staring reactants may be 
regenerated by separation and chemical synthesis steps in situ 
or in a separate vessel to form the reactants. 
0188 In an embodiment of the CIHT cell, an alkalication 
such as Na" may be the mobile ion. The mobile ion may be 
reduced at the cathode to form the catalyst or source of cata 
lyst, such as NaH, K, Li, Sr., or BaH. The electrolyte may 
comprise B"-Alumina (beta prime-prime alumina) or beta 
alumina as well complexed with the corresponding mobile 
ion. Thus, the solid electrolyte may comprise Al-O com 
plexed with at least one of Na", K", Li", Sr", and Ba" and 
may also be complexed with at least one of H", Ag", or Pb". 
The electrolyte or saltbridge may be anion impregnated glass 
such as K glass. In an embodiment with Has the mobileion, 
His reduced to Hat the cathode to serve as a source of atomic 
hydrogen for catalysis to hydrinos. In a general embodiment, 
the anode compartment comprises an alkali metal, the Solid 
electrolyte comprises the corresponding migrating metalion 
complexed to beta alumina, and the cathode compartment 
comprises a Source of hydrogen Such as a hydride or H. The 
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migrating metal ion may be reduced to the metal at the cath 
ode. The metal or a hydride formed from the metal may be the 
catalyst or source of catalyst. Hydrinos are formed by the 
reaction of the catalyst and hydrogen. The cell may be oper 
ated in a temperature range that provides a favorable conduc 
tivity. A suitable operating temperature range is 250° C. to 
300° C. Other exemplary sodium ion conducting salt bridges 
are NASICON (NaZr,SiPO) and Na WO. In other 
embodiments, another metal such as Li or K may replace Na. 
In an embodiment, at least one of the cell components such as 
the, salt bridge, and cathode and anode reactants comprises a 
coating that is selectively permeable to a given species. An 
example is a Zirconium oxide coating that is selectively per 
meable to OH. The reactants may comprise micro-particles 
encapsulated in Such a coating Such that they selectively react 
with the selectively permeable species. Lithium solid electro 
lytes or salt bridges may be halide stabilized LiBH such as 
LiBH LiX (X=halide), Li' impregnated Al-O (Li-B-alu 
mina), Li2S based glasses, Lio.29 Laos., TiOs (d–0 to 0.14). 
Laos Lios TiO294, LioAlSiOs, Li ZnCeO (LISICON). 
Li, M.M.S (M=Si, Ge, and M-P, Al, Zn, Ga, Sb) (thio 
LISICON). LicsPONo. (LIPON), Lisa TaO, Li 
3.Al-Ti,(PO). LiM(PO), M-Ge, Ti, Hf, and Zr, Li 
a Ti(PO) (0sXs2) LiNbO, lithium silicate, lithium 
aluminate, lithium aluminosilicate, Solid polymer or gel, sili 
con dioxide (SiO2), aluminum oxide (Al2O), lithium oxide 
(Li2O), LiN, Li P. gallium oxide (GaO), phosphorous 
oxide (POs), silicon aluminum oxide, and solid solutions 
thereof and others known in the art. 

0189 The salt bridge may comprise an anion conducting 
membrane and/or an anion conductor. The salt bridgen may 
conduct a cation. The salt bridge may be formed of a zeolite 
oralumina Such as one saturated with the cation of the catalyst 
Such as sodium aluminate, a lanthanide boride (such as MB, 
where M is a lanthanide), or an alkaline earthboride (such as 
MB where M is an alkaline earth). A reactant or cell com 
ponent may be an oxide. The electrochemical species in an 
oxide may be oxide ions or protons. The salt bridge may 
conduct oxide ions. Typical examples of oxide conductors are 
yttria-stabilized zirconia (YSZ), gadolinia doped ceria 
(CGO), lanthanum gallate, and bismuth copper Vanadium 
oxide such as BiCuVO). Some perovskite materials such as 
La Sr, Co, Os, also show mixed oxide and electron con 
ductivity. The salt bridge may conduct protons. Doped 
barium cerates and Zirconates are good proton conductors or 
conductors of protonated oxide ions. The H conductor may 
be a SrCeO-type proton conductors such as strontium 
cerium yttrium niobium oxide. HWO is another suitable 
proton conductor. Nafion, similar membranes, and related 
compounds are also suitable proton conductors, and may 
further serve as cation conductors such as Na" or Li" conduc 
tors. The proton conductor may comprise a solid film of 
HCl LiCl—KCl molten salt electrolyte on a metal mesh 
Such as SS that may serve as a proton conductor saltbridge for 
a cell having an organic electrolyte. The cation electrolyte 
may undergo exchange with Nafion to form the correspond 
ing ion conductor. The proton conductor may be an anhy 
drous polymer Such as ionic liquid based composite mem 
brane Such as Nafion and ionic liquids such as 1-ethyl-3- 
methylimidazolium trifluoro-methaneSulphonate and 
1-ethyl-3-methylimidazolium tetrafluoroborate, or a polymer 
comprising proton donor and acceptor groups such as one 
having benzimidazole moieties such as poly-(1-(4,4'-diphe 
nylether)-5-oxybenzimidazole)-benzimidazole that may 
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also be blended with Nafion and further doped such as with 
inorganic electron-deficient compounds such as BN nanopar 
ticles. 

0190. In other embodiments, one or more of a number of 
other ions known to those skilled in the Art may be mobile 
within solids such as Li", Na', Ag", F, Cl, and N. Corre 
sponding good electrolyte materials that use any of these ions 
are LiN, Na-f-Al-O, AgI, PbP, and SrC1. Alkali salt 
doped polyethylene oxide or similar polymers may serve as 
an electrolyte/separator for a migrating alkali metal ion Such 
as Li". Additionally, the alkali and alkaline earth hydrides, 
halides, and mixtures, are good conductors of hydride ion 
Suitable mixtures comprise a eutectic molten salt. The salt 
bridge may comprise a hydride and may selectively conduct 
hydride ions. The hydride may be very thermally stable. Due 
to their high melting points and thermal decomposition tem 
peratures, Suitable hydrides are saline hydrides Such as those 
of lithium, calcium, strontium, and barium, and metal 
hydrides such as those of rare earth metals such as Eu, Gd, and 
La. In the latter case, H or protons may diffuse through the 
metal with a conversion from or to H at the surface. The salt 
bridge may be a hydride ion conducting Solid-electrolyte Such 
as CaCl CaH. Suitable hydride ion-conducting Solid elec 
trolytes are CaCl CaH (5 to 7.5 mol %) and CaCl 
LiCl–CaH. 
0191) A suitable saltbridge for Li", Na', and K", a source 
of the catalyst Li, NaH, and K, respectively, is beta alumina 
complexed with Li, Na', and K", respectively. The Li salt 
bridge or solid electrolyte may be halide stabilized LiBH 
such as LiBH LiX (X=halide), Li' impregnated Al-O 
(Li-beta-alumina), Li2S based glasses, Lio.29 Laos, TiOs 
(d–0 to 0.14), Laos Lio TiO, LioAlSiOs, Li ZnCeO 
(LISICON), Li, M.M.S (M=Si, Ge, and M-P, Al, Zn, Ga. 
Sb) (thio-LISICON), LisPO, Noa (UPON), 
Lis Las Ta2O2, Lius Alo,Ti,(PO4), LiM2(PO4), M'-Ge. 
Ti, Hf, and Zr, Li Ti(PO) (0sxs2) LiNbO, lithium sili 
cate, lithium aluminate, lithium aluminosilicate, Solid poly 
mer or gel, silicon dioxide (SiO2), aluminum oxide (Al2O), 
lithium oxide (LiO), LiN. Li P. gallium oxide (GaO). 
phosphorous oxide (POs), silicon aluminum oxide, and solid 
solutions thereof and others known in the art. The conductiv 
ity may be enhanced with Li salts such as LiPO or LiBO. 
Li glass may also serve as the Li salt bridge. For example, 
Whatman GF/D borosilicate glass-fibersheet saturated with a 
1 M LiPF electrolyte solution in 1:1 dimethyl carbonate 
(DMC)/ethylene carbonate (EC) also known as LP 30 or 1 M 
LiPF in 1:1 diethyl carbonate (DEC)/ethylene carbonate 
(EC) also known as LP 40 may serve as the separator/elec 
trolyte. Halide-stabilized LiBH may serve as a fast Li' ion 
conductor even at room temperature. The halide may be LiF, 
LiCl, LiBr, or LiI. The separator may be a membrane such as 
a single or multilayer polyolefin or aramid. The membrane 
may provide a barrier between the anode and cathode and 
may further enable the exchange of lithium ions from one side 
of the cell to the other. A suitable membrane separator is 
polypropylene (PP), polyethylene (PE), or trilayer (PP/PE/ 
PP) electrolytic membrane. A specific exemplary membrane 
is Celgard 2400 polypropylene membrane (Charlotte, N.C.) 
having a thickness of 25 um and a porosity of 0.37. The 
electrolyte may be 1 M LiPF electrolyte solution in 1:1 
dimethyl carbonate (DMC)/ethylene carbonate (EC). 
Another suitable separator/electrolyte is Celgard 2300 and 1 
M LiPF electrolyte solution in 30:5:35:30 v/v EC-PC-EMC 
DEC solvent. Other suitable solvents and electrolytes are 
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lithium chelated borate anion electrolytes such as lithium 
bis(oxalato)borate, dioxolane, tetahydrofuran derivatives, 
hexamethylphosphoramide (HMPA), dimethoxyethane 
(DME), 1,4-benzodioxane (BDO), tetrahydrofuran (THF), 
and lithium perchlorate in dioxolane Such as 1,3-dioxolane. 
Other solvents known by those skilled in the Art that are 
appropriate for operation of a Li based anode are Suitable. 
These solvents range from organic Such as propylene carbon 
ate to inorganic Such as thionyl chloride and Sulfur dioxide 
and typically have polar groups such as at least one of carbo 
nyl, nitrile, Sulfonyl, and ether groups. The solvent may fur 
ther comprise an additive to increase the stability of the sol 
vent or increase at least one of the extent and rate of the 
hydrino reaction. 
0.192 In embodiments, organic carbonates and esters may 
comprise electrolyte solvents. Suitable solvents are ethylene 
carbonate (EC), propylene carbonate (PC), butylene carbon 
ate (BC), Y-butyrolactone (YBL), 6-Valerolactone (ÖVL), 
N-methylmorpholine-N-oxide (NMO), dimethyl carbonate 
(DMC), diethyl carbonate (DEC), ethyl methyl carbonate 
(EMC), ethyl acetate (EA), methylbutanoate (MB), and ethyl 
butanoate (EB). In embodiments, organic ethers may com 
prise electrolyte solvents. Suitable solvents are 
dimethoxymethane (DMM), 1,2-dimethoxyethane (DME), 
1,2-diethoxyethane (DEE), tetrahydrofuran (THF), 2-me 
thyl-tetrahydrofuran (2-Me-THF), 1,3-dioxolane (1,3-DL), 
4-methyl-1,3-dioxolane (4-Me-1,3-DL), 2-methyl-1,3-diox 
olane (2-Me-1,3-DL). Lithium salts may comprise electrolyte 
solutes. Suitable solutes are lithium tetrafluoroborate 
(LiBF), lithium hexafluorophosphate (LiPF), lithium 
hexafluoroarsenate (LiASF), lithium percolate (LiCIO), 
lithium triflate (Li"CFSO), lithium imide (Li'N(SOCF) 
I), and lithium beti (Li'N(SOCFCF)). In embodi 

ments, performance-enhancing additives are added for bulk 
properties such as 12-crown-4,15-crown-5, aza-ethers, 
borates, boranes, and boronates. In embodiments, the elec 
trolyte may further comprise anode solid electrolyte interface 
(SEI) additives such as CO, SO 12-crown-4, 18-crown-6, 
catechole carbonate (CC), vinylene carbonate (VC), ethylene 
sulfite (ES), C.-bromo-y-butyrolactone, methyl cholorofor 
mate, 2-acetyloxy-4,4-dimethyl-4-butanolide, Succinimide, 
N-benzyloxycarbonyloxysuccinimide, and methyl cin 
namate. In embodiments, the electrolyte may further com 
prise cathode surface layer additives such as I/I, n-butylfer 
rocene, 1,1'-dimethylferrocene, ferrocene derivatives, a salt 
Such as a Na of 1,2,4-triazole, a salt Such as a Na of imidazole, 
1.2.5.-tricyanobenzene (TCB), tetracyanoquinodimethane 
(TCNQ), substituted benzenes, pyrocarbonate, and cyclo 
hexylbenzene. In embodiments, the electrolyte may further 
comprise novel nonaqueous solvents such as cyclic carbon 
ates, YBL, linearesters, fluorinated esters, fluorinated carbon 
ates, fluorinated carbamates, fluorinated ethers, glycol borate 
ester (BEG), sulfones, and sulfamides. In embodiments, the 
electrolyte may further comprise novel lithium salts such as 
aromatic Liborates, non-aromatic Liborates, chelated Li 
phosphates, Li FAP, Liazolate, and Li imidazolide. In an 
embodiment, the hydrino product such as molecular hydrino 
is soluble in the solvent such as DMF. An exemplary cell is 
Li?solvent comprising at 
0193 The cathode and anode may be an electrical conduc 

tor. The conductor may be the Support and further comprise a 
lead for each of the cathode and anode that connects each to 
the load. The lead is also a conductor. A suitable conductor is 
a metal, carbon, carbide, or a boride. A Suitable metal is a 
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transition metal, stainless steel, noble metal, inner transition 
metal Such as Ag, alkali metal, alkaline earth metal, Al. Ga, In, 
Sn, Pb, and Te. 
0194 The cell may further comprise a binder of the anode 
or cathode reactants. Suitable polymeric binders include, for 
example, poly(vinylidine fluoride), co-poly(Vinylidine fluo 
ride-hexafluoropropylene), poly(tetrafluoroethylene, poly 
(vinyl chloride), or poly(ethylene-propylene-diene mono 
mer), EPDM. The electrodes may be suitable conductors such 
as nickel in contact with the half-cell reactants. 

0.195 The cell may comprise a solid, molten, or liquid cell. 
The latter may comprise a solvent. The operating conditions 
may be controlled to achieve a desired state or property of at 
least one reactant or cell component such as those of the 
cathode cell reactants, anode cell reactants, the salt bridge, 
and cell compartments. Suitable states are solid, liquid, and 
gaseous, and Suitable properties are the conductivity to ions 
and electrons, physical properties, miscibility, diffusion rate, 
and reactivity. In the case that one or more reactants are 
maintained in a molten state the temperature of the compart 
ment may be controlled to be above the reactant melting 
point. The heat may be from the catalysis of hydrogen to 
hydrinos. Alternatively, the oxidant and/or reductant reac 
tants are molten with heat Supplied by the internal resistance 
of the fuel cell or by external heater 450 that may be an oven. 
In an embodiment, the CIHT cell is surrounded by insulation 
Such that comprising as a double-walled evacuated jacket 
Such as a sheet metaljacket filled with insulation for conduc 
tive and radiative heat loss that is knownto those skilled in the 
art. The cell may further comprise aheat management system 
that provides start up and maintenance heat on demand to 
Supplement any heat generated internally from the reactions 
Such as hydrino producing reactions occurring during opera 
tion. Additionally, the systems may comprise a heat rejection 
system to remove excess heat if necessary. The heat rejection 
system may comprise one known in the art such as one com 
prising a heat exchanger and coolant circulator wherein the 
heat transfer may be by at least one of forced convention, 
radiation, and conduction. In an embodiment, the configura 
tion is a thermodynamically efficient retainer of heat Such as 
a right cylindrical stack that provides an optimal volume to 
Surface area ratio to retain heat. In an embodiment, the reac 
tants of at least one of the cathode and anode compartments 
are at least partially solvated by a solvent. Suitable solvents 
are those disclosed in the Organic Solvent section and Inor 
ganic Solvent section. Suitable solvents that dissolve alkali 
metals are hexamethylphosphoramide (OP(N(CH)), 
ammonia, amines, ethers, a complexing solvent, crown 
ethers, and cryptands and solvents such as ethers oran amide 
such as THF with the addition of a crown ether or cryptand. 
0196. The fuel cell may further comprise at least one 
hydrogen system 460,461, 430, and 431 for measuring, deliv 
ering, and controlling the hydrogen to at least one compart 
ment. The hydrogen system may comprise a pump, at least 
one value, one pressure gauge and reader, and control system 
for Supplying hydrogen to at least one of the cathode and 
anode compartments. The hydrogen system may recycle 
hydrogen from one compartment to another. In an embodi 
ment, the hydrogen system recycles H gas from the anode 
compartment to the cathode compartment. The recycling may 
be active or passive. In the former case, H may be pumped 
from the anode to the cathode compartment during operation, 
and in the latter case, H may diffuse or flow from the anode 
to the cathode compartment due to a build up of pressure in 
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the anode compartment during operation according to the 
reaction such as those of Eqs. (85-86). 
0197) The products may be regenerated in the cathode or 
anode compartments. The products may be sent to a regen 
erator wherein any of the regeneration chemistries of the 
present disclosure may be applied to regenerate the initial 
reactants. Cell undergoing the hydrino reaction may provide 
heat to those undergoing regeneration of the reactants. 
0198 The reactants of at least one half-cell may comprise 
a hydrogen storage material Such as a metal hydride, a species 
of a M-N-H system such as LiNH, LiNH, or LiN, and a 
alkali metal hydride further comprising boron Such as boro 
hydrides or aluminum Such as aluminohydides. Further Suit 
able hydrogen storage materials are metal hydrides such as 
alkaline earth metal hydrides such as MgH metal alloy 
hydrides such as BaReH. LaNish, FeTiHz, and MgNiH, 
metal borohydrides such as Be(BH), Mg(BH), Ca(BH), 
Zn(BH), Sc(BH), Ti(BH), Mn(BH), Zr(BH), 
NaBH LiBH, KBH, and Al(BH), AlH. NaAlH, 
NaAlH. LiAlH. LiAlH. LiH, LaNish, LaCoNiH, 
and TiFeH, NHBH, polyaminoborane, amineborane com 
plexes such as amine borane, boron hydride ammoniates, 
hydrazine-borane complexes, diborane diammoniate, bora 
Zine, and ammonium octahydrotriborates or tetrahydrobo 
rates, imidazolium ionic liquids such as alkyl(aryl)-3-meth 
ylimidazolium N-bis(trifluoromethanesulfonyl)imidate salts, 
phosphonium borate, and carbonite Substances. Further 
exemplary compounds are ammonia borane, alkali ammonia 
borane such as lithium ammonia borane, and borane alkyl 
amine complex Such as borane dimethylamine complex, 
borane trimethylamine complex, and amino boranes and 
borane amines such as aminodiborane, n-dimethylaminod 
iborane, tris(dimethylamino)borane, di-n-butylboronamine, 
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dimethylaminoborane, trimethylaminoborane, ammonia-tri 
methylborane, and triethylaminoborane. Further suitable 
hydrogen storage materials are organic liquids with absorbed 
hydrogen Such as carbazole and derivatives such as 9-(2- 
ethylhexyl)carbazole, 9-ethylcarbazole, 9-phenylcarbazole, 
9-methylcarbazole, and 4,4'-bis(N-carbazolyl)-1,1'-biphe 
nv1. 
fig9 In an embodiment, at least one cell additionally 
comprises an electrolyte. The electrolyte may comprise a 
molten eutectic salt and may further comprise a hydride. The 
salt may comprise one or more halides of the same cation as 
that of the catalyst or are more stable compounds than the 
halide compound that may form from the reaction of the 
catalyst with the halide of the salt such as the mixture LiH 
with LiCl/KC1. Alternatively, the salt mixture comprises 
mixed halides of the same alkali metal as the catalyst metal 
since a halide-hydride exchange reaction with the catalyst 
hydride would result in no net reaction. The salt may be a 
hydride ion conductor. In addition to halides, other suitable 
molten salt electrolytes that may conduct hydride ions are 
hydroxides such as KH in KOH or NaH in NaOH, and meta 
lorganic systems such as NaH in NaAl(Et). The cell may be 
made of metals such as Al, stainless steel, Fe, Ni, Ta, or 
comprise a graphite, boron nitride, MgO, alumina, or quartz 
crucible. 
0200. The electrolyte may comprise a eutectic salt of two 
or more fluorides such as at least two compounds of the group 
of the alklali halides and alkaline earth halides. Exemplary 
salt mixtures include LiF MgF, NaF. MgF2, KF MgF2. 
and NaF. CaF. Other suitable solvents are organic chloro 
aluminate molten salts and systems based on metal borohy 
drides and metal aluminum hydrides. Additional suitable 
electrolytes that may be molten mixtures such as molten 
eutectic mixtures are given in TABLE 4. 

TABLE 4 

Molten Salt Electrolytes. 

AlC3- CaCl2 AlC3- CoCl2 AlC3- FeCI2 ACI3-KCl AlC3- LiC1 
AlCl3—MgCl2 AlC3-MnCl2 AlC3- NaCl AlC3- NiCl2 AlC3- ZnCl2 
BaCI2- CaCl2 BaCI2- CSC BaCI2- KC BaCl2–LiC BaCl2—MgCl2 
BaCI2- NaCl BaCI2- RbCl BaC2-SrC2 CaCl2- CaF2 CaCl2–CaO 
CaCl2- CoCl2 CaCl2–CsCl CaCl2- FeCI2 CaCl2- FeCl3 CaCl2-KCl 
CaCl2–LiCl CaCl2—MgCl2 CaCl2—MgF2 CaCl2- MinCl2 CaCl2—NaAIC4 
CaCl2- NaCl CaCl2- NiCl2 CaCl2 PbC2 CaCl2- RbCl CaC2-SrC2 
CaCl2–ZnCl2 CaF2- KCaCl3 CaF2 KF CaF2- LiF CaF2—MgF2 
CaF2 NaF CeCI3- CSC CeCI3-KCl CeCI3- LiC CeCI3- NaCl 
CeCI3- RbCl CoCl2. FeCI2 CoCl2. FeCl3 CoCl2 KC CoCl2- LiCl 
CoCl2—MgCl2 CoCl2- MinCl2 CoCl2. NaCl CoCl2. NiCl2 CSBir CSC 
CSBir CSF CsBr–CsI CSBir CSNO3 CSBir KBr CSBir LiBir 
CSBir NaBr CSBir RbBr CSC-CSF CsCl–CsI CSC CSNO3 
CSC- KC CsCl–LaCl3 CsCl—LiCl CsCl–MgCl2 CsCl NaCl 
CsCl RbCl CSC-SrC2 CSF CsI CSF CSNO3 CSF KF 
CSF LiF CSF NaF CSF RbF CsI KI CsI LiI 
CsI NaI CSI Rb CSNO3- CSOH CSNO3- KNO3 CSNO3- LiNO3 
CSNO3- NaNO3 CSNO3- RbNO3 CSOH KOH CSOH LiOH CSOH NaOH 
CSOH- RbOH FeCI2. FeCl3 FeCI2- KC FeCI2- LiCl FeCl2 MgCl2 
FeCI2- MinCl2 FeCI2- NaCl FeCI2- NiCl2 FeC3- LiCl FeCl3 MgCl2 
FeC3- MnCl2 FeC3- NiCl2 K2CO3- K2SO4 K2CO3- KF K2CO3- KNO3 
K2CO3- KOH K2CO3- Li2CO3 K2CO3- Na2CO3 K2SO4 Li2SO4 K2SO4 Na2SO4 
KAIC14 NaAlCl4 KAIC4 NaCl KBr. KCI KBr. KF KBr. KI 
KBr. KNO3 KBr. KOH KBr LiBir KBr. NaBr KBr RbBr 
KC-K2CO3 KC-K2SO4 KC-KF KC-KI KC- KNO3 
KC- KOH KC-LiCl KC-LiF KC-MgCl2 KC-MnCl2 
KC- NaAl(C4 KC- NaCl KC- NiCl2 KC PbC2 KC- RbCl 
KC-SrC2 KC- ZnCl2 KF K2SO4 KF KI KF KNO3 
KF KOH KF LiF KF MgF2 KF NaF KF RbF 
KFeC3- NaCl KI KNO3 KI KOH KI—LiI KI NaI 
KI Rb KMgCl3–LiCl KMgCl3 NaCl KMnC3- NaCl KNO3- K2SO4 
KNO3- KOH KNO3- LiNO3 KNO3- NaNO3 KNO3- RbNO3 KOH K2SO4 
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TABLE 4-continued 

Molten Salt Electrolytes. 

KOH LiOH KOH NaOH KOH. RbCH LaCI3-KCl LaCl3–LiCl 
LaCI3–NaCl LaC3- RbCl Li2CO3- Li2SO4 Li2CO3- LiF Li2CO3- LiNO3 
Li2CO3- LiOH Li2CO3- Na2CO3 Li2SO4 Na2SO4 LiAlCl4 NaAl(C4 LiBir LiCl 
LiBr—LiF LiBr—LiI LiBir LiNO3 LiBir LiOH LiBir NaBr 
LiBir RbBr LiCl, Li2CO3 LiCl, Li2SO4 LiCl—LiF LiCl—LiI 
LiC-LiNO3 LiC LiOH LiCl–MgCl2 LiC MnCl2 LiCl, NaCl 
LiC NiCl2 LiC RbCl LiC-SrC2 LiF Li2SO4 LiF LiI 
LiF LiNO3 LiF LiOH LiF MgF2 LiF NaCl LiF NaF 
LiF RbF LiI—LiOH LiI NaI LiI-RbI LiNO3- Li2SO4 
LiNO3- LiOH LiNO3- NaNO3 LiNO3- RbNO3 LiOH Li2SO4 LiOH NaOH 
LiOH RbOH MgCl2—MgF2 MgCl2—MgO MgCl2—MnCl2 MgCl2—NaCl 
MgCl2 NiCl2 MgCl2–RbCl MgCl2–SrC12 MgCl2–ZnCl2 MgF2—MgO 
MgF2 NaF MnCl2 NaCl MnCl2. NiCl2 Na2CO3- Na2SO4 Na2CO3- NaF 
Na2CO3- NaNO3 Na2CO3- NaOH NaBr NaCl NaBr NaF NaBr NaI 
NaBr NaNO3 NaBr NaOH NaBr RbBr NaCl- Na2CO3 NaCl- Na2SO4 
NaCl- NaF NaCl-NaI NaCl- NaNO3 NaCl- NaOH NaCl- NiCl2 
NaCl PbC2 NaCl-RbCl NaCl-SrC2 NaCl- ZnCl2 NaF. Na2SO4 
NaF. NaI NaF. NaNO3 NaF. NaOH NaF. Rbf Na NaNO3 
NaI NaOH NaI Rb NaNO3- Na2SO4 NaNO3- NaOH NaNO3 RbNO3 
NaOH- Na2SO4 NaOH. RbCH RbBr RbCl RbBir Rbf RbBr Rb 
RbBir RbNO3 RbCl Rbf RbCl Rb RbCl RbCH RbCl SrC2 
RbF Rb RbNO3- RbOH CaCl2. CaFH2 

The molten salt electrolyte such as the exemplary salt mix 
tures given in TABLE 4 are H ion conductors. In embodi 
ments, it is implicit in the disclosure that a source of H such 
as an alkali hydride such as LiH, NaH, or KH is added to the 
molten salt electrolyte to improve the If ion conductivity. In 
other embodiments, the molten electrolyte may be an alkali 
metalion conductor or a proton conductor. In other embodi 
ments, the electrolyte comprises a hydroxide. The catalyst 
may be HO that may be formed from the hydroxide. 
0201 In an exemplary embodiment, the concentration of 
LiCl-KCl is about 58.5+41.2 mol%, the melt temperature is 
about 450° C., and the LiH concentration is about 0.1 mol % 
or lower. In other embodiments, the LiH concentration may 
be any desirable mole percent to the saturation limit of about 
8.5%. In another exemplary embodiment, the electrolyte may 
comprise LiH+LiF+KF or NaF and optionally a support such 
as TiC. Other suitable electrolytes are mixtures of alkali 
hydrides and alkali and alkaline earth borohydrides wherein 
the cell reaction may be a metal exchange. Suitable mixtures 
are the eutectic mixtures of NaH KBH at about 43+57 mol 
% having the melt temperature is about 503°C., KH KBH 
at about 66+34 mol % having the melt temperature is about 
390° C., NaH NaBH at about 21+79 mol% having the melt 
temperature is about 395°C., KBH LiBH at about 53+47 
mol % having the melt temperature is about 103° C. 
NaBH LiBH at about 41.3+58.7 mol % having the melt 
temperature is about 213°C., and KBH NaBH at about 
31.8+68.2 mol having the melt temperature is about 453°C. 
wherein the mixture may further comprise an alkali or alka 
line earth hydride such as LiH, NaH, or KH. A suitable 
concentration of the hydride is 0.001 to 10 mol%. 
0202 The reaction mixture may comprise (1) a catalyst or 
a source of catalyst and a source of hydrogen such as one of 
LiH, NaH, KH, RbH, Csh, Bah, and at least one H, (2) a 
eutectic salt mixture that may serve as an electrolyte that may 
have a high ion conductivity and may selectively allow 
hydride ion to pass comprising at least two cations from the 
group of Li, Na, K, Rb, Cs, Mg, Ca, Sr. and Ba and at least one 
halide from the group of F, Cl, Br, and I, (3)a support that may 
be electrically conductive such as carbide such as TiC, and (4) 

optionally a reductant and hydride exchange reactant such as 
an alkaline earth metal or alkaline earth hydride. 
0203 Exemplary CIHT cells comprise a (i) reductant or a 
Source of reductant, such as an element or compound com 
prising an element from the list of aluminum, antimony, 
barium, bismuth, boron, cadmium, calcium, carbon (graph 
ite), cerium, cesium, chromium, cobalt, copper, dysprosium, 
erbium, europium, gadolinium, gallium, germanium, gold, 
hafnium, holmium, indium, iridium, iron, lanthanum, lead, 
lithium, lutetium, magnesium, manganese, mercury, molyb 
denum, neodymium, nickel, niobium, osmium, palladium, 
phosphorous, platinum, potassium, praseodymium, prome 
thium, protactinium, rhenium, rhodium, rubidium, ruthe 
nium, Samarium, Scandium, selenium, silicon, silver, Sodium, 
strontium, Sulfur, tantalum, technetium, tellurium, terbium, 
thulium, tin, titanium, tungsten, Vanadium, ytterbium, 
yttrium, Zinc, and Zirconium; (ii) an electrolyte such as one of 
those given in TABLE 4, (iii) an oxidant such as the com 
pounds given in TABLE 4, (iv) conducting electrodes such as 
metals, metal carbides such as TiC, metal borides such as 
TiB and MgB metal nitrides such as titanium nitride, and 
those elements or materials comprising elements from the list 
of aluminum, antimony, barium, bismuth, boron, cadmium, 
calcium, carbon (graphite), cerium, cesium, chromium, 
cobalt, copper, dysprosium, erbium, europium, gadolinium, 
gallium, germanium, gold, hafnium, holmium, indium, iri 
dium, iron, lanthanum, lead, lithium, lutetium, magnesium, 
manganese, mercury, molybdenum, neodymium, nickel, nio 
bium, osmium, palladium, phosphorous, platinum, potas 
sium, praseodymium, promethium, protactinium, rhenium, 
rhodium, rubidium, ruthenium, Samarium, Scandium, sele 
nium, silicon, silver, sodium, strontium, Sulfur, tantalum, 
technetium, tellurium, terbium, thulium, tin, titanium, tung 
Sten, Vanadium, ytterbium, yttrium, zinc, and Zirconium. The 
metals may be from the list of aluminum, antimony, barium, 
bismuth, cadmium, calcium, cerium, cesium, chromium, 
cobalt, copper, dysprosium, erbium, europium, gadolinium, 
gallium, germanium, gold, hafnium, holmium, indium, iri 
dium, iron, lanthanum, lead, lithium, lutetium, magnesium, 
manganese, mercury, molybdenum, neodymium, nickel, nio 
bium, osmium, palladium, platinum, potassium, praseody 
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mium, promethium, protactinium, rhenium, rhodium, 
rubidium, ruthenium, Samarium, Scandium, Selenium, sili 
con, silver, Sodium, strontium, tantalum, technetium, tellu 
rium, terbium, thulium, tin, titanium, tungsten, Vanadium, 
ytterbium, yttrium, Zinc, and Zirconium, and (v) hydrogen or 
a source of hydrogen Such as a hydride Such as an alkali or 
alkaline earth hydride, and a source of catalyst or source of 
catalyst such as Li, NaH, K, Rb, Cs, nFI, and H2O, and at 
least one H. In an embodiment, the cell further comprises a 
system to regenerate the reactants or cell chemicals to species 
and concentrations that restore the cell to a state that the 
reactions to form hydrino reactants and then hydrinos occurat 
a faster rate than before regeneration. In an embodiment, the 
regeneration system comprises an electrolysis system. 
0204 The cell further comprises a current collector for the 
anode and cathode wherein the current collectors may com 
prise solid foils or mesh materials. Suitable uncoated current 
collector materials for the anode half-cell may be selected 
from the group of stainless steel, Ni, Ni Cr alloys, Al, Ti, 
Cu, Pb and Pb alloys, refractory metals and noble metals. 
Suitable uncoated current collector materials for the cathode 
half-cell may be selected from the group of stainless steel, Ni, 
Ni–Cralloys, Ti, Pb-oxides (PbO), and noble metals. Alter 
natively, the current collector may comprise a Suitable metal 
foil such as Al, with a thin passivation layer that will not 
corrode and will protect the foil onto which it is deposited. 
Exemplary corrosion resistant layers that may be used in 
either half-cell are TiN, CrN, C, CN, NiZr, NiCr, Mo, Ti, Ta, 
Pt, Pd, Zr, W. FeN, and CoN. In an embodiment, the cathode 
current collector comprises Al foil coated with TiN, FeN. C. 
CN. The coating may be accomplished by any method known 
in the Art. Exemplary methods are physical vapor deposition 
Such as sputtering, chemical vapor deposition, electrodepo 
sition, spray deposition, and lamination. 
0205 The source of H may be a metal hydride, comprising 
at least one of a cathode reactant and an anode reactant. The 
hydride may be an electrical conductor. Exemplary electri 
cally conductive hydrides are titanium hydride and lantha 
num hydride. Other suitable hydrides are rare earth hydrides 
Such as those of La, Ce, Eu, and Gd, yttrium hydride, and 
zirconium hydride. Additional suitable exemplary hydrides 
demonstrating high electrical conductivity are one or more of 
the group of CeH, DyH. ErH, GdH, HoH, LaH, LuII. 
NdH, Prh, SCH, TbH, TmH, and YH. Other suitable 
electrically conductive hydrides are TiH, VH, VH1, 
LaNish, La2CONic H. ZrCr2Has. LaNissMino-Alois Coo. 
75, ZrMno CroV, Ni, CrH. CrH, NiH, CuH.YHYH. 
ZrH, NbH, NbH, PdH. LaH, LaH, TaH, the lanthanide 
hydrides: MH (fluorite) M=Ce, Pr, Nb, Sm, Gd, Tb, Dy, Ho, 
Er, Tm, Lu: MH (cubic) M=Ce, Pr, Nd, Yb:MH (hexagonal) 
M=Sm, Gd, Tb, Dy, Ho, Er, Tm, Lu; actinide hydrides: MH. 
(fluorite) M=Th, Np, Pu, Am; MH (hexagonal) MNp, Pu, 
Am, and MH (cubic, complex structure) M=Pa, U. 
0206. The half-cell reactants may further comprise a Sup 
port of any kind or an electrically conductive Support Such as 
a carbide such as TiC, a boride such as TiB or MgB, a 
carbon, or other support such as TiCN. Other suitable Sup 
ports are cellulose, carbon fiber, Nafion, a cation or anion 
exchange resin, molecular sieve Such as 4A or 13X, or a 
conducting polymer Such a polyaniline, polythiophene, poly 
acetylylene, polypyrrole, polyvinylferrocene, polyvinylnick 
elocene, or polyvinylcobaltocene, carbon nanotubes, 
fullerene, or similar cage or cavity compounds such as Zeo 
lites, and Pt/nanoTi, Pt/Al2O. Zeolite, Y Zeolite, HY Zeolite, 
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and Ni Al-O. SiO, that may be mixed with a conductor 
Such as carbon or doped with a conductor. Steam or activated 
carbon having some hydrophilic functionalities may also 
serve as a Support. 
0207. In addition adding amide, imide, and nitride com 
pounds to the electrolyte, the activity of reactant or species 
may be changed by adding at least one compound of the group 
of phosphides, borides, oxides, hydroxide, silicides, nitrides, 
arsenides, selenides, tellurides, antimonides, carbides, Sul 
fides, and hydrides compounds. In an embodiment, the activ 
ity of the species such as Li or LiH or other source of catalyst 
or catalyst such as K, KH, Na, and NaH is controlled by using 
a buffer involving an anion that may bind to the species. The 
buffer may comprise a counterion. The counterion may beat 
least one of the group of halides, oxides, phosphides, borides, 
hydroxides, silicides, nitrides, arsenides, selenides, tellu 
rides, antimonides, carbides, Sulfides, hydrides, carbonate, 
hydrogen carbonate, Sulfates, hydrogen Sulfates, phosphates, 
hydrogen phosphates, dihydrogen phosphates, nitrates, 
nitrites, permanganates, chlorates, perchlorates, chlorites, 
perchlorites, hypochlorites, bromates, perbromates, bro 
mites, perbromites, iodates, periodates, iodites, periodites, 
chromates, dichromates, tellurates, selenates, arsenates, sili 
cates, borates, cobalt oxides, tellurium oxides, and other 
oxyanions such as those of halogens, P. B. Si, N. As, S, Te, Sb, 
C, S. P. Mn, Cr, Co, and Te. At least one CIHT half-cell 
compartment may contain a compound of the counterion, the 
cell may comprise a salt bridge, and the Salt bridge may 
selective to the counter ion. 

0208. The electrolyte may comprise additionally a metal 
or hydride such as an alkali or alkaline earth metal or hydride. 
A suitable alkaline earth metal and hydride is Mg and MgH. 
respectively. At least one electrode may comprise a Support 
such as TiC, YC. TiSiC and WC, and the half cell may 
further comprise a catalyst such as K. NaH, or may be Lifrom 
migration of Li", a reductant Such a Mg or Ca, a Support Such 
as TiC.Y.C., TiSiC, or WC, an oxidant such as LiCl, SrBr, 
SrC1, or BaCl, and a source of H such as a hydride such as 
R Ni, TiH, MgH, NaH, KH, or LiH. Hydrogen may per 
meate through the wall of the half-cell compartment to form 
the catalyst or serve as the source of H. The source of perme 
ating H may be from the oxidation of W. 
0209. The half-cell compartments may be isolated and 
connected by an electrically insulating separator. The sepa 
rator may also serve as a Support for the salt bridge. The salt 
bridge may comprise a molten salt Supported by the separator. 
The separator may be MgO or BN fiber. The latter may be as 
a woven fabric or nonwoven felt. In an embodiment, the 
catalyst or source of catalyst and source of hydrogen Such as 
NaH or KHis substantially insoluble in the salt bridge. Each 
half-cell reactant mixture may be pressed into a plaque and 
attached to the current collector of the anode and cathode. The 
plaque may be secured with at least one perforated sheet Such 
as a metal sheet. Alternatively, the separator may be perme 
able to H wherein HT reacts to form H at the cathode half-cell 
interface, H passes through the separator and forms H at the 
anode half-cell interface. Suitable separators that transport 
H by forming Hare refractory base metals such as V. Nb, Fe, 
Fe Mo alloy, W, Rh, Ni, Zr, Be, Ta, Rh, Ti, Th, and rare 
earths as well as noble metals and alloys such as Pd and Pd/Ag 
alloy. The metal comprising a H membrane may be biased to 
increase the activity of W/H conversion at the interfaces. The 
activity may also be increased by using a concentration gra 
dient. 
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0210. The reactants may comprise at least one support that 
may also serve as a hydrogen dissociator. The Support may 
comprise carbon, carbide, or a boride. Suitable carbon, car 
bides and borides are carbon black, TiC, TiSiC., TiCN, SiC. 
YC, TaC, MoC, WC, C, HfC. CrC, ZrC, VC, NbC, BC, 
CrB, ZrB, GdB, MgB and TiB. Suitable supports that 
may also serve as hydrogen dissociators are Pd/C. Pt/C 
Pd/MgO, Pd/Al-O, Pt/MgO, and Pt/Al-O. 
0211. The half-cell compartments may be isolated and 
connected by an electrically insulating separator that may 
also serve as a Support for the salt bridge. The salt bridge may 
comprise a molten salt Supported by the separator. The sepa 
rator may be MgO or BN fiber. The latter may be as a woven 
fabric or nonwoven felt. 

0212. In another embodiment, the anode or cathode half 
cell comprises a source of H or H. Such as a hydrogen per 
meable cathode and a source of hydrogen such as a Ti(H). 
Nb(H), or V(H) cathode (H) designates a source of hydro 
gen such as hydrogen gas that permeates through the elec 
trode to contact the electrolyte) or hydride such as at least one 
of an alkaline or alkaline earth hydride, a transition metal 
hydride such as Tihydride, an inner transition metal hydride 
such as Nb, Zr, or Tahydride, palladium or platinum hydride, 
and a rare earth hydride. 
0213. The cell may be at least one of electrolyzed and 
discharged intermittently. The electrolysis cathode and anode 
may be CIHT cell anode and cathode where the roles are 
reversed in switching from CIHT to electrolysis cell and back 
again after the cell is regenerated. The reverse voltage may be 
applied as a pulse. The pulsed reverse polarity and waveform 
may be in any frequency range, peak voltage, peak power, 
peak current, duty cycle, and offset Voltage. The pulsed rever 
sal may be DC, or the applied Voltage may have be alternating 
or have a waveform. The application may be pulsed at a 
desired frequency and the waveform may have a desired 
frequency. Suitable pulsed frequencies are within the range of 
about 1 to about 1000 Hz, and the duty cycle may be about 
0.001% to about 95% but may be within narrower ranges of 
factor of two increments within this range. In an embodiment, 
the cell is maintained at an optimal run high frequency to 
minimize the input energy to make a monolayer of H that 
reacts to hydrinos during the discharge phase. The peak volt 
age per cell may be within the range of at least one of about 
0.1 V to 10 V, but may be within narrower ranges of a factor 
of two increments within this range. In another, embodiment 
a high Voltage pulse is applied that may in the range of about 
10V to 100kV per cell, but may be within narrower ranges of 
order magnitude increments within this range. The waveform 
may have a frequency within the range of at least one of about 
0.1 Hz to about 100 MHz, about 100 MHZ to 10 GHZ, and 
about 10 GHz to 100 GHz, but may be within narrower ranges 
of order magnitude increments within this range. The duty 
cycle may be at least one of the range of about 0.001% to 
about 95%, and about 0.1% to about 10%, but may be within 
narrower ranges of order magnitude increments within this 
range. The peak power density of the pulses may be in the 
range of about 0.001 W/cm to 1000 W/cm but may be within 
narrower ranges of order magnitude increments within this 
range. The average power density of the pulses may be in the 
range of about 0.0001 W/cm to 100 W/cm, but may be 
within narrower ranges of order magnitude increments within 
this range. In an embodiment, the intermittent charge-dis 
charge frequency may be increased to decrease the charge 
transfer resistance. 
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0214. In an embodiment, reactants that may be short lived 
are generated during electrolysis that result in the formation 
of hydrinos and corresponding electrical power during the 
CIHT cell discharge phase of a repeated cycle of charge and 
discharge. The electrolysis power may be applied to optimize 
the energy from the formation of hydrinos relative to the input 
energy. The electrolysis conditions of Voltage, waveform, 
duty cell, frequency and other Such parameters may be 
adjusted to increase the electrical energy gain from the cell. 
0215. In embodiments, the half-cell reactants are regener 
ated. The regeneration may be in batch mode by means Such 
as electrolysis of products to reactants or by the thermal 
reaction of products to reactants. Alternatively, the system 
may regenerate spontaneously in batch-mode or continu 
ously. The reaction to form the hydrino reactants occurs by 
the flow of electrons and ions involving the corresponding 
reactants that undergo oxidation in the anode half-cell and 
reduction in the cathode half-cell. In an embodiment, the 
overall reaction to form the hydrino reactants is not thermo 
dynamically favorable. For example, it has a positive free 
energy, and the reaction in the reverse direction is spontane 
ous or can be made spontaneous by changing the reaction 
conditions. Then, the forward direction of the reaction is 
driven by the large energy release in forming hydrinos in a 
manner that may be a concerted reaction. Since the reaction to 
form hydrinos is not reversible, the products may spontane 
ously convert to the reactants after hydrinos have been 
formed. Or, one or more reaction conditions such a tempera 
ture, hydrogen pressure, or concentration of one or more 
reactants or products is changed to regenerate the initial reac 
tants of the cell. 

0216. In an embodiment, the hydrino hydride inhibits the 
reaction, and regeneration is achieved by reacting the hydride 
to form molecular hydrino that may be vented from the cell. 
The hydride may be present on at least one of the cathode and 
anode, and in the electrolyte. The reaction of hydride to 
molecular hydrino may beachieved by electrolysis. The elec 
trolysis may have a polarity opposite that of the CIHT cell 
operation. The electrolysis may form protons or H that reacts 
with hydrinohydride to form molecular hydrino. The reaction 
may occur at the electrolysis anode. In an embodiment, the 
hydrino hydride ion has a high mobility Such that it migrates 
to the anode and reacts with H" or H to form molecular 
hydrino. 
0217. In an embodiment, the half-cell reactants are 
selected such that the energy in the redox reactions better 
matches the integer multiple of about 27.2 eV energy transfer 
between the H atom and the catalyst to increase the reaction 
rate to form hydrinos. The energy in the redox reactions may 
provide activation energy to increase the rate of reaction to 
form hydrinos. In an embodiment, the electrical load to the 
cell is adjusted to match the redox reactions coupled through 
the flow of electricity and ions to the integer multiple of about 
27.2 eV energy transfer between the H atom and the catalyst 
to increase the reaction rate to form hydrinos. 
0218. In a double-membrane three-compartment cell 
shown in FIG. 2, the salt bridge may comprise an ion-con 
ducting electrolyte 471 in a compartment 470 between the 
anode 472 and cathode 473. The electrodes are held apart and 
may be sealed to the inner vessel wall so that the vessel wall 
and electrodes form the chamber 470 for the electrolyte 471. 
The electrodes are electrically insulated from the vessel so 
that they are isolated from each other. Any other conductors 
that may electrically short the electrodes must also be elec 
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trically insulated from the vessel to avoid the shorting. The 
anode and cathode may comprise a metal that has a high 
permeability to hydrogen. The electrode may comprise a 
geometry that provides a higher Surface area Such as a tube 
electrode, or it may comprise a porous electrode. Hydrogen 
from the cathode compartment 474 may diffuse through the 
cathode and undergo reduction to H at the interface of the 
cathode and salt bridge electrolyte 471. The if migrates 
through the electrolyte and is oxidized to H at the electrolyte 
anode interface. The H diffuses through the anode and reacts 
with the catalyst in the anode compartment 475 to form hydri 
nos. The H and catalyst ionization provides the reduction 
current at the cathode that is carried in the external circuit 476. 
The H permeable electrodes may comprise V. Nb, Fe, 
Fe Mo alloy, W. Mo, Rh, Ni, Zr, Be, Ta, Rh, Ti, Th, Pd, 
Pd-coated Ag, Pd-coated V. Pd-coated Ti, rare earths, other 
refractory metals, and others such metals known to those 
skilled in the Art. The electrodes may be metal foils. The 
chemicals may be regenerated thermally by heating any 
hydride formed in the anode compartment to thermally 
decompose it. The hydrogen may be flowed or pumped to the 
cathode compartment to regenerate the initial cathode reac 
tants. The regeneration reactions may occur in the anode and 
cathode compartments, or the chemicals in one or both of the 
compartments may be transported to one or more reaction 
vessels to perform the regeneration. 
0219. In an embodiment shown in FIG. 2, the electrolyte 
471 comprises a moltenhydroxide such as an alkali hydrox 
ide such as at least one of LiOH and NaOH and may further 
comprise another salt such as an alkalihalide. The cell shown 
in FIG.2 may comprise one unit of a stack of such cells. The 
orientation with respect to the Earth may be as shown in FIG. 
2 with the anode 472 on the bottom and horizontal to the 
Earth's Surface. The anode may comprise a hydrogen perme 
able material such as Ni that is resistant to corrosion by 
hydroxide. The cathode 473 may be partially immersed or 
immersed in the electrolyte 471. In an embodiment, the anode 
may comprise a metal or alloy that is stable in base and has a 
higher permeation rate at lower temperature such as NiV. 
PdAg, or Ni-coated H permeable metals such as V. Nb, Ti, 
stainless steel (SS) 430, and Ta, such that the cell operating 
temperature may be lowered. The hydrogen may be supplied 
to each cell of the stack from a manifold through a hydrogen 
Supply tube. In an embodiment wherein the permeation elec 
trode is replaced by hydrogen bubbling or sparging electrode, 
the hydrogen Supply further comprises the hydrogen mani 
fold and may further comprise a hydrogen diffuser to ideally 
evenly distribute hydrogen over each bubbling or sparging 
electrode of a stack of cells. In an embodiment, the cathode is 
permeable to a source of oxygen Such as O gas or air. The 
cathode may comprise porous mat, foam, sintered metal pow 
der that may be Ni. An inert spacer may separate the cathode 
from the anode. In an embodiment, Al-O beads may serve as 
an exemplary spacer with a thin electrolyte layer between the 
electrodes. The chamber 474 may comprise a gas gap for the 
Source of oxygen Such as O gas or air. The gas gap 474 may 
further comprise a structural Support to hold the next contigu 
ous layer of the stack of a plurality of cells that is mounted on 
the support. The cells may be electrically connected in series 
or in parallel. In another embodiment, the anode of a unit cell 
ofa stack comprises a chamber having a hydrogen-permeable 
membrane comprising one wall that faces the electrolyte 
wherein the chamber has a hydrogen Supply such as a hydro 
gen line to the chamber. The unit cell further comprises an 
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opposing cathode that may be a high-Surface area conducting 
material that may be open such that it is permeable to cathode 
gas such as air. A Suitable exemplary material is fibrous, 
filamentous, or sintered porous metal Such as nickel mat. The 
next unit cell may be stacked with the conducting wall of the 
anode chamber that opposes the hydrogen permeable mem 
brane in contact with the cathode of the preceding unit cell. 
The stack may be heated by heaters such as plates at the end 
of each stack or interspersed in the stack. Alternatively, the 
stack may be heated in an oven. The stack may be contained 
in an insulated chamber. 

0220. In an embodiment, the hydrogen permeation elec 
trode, and optionally the oxygen electrode, is replaced by an 
element of a bipolar plate 507 as shown in FIG. 3. The cell 
design may be based on a planar Square geometrical configu 
ration wherein the cells may be stacked to build voltage. Each 
cell may form a repeating unit comprising an anode current 
collector, porous anode, electrolyte matrix, porous cathode, 
and cathode current collector. One cell may be separated from 
the next by a separator that may comprise a bipolar plate that 
serves as both the gas separator and series current collector. 
The plate may have a cross-flow gas configuration or internal 
manifolding. As shown in FIG.3, interconnections or bipolar 
plates 507 separate the anode 501 from the adjacent cathode 
502 in a CIHT cell stack 500 comprising a plurality of indi 
vidual CIHT cells. The anode or H. plate 504 may be corru 
gated or comprise channels 505 that distribute hydrogen Sup 
plied through ports 503. The plate 504 with channels 505 
substitutes for the hydrogen permeable membrane or inter 
mittent electrolysis cathode (discharge anode) of other 
embodiments. The ports may receive hydrogen from a mani 
fold along the ports 503 that are in turn is supplied by a 
hydrogen source such as a tank. The plate 504 may further 
ideally evenly distribute hydrogen to bubble or sparge into 
active areas wherein electrochemical reactions occur. The 
bipolar plate may further comprise an oxygen plate of the 
bipolar plate having a similar structure as that of the H2 plate 
to distribute oxygen to active areas wherein an oxygen mani 
fold Supplies oxygen from a Supply along oxygen ports 506. 
These corrugated or channeled plates are electrically con 
ducting and are connected with anode and cathode current 
collectors in the active areas and maintain electrical contact. 
In an embodiment, all the interconnection or bipolar plates 
constitute the gas distribution network allowing separation of 
anodic and cathodic gasses. Wet seals may be formed by 
extension of the electrolyte/matrix such as LiOH LiBr/ 
LiTiO, tile pressed between two individual plates. The seals 
may prevent leakage of the reactant gases. The electrolyte 
may comprise a pressed pellet of the disclosure. The pressure 
to forman electrolyte pellet Such as one comprising a hydrox 
ide such as an alkali hydroxide such as LiOH and a halide 
Such an alkalihalide Such as LiBrand a matrix Such as MgO 
is in the range of about 1 to 500 tons per square inch. The stack 
may further comprise tie rods that hold pressure plates at the 
ends of the stack to apply pressure to the cells to maintain a 
desire contact between the electrolyte such as a pellet elec 
trolyte and the electrodes. 
0221. In an embodiment, the metals of the electrodes of 
opposite sides of the bipolar plate are different such as Nion 
one side and NiO on the other, wherein NiO may be on both 
sides with one side having a greater weight percentage. Alter 
natively, one side may be one metal and the other side another 
metal such as Niversus 242 alloy or Mo. The different metals 
may alternate throughout the stack. In another embodiment, 
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the dipolar plate may comprise an electrically conductive 
separator between the anode and cathode. The separator may 
comprise a different material such as a different metal than 
that of at least one of the cathode and anode. The separator 
and at least one electrode may comprise a bimetallic elec 
trode. The bimetallic may comprise a bimetallic junction. The 
bimetallic may comprise at least one conductor Such as a 
metal or alloy electroplated on at least one other conductor 
Such as a second metal or alloy. At least one of the bimetallic 
electrode or junction may result in an intrinsic Voltage that 
causes the hydrino reaction rate to increase. In an embodi 
ment, the bimetallic comprises two conductors such as a 
metal such as Ni and an oxide such as the oxide of the metal 
that may further comprise a compound Such as an alkali metal 
oxide. A suitable exemplary alkali metal oxide is lithiated 
nickel oxide. The increase may be due to a better energy 
match of the catalyst and H to permit a hydrino transition. In 
another embodiment, the electrolytes on opposite sides of the 
bipolar plate are different. The electrolyte difference may 
comprise at least one of a different composition having at 
least one different constituent and the concentrations of the 
same constituents of the electrolyte may be different. For 
example, the electrolyte may comprise a matrix Such as MgO 
on one side and LiAlO on the other. Alternatively, the elec 
trolyte may comprise LiOH LiBron one side and LiOH 
LiCl on the other. Additionally, one side may comprise some 
weight percentage of NaOH. In an embodiment, the differ 
ence between one side of the electrode and the other causes 
the chemical potential, Fermilevel, or voltage of the electrode 
for each half-cell to differ from that of the respective electro 
lyte. In another embodiment, a separating medium or spacer 
Such as a non-conducting material or insulator separates the 
opposite sides of the bipolar plate such that the chemical 
potential, Fermi level, or voltage of the side of the electrode 
contacting the electrolyte is different from that contacting the 
separating medium. In an embodiment, the difference in 
chemical potential, Fermi level, or voltage facilitates the 
catalysis of hydrogen to form hydrinos. In an embodiment, at 
least one of different electrode metals, bimetallic junctions, 
electrolytes, matrices, and conditions such as hydration and 
temperature are alternated throughout the stack. In an 
embodiment, the cathode is a different material such as a 
different metal than that of the anode. The different material 
of the cathode relative to that of the anode may replace the 
requirement for a bimetallic anode of the bipolar plate. In an 
embodiment, the bimetallic nature of the bipolar plate to 
distinguish the anode and cathode is satisfied by using a single 
layer anode with a different cathode material such as a dif 
ferent metal. Suitable exemplary cathodes comprise one of 
those of the disclosure. 

0222. In another embodiment, at least one electrode com 
prises multiple layers comprising at least two different mate 
rials. The electrodes may comprise laminates of different 
materials. Inner layers may change the electrode potential of 
the outer layers in contact with the electrolyte or having an 
increased contact with the electrolyte. The outer layers may 
be selected to be resistant to corrosion. Suitable stable mate 
rials for outer layers are Ni, noble metals, and corrosion 
resistant alloys such as those of the disclosure. Suitable mate 
rials for the inner layer or layers to change the electrode 
potential are Mo and H242 as well as a transition metal such 
as V, Cr, Ti, Mn, Co, Cu, or Zn, an inner transition metal Such 
as Zr, Ag, Cd, Hf, Ta, W, a rare earth metal such as La, or alloy 
Such as LaNis, or other metal or metalloid or alloy such as Al, 
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Sn, In, ad Pb, and other alloys such as MoCo, MoCu, MoMn, 
MoNi, and MoCr. The electrode may serve as the anode or 
cathode. Exemplary multi-layer, multi-metallic electrodes, or 
laminated electrodes that may serve as the anode are Ni/Mo/ 
Ni pressed, Ni/H242/Ni pressed, and Ni/H242/Mo/Ni 
pressed. In an embodiment, the electrode may be a molten salt 
Such as a mixture of hydroxide and halide salts such as alkali 
ones such as those of the disclosure such as LiOH LiBr or 
an aqueous electrolyte Such as a hydroxide or carbonate elec 
trolyte or others of the disclosure. 
0223 Structures, materials, and methods may be adapted 
from those of molten carbonate oralkaline fuel cells knownto 
those skilled in the art. Exemplary suitable structures, mate 
rials, and methods follow. The separator or current collector 
may be Nior Cu coated stainless steel such as 310S/316L. 
The current collector may be perforated. The coating and be 
about 50 micron, but other thickness are suitable such a 1 
micron to 1 mm. Other exemplary Suitable materials are iron 
base alloys such as 304L, 309S, 310S, 314, 316L, 347, 405, 
430,446, 17-4PH 18-18, 18SR, A118-2, A126-1S, A129-4, 
A1439, Glass Seal 27, Ferralium 255, RA253 m.A, Nitronic 
50, 20Ob3, 330, Crutemp-25, Crutemp-25+La, Sanicro-33, 
310+Ce, IN800, IN840, A-286, and nickel, cobalt-base alloys 
such as IN600, IN601, IN671, IN690, IN706, IN718, IN825, 
IN925, MA956, RA333, Ni200, Ni201, Ni270, Haynes 230, 
Haynes 625, Haynes 188, Haynes 556, Nichrome, Monel 
400, and aluminum-containing alloys such as GE-2541, 
FeCrAl+Hf, Haynes 214, FeCralloy, IJR(406),85H, Kanthal 
AF, and NiAl. A suitable coating method is cladding, but 
other methods may be used such as electrolytic Ni plating 
Such as from a sulfamate bath, or electroless Ni plating. At 
least one electrode may comprise one or more of these mate 
rials such as specially steels and alloys such as corrosion 
resistant alloys. The anode may be a hydrogen storage mate 
rial Such as those of the disclosure Such as a mischmetal Such 
as M1: La-rich mischmetal Such as M1 Nissalo Mino or 
M1(NiCoMnCu), Ni, R Ni, R Ni+about 8 wt % Vulcan 
XC-72. LaNis, Cu, or Ni Al. Ni-Cr such as about 10% Cr, 
Ce Ni-Cr such as about 3/9077 wt %, Cu–Al, or 
Cu Ni Al alloy. The anode may be doped with oxides such 
as MnO, CeO, and LiFeO or comprise these or other oxides. 
The cathode may be NiO and may be doped with LiFeC), 
LiMnO, or LiCoO. The matrix may comprise an inert 
material Such as a ceramic. The matrix material may comprise 
a compound comprising a species that may migrate to facili 
tate ion transport. Suitable exemplary matrix materials are 
oxyanion compounds such as aluminate, tungstate, Zirconate, 
titanate, as well as others of the disclosure Such as Sulfate, 
phosphate, carbonate, nitrate, chromate, and manganate, 
oxides, nitrides, borides, chalcogenides, silicides, phos 
phides, and carbides. The matrix material may comprise met 
als, metal oxides, nonmetals, and nonmetal oxides. The 
oxides may comprise at least one of alkali, alkaline earth, 
transition, inner transition, and earth metals, and Al. Ga, In, 
Sn, Pb, S, Te, Se, N, PAs, Sb, Bi, C, Si, Ge, and B, and other 
elements that form oxides or oxyanions. The matrix may 
comprise at least one of an oxide Such as one of an alkaline, 
alkaline earth, transition, inner transition, and rare earth 
metal, and Al, Ga, In, Sn, Pb, S, Te, Se, N. P. As, Sb, Bi, C, Si, 
Ge, and B, and other elements that form oxides, and one 
oxyanion and further comprise at least one cation Such as 
alkaline, alkaline earth, transition, inner transition, and rare 
earth metal, and Al, Ga, In, Sn, and Pb cations. Suitable 
examples are LiAlO, MgO, Li TiO, or SrTiO. In an 
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embodiment, the matrix compound may comprise an oxide of 
the anode materials and a compound of the electrolyte such as 
at least one of a cation and an oxide of the electrolyte. In an 
exemplary embodiment, the electrolyte comprises a hydrox 
ide such as an alkali hydroxide such as MOH (Malkali) such 
as LiOH that may form the corresponding oxide such as MO 
Such as Li2O, and the electrolyte comprises an element, 
metal, alloy, or mixture such as Mo, Ti, Zr, Si,Al, Ni, Fe, Ta, 
V. B., Nb, Se, Te, W. Cr, Mn, Hf, Co, and M' (M=alkaline 
earth) such a Mg that may form the corresponding oxide Such 
as MoO, TiO, ZrO, SiO, Al-O, NiO, Fe0 or FeO. 
TaO, Ta-Os. VO, VO, VO, V.O.s, BO, NbO, NbO, 
NbOs, SeO, SeO, Te0, Te0, WOWO, CrO. CrOs. 
CrO3, CrO, MnO, MnO, MnO, MnO, MnO, Hf), 
COO, COO, CoO, COO, and MgO, the matrix com 
prises an oxide of the cathode material and optionally an 
oxide of the electrolyte Such as Li2O corresponding to the 
exemplary suitable matrices of LiMoO or LiMoO, 
LiTiO, Li ZrOs. Li SiO, LiAlO, LiNiO, LiFeC), 
LiTaC), LiVO, LiBO7, LiNbO3, Li-SeOs, LiSeO. 
LiTeC), LiTeC), Li WO, Li CrO, Li2Cr2O7. LiMnO, 
LiHfC LiCoO, and MO (M'-alkaline earth) such a MgO. 
The matrix may comprise an oxide of an element of the anode 
or an element of the same group. For example, with a Mo 
anode, the matrix of same element or group may be LiMoO, 
MoC), Li WO, Li2CrO, and Li2Cr2O7. The marix may 
provide support. The matrix may inhibit the diffusion of a 
reactive species from the discharge cathode to the discharge 
anode such as oxygen or a reactive oxygen species such as 
peroxide or Superoxide ion. The matrix may be paste-like. 
The particle size may be submicron, but other sizes Such as 
micron to millimeter are suitable in embodiments. 

0224. In an embodiment, the electrolyte matrix comprises 
a dielectric material. The dielectric matrix may permit the 
catalysis of H to negatively charge the anode relative to the 
cathode during cell discharge. The charging may be by the 
formation of an ion double layer or by ionization (oxidation) 
of species of the cell such as at least one of the electrolyte and 
matrix. In an embodiment, the energy is from the catalysis of 
H to hydrino. The energy from the transition of H to hydrino 
may be continuous such that energy is released to contribute 
charge at a corresponding anode Voltage, or the charging may 
contribute to the anode Voltage. The charging may involve at 
least one of a mechanism akin to that of a capacitor and one 
involving an electrochemical change of at least one cell spe 
cies such as an oxidation of the electrolyte of the anode 
half-cell. The anode charging causes a corresponding cathode 
charging to complete the external circuit with ion or electron 
flow through the electrolyte. In an embodiment, the anode 
half-cell reaction is 

wherein the reaction of a first H with OH to form HO 
catalystande is concerted with the HO catalysis of a second 
H to hydrino. H that reacts with OH may be from M-H 
wherein M is the anode material Such as a metal. In an 
embodiment, the catalyst accepts 3x27.2 eV matching the 
potential energy of the formed HO molecule as given by Eq. 
(68) and corresponding to m=3 in Eq. (5) resulting in the 
formation of H(4). The continuous energy released as the 
electron of the second H transitions to the hydrino state as 
well as the energy released from the catalyst following accep 
tance from the second H may cause charging of the anode. 
The charging may comprise capacitive charging of the ions of 
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the electrolyte or oxidation of at least one species of the 
electrolyte or electrodes. Thus, the energy released in the 
electrochemical reaction to form H2O catalyst and the con 
certed H catalysis reaction to form hydrinos powers the flow 
of current through the external circuit. The voltage may be 
that of the hydrogen and oxygen cell reaction since the elec 
trolyte comprises H2O and species comprising oxidation and 
reduction products of hydrogen, oxygen, and water. The cell 
reactions may comprise at least one of those given by Eqs. 
(171-173). The ion path through the electrolyte to complete 
the circuit may comprise ions of the electrolyte Such as at least 
one of Li", OH, oxide and peroxide ions, and Br in the case 
of an electrolyte comprising LiOH LiBr, or ions of the 
matrix. Thus, in an embodiment, the matrix serves as an ion 
conduction medium wherein the conduction may be provided 
by charge transfer or ion transport. In another embodiment, 
the matrix comprises at least one of a mixture of oxide or 
oxides, hydroxide or hydroxides, mixed metal oxidation 
states, electrolyte ions, and other ions. The ion conduction 
may be by ion hopping. The transport may involve charge 
transfer or ion transport of a species such as a negative ion 
Such as one comprising at least one or oxygen and hydrogen. 
Suitable species are at least one of oxygen species chosen 
from O, O, O, O, O, O, HO, HO", OH, OH, OH, 
HOOH, OOH, O, O, O, and O, and H species and 
hydrogen species chosen from H. H. H., H2O, HO, OH, 
OH", OH, HOOH, and OOH. In an exemplary embodi 
ment, the transported species is a more a reduced State species 
comprising oxygen such as O' formed at the cathode formed 
from exemplary species O, O, O, O, O, O", HO, HO". 
OH, OH, OH, HOOH, OOH, O, O, and O. The more 
reduced species may be oxidized at the anode. 
0225. In an embodiment, the hydrino reaction energy may 
be converted to electricity by the flow of electrons into the 
anode and out of the cathode during the discharge phase. This 
requires oxidation at the anode and reduction at the cathode 
during discharge. The direct oxidation of the electrolyte such 
as at least one of exemplary species OH and H2O at the 
anode and reduction of the electrolyte such as exemplary 
species HO at the cathode produces oxygen and hydrogen, 
respectively, that can react with and consume electrolysis 
product H and O, respectively, at each of the corresponding 
electrodes. In an embodiment, the ion-carrying matrix 
reduces the hydrino-reaction-energy-driven formation of 
oxygen at the anode and hydrogen at the cathode during the 
cell discharge that would decrease the available reactants of 
the discharge phase. 
0226. In an embodiment not having a matrix, the ion con 
duction may be through the electrolyte during cell discharge. 
The transported species may be provided, at least partially, 
external to the cell. The cell may be open such as open to 
atmosphere. In an exemplary embodiment, at least one of 
external oxygen and H2O is reduced at the cathode, and a 
reduced species such as the reduction product of at least one 
of external oxygen and H2O is oxidized at the anode. The 
transport may be driven by the energy due to the catalysis of 
H to hydrino states. The current due to the external oxidant 
such as at least one of external oxygen and H2O is controlled 
to control corrosion Such as corrosion of the anode. In an 
embodiment, the anode is stable or corrosion resistant to the 
current carried by air-derived species such as oxygen species 
such as OH, HOOH, OOH, O, O, and O. The corro 
sion resistant anode may be one of the disclosure. Alterna 
tively, the cathode may comprise a stable species Such as an 
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oxide or sulfide such as NiO or MoS. In an embodiment, the 
cell Voltage per cell during the intermittent electrolysis and 
discharge is maintained above the potential that prevents the 
anode from substantially oxidizing such as about 0.8 V in the 
case of a Ni anode. 

0227. In an embodiment, the energy released during cell 
discharge by the catalysis of H to hydrino provides energy to 
charge the anode negatively by mechanisms such as at least 
one of forming an ion double layer Such as in capacitive 
charging and by oxidation of at least one cell species. The 
intermittent charge-discharge frequency may be sufficiently 
high to cause energy in the double layer to be at least partially 
dissipated in the external circuit. In an embodiment, the high 
frequency is in the range of at least one of a charge and 
discharge time of less than one second, but may be in the 
range of about 0.1 ms to 5s. In an embodiment, the ion double 
layer formed during discharge decreases the energy to charge 
during the charging (electrolysis) phase. The energy from the 
double layer may be at least partially conserved in the forma 
tion of electrolysis products such as H and O. during the 
charging (electrolysis) phase. The electrolyte may or may not 
comprise a matrix. In an embodiment, the matrix allows for a 
faster charging (electrolysis) time that may enable a higher 
frequency charge relative to the absence of the matrix. In an 
embodiment, the high frequency is also selected to optimize 
the energy gain by reducing the input energy to form elec 
trolysis reactants such as hydrogen and oxygen. A Suitable 
input energy creates a layer of atomic hydrogen to react to 
form the catalyst such as H2O and hydrinos. Excess gaseous 
electrolysis product that is lost or not involved with the for 
mation of at least one of catalyst and hydrinos is avoided by 
selecting Suitable charge and discharge times such as ones in 
the ranges of the disclosure. 
0228. In an embodiment, the reactants comprise a source 
of an ion carrier. The ion carrier may comprise a chalco 
genide. In an embodiment, a chalcogenide species such as 
one comprising Sulfur may carry the ion current during cell 
discharge. S may be dissolved in the electrolyte. The S species 
Such as S or S (n integer) may be reduced at the cathode and 
oxidized at the anode during discharge. In an embodiment, 
the cell is closed. The electrodes may be both submerged in 
the electrolyte. The power to drive the ion current and external 
electrical current may from the catalysis of H to hydrinos. In 
an embodiment, at least one electrode Such as the discharge 
anode may comprise a source of Sulfur such as an alloy Such 
as MoS alloy. In an embodiment the molar ratio of S is less 
than that of Mo. An exemplary alloy is MoS (90 to 99.5 wt %, 
10 to 0.5 wt %). In an embodiment, the source of sulfur is a 
Sulfide Such as one that comprises at least one of an alkali, 
alkaline earth, transition, inner transition, and earth metals, 
and Al, Ga, In, Sn, Pb, S, Te, Se, N, PAs, Sb, Bi, C, Si, Ge, and 
B, and other elements that form a sulfide. The sulfide may 
comprise a selenium or tellurium sulfide Such as at least one 
of SeS2, SeaS, and SeS. In an embodiment, the chalco 
genide comprises at least one of selenium and tellurium. The 
source of selenium or tellurium is a selenide or telluride, 
respectively. Such as one that comprises at least one of an 
alkali, alkaline earth, transition, inner transition, and earth 
metals, and Al, Ga, In, Sn, Pb, S, Te, Se, N. P. As, Sb, Bi, C, 
Si, Ge, and B, and other elements that form a selenide or 
telluride. 
0229. From the perspective of thermodynamics, a species 
Such as a negative ion may be ionized at the anode and the 
same species created by reduction at the discharge cathode 
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with power dissipated in an external circuit when the ion or 
electron temperature at the anode is greater than that at the 
cathode. A non-hydrino example involving the temperature 
differential of the half-cells is the cell Na (hot)/BASE/Na 
(cold). Exemplary ions in a LiOH LiBr salt are OH and 
Br that may be oxidized to OH and Br, respectively, and 
reduced with electrons delivered to the cathode through the 
external circuit. Alternatively, species comprising at least one 
of O and H may carry the ion current. The hydrino reaction 
provides the energy equivalent to heat to generate the power 
delivered to the circuit. In an embodiment, the matrix serves 
as a separator to prevent the cathode and anode electrodes or 
half-cells from shorting. The prevented shorting may be in at 
least one of the thermodynamic and electrical sense. The 
matrix may separate the half-cell reactions to increase the 
rate, effectiveness, or extent of the hydrino reaction to create 
an electromotive force (EMF) at the anode relative to the 
cathode to drive current through the external circuit. In an 
embodiment, the separation of the anode and cathode-half 
cell reactions causes a better match of the energy accepted 
from a second H by the catalyst HO wherein the HO for 
mation occurs by the oxidation of OH and reaction with a 
first H, and the oxidation reaction to form the catalyst is 
concerted with the catalysis reaction of a second H to form 
hydrinos as given by Eq. (88). In an embodiment, the matrix 
may bind H2O and also serve as a HO source to the inter 
mittent electrolysis reactions. The binding and Supplying of 
H2O may be at an energy that increases the rate or extent of 
the hydrino formation reaction. The H2O binding energy may 
cause a better match of the energy transferred from H to the 
catalyst Such as H2O. An exemplary electrolyte comprising a 
matrix that serves as at least one of a dielectric, separator, or 
at least one of a HO binder and reservoir is an alkali hydrox 
ide-alkali halide mixture such as LiOH LiBrand a matrix 
material of the disclosure that may have the components in 
any desired molar ratios. The wt % S of the alkali halide and 
matrix material may be similar. The electrolyte comprising a 
matrix may comprise a solid or semisolid at the operating 
temperature of the cell such as in the range of about 75° C. to 
700° C. An exemplary electrolyte is LiOH LiBr MgO 
having wt % in the range of about 10 wt %, 45 wt %, and 45 
wt %, respectively, with each +1 to 30 wt %. 
0230. The electrolyte may be manufactured by methods 
Such as tape casting, electrophoretic deposition, hot roll mill 
ing, or hot pressing. The wet sealing area of the bipolar plates 
may comprise aluminum or an aluminum alloy that may 
comprise a coating. Suitable aluminizing methods are paint 
ing, thermal spraying, vacuum deposition that may be fol 
lowed with fusion heat treatment, and pack cementation. An 
exemplary resultant diffusion coating of stainless steel com 
prises MAl-M-A1 structure (M-iron, nickel, plus 5-15 mol% 
chromium). Alternatively, aluminum-containing alloy pow 
ders such as FeCrATY, MAl, or MAl (M-Ni, Fe) may be 
thermally sprayed, in an exemplary embodiment. 
0231. In an embodiment such as one wherein the hydrogen 
is provided by permeation or intermittent electrolysis, the cell 
comprises a matrix to hold the electrolyte. The matrix may 
comprise a compound that wicks the electrolyte or causes it to 
be more viscous such as an inert compound. Suitable exem 
plary matrix materials are at least one of asbestos, Al2O, 
MgO, Li ZrO, LiAlO, LiMoO, Li TiO, or SrTiO. The 
electrolyte may be immobilized as a paste. The matrix to hold 
the electrolyte as a layer Such as a thin layer comprises the 
steps of mixing the matrix material and at least one other 
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material Such as a binder, a particulate material, and a solvent 
that combusts to essentially completion when heated to high 
temperature and heating the mixture to form the matrix. Suit 
able compounds are poly (vinyl formal) (PVFO) and ethanol 
solvent and polyethylene glycol (PEG). The pore size and 
density of the matrix may be varied by varying the particle 
size and ratio of matrix material to the at least one other 
compound. In an embodiment, the electrolyte is added to the 
matrix material. The pore size and density may be controlled 
to adjust the capillary action of the matrix relative to the 
surface tension of the electrolyte such that the electrolyte is 
maintained substantially in a layer without excessive flooding 
of the cathode or anode. The matrix pore size may be in the 
range of about 10 nm to 10 mm, about 100 nm to 100 
micrometers, or about 1 micrometer to 10 micrometers. The 
matrix may comprise a solid Such as a ceramic. A Suitable 
exemplary solid matrix is MgO, ZrO, or ytttria stabilized 
zirconium oxide. The matrix may be one of a solid oxide fuel 
cell that may conduct oxide ions such as yttria stabilized 
zirconia (YSZ) (often the 8% form Y8SZ), scandia stabilized 
zirconia (ScSZ) (usually 9 mol% Sc2O3–9ScSZ) and gado 
linium doped ceria (GDC). The matrix may comprise a salt 
bridge that may conduct oxide ions. Typical examples of 
oxide conductors are yttria-stabilized zirconia (YSZ), gado 
linia doped ceria (CGO), lanthanum gallate, and bismuth 
copper vanadium oxide such as BiCuVO). Some perovskite 
materials such as La Sr, Co, Os, also show mixed oxide 
and electron conductivity. The matrix may be impregnated 
with the electrolyte such as a eutectic salt electrolyte such as 
hydroxide Such as an alkali hydroxide and may further com 
prise and alkali halide. A suitable exemplary electrolyte is 
LiOH LiBr that may be impregnated in MgO solid matrix. 
The Solid matrix may further comprise a particulate matrix 
such as particles of MgO or other matrix compounds of the 
disclosure. In an embodiment, the anode comprises an inter 
mittent electrolysis electrode, or a hydrogen sparging or bub 
bling electrode Such as a porous electrode such as a Ni mat 
electrode. In an embodiment, at least one of the electrode and 
electrolyte resists electrolyte flooding. The electrolyte may 
comprise a matrix to stabilize the electrolyte. The anode may 
be a mat having a large pore size having capillary forces that 
are below the threshold for wicking the electrolyte wherein 
the electrolyte may comprise a matrix material Such as MgO 
or Li TiO. The electrode may be periodically rinsed to 
remove flooding electrolyte. The operating conditions may be 
changed to prevent flooding. For example, the temperature 
may be adjusted to change the electrolyte viscosity, Surface 
tension, and capillary action to prevent electrode flooding. 
The hydrogen flow that may be recirculated may be changed 
to prevent electrode flooding. 
0232. In an embodiment, the anode half-cell reactants 
comprise a source of H. In an embodiment, a metal ion Such 
as an alkali metal ion migrates to the cathode compartment 
and may undergoes a hydride exchange reaction with a 
hydride of the cathode compartment. An exemplary overall 
conventional cell reaction wherein the anode reactants com 
prise a source of Li may be represented by 

MH-me+mLi's nM'+mLiH(m,m are integers) (89) 

wherein M designates a single element or several elements (in 
a mixture, intermetallic compound, or an alloy form) chosen 
from metals or semi-metals capable of forming a hydride. 
These hydrides could also be replaced by a compound desig 
nated “M hydride' that means an element Min which hydro 
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gen atoms are absorbed (for example, chemically combined). 
M hydride may be designated hereafter MH, where m is the 
number of H atoms absorbed or combined by M. In an 
embodiment, the free enthalpy of formation per H of the 
hydride MH, or MH, is higher, equivalent, or less than that 
of the hydride of the catalyst such as LiH. Alternatively, at 
least one H may serve as the catalyst. 
0233. In embodiments, exemplary hydride metals or semi 
metals comprise alkali metals (Na, K, Rb, Cs), alkaline earth 
metals (Mg, Ca, Ba, Sr), elements from the Group IIIA such 
as B, Al. Ga, Sb, from the Group IVA such as C. Si, Ge. Sn, 
and from the Group VA such as N. P. As. Further examples are 
transition metal alloys and intermetallic compounds AB, in 
which A represents one or more element(s) capable of form 
ing a stable hydride and B is an element that forms an unstable 
hydride. Examples of intermetallic compounds are given in 
TABLE 5. 

TABLE 5 

Elements and combinations that form hydrides. 

A. B in AB, 

Mg, Zr Ni, Fe, Co /2 Mg2Ni, MgCo., Zr-Fe 
Ti, Zr Ni, Fe 1 TNi, TiFe, ZrNi 
La, Zr, Ti, Y, Ln V, Cr, Mn, Fe, Ni 2 LaNi, YNi, YMn, ZrCr, 

La, Ln,Y, Mg Ni, Co 3 LnCo., YNis, LaMg2Nig 
La, rare earths Ni, Cu, Co, Pt 5 LaNis, LaCos, LaCus, 

LaPts 

Further examples are the intermetallic compounds wherein 
part of sites A and/or sites B are substituted with another 
element. For example, if M represents LaNis, the intermetal 
lic alloy may be represented by LaNis-A, where A is, for 
example, Al, Cu, Fe, Mn, and/or Co. and La may be substi 
tuted with Mischmetal, a mixture of rare earth metals con 
taining 30% to 70% of cerium, neodymium and very small 
amounts of elements from the same series, the remainder 
being lanthanum. In other embodiments, lithium may be 
replaced by other catalysts or sources of catalyst Such as Na, 
K, Rb, Cs, Ca, and at least one H. In embodiments, the anode 
may comprise an alloy such as LiMg, K-Mg, NaMg that 
forms a mixed hydride such as MMgH (Malkali metal). 
0234. In an embodiment, the regeneration is achieved 
using a CIHT cell comprising three half-cells as shown in 
FIG. 4. The primary anode 600 and cathode 601 half-cells 
comprise the principle cell comprising the standard reactants 
such as a source of Li and CoO(OH), respectively, separated 
by a separator 602 and an organic electrolyte. Each has its 
corresponding electrode 603 and 604, respectively. The 
power of the discharging principle cell is dissipated in the 
load 605 following closing the switch 606. In addition, the 
third or regeneration half-cell 607 interfaces the primary cath 
ode half-cell 601 and comprises a source of protons. The 
primary cathode and regeneration half-cells are separated by 
a proton conductor 608. The regeneration half-cell has its 
electrode 609. During recharging of the principle cell power 
is supplied by source 610 with switch 611 closed and switch 
606 opened. The regeneration half-cell 607 serves as the 
secondary anode and the primary anode 600 serves as a sec 
ondary cathode. Protons are formed by oxidation of H and 
migrate from the regeneration cell 607 to the primary cathode 
601. Li' ions are displaced from LiCoO by H* ions to form 
CoO(OH) or HCoO as the Li" ions migrate to the secondary 
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cathode 600 and are reduced to Li. In a three chamber cell 
embodiment, the recharge anode may comprise a proton 
source such as Pt/C(H) and a proton conductor. Then the 
recharge cell could be Pt/C(H,) with proton conductor inter 
face/LiCoO2/Li. Exemplary cells are Lisource such as Lior 
an Li alloy such as LiMg or LiC/olefin separator and organic 
electrolyte such as Celgard and LP 40/CoO(OH) or HCo(O/ 
proton conductor/H" source such as Pt(H). Pt/C(H). In 
another embodiment, hydrogen is supplied to chamber 607 
that comprises a hydrogen dissociation catalyst Such as Pt/C 
and a membrane separator at 608 that may be Nafion whereby 
H atoms diffuse into the cathode product material in chamber 
601 while an electrolysis voltage is applied between elec 
trodes 604 and 603. The positive applied voltage on electrode 
604 causes Li to migrate to chamber 600 to be reduced at 
electrode 603 while H is incorporated into the cathode mate 
rial during electrolysis. In another embodiment, the separator 
608 is electrically isolated from the cell body and comprises 
the electrode 609. The chamber 607 comprises an H source 
such as a hydride. The electrode 609 may oxidize of a source 
such as the hydride. The conductivity may be increased by a 
molten eutectic salt conductor in chamber 607. The electroly 
sis causes H to migrate to chamber 601 to become intercalated 
in the oxyhydroxide. 
0235. In an embodiment, the cell comprises an aqueous 
electrolyte. The electrolyte may be an alkali metal salt in 
Solution Such an alkali Sulfate, hydrogen Sulfate, nitrate, 
nitrite, phosphate, hydrogen phosphate, dihydrogen phos 
phate, carbonate, hydrogen carbonate, halide, hydroxide, per 
manganate, chlorate, perchlorate, chlorite, perchlorite, 
hypochlorite, bromate, perbromate, bromite, perbromite, 
iodate, periodate, iodite, periodite, chromate, dichromate, tel 
lurate, selenate, arsenate, silicate, borate, and other oxyanion. 
Another suitable electrolyte is an alkali borohydride such as 
sodium borohydride in concentrated base such as about 4.4M 
NaBH in about 14 MNaOH. 
0236. In another embodiment comprising an aqueous or 
molten hydroxide electrolyte, the cell comprises a metal 
hydride electrode such as those of the present disclosure. 
Suitable exemplary hydrides are R Ni, Raney cobalt 
(R—Co), Raney copper (R—Cu), transition metal hydrides 
such as CoH, CrH, TiH, FeH, MnH, NiH, ScH, VH, CuH, 
and ZnH, intermetallic hydrides such as LaNish, 
LaCoNicho, ZrCr2Hss, LaNissMino-Alois Culozs, Zr.Mno. 
sCroV, Ni, and AgH, CdH, PdH. PtH, NbH. Tall, ZrH. 
HfH, YH. LaH, CeH, and other rare earth hydrides. Fur 
ther exemplary metals or semi-metals of suitable hydrides 
comprise alkali metals (Na, K, Rb, Cs), alkaline earth metals 
(Mg, Ca, Ba, Sr), elements from the Group IIIA such as B, Al, 
Ga, Sb, from the Group IVA such as C. Si, Ge, Sn, and from 
the Group VA such as N. P. As, and transition metals and 
alloys. The hydride may be an intermetallic compound. Fur 
ther examples are intermetallic compounds AB, in which A 
represents one or more element(s) capable of forming a stable 
hydride and B is an element that forms an unstable hydride. 
Examples of intermetallic compounds are given in TABLE 5 
and the corresponding section of the disclosure. The hydride 
may be at least one of the type ABs, where A is a rare earth 
mixture of lanthanum, cerium, neodymium, praseodymium 
and B is nickel, cobalt, manganese, and/or aluminum, and 
AB where A is titanium and/or vanadium and B is Zirconium 
or nickel, modified with chromium, cobalt, iron, and/or man 
ganese. In an embodiment, the anode material serves the role 
of reversibly forming a mixture of metal hydride compounds. 
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Exemplary compounds are LaNis and LaNiMno Alo Coo. 
7. An exemplary anode reaction of the metal hydride R Niis 

In an embodiment, nickel hydride may serve as a half-cell 
reactant Such as the anode. It may be formed by aqueous 
electrolysis using a nickel cathode that is hydrided. The elec 
trolyte may be a basic one such as KOH or KCO, and the 
anode may also be nickel. The cathode may comprise an 
oxidant that may react with water Such as a metal oxide Such 
as nickeloxyhydroxide (NiOOH). An exemplary cathode 
reaction is 

Hydrinos may be formed by HO catalyst formed at the 
anode. The cell may comprise an electrolyte such as an alkali 
hydroxide such as KOH and may further comprise a spacer 
Such as a hydrophilic polyolefin. An exemplary cells are 
R—Ni, Raney cobalt (R—Co), Raney copper (R—Cu), 
LaNish, LaCo NioHo, ZrCr2Hss, LaNissMino-Alois Coo. 
75, ZrMn-CroV, Ni, CoH, CrH, FeH, MnH, NiH, ScH. 
VH, CuH, ZnH, AgH/polyolefin KOH(aq), NaOH(aq), or 
LiOH(aq)/NiO(OH). Additional suitable oxidants are WO 
(OH), WO(OH), VO(OH), VO(OH), VO(OH), VO, 
(OH), VO(OH), VO(OH), VO(OH), VO(OH), 
VO(OH), Fe0(OH), MnO(OH), MnO(OH), MnO, 
(OH), MnO(OH), MnO(OH), MnO(OH) MnO(OH), 
MnO (OH), MnO(OH), MnO(OH), MnO(OH), 
NiO(OH), TiO(OH), TiO(OH), TiO(OH), TiO(OH), 
TiO(OH), TiO(OH), and NiO(OH). Further exemplary 
Suitable oxyhyroxides are at least one of the group of bracew 
ellite (CrO(OH)), diaspore (AlO(OH)), ScC(OH), YO(OH), 
VO(OH), goethite (C-Fe"O(OH)), groutite (Mn"O(OH)), 
guyanaite (CrO(OH)), montroseite ((V.Fe)O(OH)), CoO 
(OH), NiO(OH), NiCo O(OH), and NiCoMnO 
(OH), RhCl(OH), InC(OH), tsumgallite (GaC(OH)), manga 
nite (Mn"O(OH)), yttrotungstite-(Y) YWO(OH), 
yttrotungstite-(Ce) ((Ce,Nd,Y)WO(OH)), unnamed (Nd 
analogue of yttrotungstite-(Ce)) ((Nd, Ce, La)WO(OH)), 
frankhawthorneite (Cu(OH), Te0), khinite (PbCut 
(Te0)(OH)), and parakhinite (Pb"Cu"TeO(OH)). In 
general, the oxidant may be M.O.H., wherein x, y, and Z are 
integers and M is a metal Such as a transition, inner transition, 
or rare earth metal Such as metal oxyhydroxides. In other 
embodiments, other hydrogenated chalcogenides or chalco 
genides may replace oxyhydroxides. The cell may be regen 
erated by charging or by chemical processing such as rehy 
driding the metal hydride such as R Ni. 
0237. The electrolyte may comprise concentrated base 
such as MOH (Malkali) in the concentration range of about 
6.5 M to saturated. The active material in the positive elec 
trode may comprise nickel hydroxide that is charged to nickel 
oxyhydroxide. Alternatively, it may be another oxyhydrox 
ide, oxide, hydroxide, or carbon such as CB, PtC, or PdC, or 
a carbide such as TiC, aboride such as TiB, or a carbonitrile 
such as TiCN. The cathode such as nickel hydroxide may 
have a conductive network composed of cobalt oxides and a 
current collector Such as a nickel foam skeleton, but may 
alternately be nickel fiber matrix or may be produced by 
sintering filamentary nickel fibers. 
0238. The active material in the negative electrode may be 
an alloy capable of storing hydrogen, Such as one of the ABs 
(LaCePrNdNiCoMnAl) or AB (VTiZrNiCrCoMnAISn) 
type, where the “AB designation refers to the ratio of the A 
type elements (LaCePrNd or TiZr) to that of the B type 
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elements (VNiCrCoMnAlSn). Suitable hydride anodes are 
those used in metal hydride batteries such as nickel-metal 
hydride batteries that are known to those skilled in the Art. 
Exemplary suitable hydride anodes comprise the hydrides of 
the group of R-Ni, LaNis, LaCoNioHo, ZrCrHis 
LaNissMino-AlloCoozs. ZrMnosCro.2Vol. NiI2, and other 
alloys capable of storing hydrogen, such as one of the ABs 
(LaCePrNdNiCoMnAl) or AB (VTiZrNiCrCoMnAISn) 
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 
hydride anode comprises at least one of MmNis (Mm-misch 
metal) such as MmNisCO, Alos, the ABS-type: MmNis 
2CooMno Alo Moooo (Mm misch metal: 25 wt % La, 50 
wt %Ce, 7 wt % Pr, 18 wt % Nd), LaRNis, MAB-type: 
Tiosi Zroao VozoNisCro12 alloys, magnesium-based 
alloys Such as Mg19Aloi NiosCoo. Mino alloy, Mgo.72Sco.2s 
(Pdoo2+Rhool 2), and MgsoTio MgsoVo, LaosNdo.2Ni2. 
4CO, Sio, LaNis-M, (M=Mn, Al), (M=Al, Si, Cu), 
(M=Sn), (M=Al, Mn, Cu) and LaNiCo, MmNissMino. 
44Alois Coo7s. LaNissMino.44Alois Coo. 7s, MgCu2, Mg2n.2 
MgNi, AB compounds such as TiFe, TiCo, and TiNi, AB 
compounds (n=5, 2, or 1), AB compounds, and AB (A La, 
Ce, Mn, Mg, B-Ni, Mn, Co., Al). Other suitable hydrides are 
ZrFe, ZrosCsos Fe, Zrossco Fe. YNis, LaNis, LaNia. 
sCoos (Ce, La, Nd, Pr)Nis, Mischmetal-nickel alloy, Tio. 
98Zroo2VolasfeologCroos Mnis, LaCo Nio, FeNi, and 
TiMn. In either case, the materials may have complex micro 
structures that allow the hydrogen storage alloys to operate in 
the aggressive environment within the cell where most of the 
metals are thermodynamically more stable as oxides. Suit 
able metal hydride materials are conductive, and may be 
applied to a current collector Such as one made of perforated 
or expanded nickel or nickel foam Substrate or one made of 
copper. 

0239. In embodiments, the aqueous solvent may comprise 
HO, DO, TO, or water mixtures and isotope mixtures. In 
an embodiment, the temperature is controlled to control the 
rate of the hydrino reaction and consequently the power of the 
CIHT cell. A suitable temperature range is about ambient to 
100° C. The temperature may be maintained about >100° C. 
by sealing the cell so that pressure is generated and boiling is 
Suppressed. 
0240. In an embodiment, the OH catalyst or HO catalyst 
is formed at the anode from the oxidation of OHT in the 
presence of H or a source of H. A suitable anode half-cell 
reactant is a hydride. In an embodiment, the anode may com 
prise a hydrogen storage material Such as a metal hydride 
Such as metal alloy hydrides Such as BaReH9, LaCoNiH, 
LaNish or LaNish (in the disclosure, LaNish is defined as 
the hydride of LaNis and may comprise LaNish, and other 
hydride Stoichiometries, and the same applies to other 
hydrides of the disclosure wherein other stoichiometries than 
those presented are also within the scope of the present dis 
closure), ZrCr2Hss, LaNissMino-Alois Coo.7s. ZrMnosCro. 
2Vo, Ni, TiFeH, and MgNiH4. In an embodiment com 
prising a LaNish, LaCoNioHo, ZrCr2Hss, LaNissMino. 
4AloCoozs, or Zr.Mino-CroV, Ni anode or similar 
anode and KOH or NaOH electrolyte, LiOH is added to the 
electrolyte to passivate any oxide coating to facilitate the 
uptake of H to hydride or rehydride the LaNish, 
La-Col Nighs. ZrCr2Hss, LaNissMino-AlloCoo7s, or 
Zr.Mino CroVo Nia. Exemplary cells are BaReH9. 
LaNish, LaCoNioHo, ZrCr-Has, LaNissMino-Alois Coo. 

40 
Mar. 13, 2014 

75, ZrMno CroV, Ni, FeTiHz, TiFeH, and MgNiH/ 
MOH (saturated aq) (M=alkali)/carbon, PdC, PtC, oxyhy 
droxide, carbide, or boride and LaNisFH, LaCoNiH, 
ZrCr2Hss, LaNissMino-AlloCoos, or Zr.MnosCroVo. 
Ni/KOH (sataq) EuBr or EuBr/CB. 
0241. In an embodiment, the cell comprises an aqueous 
electrolyte such as KOH (1 M to saturated) and a metal 
hydride anode such as at least one of LaNis, MmNisCO. 
7AlsH (LaNd)(NiCoSi)H, TiMn., and (Ti, Zr)(V. Ni). 
wherein the cell may further comprise a solid electrolyte such 
as at the anode. A suitable solid electrolyte is tetramethyl 
ammonium hydroxide pentahydrate (TMAH5)(CH), NOH. 
5H2O. The cathode may comprise an oxygen reduction cata 
lyst Such as carbon Such as steam carbon (SC) and a source of 
oxygen such as air or O. Exemplary cells are at least one of 
LaNish, MmNiCo, Alosh (LaNd)(NiCoSi)H, 
TiMn., and (Ti, Zr)(V, Ni). TMAH5/KOH (sataq)/SC+air. 
The cell may be regenerated after discharge by hydriding the 
anode with H or by electrolysis. 
0242 OH formed as an intermediate of a reduction reac 
tion of reactant(s) to OH or HO may serve as a catalyst or a 
source of catalyst such as OH or HO to form hydrinos. In an 
embodiment, the oxidant of the cell comprising an alkaline 
electrolyte such as an aqueous MOH or MCO electrolyte 
(Malkali) comprises a source of oxygen such as at least one 
of a compound comprising oxygen, an oxygen containing 
conducting polymer, an oxygen containing compound or 
polymer added to a conducting matrix Such as carbon, O, air, 
and oxidized carbon Such as steam treated carbon. The reduc 
tion reaction of oxygen may form reduced oxygen com 
pounds and radicals that may comprise at least 0 and possibly 
H Such as hydrogen peroxide ion, Superoxide ion, hydroper 
oxyl radical, O, O, HOOH, HOO, OH and OH. In an 
embodiment, the cell further comprises a separator that pre 
vents or retards the migration of oxygen from the cathode to 
the anode and is permeable to the migrating ion Such as OH. 
The separator may also retard or prevent oxides or hydroxides 
such as Zn(OH), Sn(OH), Sn(OH), Sb(OH), 
Pb(OH), Cr(OH), and Al(OH), formed in the anode 
half-cell compartment from migrating to the cathode com 
partment. In an embodiment, the anode comprises an H 
Source Such as a hydride Such as R-Ni, LaNis 
LaCoNighs. ZrCr2Hss, LaNissMino-AlloCoozs, or 
ZrMnos CroV, Ni, or H2 gas and a dissociator Such as 
Pt/C. In this embodiment and others of the disclosure that 
comprise R-Ni, another Raney metal Such as Raney cobalt 
(R—Co), Raney copper (R—Cu), and other forms of R. Ni 
comprising activators that may comprise other metals, metal 
oxides, alloys, or compounds may be substituted for R Nito 
comprise further embodiments. An exemplary cell comprises 
a metal hydride M'H. (M'-metal or alloy such as R Nior 
LaNis) and an oxygen cathode Such as O gas or air at the 
cathode such as a carbon cathode or oxygen absorbed in 
carbon C(O), that releases Ogiving C(O). In an embodi 
ment similar to Eq. (94), at least one of water and oxygen are 
reduced to at least one of OH, H, and H at the cathode. 
Corresponding exemplary reactions are 
Anode 

0243 
M'H+OH to M'H+H2O+e (92) 

wherein OH may be formed as an intermediate and serve as a 
catalyst to form hydrinos or HO may be formed to serve as 
the catalyst. 
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Cathode 

0244 

Alternatively, the cathode reaction may involve water alone at 
the positive electrode: 

The cathode to perform reaction Eq. (94) may be a water 
reduction catalyst, and optionally an O. reduction (Eq. (93)) 
catalyst, Such as Supported metals, Zeolites, and polymers that 
may be conductive such as polyaniline, polythiophen, or 
polyacetylene, that may be mixed with a conductive matrix 
such as carbon. Suitable HO reduction catalysts efficiently 
reduce H2O to H in Solutions such as alkaline Solutions. 
Exemplary catalysts are those of the group of Ni, porous Ni, 
sintered Nipowder, Ni Ni(OH), R Ni, Fe, intermetallics 
of transition metals, Hf, Fe, Zr Pt, Nb—Pd(I), Pd Ta, 
Nb Pd(II), Ti Pt, nanocrystalline (x=0.6,0.85 atomic per 
cent), Ni Mo, Mm alloy Such as MmNo Coos Mino Alo. 
27, Ni Fe Mo alloy (64:24:12) (wt %), Ni Salloy, and 
Ni–S Mn alloy. The electrolyte may further comprise acti 
vators such as ionic activators such as each or the combination 
of tris(ethylenediamine)Co(III) chloride complex and 
NaMoO or EDTA (ethylenediaminetetraacetic acid) with 
iron. Exemplary cells are M/KOH (saturated aq)/water 
reduction catalyst and possibility an O. reduction catalyst; 
M-alloy or metals such as those of Zn, Sn, Co, Sb, Te W. Mo, 
Pb, Ge; water reduction catalyst and possibility an O. reduc 
tion catalyst—at least one of Pt/Ti, Pt/Al2O, steam carbon, 
perovskite, Ni, porous Ni, sintered Nipowder, Ni Ni(OH), 
R Ni, Fe, intermetallics of transition metals, Hf, Fe, Zr Pt, 
Nb Pd(I), Pd Ta, Nb Pd(II), Ti Pt, nanocrystalline 
NiMo (x=0.6,0.85 atomic percent), Ni Mo, Mm alloy 
such as MmNiCo, Mn. Alo, Ni Fe—Mo alloy (64: 
24:12) (wt %), Ni Salloy, and Ni S Mn alloy. 
0245. In an embodiment the cathode comprises a source of 
oxygen Such as an oxide, oxyhydroxide, oxygen gas, or air. 
Oxygen from the Source is reduced at the cathode in aqueous 
Solution to form a negative ion that comprises 0 and may 
comprise H. The reduction reaction of oxygen may form 
reduced oxygen compounds and radicals that may comprise 
at least 0 and possibly H Such as hydrogen peroxide ion, 
superoxide ion, hydroperoxyl radical, O., O., HOOH, 
HOO, OH and OH. In an embodiment, at least one of these 
species or a product species formed at the anode may com 
prise the catalyst. The catalyst reaction may involve the oxi 
dation of OOH to OH and metal oxide wherein OOH serves 
as a source of catalyst. Exemplary reactions of metal Mare 

Cathode 

0246 
O+HO+2e to OOH +OH (95) 

Anode: 

0247 
M-OOH to MO-OH-e (96) 

MH or MOH-OOH to Mor MO-HOOH-e (97) 

wherein at least one of OOH and possibly O, and HOOH 
serves as a source of catalyst Such as at least one of OH and 
HO. OOH may also serve as the source of catalyst in a cell 
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comprising a hydroxide cathode oranode reactant that forms 
an oxide and may further comprise a solid electrolyte Such as 
BASE. The catalyst may be HO. An exemplary cell is Na/ 
BASE/NaOH and an exemplary reactions involving super 
oxide, peroxide, and oxide are 

Na+2NaOH to NaO +2NaH to NaOOH+2Na to 

In the latter reaction, HO may react with Na. The reaction to 
form intermediate MOOH such as NaOOH (Malkali) that 
may react to form NaO and OH may involve supplied hydro 
gen. Exemplary cells are Ni(H. Such as in the range of about 
1 to 1.5 atm) NaOH/BASE/NaCl. NiCl, or NaCl-MnClor 
LiCl, BaCl and Ni(H) at least one of NaO and NaOH/ 
BASE/NaCl. NiCl, or NaCl MnC1 or LiC1 BaCl, that 
may produce electrical power by forming hydrinos via reac 
tions such as 

Cathode: 

0248 
2Na+2e +MX to 2NaCl-M' (101) 

Anode: 

0249 
/2H2+3NaOH to NaOOH+NaH+H2O+Na'+e (102) 

NaOOH+NaH to Na2O+HO (103) 

Na2O+NaOH to NaOOH+2Na+2e. (104) 

wherein M' is a metal, X is halide, other alkali metals may be 
substituted for Na, and NaH or OOH may serve as a source 
of catalyst, or OH may beformed as an intermediate and serve 
as a catalyst. 
0250 In an embodiment, the source of oxygen may com 
prise a compound comprising O bound to at least one other 
element. Suitable sources of oxygen are at least one of CO, 
NO, NO, NO, and SO. Exemplary cells are Ni(H)/MOH 
MX/Ni+CO, NO, NO, NO, or SO, (Malkali, X=halide). 
0251. In an embodiment, the electrolyte comprises or 
additionally comprises a carbonate Such as an alkali carbon 
ate. During electrolysis, peroxy species may form Such as 
peroxocarbonic acid or an alkali percarbonate that may be a 
source of OOH, OH, or HO that serve as a source of catalyst 
or catalyst to form hydrinos. Exemplary cells are Zn, Sn, Co. 
Sb, Te, W. Mo, Pb, Ge/KOH (saturated aq)+KCO/carbon-- 
air and Zn, Sn, Co, Sb, Te W. Mo, Pb, Ge/KOH (saturated 
aq)+KCO/Ni powder+carbon (50/50 wt %)+air. 
0252. In an embodiment, the matrix such as steam acti 
vated carbon comprises a source of oxygen such as carboxy 
late groups that react with the electrolyte Such as a hydroxide 
Such as KOH to form the corresponding carboxylate such as 
KCO. For example, CO from carboxylate groups may 
react as follows: 

2KOH--CO2 to K2CO+H2O (105) 

wherein OH is oxidized and CO is reduced. The process 
may comprise a mechanism to form hydrinos. Activated car 
bon and PtC comprising activated carbon may react in this 
manner to form hydrinos. Similarly, R Nireacts with OH 
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to form HO and Al-O which involves the oxidation of OH 
and provides a direct mechanism to form hydrinos. Thus, 
hydrinos may beformed at a carbon cathode or R. Nianode 
by direct reaction. 
0253) An embodiment comprises a fuel cell with a source 
of hydrogen such as H gas and a source of oxygen Such as O. 
gas or air. At least one of H and O may be generated by 
electrolysis of water. The electricity for the electrolysis may 
be supplied by a CIHT cell that may be driven by the gasses 
supplied to it directly from the electrolysis cell. The electroly 
sis may further comprise gas separators for H and O. to 
Supply purified gases to each of the cathode and anode. 
Hydrogen may be supplied to the anode half-cell, and oxygen 
may be supplied to the cathode half-cell. The anode may 
comprise an H oxidation catalyst and may comprise an H2 
dissociator such as Pt/C, Ir/C, Ru?C, Pd/C, and others of the 
disclosure. The cathode may comprise an O. reduction cata 
lyst Such as those of the disclosure. The cell produces species 
that may form OH that may serve as the catalyst to form 
hydrinos and produce energy Such as electrical energy in 
excess of that from the reaction of hydrogen and oxygen to 
form water. 

0254. In an embodiment, a cell comprising an O or air 
reduction reaction at the cathode comprises an anode that is 
resistant to H evolution such as a Pb, In, Hg, Zn, Fe, Cd or 
hydride such as LaNish anode. The anode metal M may 
form a complex or ion such as M(OH) that is at least 
partially soluble in the electrolyte such that the anode reaction 
proceeds unimpeded by a coating Such as an oxide coating. 
The anode may also comprise other more active metals such 
a Li, Mg, or Al wherein inhibitors may be used to prevent 
direct reaction with the aqueous electrolyte, or a nonaqueous 
electrolyte such as an organic electrolyte or an ionic liquid 
may be used. Suitable ionic liquid electrolytes for anodes 
such as Li are 1-methyl-3-octylimidazolium bis(trifluorm 
ethylsulonyl)amide, 1-ethyl-3-methylimidazolium bis(pen 
tafluoroethylsulfonyl)amide, and 1-ethyl-3-methylimidazo 
lium bis(trifluorimethylsulonyl)amide. The anode may be 
regenerated in aqueous solution by electrolysis wherein Pb, 
Hg, or Cdmay be added to suppress Hevolution. Metals with 
a high negative electrode potential Such as Al, Mg, and Lican 
be used as anodes with an aprotic organic electrolyte. 
0255. In an embodiment, the reduction of O, proceeds 
through the peroxide pathway involving two-electrons. Suit 
able cathodes that favor the peroxide pathway are graphite 
and most other carbons, gold, oxide covered metals such as 
nickel or cobalt, some transition metal macrocycles, and tran 
sition metal oxides. Manganese oxide such as MnO may 
serve as an O. reduction catalyst. Alternatively, oxygen may 
be reduced directly to OH or HO by four electrons. This 
pathway is predominant on noble metals such as platinum and 
platinum group metals, some transition metal oxides having 
the perovskite or pyrochlore structure, Some transition metal 
macrocycles Such as iron phthalocyanine, and silver. In an 
embodiment, the cathode is resistant to corrosion by an alka 
line electrolyte such as aqueous or molten alkali hydroxide 
such as LiOH, NaOH, or KOH. Suitable cathodes are Ni and 
Cu 

0256 The electrode may comprise a compound electrode 
for oxygen reduction and evolution. The latter may be used 
for regeneration. The electrode may be bifunctional capable 
of oxygen reduction and evolution wherein the activity is 
provided by corresponding separate catalyst layers, or the 
electrocatalyst may be bifunctional. The electrode and cell 
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designs may be those known in the Art for metal-air batteries 
such as Fe or Zn-air batteries or a suitable modification 
thereof known by those skilled in the Art. A suitable electrode 
structure comprises a current collector, a gas diffusion layer 
that may comprise carbon and a binder, and an active layer 
that may be a bifunctional catalyst. Alternatively, the elec 
trode may comprise the O reduction layers on one side of the 
current collector and O evolution layers on the other side. 
The former may comprise an outer gas diffusion layer in 
contact with the Source of oxygen and a porous, hydrophobic 
catalyst layer in contact with the current collector; whereas, 
the latter may comprise a porous, hydrophilic catalyst layer in 
contact with the electrolyte on one side of the layer and the 
current collector on the other side. 

0257 Suitable perovskite-type oxides that may serve as 
catalysts to reduce oxygen from a source may have the gen 
eral formula ABO, and such substituted perovskites can have 
the general formula Al-A', B-B'Os. A may be La, Nd: A 
may be strontium, barium, calcium; and B may be nickel, 
cobalt, manganese, ruthenium. Other Suitable catalysts for 
reducing oxygen at the cathode are a perovskite-type catalyst 
Such as Lao Cao CoO doped with metal oxide, MNiO. 
(M=alkali), MMO (Malkali, M'=transition metal), La 
aCaCoO, La Sr, CoO (OsXs0.5), or Laos Sro-Co 
B.O. (B-Ni, Fe, Cu, or Cr; 0sys0.3), Laos SrosCoO, 
LaNiO, LaFe,NiO, Substituted LaCoO, La CaMo, 
Laos Cao.2MnO, Lal-A' Co-B'Os (A-Ca.; B'-Mn, Fe, 
Co, Ni, Cu), Lao Cao Coos Feo.2O3, La 1-A, Fel-B'Os 
(A=Sr, Ca, Ba, La; B'-Mn), Laos SE2Fe-MnO, and per 
ovskite-type oxides based on Mn and some transition metal or 
lanthanoid, or a spinel such as Co-O or NiCoO, a pyro 
chlore such as Pb.Ru.PbO, or Pb.Ru.O.s, other oxides 
such as Naos Pts O organometallic compounds such as col 
balt porphyrin, or pyrolyzed macrocycles with Co additives. 
Suitable pyrochlore-type oxides have the general formula 
ABO, or A.B.A.O., (A-Pb/Bi, B-Ru/Ir) such as 
Pb,IrO, PbBiRu-O, Pb(Pb,Ir)O, and NdIrO,. 
Suitable spinels are nickel cobalt oxides, pure or lithium 
doped cobalt oxide (CoO), cobaltite spinels of the type 
MCOO (M=Co, Ni, Mn oxygen reduction) and (M-Co. 
Li, Ni, Cu, Mn oxygen evolution). The oxygen reduction 
catalyst may be nickel, R-Ni, silver, Ag-support Such as 
Ag—Al-O, noble metal such as Pt, Au, Ir, Rh, or Ru, nickel 
cobalt oxide Such as NiCo-O, and copper cobalt oxide Such 
as CuCo-O. The oxygen reduction or evolution catalyst may 
further comprise a conducting Support Such as carbon Such as 
carbon black, graphitic carbon, Ketjen black, or graphitized 
Vulcan XC 72. Exemplary cells are Zn, Sn, Co, Sb, Te, W. 
Mo, Pb, Ge/KOH (saturated aq)/air--carbon--O reduction 
catalyst such as perovskite-type catalyst such as Lao Cao 
4CoO doped with metal oxide, La CaCoO, La Sr 
CoO, (0sxs0.5), or LaosSr.Col.B.O. (B-Ni, Fe, Cu, or 
Cr; 0sys0.3), or a spinel Such as Co-O or NiCo-O, a pyro 
chlore such as Pb.Ru.PbO, or Pb.Ru.O.s, other oxides 
Such as Naos Pt-O, or pyrolyzed macrocycles with Co addi 
tives. In another embodiment, the cathode comprises a water 
reduction catalyst. 
0258. The cathode is capable of supporting the reduction 
of at least one of H2O and O. The cathode may comprise a 
high-Surface area conductor Such as carbon Such as carbon 
black, activated carbon, and steam activated carbon. The cath 
ode may comprise a conductor having a low over potential for 
the reduction of at least one of O or HO or H evolution such 
as Pt, Pd, Ir, Ru, Rh, Au, or these metals on a conducting 
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Support Such as carbon or titanium as the cathode with H2O as 
the cathode half-cell reactant. The electrolyte may be concen 
trated base such as in the range of about 6.1 M to saturated. 
Exemplary cells are dissociator and hydrogen such as PtCB, 
PdC, or Pt(20%)Ru(10%) (H., 1000 Torr), or metal hydride 
Such as R-Ni of various compositions, R-Co, R-Cu, 
LaNish, LaCoNioHo, ZrCr-Has, LaNissMino-Alois Coo. 
75, ZrMassCroV, Ni or hydride of TABLE 5/aqueous 
base such as KOH (aq) electrolyte (>6.5M to saturated or >11 
M to Saturated)/carbon, oxygen electrode such as O or air at 
carbon, C(O), or oxidized carbon such as steam activated 
carbon, or CB, PtC, PdC, CB(H), PtC(H), PdC(H), con 
ductor having a low over potential for reduction of at least one 
of O or HO or H evolution such as Pt, Pd, Ir, Ru, Rh, Au, or 
these metals on a conducting Support such as carbon or tita 
nium as the cathode with at least one of HO and O, as the 
cathode half-cell reactant. 
0259. In an embodiment, the anion can serve as a source of 
oxygen at the cathode. Suitable anions are oxyanions such as 
CO', SO, and PO. The anion such as CO may form 
a basic solution. An exemplary cathode reaction is 

Cathode 

0260 
CO+4e +3HO to C+6OH (106) 

The reaction may involve a reversible half-cell oxidation 
reduction reaction Such as 

CO2+HO to CO2+2OH (107) 

The reduction of HO to OH-i-H may result in a cathode 
reaction to form hydrinos wherein HO serves as the catalyst. 
Exemplary cells are Zn, Sn, Pb, Sb/KOH (sat aq)+KCO/ 
CB-SA having KOH-KCO, electrolytes. In an embodi 
ment, CO, SO, PO and other similar reactants may be 
added to the cell as a source of oxygen. 
0261 The anode may comprise a metal capable of reacting 
with an oxygen species such as OOH or OH. Suitable 
metals are Al, V, Zr, Ti, Mn, Se, Zn, Cr, Fe, Cd, Co, Ni, Sn, In, 
Pb, Cu, Sb, Bi, Au, Ir, Hg, Mo, Os, Pd, Re, Rh, Ru, Ag, Tc, Te. 
Tl, and W that may be powders. The anode may comprise 
short hydrophilic fibers such as cellulose fibers to prevent 
densification during recharging. The anode may be formed in 
a discharged state and activated by charging. An exemplary 
Zinc anode may comprise a mixture of Zinc oxide powder, 
cellulose fibers, polytetrafluorethylene binder, and optionally 
Some Zinc powder and additives such as lead (II) oxide or 
oxides of antimony, bismuth, cadmium, gallium, and indium 
to prevent H evolution. The mixture may be stirred on a 
water-acetone mixture, and the resulting homogeneous Sus 
pension may be filtered, the filter cake pressed into a current 
collector Such as lead-plated copper net and dried attempera 
ture slightly >100° C. The electrode having a porosity of 
about 50% may be wrapped in a micro-porous polymer mem 
brane such as Celgard that holds the electrode together and 
may serve as the separator. In other embodiments, the anode 
may be assembled using primarily Znpowder that avoids the 
initial charging step. 
0262 The cell may comprise a stack of cells connected in 
series or in parallel that may have a reservoir to accommodate 
volume changes in the electrolyte. The cell may further com 
prise at least one of humidity and CO management systems. 
The metal electrode may be sandwiched between to oxygen 
electrodes to double the surface area. Oxygen may diffuse 
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from air through a porous Teflon-laminated air electrode 
comprising an oxygen diffusion electrode. In an embodiment, 
the electrons from the cathode react with oxygen at catalytic 
sites of a wetted part of the oxygen diffusion electrode to form 
reduced water and oxygen species. In an embodiment, the 
anode is Submerged, and the cathode comprises an electrolyte 
wetted portion and a portion that is in direct contact with the 
O Source Such as air or O. In an embodiment, the oxygen 
reduction current is increased by increasing the material 
exposed to air for a given electrolyte interface area by adding 
more air exposed cathode Surface area. In an embodiment, the 
cathode is Submerged and oxygen is provided by electrolysis. 
In an embodiment, the cathode is mostly submerged with a 
Smaller Surface area portion exposed to air to Supplement that 
provided by electrolysis to optimize the efficiency of the cell 
to form hydrinos while avoiding excessive corrosion Such as 
corrosion of the anode. In an embodiment, oxygen and an 
inert gas mixture are provided to the cell with added H2O 
vapor. The oxygen may be in the range of about 1 to 10 molar 
% with HO in the range of about range of about 31 Torr to 93 
Torr. In embodiments of the CIHT cell supplied with HO, the 
HO vapor is in the pressure range of at least one of about 
0.001 Torr to 100 atm, about 0.001 Torr to 0.1 Torr, about 0.1 
Torr to 1 Torr, about 1 Torr to 10 Torr, about 10 Torr to 100 
Torr, about 100 Torr to 1000 Torr, and about 1000 Torr to 100 
atm. The balance may be the inert gas such as nitrogen. In an 
embodiment, O is about 5 molar%. In an embodiment, air is 
membrane or cryofiltered or processed to achieve the desired 
ratio of gases by means known to those skilled in the art. In 
another embodiment, the oxygen reduction electrode such as 
the cathode may be fully submerged in the electrolyte. Oxy 
gen from a source may be Supplied by means such as sparging 
a gas comprising oxygen Such as O or air or by intermittent 
electrolysis. The intermittent electrolysis electrodes may be 
different materials such as different metals or different mate 
rials of the disclosure such different electrodes selected from 
the group of metals, carbides, borides, nitrides, and carboni 
trile. In an embodiment wherein the cathode is submerged, 
oxygen is provided by a source such as the electrolyte 
wherein the Opartial pressure is increased by maintaining an 
elevated O, pressure over the electrolyte. The elevated pres 
sure may be in the range of about 0.5 atm to 200 atm or about 
1 atm to 10 atm. In an embodiment, the electrolyte is selected 
to have an increased solubility for oxygen. Alternatively, the 
cathode material is selected such that it has an affinity for 
OXygen. 

0263. In an embodiment, the anode is partially submerged 
wherein the discharge anode has at least a portion of its 
Surface not Submerged into the electrolyte. In an embodiment, 
at least one electrode is partially submerged. Each electrode is 
in contact with the electrolyte. In an embodiment, at least one 
electrode has only a portion of the electrode surface area in 
contact with the electrolyte. At least some the surface area is 
not directly in contact with the electrolyte. The non-contact 
ing Surface area may be exposed to the cell atmosphere or 
another component of the cell Such as a plate separator or the 
opposing side of a bipolar plate wherein the electrode com 
prises a side of a bipolar plate. The condition of having an 
electrode portion not submerged in the electrolyte provides a 
different chemical potential, Fermi level, or voltage relative 
to being submerged or the submerged portion. The different 
chemical potential, Fermi level, or voltage may facilitate the 
hydrino reaction. 
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0264. In an embodiment, the discharge cathode may have 
at least a portion of its surface not submerged into the elec 
trolyte independently of the cell atmosphere or cathode gas. 
The cathode gas may at least one of supplied air, oxygen, and 
H2O and electrolysis-generated oxygen. The water may com 
prise at least one of hydrogen, deuterium, and tritium Such as 
at least one of HO, HOD, DO, TO, DOT, and HOT. The 
cathode gas may be an inert gas Such as Nora noble gas Such 
as Ar. In this case, the oxygen may be from electrolysis. The 
partial non-Submerged cathode provides a different chemical 
potential, Fermi level, or Voltage relative to a Submerged 
discharge anode even if the two are the same material. The 
different chemical potential, Fermi level, or voltage facili 
tates the hydrino reaction. The electrolyte having a discharge 
cathode partially submerged in it may comprise a matrix Such 
as MgO, LiAlO, Li TiO, LiVO, TiO, CeO, and others of 
the disclosure. The electrolyte comprising a matrix may be 
solid or semisolid at the operating temperature of the cell that 
may be at or above the melting point of the electrolyte. The 
electrolyte may comprise those of the disclosure such as a 
molten salt such as an alkaline salt or a eutectic salt or mixture 
such as a MOH-MX wherein Misalkali and X is halide. In an 
embodiment wherein at least one of hydrogen and oxygen 
may be generated at least partially by intermittent electroly 
sis, the hydrogen and oxygen are in about a stoichiometric 
ratio of H2O. In embodiments, the ratio is about 2 part H to 
1 part O, within about +300%, within about +100%, within 
about 50%, within about +25%, or within about 10%. The 
balance of cell gas may comprise water vapor at a pressure 
that optimizes the power or achieves a desired power and may 
further comprise an inert gas such as a noble gas or N. The 
water vapor pressure may be maintained in the range of about 
0.01 Torr to 10 atm. In another embodiment, the water vapor 
pressure is maintained in the range of about 31 Torr to 93 Torr. 
The total pressure may be any desired such as above or below 
atmospheric such as about 1 atm to 500 atm, about 1 atm to 
100 atm or about 1 amt to 10 atm. In an embodiment, the cell 
comprises at least one channel or passage for HO vapor to 
penetrate the cell stack from a source to contact at least the 
electrolyte. In an embodiment, H2O is supplied to the stack 
through a wick structure Such as that of a heat pipe. The wick 
may comprise nonconductive material to avoid electrically 
shorting the electrodes. The wick material may comprise an 
oxide Such as a metal oxide or other nonconductive com 
pound. The oxide or other compound may be hydroscopic 
such as those of the disclosure. In another embodiment, HO 
under pressure as gaseous HO or liquid H2O may be injected 
through conduits or channels into the electrolyte layers. In an 
embodiment, the electrolyte layer comprises a wick or capil 
lary structure to transport the HO throughput the electrolyte 
layer of each cell of a stack. The structure may comprise a 
matrix embedded or mixed with the electrolyte having a 
porosity and pore size to achieve rapid transport within the 
layer to maintain the HO concentration at an optimal level 
Such as that equivalent to a partial pressure of H2O vapor in 
equilibrium with the electrolyte in the range of about 10 to 
100 Torr. 

0265. In an embodiment, the stack comprises electrodes 
that are arranged in parallel and immersed in a common 
electrolytic reservoir. The electrodes may comprise plates 
stacked horizontally or vertically or any desired orientation. 
The electrolyte may comprise a base Such as a molten or 
aqueous alkaline Solution Such as KOH (aq) or molten 
LiOH-LiBr or a molten or aqueous acidic solution Such as 
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an aqueous or molten acid such as H2SO4 (aq) or molten 
HPO. The cell may comprise a source of at least one of H, 
O, and H2O. Oxygen and water may be at least partially from 
air. Hydrogen may be supplied by at least one of a hydrogen 
permeation electrode, a hydrogen sparging or bubbling elec 
trode, or by intermittent electrolysis. The anode of the cell 
such as NiCH2)/LiOH LiBr/Ni--air may comprise a per 
meation membrane on opposite Surfaces such as two oppos 
ing plates. The hydrogen may be Supplied by a line optionally 
off of a common manifold to the chamber formed by the two 
opposing membrane Surfaces Such as plates. The cathode may 
be a porous material Such as porous nickel Such as celmet that 
may be at least partially exposed to air; whereas, the anode 
may be completely submerged. A plurality of anodes may be 
immersed vertically in the electrolyte and at least one cathode 
may be partially immersed on the surface of the electrolyte. 
The cathode may be oriented flat on the electrolyte surface. 
Each anode may be perpendicular to the at least one cathode 
wherein a plurality of anodes may be electronically con 
nected in parallel with a common cathode. Alternatively, the 
cathode and anode electrodes may be parallel and may be 
separated by an inert separator such as MgO or Li TiO. The 
common reservoir may be heated by at least one heater. The 
temperature of the molten bath comprising the electrolyte 
may be controlled by a temperature controller. The common 
electrolyte may be circulated by a circulator to maintain a 
uniform temperature. The reservoir may be insulated. The 
cell may comprise an intermittent electrolysis cell. Hydrogen 
and oxygen may be generated intermittently by electrolysis. 
The polarity of the cell may remain constant with the current 
reversing direction intermittently as the cycle alternates 
between charge and discharge. The electrodes may be elec 
trically connected in series or parallel or a combination 
thereof. In another embodiment, the oxygen reduction elec 
trode such as the cathode may be fully submerged in the 
electrolyte. Oxygen from a source may be Supplied by means 
Such as sparging a gas comprising oxygen Such as O2 or air or 
by intermittent electrolysis. The intermittent electrolysis 
electrodes may be different materials such as different metals 
or different materials of the disclosure such different elec 
trodes selected from the group of metals, carbon, carbides, 
borides, nitrides, and carbonitrile. 

0266. In an embodiment, the metal-air cell such as a Zn-air 
cell may be comprise a metal-air fuel cell wherein metal is 
continuously added and oxidized metal Such as metal oxide or 
hydroxide is continuously removed. Fresh metal is trans 
ported to and waste oxidized metal away from the anode 
half-cell by means such a pumping, auguring, conveying, or 
other mechanical means of moving these materials known by 
those skilled in the Art. The metal may comprise pellets that 
can be pumped. 
0267 In an embodiment, an oxyhydroxide may serve as 
the source of oxygen to form OH. The oxyhydroxide may 
form a stable oxide. Exemplary cathode reactions comprise at 
least one of a reduction of an oxyhydroxide or a reduction 
reaction of an oxyhdroxide such as one of the group of 
MnOOH, CoOOH, GaOOH, and InCOH and lanthanide oxy 
hydroxides such as LaCOH with at least one of H2O and O. 
to form a corresponding oxide Such as LaO, MnO, CoO, 
GaO, and In-Os. Exemplary reactions of metal Mare given 
by 
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Cathode: 

0268 
MOOH-e to MO-OH (108) 

2MOOH--2e +HO to M2O+2OH+H2 (109) 

2MOOH+2e +1/2O, to MO+2OH (110) 

Alternatively, an oxide may serve as the Source of oxygen to 
form OH. The reduced metal product may be an oxide, 
oxyhydroxide, or hydroxide having the metal in a lower oxi 
dation state. An exemplary cathode reaction involving metal 
M is 

Cathode: 

0269 

whereiny, X, r, and q are integers. Suitable exemplary oxides 
are MnO, MnO, MnO, MO (M-transition metal), SeO. 
TeO, P.O.s, SO, CO., NO, NO, NO, SnO, PbO, La O, 
GaO, and In-O wherein the gases may be maintained in a 
matrix such as absorbed in carbon. The electrolyte may be 
concentrated base such as in the range of about 6.1 M to 
saturated. Exemplary cells are dissociator and hydrogen 
such as PtCB, PdC, or Pt(20%)Ru(10%) (H, -1000 Torr), or 
metal hydride Such as R-Ni of various compositions, 
R—Co., R-Cu, LaNis, LaCoNiH ZrCr-Hs, LaNis 
55Mno Alo Cuozs. Zr.Mnos CroVo Ni or hydride of 
TABLE5/aqueous base such as KOH (aq) electrolyte (>6.5M 
to saturated or >11 M to saturated)/oxyhydroxide or oxide 
such as MnO, MnO, MnO, MO (M-transition metal), 
SeO, Te0, P.O.s, SO, CO., NO, NO, NO, SnO, PbO, 
La-O, Ga-O, and In-O wherein the gases may be main 
tained in a matrix such as absorbed in carbon or CoOOH, 
MnOOH, LaOOH, GaOOH, or InCOH), M/KOH (sataq)/ 
MO, (x=1 or 2) suitable metals M=Zn, Sn, Co, Sb, Te W. Mo, 
Pb, Gel, and M/KOH (sat aq)/M'OOH suitable metals 
M=Zn, Sn, Co, Sb, Te W. Mo, Pb, Ge; M'—Mn, Co, La, Ga, In. 
0270 OH formed as an intermediate of an oxidation reac 
tion of OH may serve as a catalyst or source of catalyst Such 
as OH or HO to form hydrinos. In an embodiment, a metal 
that forms a hydroxide or oxide may serve as the anode. 
Alternatively, a hydroxide starting reactant may serve as the 
anode. At least one of the oxidized metal, the metal oxide, and 
the metal hydroxide may oxidize OH to OH as an interme 
diate to form a compound comprising at least two of the 
metal, oxygen, and hydrogen such as the metal hydroxide, 
oxide, or oxyhydroxide. For example, the metal may oxidize 
to form a hydroxide that may further react to an oxide. At least 
one hydroxide H may be transferred to OH as it is oxidized 
to form water. Thus, a metal hydroxide or oxyhydroxide may 
react in similar manner as a hydride (Eq. (92)) to forman OH 
intermediate that can serve as a catalyst to form hydrinos, or 
HO may be formed to serve as the catalyst. Exemplary 
reactions of metal Mare 

Anode: 

0271 
M+OH to M(OH)+e (112) 

then 

M(OH)+OH to MO-H2O+e (113) 

M+2OH to M(OH)2+2e. (114) 
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then 

M(OH), to MO+HO (115) 

M+2OH to MO-H2O+2e. (116) 

wherein OH of the water product may be initially formed as 
an intermediate and serve as a catalyst to form hydrinos, or 
H2O may be formed to serve as the catalyst. The anode metal 
may be stable to direct reaction with concentrated base or may 
react at a slow rate. Suitable metals are a transition metal, Ag, 
Cd, Hg, Ga, In, Sn, Pb, and alloys comprising one or more of 
these and other metals. The anode may comprise a paste of the 
metal as a powder and the electrolyte such as a base Such as 
MOH (M=alkali). Exemplary paste anode reactants are Zn 
powder mixed with saturated KOH or Cd powder mixed with 
KOH. Suitable electropositive metals for the anode are one or 
more of the group of Al, V, Zr, Ti, Mn, Se, Zn, Cr, Fe, Cd, Co. 
Ni, Sn, In, and Pb. Alternatively, suitable metals having low 
water reactivity are Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, 
Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, Sn, and W. In 
other embodiments, the anode may comprise a hydroxide or 
oxyhydroxide such as one of these metals such as Co(OH), 
Zn(OH), Sn(OH), and Pb(OH). Suitable metal hydroxides 
form oxides or oxyhydroxides. The electrolyte may be con 
centrated base such as in the range of about 6.1 M to saturated. 
Exemplary cells are metal such as Sc, Ti, V. Cr, Mn, Fe, Co. 
Ni, Cu, Zn, Ag, Cd, Hg, Ga, In, Sn, Pb, or metals having low 
water reactivity such as one from the group of Cu, Ni, Pb, Sb, 
Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, 
Tc, Te, T1, Sn, and W, or these metals as paste with saturated 
MOH or a metal hydroxide such as Co(OH), Zn(OH), 
Sn(OH), or Pb(OH)/aqueous base such as KOH (aq) elec 
trolyte (>6.5 M to saturated or >11 M to saturated)/oxyhy 
droxide or oxide such as MnO, MnO, MnO, MO 
(M'=transition metal), SeO, TeO, P.O.s, SO, CO., NO, 
NO, NO. SnO, PbO, La-O, Ga-O, and In-O wherein the 
gases may be maintained in a matrix Such as absorbed in 
carbon or CoOOH, MnOOH, LaCOH, GaOOH, or InCOH, 
or carbon, oxygen electrode Such as O or air at carbon, 
C(O), or oxidized carbon such as steam activated carbon, or 
CB, PtC, PdC, CB(H), PtC(H), PdC(H), conductor having 
a low overpotential for reduction of at least one of O, or HO 
or H evolution such as Pt, Pd, Ir, Ru, Rh, Au, or these metals 
on a conducting Support Such as carbon or titanium as the 
cathode with at least one of HO and O, as the cathode 
half-cell reactant, hydroxide of Zn, Sn, Co, Sb, Te, W. Mo, 
Pb, or Y/KOH (saturated aq)/steam carbon, and Zn-satu 
rated MOH paste/MOH (saturated aq)/CB, activated carbon 
or steam activated carbon with O. 
0272. In an embodiment, the cathode may comprise a 
metal oxide Such as an oxide or oxyhydroxide, and the anode 
may comprise a metal or a reduced oxide relative to the 
oxidized metal of the cathode. The reduction of water given in 
Eq. (93) may involve the oxygen of the oxide or oxyhydrox 
ide. The cathode and anode may comprise the same metal in 
different oxidation or oxide states. The anode reaction may be 
given by at least one of Eqs. (112-116). Exemplary cells are 
M/KOH (saturated aq)/MOOH (M-transition metal, rare 
earth metal, Al. Ga, or In), M/KOH (saturated aq)/MO 
(M=Se, Te, or Mn), and M/KOH(saturated aq)/MO (M=Zn, 
Sn, Co, Sb, Te. W. Mo, Pb, or Ge). Hydrogen may be added 
to at least one half-cell to initiate and propagate the water 
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oxidation and reduction reactions (e.g. Eqs. (93-94) and 
(123)) that maintain some OH or other catalyst comprising at 
least one of O and H such as HO. The source of hydrogen 
may be a hydride such as R Nior LaNish. Carbon such as 
steam carbon may also be added to an electrode such as the 
cathode to facilitate the reduction of water to OH and OH 
oxidation to OH and possibly H2O. At least one electrode may 
comprise a mixture comprising carbon. For example, the 
cathode may comprise a mixture of carbon and a metal oxide 
Such as a mixture of steam carbon and an oxide of Zn, Sn, Co. 
Sb, Te, W. Mo, Pb, or Ge. The anode may comprise the 
corresponding metal of the cathode metal oxide. Other suit 
able catalysts for reducing O at the cathode are a perovskite 
type catalyst Such as Lao Cao CoO doped with metal oxide, 
La CaCoOs, La Sr, CoOs (0sXsO.5), or Laos SroCo 
B.O. (B-Ni, Fe, Cu, or Cr; 0sysO3), or a spinel such as 
Co-O, or NiCo-O, a pyrochlore such as Pb.Ru, PbO, or 
Pb.RuOs, other oxides such as Naos Pts O, or pyrolyzed 
macrocycles with Co additives. The oxygen reduction cata 
lyst may further comprise a conducting Support Such as car 
bon Such as carbon black or graphitic carbon. Exemplary cells 
are Zn, Sn, Co, Sb, Te, W. Mo, Pb, Ge/KOH (saturated 
aq)/air--carbon--O reduction catalyst such asperovskite-type 
catalyst Such as Lao Cao CoO doped with metal oxide, 
La CaCoO, La Sr, CoO (OsXsO.5), or Laos Sro-Co 
B.O. (B-Ni, Fe, Cu, or Cr; 0<x<0.3), or a spinel such as 
Co-O, or NiCo-O, a pyrochlore such as Pb.Ru, PbO, or 
Pb-RuOs, other oxides Such as Naos Pt-O, or pyrolyzed 
macrocycles with Co additives. In another embodiment, the 
cathode comprises a water reduction catalyst. 
0273. In an embodiment, the cell further comprises a 
Source of oxygen that serves as a reactant to directly or indi 
rectly participate in the formation of a catalyst and a source of 
H that further reacts to form hydrinos. The cell may comprise 
a metal M that serves as the anode such that the corresponding 
metal ion serves as the migrating ion. Suitable exemplary 
metals are at least one of the group of Cu, Ni, Pb, Sb, Bi, Co. 
Cd, Ge. Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te. 
T1, Sn, and W. and metal alloys thereof or alloys of other 
metals. OH may serve as the catalyst according to the reac 
tions given in TABLE 3, or HO may beformed to serve as the 
catalyst. In addition to the metal ion such as M", some OH 
may be formed at least transiently from OH. HO that may 
form from OH may serve as the catalyst. Oxygen may be 
reduced at the cathode. Water may also participate in the 
reduction reaction to form at least some OH that may serve as 
the catalyst or a source of catalyst such as HO to form 
hydrinos. Exemplary reactions are 

Anode: 

0274 
M to M*+2e. (117) 

M+2OH to M(OH)+2e. (118) 

Cathode: 

0275 
M*+2e +1/2O, to MO (119) 

M*--2e +HO+%O, to M--2OH to M(OH), (120) 
wherein some OH radical intermediate is formed at the anode 
or cathode to further react to form hydrinos possibly by form 
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ing H2O catalyst. In another embodiment, the source of oxy 
gen to react with water is an oxyhydroxide such as MnOOH 
or CoOOH. OH may be formed by oxidation of OH at the 
anode and reduction of O or O. to OH at the cathode. The O 
may be that of an oxyhydroxide. The energy balance may 
facilitate the formation of at least one of OH and HO under 
conditions to propagate the reaction to form hydrinos. In 
other embodiments, the oxidant may be a mixture of oxygen 
and another oxidant that may be a gas or may be inert. Suit 
able exemplary mixtures are O mixed with at least one of 
CO, NO, NO, NO, NF, CF, SO, SF, CS, He, Ar, Ne, 
Kr, and Xe. 
0276. The base concentration such as MOH (Malkali) 
Such as KOH (aq) may be in any desired range such as in the 
range of about 0.01 M to saturated (sat), about 6.5 M to 
saturated, about 7 M to saturated, about 8 M to saturated, 
about 9M to saturated, about 10M to saturated, about 11 M 
to saturated, about 12 M to saturated, about 13 Mto saturated, 
about 14 M to saturated, about 15 M to saturated, about 16 M 
to saturated, about 17M to saturated, about 18M to saturated, 
about 19M to saturated, about 20M to saturated, and about 21 
M to saturated. Other suitable exemplary electrolytes alone, 
in combination with base such as MOH (Malkali), and in 
any combinations are alkali or ammonium halides, nitrates, 
perchlorates, carbonates, NaPO or K-PO, and Sulfates and 
NHX, X=halide, nitrate, perchlorate, phospate, and sulfate. 
The electrolyte may be in any desired concentration. When 
R Ni is used as the anode, a local high concentration of OH 
may form due to the base composition of R Nior the reac 
tion of Al with water or base. The Al reaction may also supply 
hydrogen at the anode to further facilitate the reaction of Eq. 
(92). 
0277. The anode powder particles may have a protective 
coating to prevent alkaline corrosion of the metal that are 
known in the Art. A suitable zinc corrosion inhibitor and 
hydrogen evolution inhibitor is a chelating agent Such as one 
selected from the group of aminocarboxylic acid, polyamine, 
and aminoalcohol added to the anode in Sufficient amount to 
achieve the desired inhibition. Suppression of Zn corrosion 
may also be achieved by amalgamating Zinc with up to 10% 
Hg and by dissolving ZnO in alkaline electrolytes or Zn salts 
in acidic electrolytes. Other Suitable materials are organic 
compounds such as polyethylene glycol and those disclosed 
in U.S. Pat. No. 4,377,625 incorporated herein by reference, 
and inhibitors used in commercial Zn MnO, batteries 
known to those skilled in the Art. Further suitable exemplary 
inhibitors for Zn and possibly other metals are organic or 
inorganic inhibitors, organic compounds Such as Surfactants, 
and compounds containing lead, antimony, bismuth, cad 
mium, and gallium that Suppress H2 formation as well as 
corresponding metal oxides, and chelating agents such as 5% 
CoO+0.1% diethylanetriaminepentaacetic acid, 5% SnO+0. 
1% diethylanetriaminepentaacetic acid, ethylenediaminetre 
traacetic acid (EDTA) or a similar chelating agent, ascorbic 
acid, Laponite or other such hydroxide-ion-transporting clay, 
a Surfactant and indium Sulphate, aliphatic Sulfides such as 
ethylbutyl sulphide, dibutyl sulphide, and allyl methyl sul 
phide, complexing agents such as alkali citrate, alkali stan 
nate, and calcium oxide, metal alloys and additives such as 
metals of groups III and V. polyethylene glycol, ethylene 
polyglycol Such as those of different molecular mass Such as 
PEG 200 or PEG 600, fluoropolietoksyalkohol, ether with 
ethylene oxide, polyoxyethylene alkyl phosphate ester acid 
form, polyethylene alkyl phosphate, ethoxylated-polyfluoro 
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alcohol, and alkyl-polyethylene oxide. In further embodi 
ments, other electropositive metals such as Sc, Ti, V. Cr, Mn, 
Fe, Co, Ni, Cu, Ag, Cd, Hg, Ga, In, Sn, and Pb or suitable 
metals having low water reactivity are Cu, Ni, Pb, Sb, Bi, Co. 
Cd, Ge. Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te. 
T1, Sn, and W are protected by a corrosion inhibitor. In an 
embodiment, the protective coating material may be Sup 
ported to comprise a salt bridge selective for OH. A suitable 
cell comprising the salt bridge is a fuel cell type as given in the 
disclosure. The salt bridge may be a membrane having qua 
ternary ammonium groups of similar groups that provide 
selectivity for OH. Alternatively, it could be an oxide or 
hydroxide selective to OH. A commercial separator that is 
resistant to H. permeation for use with a hydrogen anode is 
Nafion 350 (DuPont). 
0278. The cell may be regenerated by electrolysis or by 
reaction with hydrogen and by other chemical processing and 
separation methods and systems given in the disclosure or 
known in the Art. The oxidized metal such as the metal oxide 
may be regenerated by electrolysis at a lower Voltage by 
Supplying H2 to the anode wherein the metal is deposited at 
the cathode. For another example, the Zn anode may be 
removed and replaced with a new canister with chemically 
regenerated Zn. In an embodiment comprising a Zn, Pb, or Sn 
anode that forms ZnO, PbO, and SnO, respectively, during 
discharge, the product ZnO, PbO, and SnO may be treated 
with carbon or CO to form zinc, lead, and tin and CO or 
treated with sulfuric acid to form ZnSO, PbSO, SnSO, that 
may be electrolyzed to form Zn, Pb, and Sn and Sulfuric acid 
that may be recycled. In the case of a cell comprising initial 
reactants of a metal anode and the corresponding oxidized 
metal such as an oxide, oxyhydroxide, and hydroxide, the cell 
products are oxidized metal at both electrodes. The cell may 
be regenerated by electrolysis or by removing the electrodes, 
combining the electrode reactants comprising a mixture of 
metal and oxidized metal compound(s) and separating the 
mixture into metal and oxidized metal compound(s). An 
exemplary method is to heat the mixture such that the metal 
melts and forms a separable layer based on density. Suitable 
metals are Pb (MP=327.5° C), Sb (MP=630.6° C.), Bi 
(MP-271.4° C), Cd (MP=321° C.), Hg (MP=-39° C.), Se 
(MP-221° C.), and Sn (MP-232° C.). In another embodi 
ment, the anode comprises a magnetic metal such as a ferro 
magnetic metal such as Co or Fe, and the cathode comprises 
the corresponding oxide such as CoO and NiO. Following 
discharge, the cathode and anode may comprise a mixture of 
the metal and the corresponding oxide. The metal and oxide 
of each half-cell may be separated magnetically since the 
metal is ferromagnetic. The separated metal may be returned 
to the anode, and the separated metal oxide may be returned 
to the cathode to form a regenerated cell. 
0279. In a general reaction, OH undergoes oxidation to 
OH to serve as a catalyst to form hydrinos and may form HO 
from a source of H such as a hydride (Eq. (92)) or hydroxide 
(Eq. (113)) wherein HO may serve as the catalyst to form 
hydrinos. The reaction of a hydroxide to provide H may be a 
reaction of two OH groups under oxidization to form a metal 
oxide and HO. The metal oxide may be a different metal or 
the same metal as the source of at least one OH group. As 
given by Eq. (113) a metal M may react with a source of OH 
from MOH such as Misalkali to form OH and H2O. Whereas, 
Eq. (128) is an example of the reaction of metal M as the 
source of OH and the metal that forms the metal oxide. 
Another form of the reactions of Eqs. (128) and (61) involv 
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ing the exemplary cell Na/BASE/NaOH that follows the 
same mechanism as that of Eq. (113) is 

Na+2NaOH to Na-O--OH--NaH to Na2O+NaOH+ 
'AH, (121) 

In an embodiment of the electrolysis cell comprising a basic 
aqueous electrolyte, the reaction mechanism to form OH and 
hydrinos follows that of Eqs. (92-121) and (128). For 
example, the electrolyte may comprise an alkali (M) base 
such as MOH or MCO that provides OH and alkali metal 
ions M that may form MO and OH as an intermediate to 
HO. For example, an exemplary cathode reaction following 
Eq. (121) is 

In another embodiment of the aqueous electrolysis cell, the 
oxygen from the anode reacts with a metal or metal hydride at 
the cathode to form OH (Eq. (93)) that is oxidized at the 
anode to form OH.OH may also be formed as an intermediate 
at the cathode. OH further reacts to form hydrinos possibly by 
forming HO that serves as the catalyst. The reduction of O, 
and HO to OH at the cathode may be facilitated by using a 
carbon or carbon-coated metal cathode. The carbon may be 
electroplated from a carbonate electrolyte Such as an alkali 
carbonate such as KCO. The cell may be operated without 
an external recombiner to increase the O. concentration to 
increase the O reduction rate. 
0280. In other embodiments of a cell that produces OH, at 
least one of H and O formed during at least one of the oxida 
tion and reduction reactions may also serve as a catalyst to 
form hydrinos. 
0281. In a further generalized reaction having a hydrogen 
chalcogenide ion electrolyte, the cathode reaction comprises 
a reaction that performs at least one of the steps of accepting 
electrons and accepting H. The anode reaction comprises a 
reaction that performs at least one of the steps of donating 
electrons, donating H, and oxidizing the hydrogen chalco 
genide ion. 
0282. In another embodiment, a cell system shown in FIG. 
4 may comprise an anode compartment 600, an anode 603 
such as Zn, a cathode compartment 601, a cathode 604 such as 
carbon, and a separator 602 Such as a polyolefin membrane 
selectively permeable to the migrating ion such as OH of an 
electrolyte such as MOH (6.5 M to saturated) (Malkali). A 
suitable membrane is Celgard 3501. The electrodes are con 
nected through switch 606 by a load 605 to discharge the cell 
such that an oxide or hydroxide product such as ZnO is 
formed at the anode 603. The cell comprising electrodes 603 
and 604 may be recharged using electrolysis power Supply 
612 that may be another CIHT cell or a capacitor that is 
charged by the first CIHT cell. The cell may further comprise 
an auxiliary electrode such as an auxiliary anode 609 in an 
auxiliary compartment 607 shown in FIG. 4. When the cell 
comprising anode 603 and cathode 604 is suitably dis 
charged, electrode 603 comprising an oxidized product Such 
as ZnO may serve as the cathode with the auxiliary electrode 
609 serving as the anode for electrolysis regeneration of 
anode 603 or for spontaneous discharge. A suitable electrode 
in the latter case with a basic electrolyte is Nior Pt/Ti. In the 
latter case, Suitable hydride anodes are those used in metal 
hydride batteries such as nickel-metal hydride batteries that 
are known to those skilled in the Art. Exemplary suitable 
auxiliary electrode anodes are those of the disclosure Such as 
a metal such as Sc, Ti,V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ag, Cd, 
Hg, Ga, In, Sn, Pb, or suitable metals having low water 
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reactivity are Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, 
Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, Sn, or W. or these 
metals as paste with saturated MOH, a dissociator and hydro 
gen such as PtC(H), or metal hydride such as R Ni, 
LaNish, LaCoNioHo, ZrCr-Has, LaNissMino-Alo Cuo. 
75, Zr.Mino CroV, Ni, and other alloys capable of storing 
hydrogen, such as one of the AB (LaCePrNdNiCoMnAl) or 
AB (VTiZrNiCrCoMnAlSn) type, where the “AB, desig 
nation refers to the ratio of the A type elements (LaCePrNdor 
TiZr) to that of the B type elements (VNiCrCoMnAISn). In 
other embodiments, the hydride anode comprises at least one 
of the ABS-type: MmNiCooMno Alo Mooloo 
(Mm-misch metal: 25 wt % La, 50 wt % Ce, 7 wt % Pr, 18wt 
% Nd), AB-type: Tiosi Zroo VozoNisCro alloys, mag 
nesium-based alloys Such as Mg1.9Aloi Nios Coo. Mino. 
alloy, Mgo.72Sco.2s(Pdoo2+Rhool 2), and MgsoTi20 
MgsoVo, LaosNdo.2NiaCossio, LaNis-M, (M=Mn, 
Al), (M=Al, Si, Cu), (M=Sn), (M=Al, Mn, Cu) and LaNiCo, 
MmNissMino-44Alois Coo. 7s, LaNiss Mno.44Alois Coo. 7s. 
MgCul, Mg2n. MgNi, AB compounds such as TiFe, TiCo, 
and TiNi, AB, compounds (n=5, 2, or 1), AB compounds, 
and AB (A=La, Ce, Mn, Mg, B-Ni, Mn, Co, Al). The cell 
comprising anode 609 and cathode 603 may be discharged 
through load 613 when switch 611 is closed and switch 606 is 
opened. The cell comprising electrodes 603 and 609 may be 
recharged using power supply 610 that may be another CIHT 
cell. Alternatively, following closing Switch 614 and opening 
Switch 611, the recharging of the discharged cell comprising 
electrodes 604 and 609 may occur using power source 616 
that may be another CIHT cell. Furthermore, the auxiliary 
anode 609 such as a hydride such as R Ni, LaNish, 
La-Col Nighs. ZrCr2Hss, LaNissMino-AlloCoo7s, or 
Zr.Mino Cro. Vo Ni may be recharged electrolytically or 
regenerated by addition of hydrogen in situ or by removal, 
hydrogenation, and replacement. Suitable exemplary anodes 
that form oxides or hydroxides during discharge having ther 
modynamically favorable regeneration reactions ofH reduc 
tion to the metal are Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, 
Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, Sn, and W. 
These and other such electrodes may be run with H in the 
half-cell to batch or continuously regenerate the electrode. 
Electrodes can be alternately recycled. For example, the dis 
charged metal hydride anode Such as LaNis from LaNisFI 
may be used as the cathode in another aqueous cell wherein 
water or H reduction to hydrogen at the cathode will rehy 
dride the LaNis to LaNisFI that in turn can serve as an anode. 
The energy source that drives the discharge and recharge 
cycles is the formation of hydrinos from hydrogen. Other 
anodes, cathodes, auxiliary electrodes, electrolytes, and Sol 
vents of the disclosure may be interchanged by one skilled in 
the Art to comprise other cells capable of causing the regen 
eration of at least one electrode such as the initial anode. 

0283. In other embodiments, at least one of the anode 603 
and cathode 604 may comprise a plurality of electrodes 
wherein each further comprises a switch to electrically con 
nect or disconnect each of the plurality of electrodes to or 
from the circuit. Then, one cathode or anode may be con 
nected during discharge, and another may be connected dur 
ing recharge by electrolysis, for example. In an exemplary 
embodiment having a basic electrolyte such as MOH 
(Malkali) such as KOH (saturated aq), the anode comprises 
a metal Such as Suitable metals having low water reactivity are 
Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, Mo, Os, Pd, Re, 
Rh, Ru, Se, Ag, Tc, Te, T1, Sn, W, or Zn or a hydride such as 
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R Ni or LaNish and the cathode comprises a plurality of 
at least two electrodes such as a carbon electrode that is 
connected to the circuit during discharge and nickel that is 
connected during recharge. In another embodiment, the elec 
trolyte may be changed in at least one half-cell before elec 
trolysis. For example, saturated MOH may be diluted to allow 
Hevolution at the electrolysis cathode and then concentrated 
again for discharge. In another embodiment, at least one of 
the solvent and solute may be changed to permit the cell 
reactants to be regenerated. The electrolysis voltage of the 
cell products may exceed that of the solvent; then the solvent 
change is selected to permit the regeneration of the reactants 
by electrolysis. In an embodiment, the anode such as metal or 
hydride may be removed from a first cell comprising the 
anode and a cathode following discharge and regenerated by 
electrolysis in a second cell having a counter electrode and 
returned to the first cell as the regenerated anode. In an 
embodiment, the CIHT cell comprising a hydride anode fur 
ther comprises an electrolysis system that intermittently 
charges and discharges the cell Such that there is again in the 
net energy balance. An exemplary cells are LaNish R-Ni. 
TaV, MoCo, MoSi, MoCr, MoCu, SnV. NiZr, MgY, other 
metal hydride such as those of the disclosure, KOH (sataq) or 
other electrolyte that is a source of OH/SC or M (M=metal 
or alloy such as Ni, Pt/Ti, or others of the disclosure) pulsed 
electrolysis with constant discharge and charge current 
wherein the discharge time is about 1.1 to 100 times the 
charge time and the discharge and charge currents may be the 
same within a factor of about 10. In an embodiment, the cells 
are intermittently charged and discharged. In exemplary 
embodiments, the cells have metal anodes or metal hydride 
(MH) anodes such as Co/KOH (sataq)/SC), Zn/KOH (sat 
aq)/SC, Sn/KOH (sataq)/SC, and MH/KOH (sataq)/SC 
wherein MH may be LaNish, TiMnH, or La NigCoH. 
The intermittently charged and discharged CIHT cells may 
also comprise a molten electrolyte Such as at least one 
hydroxide and a halide or other salt and may further comprise 
a source of H at the anode such as a hydride MH or HO that 
may be in the electrolyte. Suitable exemplary cells are MH/ 
M'(OH)-M"X/M" and M/M'(OH)-M"X (HO)/M) 
whereinn, mare integers, M, M', M", and M" may be metals, 
suitable metals M may be Ni, M and M" may be alkali and 
alkaline earth metals, and may be transition, inner transition, 
rare earth, and Group III, IV, V, and VI metals, and suitable 
anions X may be hydroxide, halide, Sulfate, nitrate, carbon 
ate, and phosphate. In an exemplary embodiment, the CIHT 
cell is charged at constant current Such as 1 mA for 2 s, and 
then discharged such as at constant current of 1 mA for 20 S. 
The currents and times may be adjusted to any desirable 
values to achieve maximum energy gain. 
0284. In an embodiment, the anode comprises a metal that 
forms an oxide or a hydroxide that may be reduced by hydro 
gen. The hydrogen may beformed at the cathode by a reaction 
Such as the reaction of water Such as that given by Eq. (94). 
The oxide or hydroxide may also be reduced by added hydro 
gen. In an embodiment, an oxide or hydroxide is formed at the 
anode wherein water is the source of hydroxide, and hydro 
gen reduces the hydroxide or oxide wherein water is at least 
partially the Source hydrogen. Hydrinos are formed during 
the dynamic reaction involving the oxidation of OH or the 
metal of the anode, the reduction of water to hydrogen gas, 
and the reaction of hydrogen with the anode oxide or hydrox 
ide to regenerate the anode metal. Then, the anode may com 
prise a metal whose oxide or hydroxide may be reduced by 
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hydrogen Such as a one of the group of transition metals, Ag, 
Cd, Hg, Ga, In, Sn, and Pb or suitable metals having low water 
reactivity from the group of Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. 
Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, Sn, 
and W. In an embodiment, the transition metal Zn may also 
serve as a catalyst according to the reactions given in TABLE 
1. 
0285. The cell may be regenerated by electrolysis of water 
with add-back for any hydrogen consumed in forming hydri 
nos or lost from the cell. In an embodiment, the electrolysis is 
pulsed Such that a hydride such as metal hydride Such as 
nickel hydride is formed during electrolysis that produces a 
voltage in the reverse direction of the electrolysis voltage and 
electrolyzes water during the time interval of the duty cycle 
having an absence of applied Voltage. The electrolysis param 
eters such as peak voltage, current, and power, offset Voltage, 
current, and power, and duty cycle, and frequency are opti 
mized to increase the energy gain. In an embodiment, the cell 
generates electricity and hydrogen gas (Eq. (94)) that may be 
collected as a product. Alternatively, the hydrogen gas may be 
recycled to hydride the R Ni to continue the cell discharge 
with the production of electricity wherein the formation of 
hydrinos provides a contribution to at least one of the cell 
Voltage, current, power, and energy. The cell may also be 
recharged by an external Source of electricity that may be 
another CIHT cell to cause the generation of hydrogen to 
replace any consumed in the formation of hydrinos or lost 
from the cell. In an embodiment, the hydride material may be 
rehydrided by H addition in situ or in a separate vessel 
following removal from the anode compartment. In the 
former case, the anode may be sealed and pressurized with 
hydrogen. Alternatively, the cell may be pressurized with 
hydrogen wherein the hydrogen is preferentially absorbed or 
retained by the anode reactant. In an embodiment, the cell 
may be pressurized with H during operation. 
0286 The basic electrolyte may be aqueous hydroxide 
Solution Such as aqueous alkali hydroxide Such as KOH or 
NaOH. The cathode may be an oxyhydroxide such as AIO 
(OH), ScC(OH), YO(OH), VO(OH), CrO(OH), MnO(OH) 
(C.-MnO(OH) groutite and Y-MnO(OH) manganite), FeC) 
(OH), CoO(OH), NiO(OH), RhCl(OH), GaO(OH), InC(OH), 
NiCo O(OH), and NiCo, MnO(OH), or may be a 
high-surface area conductor such as carbon such as CB, Pt/C 
or Pd/C, a carbide such as TiC, or a boride such as TiB. In 
basic solution, the reactions are 

Anode 

0287 

Cathode 

0288 

Exemplary cells are R N, H., and Pd/C, Pt/C, Ir/C, Rh/C, or 
Ru?C or metal hydride Such as a transition metal, inner tran 
sition metal, rare earth hydride, or alloy such as one of the 
ABs or AB types of alkaline batteries/MOH (M is an alkali 
metal) such as KOH (about 6M to saturated) wherein the base 
may serve as a catalyst or source of catalyst Such as K or 2K", 
or other base such as NH-OH, OH conductor such as a basic 
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aqueous electrolyte, separator Such as one with quaternary 
alkyl ammonium hydroxide groups and basic aqueous solu 
tion, ionic liquid, or solid OH conductor/MO(OH) 
(M=metal such as Co, Ni, Fe, Mn, Al), such as AlO(OH), 
ScO(OH),YO(OH), VO(OH), CrO(OH), MnO(OH) (C-MnO 
(OH) groutite and Y-MnO(OH) manganite), FeC(OH), CoO 
(OH), NiO(OH), RhCl(OH), GaO(OH), InC)(OH), NiCo, 
2O(OH), and NiCo, MnO(OH), or other Hintercalated 
chalcogenide, or HY. In other embodiments, the electrolyte 
may be an ionic liquid or salt in an organic solvent. The cell 
may be regenerated by charging or by chemical processing. 
0289. In a fuel cell system embodiment having supplied 
H, the His caused to selectively or preferentially react at the 
anode. The reaction rate of H at the anode is much higher 
than at the cathode. Restricting H to the anode half-cell or 
using a material that favors the reaction at the anode over the 
cathode comprises two methods to achieve the selectivity. 
The cell may comprise a membrane or salt bridge that is 
ideally impermeable to H. The membrane or salt bridge may 
be selective for OH transport. 
0290. In another embodiment, the pH may be lower such 
as neutral to acidic. In the case that HO is oxidized to form 
OH that further reacts to form hydrino, the concentration of 
the electrolyte may be high to increase the activity and con 
ductivity to increase the reaction rate to form OH and thus 
hydrino as given by the following reaction: 

Anode 

0291 

Cathode 

0292 
H+e to /2H or H+e to H(1/p) (127) 

The presence of an anode reactant hydride such as MH (M is 
an element other than H such as a metal) favors the formation 
of OH over the evolution of O, by the competing reaction 
given by Eq. (126). The reaction to form hydrinos may be 
limited by the availability of H from the hydride; so, the 
conditions to increase the H concentration may be optimized. 
For example, the temperature may be increased or H may be 
Supplied to the hydride to replenish any consumed. The sepa 
rator may be Teflon in cells with an elevated temperature. 
0293. In an embodiment, the anode or cathode may com 
prise an additive such as a Support such as a carbide Such as 
TiC or TaC or carbon such as Pt/C or CB, or an inorganic 
compound or getter Such as LaN or KI. Exemplary cells are 
Zn LaN/KOH (sataq)/SC), Sn TaC/KOH (sataq)/SC, Sn 
KI/KOH (sat aq)/SC), Pb CB/KOH (sat aq)/SC), W 
CB/KOH (sataq)/SC. In another embodiment, the electro 
lyte may comprise a mixture of bases Such as Saturated 
ammonium hydroxide to made saturated in KOH. Exemplary 
cells are Zn/KOH (sat aq) NH-OH (sat aq)/SC, and Co/ 
KOH (sataq) NHOH (sataq)/SC. 
0294. In an embodiment, at least one of the cathode and 
anodehalf-cell reactions format least one of OH and HO that 
serves as a catalyst to form hydrinos. OH may be formed by 
the oxidation of OH, or OH may be formed by the oxidation 
of a precursor Such as a source of at least one of OH. H. and 
O. In the latter two cases, the H reacts with a source of O to 
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form OH and O reacts with a source of H to form OH, 
respectively. The precursor may be a negative or neutral spe 
cies or compound. The negative species may be an ion that 
comprises OH, OH, or a moiety that comprises OH or OH 
such as Al(OH) that comprises OH, or a superoxide or 
peroxide ion (HO) that comprises OH. The negative species 
may be an ion that comprises H. H., or a moiety that com 
prises H or if such as AlH4 that comprises H", or aperoxide 
ion that comprises H. The H product of oxidation of the 
negative species then reacts with a source of Oto form OH. In 
an embodiment, OH may be formed by a reaction of H or 
source of H with an oxide or oxyhydroxide that may form 
OH as an intermediate to forming OH. The negative species 
may be an ion that comprises an element or elements other 
than H such as O, O, O, O., O., or a moiety that 
comprises O, O, O, O, or O. such as metal oxide such 
as CoO or NiO that comprises an oxide ion, or a peroxide 
ion that comprises O. The O product of oxidation of the 
negative species then reacts with a source of H to form OH. 
The neutral species or compound may comprise OH, OH, or 
a moiety that comprises OH or OH such a hydroxide or 
oxyhydroxide such as NaOH, KOH, Co(OH), or CoOOH that 
comprise OH, or HO, an alcohol, or peroxide that comprise 
OH. The neutral species or compound may comprise H. H. 
or a moiety that comprises H or H such as a metal hydride 
that comprises or H2O, an alcohol, or peroxide that comprises 
H. The H product of oxidation then reacts with a source of O 
to form at least one of OH and HO wherein at least one may 
serve as the catalyst. The neutral species or compound may 
comprise an element or elements other than H such as O, O, 
O, O., O, or a moiety that comprises O, O, O, O, or 
O, such as metal oxide, hydroxide, or oxyhydroxide that 
comprises an oxide ion or source thereof, or H2O, an alcohol, 
or peroxide that comprises O. The Oproduct of oxidation then 
reacts with a source of H to form at least one of OH and H.O. 
0295 OH may be formed by the reduction of OH" or OH 
may be formed by the reduction of a precursor Such as a 
source of at least one of OH, H, and O. In the latter two cases, 
the H reacts with a source of O to form OH and O reacts with 
a source of H to form OH, respectively. The precursor may be 
a positive or neutral species or compound. The positive spe 
cies may be an ion that comprises OH or a moiety that com 
prises OH such as Al(OH) that comprises OH, or a perox 
ide ion that comprises OH. The positive species may be anion 
that comprises H. H., or a moiety that comprises Hor H such 
as HO" that comprises H", or a peroxide ion that comprises 
H. The H product of reduction of the positive species then 
reacts with a source of O to form OH. The positive species 
may be an ion that comprises an element or elements other 
than H such as O, O, O, O., O., or a moiety that 
comprises O, O, O, O, or O. such as metal oxide such 
as AlO' that comprises an oxide ion, or a peroxide ion that 
comprises O. The O product of reduction of the positive 
species then reacts with a source ofH to form OH. The neutral 
species or compound may comprise OH or a moiety that 
comprises OH such as HO, an alcohol, or peroxide. The 
neutral species or compound may comprise H. H., or a moi 
ety that comprises H or H. Such as an acidic salt or acid Such 
as MHSO, MHPO, MHPO (Malkali) and HX 
(X=halide), respectively, that comprises H", or HO, an alco 
hol, or peroxide that comprises H. The H product of reduction 
then reacts with a source of Oto form OH. The neutral species 
or compound may comprise an element or elements other 
than HSuch as O or a moiety that comprises 0 such as H2O, an 
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alcohol, or peroxide. The O product of reduction then reacts 
with a source of H to form OH. OH may further react with H 
or a source of H to form HO that may serve as the catalyst. 
0296 OH may be formed as an intermediate or by a con 
certed or secondary chemical reaction involving oxidation or 
reduction of a compound or species. The same applies for 
HO catalyst. The reactants may comprise OH or a source of 
OH such as at least one of OH, O, and H. Suitable sources of 
OH formed as an intermediate in the formation or consump 
tion of OH are metal oxides, metal hydroxides, or oxyhy 
droxides such as CoOOH. Exemplary reactions are given in 
the disclosure wherein OH transiently forms during a reaction 
involving OH, and some of the at least OH and HO reacts to 
form hydrinos. Examples of OH formed by a secondary reac 
tion involve a hydroxide or oxyhydroxide such as NaOH, 
KOH, Co(OH), or CoOOH that comprise OH. For example, 
Na may form by the reduction of Na' in a cell such as Na/ 
BASE/NaOH wherein the reaction with NaOH can form OH 
as a transient intermediate as follows: 

Na+e to Na; Na+NaOH to Na+OH to Na2O+1/2H- (128) 

In an embodiment such as Na/BASE/NaOH), the transport 
rate of Na' is maximized by means such as decreasing the 
BASE resistance by elevating the temperature or decreasing 
its thickness in order to increase the rate of at least one of Na 
and H formation. Consequently, practical rates of at least one 
of OH and H2O, and then hydrino formation occur. 
0297 Similarly, Li may form by the reduction of Li' in a 
cell such as Li/Celgard LP30/CoOOH wherein the reaction 
with CoOOH can form OH as a transient intermediate as 
follows: 

Alternatively, in the organic electrolyte cell Li/Celgard LP 
30/CoOOH), the mechanism may be OH migration to the 
anode wherein it is oxidized to at least one of nC), OH, and 
H2O that serves as the catalyst or reactant to form hydrino. 
Exemplary reactions are 

Cathode 

0298 
CoOOH-e to CoO-OH (130) 

Anode 

0299 
OH to OH--e: OH to O--H(1/p) (131) 

The O may react with Lito form LiO. The oxyhydroxide and 
electrolyte may be selected to favor OH as the migrating ion. 
In an embodiment, the electrolyte that facilitates migration of 
OH is an ionic electrolyte such as a molten salt such as a 
eutectic mixture of alkali halides such as LiCl—KCl. The 
anode may be a reactant with OH or OH such as a metal or 
hydride, and the cathode may be a source of OH such as an 
oxyhydroxide or hydroxide Such as those given in the disclo 
sure. Exemplary cells are Li/LiCl-KCl/CoOOH, MnOOH, 
Co(OH), Mg(OH). 
0300. In an embodiment, at least one of O, 2O, OH, and 
HO serves as a catalyst to form hydrinos in at least one of the 
solid fuels reactions and the CIHT cells. In an embodiment, 
OH may beformed by the reaction of a source of oxygen such 



US 2014/007283.6 A1 

as POs, SO, KNO, KMnO, CO, O, NO, NO, NO, O, 
and H2O, and a source of H such as MH (M=alkali), H2O, or 
He gas and a dissociator. 
0301 The cell may be regenerated by electrolysis or by H. 
addition. The electrolysis may be pulsed under conditions 
given in the disclosure. One CIHT cell may provide the elec 
trolysis power from another as their charge-recharge cycles of 
a cyclic process are phased to output net electrical power 
beyond that of recharging. The cell may be a rocking-chair 
type with H shuttled back and forth between the anode and 
cathode. The migrating ion comprising H may be OH or H" 
in embodiments. Consider a cell that has a source of H at the 
anode and a sink for H at the cathode such as R Ni/KOH 
(sataq)/AC. Exemplary discharge and recharging reactions 
are given by 

Discharge 

Anode: 

0302) 
LaNish or R NiH+OH to H2O+LaNish or 

R-NiH +e (132) 

Cathode 

0303 
H2O+e to OH--/2H2 in carbon(C(H)) (133) 

Electrolysis Recharge 

Cathode: 

0304 
LaNish or R NiH +H2O+e to OH--LaNish 

or R—NiH, (134) 

Anode 

0305 
C(H)+OH to H2O+C(H)+e (135) 

wherein at least one H, OH, and HO produced during these 
reactions (Eqs. (132-133) serves as the catalyst to form 
hydrinos. The cell may be operated to consume water to 
replace hydrogen that formed hydrinos. The oxygen may be 
selectively gettered by a selective reactant for oxygen or 
removed. Alternatively, hydrogen may be added back to the 
cell. The cell may be sealed to otherwise contain the balance 
of H inventory between the electrodes. At least one electrode 
may be rehydrided continuously or intermittently during cell 
operation. The hydrogen may be supplied by a gas line that 
flows Hinto an electrode. The cell may comprise another line 
to remove H to maintain a flow through at least one electrode. 
The rehydriding by at least one of the internal hydrogen 
inventory, hydrogen generated internally by electrolysis, and 
externally supplied hydrogen, may be by the direct reaction of 
hydrogen with the cathode or anode or reactants. In an 
embodiment, the anode reactant such as a hydride further 
comprises an agent to perform at least one of increase the 
amount of and rate of H absorption by the anode reactant 
Such as a hydride such as R-Ni, LaNis, LaCoNiH, 
ZrCr2Hss, LaNissMino-AlloCoozs, or Zr.Mnos Cro.2Vo. 
1Ni. The agent may be a hydrogen spillover catalyst. Suit 
able agents are CB, PtC, PdC, and other hydrogen dissocia 
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tors and hydrogen dissociators on Support materials. The 
hydrogen pressure may be in the range of about 0.01 to 1000 
atm. A suitable range for rehydriding LaNis is about 1 to 3 
atm. 

0306 The migrating ion may be OH wherein the anode 
comprises a source of H Such as an H intercalated layered 
chalcogenide such as an oxyhydroxide Such as CoOOH, 
NiOOH, HTiS. HZrS, HHfS, HTaS, HTeS, HReS, 
HPtS, HSnS, HSnSSe, HTiSea, HZrSea. HHfSe, HTaSe, 
HTeSe, HReSe, HPtSe, HSnSe HTITe HZrTes, HVTe, 
HNbTe, HTaTe, HMoTes, HWTe HCoTe HRhTes, 
HIrTes, HNiTe, HPdTe. HPtTe HSiTe HNbS, HTaS, 
HMoS HWS, HNbSe HNbSe HTaSe, HMoSe, 
HVSea, HWSea, and HMoTes. The electrolyte may be an 
OH conductor Such as a basic aqueous solution Such as 
aqueous KOH wherein the base may serve as a catalyst or 
source of catalyst such as OH, K, or 2K". The cell may further 
comprise an OH permeable separator such as CG 3401. 
Exemplary cells are an H intercalated layered chalcogenide 
such as CoOOH, NiOOH, HTiS. HZrS, HHfS, HTaS, 
HTeS, HReS, HPtS, HSnS, HSnSSe, HTiSea, HZrSe, 
HHfSe HTaSe, HTeSea, HReSe HPtSea, HSnSe, 
HTITe HZrTe HVTe HNbTe, HTaTes, HMoTes, 
HWTe HCoTes, HRhTe HIrTe HNiTe HPdTe. 
HPtTe HSiTe HNbS, HTaS, HMoS HWS, HNbSe, 
HNbSe HTaSe, HMoSe, HVSe, HWSe, and HMoTe/ 
KOH (6.5M to saturated)+CG3401/carbon such as CB, PtC, 
PdC, CB(H), PtC(H), PdC(H), a carbide such as TiC, and 
a boride such as TiB. The anode may be regenerated by 
Supplying hydrogen or by electrolysis. 
0307 Exemplary electrolytes alone, in combination with 
base such as MOH (M=alkali), and in any combinations are 
alkali or ammonium halides, nitrates, perchlorates, carbon 
ates, NaPO or KPO, and sulfates and NHX, X=halide, 
nitrate, perchlorate, phospate, and Sulfate. The electrolyte 
may comprise a mixture of hydroxides or other salts such as 
halides, carbonates, sulfates, phosphates, and nitrates. Ingen 
eral, exemplary Suitable solutes alone or in combination are 
MNO, MNO, MNO, MX (X=halide), NH, MOH, MS, 
MHS, MCO, MHCO, MSO, MHSO, MPO, 
MHPO, MHPO, M.MoO, MNbO, MBO, (Mtetrabo 
rate), MBO, MWO, MCrO, MCr-O, MTiO, MZrO. 
MAlO, MCoO, MGaO, MGeO, MMnO, MSiO, 
MSiO, MTao, MVO, MIO, MFeO, MIO, MCIO, 
MScO, MTiO, MVO, MCrO, MCrO, MMnO, 
MFe0, MCoO, MNiO, MNiO, MCuO MZnO, (M is 
alkali or ammonium and n=1,2,3, or 4), and an organic basic 
salt such as Macetate or M carboxylate. The electrolyte may 
also comprise these and other anions with any cation that is 
soluble in the solvent such as alkaline earth, transition metal, 
inner transition metal, rare earth, and other cations of Groups 
III, IV, V, and VI such as Al, Ga, In, Sn, Pb, Bi, and Te. Other 
suitable solutes are a peroxide such as HO (that may be 
added continuously in dilute amounts such as about <0.001 
wt % to 10 wt %), an amide, organic base such as urea or 
similar compound or salt and guanidine or similar compound 
Such as a derivative of arginine or salts thereof, imide, aminal 
oraminoacetal, hemiaminal, ROHCR is an organic group of an 
alcohol) such as ethanol, erythritol (CHO). galactitol 
(Dulcitol), (2R,3S4R,5S)-hexane-1,2,3,4,5,6-hexyl, or poly 
vinyl alcohol (PVA), RSH such as thiols, MSH, MHSe, 
MHTe, MHX (X is an acid anion, M is a metal such as an 
alkali, alkaline earth, transition, inner transition, or rare earth 
metal, and x,y,z are integers including 0). The concentration 
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may be any desired. Such as a saturated solution. A Suitable 
Solute causes the Solution Such as an aqueous to be basic. 
Preferably the OH concentration is high. Exemplary cells 
are R Ni/aqueous Solution comprising a solute or combi 
nations of solutes from the group of KOH, KHS, KS, KPO 
KHPO, KHPO, KSO, KHSO, KCO, KHCO, KX 
(X=halide), KNO, KNO, KNO, KMoO, KCrO. 
KCrOz, KAIO, NH, KNbO, KBO, KBO. KWO, 
KTiO, KZrO, KCoO, KGaO, K2GeO, KMnO, 
KSiO, KSiO, KTaO, KVO, KIO, KFeO, KIO, 
KClO, KScC., KTiO, KVO, KCrO, KCr-O, KMnO, 
KFeC, KCoO, KNiO, KNiO, KCuO and KZnO, (n=1, 
2, 3, or 4) (all saturated) and Kactetate, dilute HO additive, 
dilute CoCl2 additive, amide, organic base, urea, guanidine, 
imide, aminal or aminoacetal, hemiaminal, ROHCR is an 
organic group of an alcohol) such as ethanol, erythritol 
(CHO). galactitol (Dulcitol), (2R.3S4R,5S)-hexane-1,2, 
3,4,5,6-hexyl, or polyvinyl alcohol (PVA), RSH such as thi 
ols, MSH, MHSe, and MHTe/CB or CoOOH--CB. The elec 
trolyte concentration may be any desired concentration, but 
preferably it is high such as 0.1 M to saturated. 
0308. Other solvents or mixtures of the present disclosure 
and those of the Organic Solvents section of Mills PCT US 
09/052,072 which is incorporated herein by reference may be 
used as well as, or in combination with, an aqueous solution. 
The solvent may be polar. The solvent may comprise pure 
water or a mixture of water and one or more additional Sol 
vents such as at least one of an alcohol, amine, ketone, ether, 
nitrile, and carboxylic acid. Suitable exemplary solvents may 
be selected from the group of at least one of water, an alcohol 
Such as ethanol or methanol, dioxolane, dimethoxyethane 
(DME), 1,4-benzodioxane (BDO), tetrahydrofuran (THF), 
dimethylformamide (DMF), dimethylacetamide (DMA), 
dimethylsulfoxide (DMSO), 1,3-dimethyl-2-imidazolidi 
none (DMI), hexamethylphosphoramide (HMPA), N-me 
thyl-2-pyrrolidone (NMP), methanol, ethanol, amines such 
as tributylamine, triethyamine, triisopropylamine, N,N-dim 
ethylaniline, furan, thiophene, imidazole, pyridine, pyrimi 
dine, pyrazine, quinoline, isoquinoline, indole, 2.6-lutidine 
(2,6-dimethylpyridine), 2-picoline (2-methylpyridine), and 
nitriles Such as acetonitrile and propanenitrile, 4-dimethy 
laminobenzaldehyde, acetone, and dimethyl acetone-1,3-di 
carboxylate. Exemplary cells are R Ni/solution compris 
ing a solvent or combination of solvents from the group of 
water, alcohol, amine, ketone, ether, and nitrile, and a solute 
or combinations of solutes from the group of KOH. KPO 
KHPO, KHPO, KSO, KHSO, KCO, KCO, 
KHCO, KX (X=halide), KNO, KNO, KNO, KMoO, 
KCrO, KCrOz, KAIO, NH, KS, KHS, KNbO, 
KBO, KBO. KWO K-TiO, KZrO, KCoO, KGaO. 
KGeO, KMnO, KSiO, KSiO, KTaO, KVO, KIO, 
KFeO, KIO, KCIO, KScC., KTiO, KVO, KCrO. 
KCrO, KMnO, KFeC, KCoO, KNiO, KNiO, 
KCuO and KZnO, (n=1, 2, 3, or 4) (all saturated) and 
Kactetate/CB or CoOOH+CB and Ni/MOH (M=alkali) 1 to 
10% H2O+ionic liquid solvent or organic solvent such as 
dimethyl carbonate (DMC), ethylene carbonate (EC), diethyl 
carbonate (DEC), ethanol, hexamethylphosphoramide 
(HMPA), dimethoxyethane (DME), 1,4-benzodioxane 
(BDO), tetrahydrofuran (THF), dioxolane such as 1,3-diox 
olane/NiO intermittent electrolysis submerged cathode. Fur 
ther exemplary cells are R Ni/KOH (saturated aq)/Pt/Ti, 
IR Ni/K-SO (saturated aq)/Pt/Ti, PtC(H)/KOH (satu 
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rated aq)/MnOOHCB, PtC(H)/KOH (saturated aq)/FePO 
CB), R Ni/NH-OH (saturated aq)/CB). 
0309 The cathode and anode materials may have a very 
high surface area to improve the kinetics and thereby the 
power. Other Suitable cathodes comprise a Support Such as 
one or more of carbides, borides, nitrides, and nitriles. The 
anode may also comprise a Support as one of the components. 
The support in different embodiments of the disclosure may 
be a fluorinated carbon support. Exemplary cells are R Ni, 
Raney cobalt (R-Co), Raney copper (R-Cu), LaNis 
LaCoNighs. ZrCr2Hss, LaNissMino-Alois Coo. 7s. Zr.Mno. 
sCroV, Ni, CoH, CrH, FeH, MnH, NiH, ScH, VH, CuH, 
ZnH, AgH/KOH or NaOH (saturated)/carbon, carbides, 
borides, and nitriles, CB, PdC, PtC, TiC, TiSiCYC, TaC, 
MoC, SiC, WC, C, BC, HfC, CrC, ZrC, CrB, VC, ZrB, 
MgB NiB, NbC, TiB hexagonal boronitride (hBN), and 
TiCN. The anode may comprise a metal such as Zn, Sn, Pb, 
Cd, or Co or a hydride Such as LaNise and a Support such as 
carbon, carbides, borides, and nitriles, CB, Steam carbon, 
activated carbon, PdC, PtC, TiC, TiSiC. Y.C., TaC, MoC, 
SiC, WC, C, BC, HfC, CrC, ZrC, CrB, VC, ZrB, MgB, 
NiB, NbC, TiB hexagonal boronitride (hBN), and TiCN. 
0310 Hydrated MOH (Malkali such as K) may react 
directly to form hydrinos at a low rate by the same mechanism 
as given by Eqs. (123) and (94) comprising the reactions of 
the oxidation with OH and H to HO and the reduction of 
HO to H and OH. OH may serve as an MH type catalyst 
given in TABLE 3, or H may serve as a catalyst for another H. 
In an embodiment, the reaction rate is dramatically increased 
by using a scheme to Supply H to the oxidation reaction of 
OH at an anode and by using a large Surface area cathode to 
facilitate the reduction of water at a cathode such that the 
accelerated reaction is harnessed to produce electricity. 
0311. At least one of the half-cell reactions and net reac 
tions of the CIHT cells of the disclosure may comprise reac 
tions for production of thermal energy. In embodiments both 
thermal and electrical energy may be produced. The thermal 
power may also be converted to electricity by systems of the 
current disclosure and those known in the Art. 

0312. In an embodiment, OH is a source of at least one of 
OH and H2O catalyst that forms upon oxidation. For example, 
OH may be oxidized at the anode to OH that further reacts or 
react in a concerted reaction to form H2O catalyst and hydri 
nos. The anode half-cell reactants may comprise a base Such 
as NaOH. The anode half-cell reactants may further comprise 
a source of HSuch as a hydride, hydrogen and a dissociator, or 
hydrogen and a hydrogen-permeable membrane Such as a 
Ni(H), V(H), Ti(H), Fe(H), or Nb(H) membrane or tube 
that may be an electrode such as the anode. The cell may 
comprise a solid electrolyte salt bridge such as BASE such as 
Na BASE in the case that the migrating ion is Na. M' of the 
base MOH (Malkali) migrates through the salt bridge such 
as BASE and is reduced to Na and may react in a concerted 
manner or Subsequently with at least one cathode reactant. 
The reactants may be molten at an elevated cell temperature 
maintained at a least the melting point of the cell reactants. 
The cathode half-cell reactants comprise at least one com 
pound that reacts with the reduced migrating ion. The product 
Sodium compound may be more stable than the sodium com 
pound of the anode half-cell reactants. The cathode product 
may be NaF. The cathode reactant may comprise a fluorine 
source such as fluorocarbons, XeF, BF, NF, SF NaSiF. 
PFs, and other similar compounds Such as those of the dis 
closure. Another halogen may replace F in the cathode. For 



US 2014/007283.6 A1 

example, the cathode reactant may comprise I. Other cath 
ode reactants comprise other halides such as metal halides 
Such as transition metal, inner transition metal, rare earth, Al. 
Ga, In, Sn, Pb, Sb, Bi, Se, and Tehalides such as NiCl, FeCl 
MnI, AgCl, EuBr, EuBr, and other halides of the solid fuels 
of the disclosure. Either cell compartment may comprise a 
molten salt electrolyte such as a eutectic salt such as a mixture 
of alkali halide salts. The cathode reactant may also be a 
eutectic salt such as a mixture of halides that may comprise a 
transition metal halide. Suitable eutectic salts that comprise a 
metal such as a transition metal are CaCl CoCl2, CaCl 
ZnCl2, CeCls RbCl, CoCl2 MgCl2, FeCl MnCl 
FeCl MnCl, KAICl. NaAlCl, AICl CaCl, AlCls 
MgCl, NaCl PbCl, CoCl2 FeCl, and others in TABLE 
4. Exemplary cells are at least one of the group of NaOH, 
R—Ni, LaNish LaCo NiH ZrCr-Hs, LaNissMino 
4AloCoozs. Zr.Mnos CroVoi, Ni, CeH2, LaH2, PtC(H2). 
PdC(H), Ni(H), V(H), Ti(H), Fe(H), or Nb(H)/BASE/ 
I, I+NaI, fluorocarbons, XeF, BF, NF, SF NaSiF. 
PFs, metal halides such as transition metal, inner transition 
metal, rare earth, Al, Ga, In, Sn, Pb, Sb, Bi, Se, and Tehalides 
such as NiCl, FeC1, Mini, AgCl, EuBr, and EuBr. eutectic 
salts such as CaCl CoCl2, CaCl ZnCl2, CeCls RbCl. 
CoCl MgCl2, FeC1 MnCl2, FeC1 MinCl2, KAICl 
NaAlCl, AlCl CaCl, AlCl MgCl, NaCl PbCl, 
CoCl FeC1, and others of TABLE 4 and NaOH+PtC 
(H), PdC(H), Ni(H), V(H), Ti(H), Fe(H), or Nb(H)/ 
BASE/Nax (X is anion such as halide, hydroxide, sulfate, 
nitrate, carbonate)+one or more of the group of NaCl, AgCl, 
AlCl, ASC1, AuCl, AuCl, BaCl, BeCl, BiCl, CaCl, 
CdCls, CeC1, CoCl2, CrCl CsCl, CuC1, CuCl2. EuCls, 
FeCh. FeCls, GaCl, GdCls, GeCla. Hfl. HgCl, HgCl, 
InCl, InCl, InC1, IrC1, IrCl, KC1, KAgCl, KAlCl4, 
KAIC1, LaCl, LiCl, MgCl, MnO1, MoCl, MoCls, 
MoCl, NaAlCl, NaAlCl. NbCls, NdCls, NiCl, OsCls, 
OsC1, PbCl, PdC1, PrC1, PtC1, PtCl, PuC1, RbCl, 
ReC1, RhCl, RhC1, RuC1, SbC1, SbCls, ScC1, SiCl, 
SnCl2, SnCla, SrC1. ThCla, TiCl, TiCl, TICl. UCls, UCl4, 
VC1, WC1, YC1, ZnCl, and ZrCl). Another alkali metal 
may be substituted for Na, other halidies may be substituted 
for C1, and the BASE may match the migrating ion. 
0313 The cell may be regenerated by electrolysis or 
mechanically. For example, the cell Ni(H 1 atm) NaOH/ 
BASE/NaCl MgCl, eutectic produces HO that, in an 
embodiment, is vented from the half-cell. At the cathode, Na 
from migrating Na" may react with MgCl, to form NaCl and 
Mg. Representative cell reactions are 

Anode 

0314) 

Cathode 

0315 
Na'+e +1/2MgCl2 to NaCl--/2Mg (137) 

The anode half-cell may additionally contain a salt such as an 
alkaline or alkaline earth halide such as a sodium halide. 
Following discharge, the anode may be regenerated by adding 
water or a source of water. The cell may also run spontane 
ously in reverse with the addition of HO since the free energy 
for the reaction given by Eq. (137) is +46 kJ/mole (500° C.). 
The source of water may be steam wherein the half-cell is 
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sealed. Alternatively, the source of water may be a hydrate. 
Exemplary hydrates are magnesium phosphate penta or 
octahydrate, magnesium sulfate heptahydrate, sodium salt 
hydrates, aluminum salt hydrates, and alkaline earth halide 
hydrates such as SrBr, Srl, BaBr, or Bal. The source may 
comprise a molten salt mixture comprising NaOH. In an 
alternative exemplary mechanical regeneration method, 
MgCl, is regenerated by evaporating Na as NaCl reacts with 
Mg to form MgCl, and Na. Na can be reacted with water to 
form NaOH and H that are the regenerated anode reactants. 
The cell may comprise a flow system wherein cathode and 
anode reactants flow though the corresponding half cells and 
are regenerated in separate compartments and returned in the 
flow stream. Alternatively, Na may be used directly as the 
anode reactant in the cell Na/BASE/NaOH. The cells may 
be cascaded. 

0316. In an embodiment, the anode comprises a base such 
as MOH (Malkali metal) wherein the catalyst or source of 
catalyst may be OH that reacts with H to form HO that may 
serve as the catalyst. The cathode may further comprise a 
Source of hydrogen such as a hydride Such as a rare earth or 
transition metal hydride or others of the disclosure, or a 
permeable membrane and hydrogen gas such as NiCH), 
Fe(H), V(H), Nb(H), and others of the disclosure. The 
catalyst or source of catalyst may be from by the oxidation of 
OH. The anode oxidation product involving the further reac 
tion with H may be HO. The cell may comprise at least one 
of an electrolyte and a salt bridge that may be a solid electro 
lyte such as BASE (beta-alumina). The cathode may com 
prise at least one of an element, elements, a compound, com 
pounds, metals, alloys, and mixtures thereof that may react 
with the migrating ion or reduced migrating ion such as Mor 
M, respectively, to form a solution, alloy, mixture, or com 
pound. The cathode may comprise a molten element or com 
pound. Suitable molten elements are at least one of In, Ga, Te. 
Pb, Sn, Cd, Hg, P. S., I, Se, Bi, and AS. In an exemplary 
embodiment having Na' as the migrating ion through a salt 
bridge such as beta alumina solid electrolyte (BASE), the 
cathode comprises molten sulfur, and the cathode product is 
NaS. Exemplary cells are NaOH+H source such as LaH, 
CeH, ZrH, TiH, or Ni(H), Fe(H), V(H), Nb(H)/BASE/ 
at least one of S, In, Ga, Te, Pb, Sn, Cd, Hg, P., I, Se, Bi, and 
AS, and optionally a Support. In another embodiment, the cell 
is absent the salt bridge such as BASE since the reductant 
such as H or hydride is confined to the anode, and the reac 
tion between the half-cell reactants is otherwise unfavorable 
energetically or kinetically. In an embodiment having no salt 
bridge, the anode half-cell reactants does not react with the 
cathode half-cell reactant exergonically. Exemplary cells are 
H source such as LaH, CeH, ZrH, TiH, or Ni(H), 
Fe(H), V(H), Nb(H/hydroxide molten salt such as NaOH/ 
at least one of S, In, Ga, Te, Pb, Sn, Cd, Hg, P., I, Se, Bi, and 
As and alloys, and optionally a Support. 
0317. In an embodiment, the reaction to form the catalyst 
comprises a reaction to form H2O that serves as the catalyst 
for another H. The energy may be released as heat or light or 
as electricity wherein the reactions comprise a half-cell reac 
tion. In an embodiment wherein the reactants form HO that 
serves as a catalyst, the reactants may comprise OH that may 
be oxidized to H.O. Exemplary reactions are given in the 
disclosure. The reaction may occur in the CIHT cell or the 
electrolysis cell. The catalyst reaction may be favored with 
H2O in a transition state to product. The cell further comprises 
a source of atomic H. The source may be a hydride, hydrogen 
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gas, hydrogen produced by electrolysis, hydroxide, or other 
Sources given in the disclosure. For example, the anode may 
comprise a metal such as Zn or Sn wherein the half-cell 
reaction comprises the oxidation of OH to water and metal 
oxide. The reaction also forms atomic H in the presence of the 
forming HO wherein HO serves as a catalyst to form hydri 
nos. The anode may comprise a hydride Such as LaNisFI 
wherein the half-cell reaction comprises the oxidation of OH 
to H2O with H provided by the hydride. The oxidation reac 
tion occurs in the presence of H from the hydride that is 
catalyzed to hydrino by the formed HO. The anode may 
comprise a combination of a metal and a hydride wherein 
OH is oxidized to HO with the formation of a metal oxide 
or hydroxide, and H is provided by the hydride. The H is 
catalyzed to hydrino by the forming H2O serving as the cata 
lyst. In another embodiment, an oxidant Such as CO or a 
reductant such as Zn or Al of R Ni may react with OH to 
form H2O and Has an intermediate wherein some of the His 
catalyzed to hydrino by HO during the reaction. In another 
embodiment, at least one of HO and H may form by a 
reduction reaction of at least one of species comprising at 
least one of O and H such as H. H., H, O, O, O, O, O, 
O", HO, HO, OH, OH, OH, HOOH, OOH, O, O, 
O, and O. In another embodiment, at least one of H2O 
and H may form by an oxidation reaction involving at least 
one of species comprising at least one of O and H Such as H. 
H, H, O, O, O.", O, O, O, H.O. H.O. OH, OH, OH, 
HOOH, OOH, O, O, O, and O. The reaction may 
comprise one of those of the disclosure. The reaction may 
occur in the CIHT cell or electrolysis cell. The reactions may 
be those that occur in fuel cells such as proton exchange 
membrane, phosphoric acid, and solid oxide fuel cells. The 
reactions may occur at the CIHT cell anode. The reactions 
may occur at the CIHT cell cathode. Representative cathode 
reactions to form HO catalyst and H or form intermediate 
species that may form HO catalyst and Hat one or both of the 
cathode and anode (reverse reactions) that may occur in aque 
ous or molten media with dissolved HO are 
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0318. In addition to hydrinos, a product of HO serving as 
a catalyst is ionized H2O that may recombine into H2 and O, 
thus, H2O catalysis may generate these gases that may be 
used commercially. This source of H may be used to main 
tain the power output of the CIHT cell. It may supply H. 
directly or as a reactant to regenerate the CIHT half-cell 
reactants such as an anode hydride or metal. 
0319. In another embodiment, the catalyst or source of 
catalyst such as HO and O, and O, may be formed by a 
reaction of OH with O. Exemplary reactions are 

1/3O+2OH to O2+HO (154) 

O+2OH to O2 + H2O (155) 

3/2O+2OH to 20 +H2O (156) 

0320 In an embodiment, the reduced oxygen species is a 
source of HO such as OH that may be oxidized at the anode 
of the CIHT cell or produced chemically in the solid fuel 
reactions. The cell reactants such as the anode reactants of the 
CIHT cell further comprise H. The H reacts with OH to 
form H and HO in an active state for the HO to serve as a 
catalyst to form hydrinos by reaction with the H. Alterna 
tively, the reactants comprise a source of H such as a hydride 
or H and a dissociator such that H reacts with OH to form the 
active HO hydrino catalyst that further reacts with another H 
to form hydrinos. Exemplary cells are M+H/KOH (satu 
rated aq)/steam carbon--O and M--H+dissociator Such as 
PtC or PdC/KOH (saturated aq)/steam carbon--O; M=Zn, 
Sn, Co, LaNish, Cd, Pb, Sb, and In. In an embodiment of a 
thermal reactor, hydrogen and oxygen are combined on a 
metal surface to form HO catalyst and H that react to form 
hydrinos. The metal promotes H and O oxidative recombina 
tion to form water that serves as a catalyst for H to form 
hydrinos wherein the oxidized metal may form a hydroxide or 
oxide. Suitable exemplary metals are Zn, Sn, Co, LaNish, 
Cd, Pb, Sb, and In. 
0321. In an embodiment, the concerted reaction between 
the anode and cathode half-cell reactants cause at least one of 
a match of the energy between H and the HO catalyst such 
that hydrinos form and provide the activation energy for the 
hydrino catalysis reaction. In an exemplary embodiment, the 
CIHT comprising M/KOH (saturated aq)/HO or O. reduc 
tion catalyst--air; M=Zn, Co, Pb, LaNish, Cd, Sn, Sb, In, or 
Ge, the HO or O. reduction catalyst such as steam carbon 
(SC) or carbon black (CB) serves the function of at least one 
of causing the energy match and providing the activation 
energy. In an embodiment, the reactants that form H2O in an 
active catalytic state and H may serve to generate thermal 
energy. The half-cell reactant may be mixed to directly cause 
the release of thermal energy. The exemplary reactants may 
be a mixture of M+KOH (sataq)+HO or O. reduction cata 
lyst+air; M may be Zn, Co, Pb, LaNish, Cd, Sn, Sb, In, or Ge 
and the HO or O. reduction catalyst may be carbon, a car 
bide, boride, or nitrile. In another embodiment, the anode 
may be a metal M such as Zn and the cathode may be a metal 
hydride MEI such as LaNish. The exemplary CIHT cell may 
comprise Zn/KOH (saturated aq)/LaNish, R Ni, or PtC+ 
air or O. Exemplary general electrode reactions are 

Cathode: 

0322 
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Anode: 

0323 

Suitable exemplary thermal reaction mixtures are Sn+KOH 
(sat aq)+CB or SC+air and Zn-i-KOH (sat aq)+LaNish, 
R Ni, or PtC+air. 
0324. In addition to the oxidation of OH and reaction 
with H, the reaction to form HO catalyst may be a dehydra 
tion reaction. A Suitable exemplary reaction is the dehydra 
tion of a metal hydroxide to a metal oxide such as Zn(OH) to 
ZnO+H2O, Co(OH) to CoO+HO, Sn(OH) to SnO+HO, or 
Pb(OH) to ZnO-HO. Another example is Al(OH) to 
Al-O+HO wherein R. Ni may comprise Al(OH) and also 
serve as a source of H that may be catalyzed to form hydrinos 
with at least one of OH and H2O acting as the catalyst. The 
reaction may be initiated and propagated by heating. 
0325 In an embodiment, at least one of n, nC) 
(n integer), O,OH, and H2O catalyst is formed in an active 
state by a dehydration or decomposition reaction. The reac 
tion occurs in the presence of H, and Hand the catalyst react 
to form hydrinos. In an embodiment, the reaction comprises 
the decomposition of H.O.The catalyst HO may beformed 
by the following exemplary reaction: 

0326 Exemplary dehydration reactions are hydroxides 
decomposing to the corresponding oxides and H2O in the 
presence of H such as the decomposition of Al(OH) of 
R Ni to Al-O and HO with H release. The dehydration 
reaction may further involve the hydration HO such as the 
decomposition of hydrated KOH or NaOH. 
0327. In an embodiment, the dehydration reaction 
involves the release ofHO from a terminal alcohol to forman 
aldehyde. The terminal alcohol may comprise a Sugar or a 
derivative thereof that releases HO that may serve as a cata 
lyst. Suitable exemplary alcohols are meso-erythritol, galac 
titol or dulcitol, and polyvinyl alcohol (PVA). 
0328. In an embodiment, the cell comprises a molten salt 
electrolyte that comprises a hydroxide. The electrolyte may 
comprise a salt mixture. In an embodiment, the salt mixture 
may comprise a metal hydroxide and the same metal with 
anotheranion of the disclosure Such as halide, nitrate, Sulfate, 
carbonate, and phosphate. Suitable salt mixtures are 
CsNO, CsOH, CsCH KOH, CsOH LiOH, CsOH 
NaOH, CsOH-RbOH, KCO, KOH, KBr KOH, KCI 
KOH, KF KOH, KI KOH, KNO, KOH, KOH 
KSO. KOH LiOH, KOH NaOH, KOH. RbCH, 
LiCO, LiOH, LiBr LiOH, LiC1 LiOH, LiF LiOH, 
LiI LiOH, LiNO. LiOH, LiOH NaOH, LiOH RbOH, 
NaCO, NaOH, NaBr NaOH, NaCl NaOH, NaF 
NaOH, NaI NaOH, NaNO, NaOH, NaOH NaSO, 
NaOH. RbCH, RbCl RbOH, and RbNO, RbCH. The 
mixture may be a eutectic mixture. The cell may be operated 
at a temperature of about that of the melting point of the 
eutectic mixture but may be operated at higher temperatures. 
The catalyst HO may be formed by the oxidation of OH at 
the anode and the reaction with H from a source such as H. 
gas permeated through a metal membrane Such as Ni, V. Ti, 
Nb, Pd, PdAg, or Fe designated by Ni(H), V(H), Ti(H), 
Nb(H), Pd(H), PdAg(H), Fe(H), or 430 SS(H). Suitable 
hydrogen permeable electrodes for a alkaline electrolyte 
comprise Ni and alloys such as LaNi5, noble metals such as 
Pt, Pd, and Au, and nickel or noble metal coated hydrogen 
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permeable metals such as V. Nb, Fe, Fe—Mo alloy, W. Mo, 
Rh, Zr, Be, Ta, Rh, Ti, Th, Pd, Pd-coated Ag, Pd-coated V. 
Pd-coated Ti, rare earths, other refractory metals, stainless 
steel (SS) such as 430 SS, and others such metals known to 
those skilled in the Art. The metal of the hydroxide, the cation 
of the hydroxide such as a metal, or another cation M may be 
reduced at the cathode. Exemplary reactions are 
0329. Anode 

/2H2+OH to H2O+e or H+OH to H2O+e +H(1/p) (160) 

Cathode 

0330 
M+e to M (161) 

M may be a metal Such as an alkali, alkaline earth, transition, 
inner transition, or rare earth metal, Al, Ga, In, Ge, Sn, Pb, Sb, 
Bi, Se, and Te and be another element such as S or P. The 
reduction of a cation other than that of the hydroxide may 
result in an anion exchange between the salt cations. Exem 
plary cells are M'(H)/MOH M"X/M" wherein M, M', M", 
and M" are cations such as metals, X is an anion that may be 
hydroxide or another anion Such as halide, nitrate, Sulfate, 
carbonate, and phosphate, and M' is H. permeable. Another 
example is NiCH)/M(OH)-M'X/Ni wherein M-alkaline 
earth metal, M'-alkali metal, and X=halide such as NiCH)/ 
Mg(OH), NaCl/Nil, Ni(H)/Mg(OH), MgCl, NaCl/ 
Ni, Ni(H)/Mg(OH), MgO MgCl2/Ni, and Ni(H)/ 
Mg(OH), NaF/Ni. HO and H form and react at the anode 
to furtherform hydrinos, and Mg metal is the thermodynami 
cally the most stable product from the cathode reaction. Other 
suitable exemplary cells are Ni(H)/MOH-M' halide/Ni), 
Ni(H)/M(OH)-M halide/Ni, M"(H)/MOH-M' halide/ 
M", and M"(H)/M(OH)-M'halide/M"where Malkalior 
alkaline earth metal, M'-metal having hydroxides and oxides 
that are at least one of less stable than those of alkali or 
alkaline earth metals or have a low reactivity with water such 
as one from the group of Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, 
Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, Sn, and 
W, and M" is a hydrogen permeable metal. Alternatively, M 
may be electropositive metal such as one or more of the group 
of Al, V, Zr, Ti, Mn, Se, Zn, Cr, Fe, Cd, Co, Ni, Sn, In, and Pb. 
In another embodiment, at least one of M and M' may com 
prise one from the group of Li, Na, K, Rb, Cs, Mg, Ca, Sr., Ba, 
Al, V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, 
Ge. Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, 
and W. In an embodiment, the cation may be common to the 
anions of the salt mixture electrolyte, or the anion may be 
common to the cations. Alternatively, the hydroxide may be 
stable to the other salts of the mixture. The electrodes may 
comprise high-surface area electrodes Such as porous or sin 
tered metal powders such as Ni powder. Exemplary cells are 
Ni(H), V(H), Ti(H), Nb(H), Pd(H), PdAg(H), Fe(H.), 
or 430 SS(H)/LiOH LiX, NaOH NaX, KOH-KX, 
RbOH RbX, CsOH CSX, Mg(OH), MgX, Ca(OH)— 
CaX, Sr(OH)—SrX, or Ba(OH) BaX, wherein X-F, 
Cl, Br, or I/Nil, Ni(H), V(H), Ti(H), Nb(H), Pd(H), 
PdAg(H), Fe(H), or 430 SS(H)/CsNO, CsCH, CsOH 
KOH, CSOH LiOH, CsOH NaOH, CsCH RbOH, 
KCO, KOH, KBr KOH, KC1 KOH, KF KOH, 
KI KOH, KNO. KOH, KOH KSO, KOH LiOH, 
KOH NaOH, KOH. RbOH, LiCO, LiOH, LiBr— 
LiOH, LiC1 LiOH, LiF LiOH, Lil LiOH, LiNO 
LiOH, LiOH NaOH, LiOH RbOH, NaCO, NaOH, 
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NaBr NaOH, NaCl. NaOH, NaF. NaOH, NaI NaOH, 
NaNO, NaOH, NaOH NaSO, NaOH. RbOH, RbCl 
RbOH, and RbNO, RbCH/Ni), and Ni(H), V(H), 
Ti(H), Nb(H), Pd(H), PdAg(H), Fe(H), or 430 SS(H)/ 
LiOH, NaOH, KOH, RbCH, CsCH, Mg(OH), Ca(OH), 
Sr(OH), or Ba(OH)+one or more of AIX, VX,ZrX, TiX. 
MnX, ZnX, Crx, SnX, InX, CuX, NiX, PbX, SbX. 
BiX. CoX, CdX, GeX, AuX, IrX, FeX, HgX, MoX, 
OSX, PdX, ReX, RhX, RuX, SeX, AgX, TeX, TeX 
TIX, and WX, wherein X=F, Cl, Br, or I/Ni). Other suitably 
H. permeable metals may replace the Ni anode and stable 
cathode electrodes may replace Ni. In an embodiment, the 
electrolyte may comprise an oxyhydroxide or a mixture of 
salts such as one or more of hydroxide, halide, nitrate, car 
bonate, Sulfate, phosphate, and oxyhydroxide. In an embodi 
ment, the cell may comprise a salt bridge such as BASE or 
NASICON. In an embodiment, the electrolyte may comprise 
a hydroxide comprising a complex or ion such as M(OH), 
M(OH), or M (OH), wherein M may exemplarily be Zn, 
Sn, Pb, Sb, Al, or Cr. The hydroxide may further comprise a 
cation Such as an alkalication. The hydroxide may be LiZn 
(OH), NaZn(OH), LiSn(OH), NaSn(OH), Li Pb(OH) 
NaPb(OH), LiSb(OH), NaSb(OH), LiAl(OH), NaAl 

(OH), LiCr(OH), NaCr(OH), LiSn(OH), and NaSn 
(OH). Additional exemplary suitable hydroxides are at least 
one from Co(OH), Zn(OH), Ni(OH), other transition 
metal hydroxides, Cd(OH), Sn(OH), and Pb(OH). 
0331. In an embodiment, a source of at least one of oxygen 
and H2O is supplied to the cell and may be selectively sup 
plied to the cathode. In an embodiment, H may be selectively 
Supplied to the anode such that the anode reaction is given by 
Eq. (160). In an embodiment, at least one of O and H2O may 
be supplied to the cell. In an embodiment, O, or HO may be 
added to the cathode half-cell such that the reactions are 

Cathode 

0332 
M"+e +HO to MOH+ /2H- (162) 

M'+2e +/3O2 to MO (163) 

Then, HO may be added such that the reaction is 
MO+HO to 2MOH (164) 

In the case that O is Supplied, the overall balanced reaction 
may be combustion of H that is regenerated by separate 
electrolysis of H2O. In an embodiment, H is supplied at the 
anode and H2O and optionally O is Supplied at the cathode. 
The H may be selectively applied by permeation through a 
membrane and H2O may be selectively applied by bubbling 
steam. In an embodiment, a controlled HO vapor pressure is 
maintained over the molten electrolyte. A HO sensor may be 
used to monitor the vapor pressure and control the vapor 
pressure. The sensor may bean optical one Such as an infrared 
emission spectroscopic sensor or those known in the art. The 
H2O vapor pressure may be supplied from a heated water 
reservoir carried by an inert carrier gas such as N or Ar 
wherein the reservoir temperature and the flow rate determine 
the vapor pressure monitored by the sensor. The cell may run 
continuously by collecting steam and H from the cell such as 
the unreacted Supplies and the gases that form at the anode 
and cathode, respectively, separating the gases by means Such 
as condensation of H2O, and re-supplying the anode with the 
H and the cathode with H2O. In an embodiment, the water 
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vapor is Supplied by a water generator maintained in the 
temperature range of about 20-100° C. In another embodi 
ment, the temperature is maintained in the range of about 30 
to 50° C. The water vapor pressure may be maintained in the 
range of about 0.01 Torr to 10 atm. In another embodiment, 
the water vapor pressure is maintained in the range of about 
31 Torr to 93 Torr. In an embodiment, the cation may be 
common to the anions of the salt mixture electrolyte, or the 
anion may be common to the cations. Alternatively, the 
hydroxide may be stable to the other salts of the mixture. 
Exemplary cells are Ni(H)/Mg(OH), NaCl/Niwick (H2O 
and optionally O), Ni(H)/Mg(OH), MgCl, NaCl/Ni 
wick (HO and optionally O.), Ni(H)/Mg(OH), MgO 
MgCl/Ni wick (HO and optionally O), Ni(H)/Mg(OH) 

NaF/Ni wick (HO and optionally O), Ni(H), V(H), 
Ti(H), Nb(H), Pd(H2), PdAg(H), Fe(H), and 430 SS(H)/ 
LiOH LiX, NaOH NaX, KOH KX, RbCH RbX, 
CsOH CSX, Mg(OH), Mgxi, Ca(OH), CaX, Sr(OH) 

SrX, or Ba(OH) BaX, wherein X=F, Cl, Br, or I/Ni 
wick (HO and optionally O.), Ni(H), V(H), Ti(H), 
Nb(H), Pd(H), PdAg(H), Fe(H), or 430 SS(H)/CsNO 
CSOH, CsCH KOH, CsOH LiOH, CsCH NaOH, 
CsOH RbOH, KCO. KOH, KBr KOH, KC1 KOH, 
KF KOH, KI KOH, KNO, KOH, KOH KSO, 
KOH LiOH, KOH NaOH, KOH. RbCH, LiCO, 
LiOH, LiBir LiOH, LiC1 LiOH, LiF LiOH, LiI LiOH, 
LiNO, LiOH, LiOH NaOH, LiOH RbOH, NaCO 
NaOH, NaBr NaOH, NaCl NaOH, NaF. NaOH, NaI 
NaOH, NaNO, NaOH, NaOH NaSO, NaOH. RbOH, 
RbCl RbOH, and RbNO, RbCH/Ni wick (HO and 
optionally O), and Ni(H), V(H), Ti(H), Nb(H), Pd(H2), 
PdAg(H), Fe(H), or 430 SS(H)/LiOH, NaOH, KOH, 
RbOH, CsCH, Mg(OH), Ca(OH), Sr(OH), or Ba(OH)+ 
one or more of AIX, VX, Zrx, TiX, MnX, Znx, CrX, 
SnX, InX, CuX, NiX, PbX, SbX, BiX CoX, CdX, 
GeX, AuX, IrX, FeX, HgX, MoX, OSX, Pdx-, ReX. 
RhX, RuX, Sex, AgX, TcX, TeX, TIX, and WX. 
wherein X-F, Cl, Br, or I/Ni wick (HO and optionally O). 
Cells such as Ni (H,)/MOH (M=alkali) MX (M'-alkaline 
earth) and optionally MX (X=halide)/Ni may be run at an 
elevated temperature Such that the reactants are thermody 
namically stable to hydroxide-halide exchange. 

0333. In another embodiment of the type M(H) or 
hydride/electrolyte comprising a molten hydroxide/M" 
wherein M' and M" may comprise a H. permeable metal such 
as Ni, Ti, V. Nb, Pt, and PtAg, the electrolyte comprises a 
mixture of a hydroxide and a hydride such as MOH-MH 
(M=alkali). The MH may be reduced to Mand at the cathode. 
OH and H may be oxidized at the anode to H2O. The elec 
trolyte comprising an excess of MH may be regenerated by 
addition of O or HO. In other embodiments, the electrolyte 
may comprise another hydrogen storage material beside or in 
addition to MH such as borohydrides and aluminum hydrides. 
0334 Referring to FIG. 2, the H formed by the reduction 
of water may permeate the hydrogen permeable membrane 
473 and react with an H reactant. The H permeable electrode 
may comprise V. Nb, Fe, Fe—Mo alloy, W. Mo, Rh, Ni, Zr, 
Be, Ta, Rh, Ti, Th, Pd, Pd-coated Ag, Pd-coated V. Pd-coated 
Ti, rare earths, other refractory metals, and others such metals 
known to those skilled in the Art. The H reactant may be an 
element or compound that forms a hydride Such as an alkali, 
alkaline earth, transition, inner transition, and rare earth 
metal, alloy, or mixtures thereof, and hydrogen storage mate 
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rials such as those of the disclosure. Exemplary cells are 
Ni(H)/LiOH LiBr/Ni(Li, Ti, La, Ce). 
0335) Further exemplary cells are Ni(H)+MOH/molten 
salt of MX-M"X" (MandM'-alkali, X and X=halide or other 
anion, M" is a metal such as alkali, alkaline earth, transition, 
inner transition, and Groups III-VI wherein the salt is stable to 
reaction with the mixture and the stoichiometry of each ele 
ment of MX-M"X" gives neutrality). M'X-M"X" may com 
prise at least one of NiCl, Mini, EuBr, SnI. FeCl, AgCl, 
FeC1, InCl, CoCl2, CrCl, CsCl, CuC1, CuCl2, MnCl 
NiCl, PbCl, RbCl, SnCl, TiCl, and ZnCl). The cells may 
further comprise a source of oxygen Such as air or O gas Such 
as at the cathode. The cells may be regenerated by electroly 
sis, addition of H, or mechanically. In an embodiment, the 
reaction vessel may comprise a material resistant to corrosion 
by molten hydroxides such as nickel or Monel alloy. In an 
embodiment, at least one of the cathode and anode is lithiated 
such as a lithiated Nielectrode such as Nicomprising LiNiO. 
In embodiments, the anode of molten salt or aqueous alkaline 
cells that are discharged continuously or intermittently with a 
waveform Such as charging from a first time and discharging 
for a second time wherein the current may be maintained 
constant during at least one of the time periods, the anode may 
comprise a hydride such as nickel hydride, LaNis, or 
LaCoNiH. 
0336 Suitable molten hydroxide electrolytes that form 
peroxide ions such as O, and HOO at the cathode from the 
reduction of oxygen are LiOH and NaOH. Exemplary reac 
tions to form a hydrino catalyst such as at least one of OH, 
H2O, O, n, and nG) (n is an integer) are 

Cathode 

0337 
O+2e to O’ (165) 

O+H2O+2e to HO +OH (166) 

Anode 

0338 
H+HO to H2O+/3O+e (167) 

H+HO, to H2O+OH+e (168) 

In an embodiment, the cell reactants comprise a source of 
peroxide or peroxide. Suitable peroxides are LiO and 
Na2O. The peroxide or peroxide ions may form a hydrino 
catalyst such as at least one of OH and H2O. Exemplary 
reactions pathways are given by Eqs. (138-148) and (165 
168). Suitable cells are Ni(H)/at least one of LiOH and 
NaOH and possibly another salt such as LiX or Nax 
(X=halide) and a peroxide oran alkali peroxide Such as LiO. 
or NaO/Ni). In an embodiment, the electrolyte comprises at 
least one of a mixture of hydroxides and other salts that favor 
the formation of one or more oxygen species by the reduction 
of oxygen. The electrolyte is selected to optimize the reduc 
tion of oxygen to the desired oxygen reduction products that 
further optimizes the dependent catalyst formation and reac 
tion to form hydrinos. In an exemplary embodiment, one or 
more of NaOH or KOH is added to a eutectic mixture of 
LiOH LiBr to optimize the electrical power from forming 
hydrinos. In another embodiment, HO or a source of H2O is 
added to the cathode reactants to cause the conversion of 
higher oxides such as peroxide and Superoxide to hydroxide. 
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A suitable reaction is the reduction of O and HO to form 
OH directly or through an intermediate species such as at 
least one of peroxide, superoxide, and oxide ions, and HOO, 
and HOOH. 

0339. In an embodiment, oxygen is reduced to a species at 
the cathode that serves as the catalyst or a species that serves 
as an intermediate that further reacts to form the catalyst. The 
species or a further reaction product may be at least one of 
species comprising at least one of O and H such as H. H. H. 
O, O, O, O, O,O", H.O.H.O", OH, OH, OH, HOOH, 
OOH, O, O, O, and O. In another embodiment, the 
cathode reaction may be concerted with the anode reaction. 
The cathode reaction involving oxygen may form a species 
that causes an energy match between H and a catalyst both 
formed at the anode wherein the H may react to form hydrino. 
Exemplary species formed at the cathode are O, O, O, 
OH, HOO, H, H, O,OH, HO, O, O, and O. The anode 
reaction may comprise the oxidation of HOT to at least one of 
OH, HO, O, and O, wherein at least one of the OH, HO, O, 
and O may serve as the catalyst. In an embodiment, the 
concerted reaction may comprise the anode reaction of OH 
to at least one of OH and H2O (Eqs. (123) and (131)), and the 
cathode reaction may comprise the reduction of O, to O. 
(Eq. (165)). A suitable electrolyte to preferentially form O. 
comprises at least one of LiOH and NaOH. In an embodi 
ment, HO is further provided to react with at least one 
reduced oxygen species. At least one product may be OH. 
The source of at least one of oxygen and water may be air. The 
concentration of one or more of oxygen and H2O may be 
controlled to control at least one of the electrical and thermal 
power outputs from the formation of hydrinos. In an embodi 
ment, the electrical power output of the cell is optimized. In 
an embodiment, CO, and CO are removed from the air before 
flowing into the cell. The removal may be achieved by using 
a scrubber known to those skilled in the Art. In an embodi 
ment, a hydroxide electrolyte comprises an additive such as 
an oxide to suppress carbonate formation from CO and CO. 
Suitable additives are high water concentration, oxides of 
Mg, Sb, and Si, and oxyanions such as pyrophosphate and 
persulfate. Specific examples are SiO, MgO, SbO, 
Na2SOs, and NaPO7. In an embodiment comprising a 
molten electrolyte Such as a molten alkali hydroxide salt, 
carbonate may be removed by reaction with an active metal 
Such as the alkali metal. In an embodiment comprising an 
intermittently charged and discharged cell, the cell is closed 
to air that avoids CO and CO. In an embodiment, the oxygen 
of at least one half-cell reaction is from electrolysis such as 
oxidation of at least one of HO and OH. 
0340. In an embodiment, the moltenhydroxide electrolyte 
and mixtures comprising a molten hydroxide further com 
prises an oxide such as an alkaline (MO) or an alkaline earth 
oxide (MO). The concentration may be up to saturation. The 
oxide may react with the hydroxide or water to form an 
equilibrium concentration. Exemplary reactions are: 

Li2O to H2O to 2LiOH (169) 

Li2O+2OH to 2LiO+H2O (170) 

The molten hydroxide electrolyte may further comprise an 
alkali metal (M). In an embodiment, the electrolyte comprises 
a moltenhydroxide, optionally another salt, and at least one of 
M, MH, MO, MO, or MO, wherein M is a metal such as an 
alkali metal. In an embodiment, at least one of the oxide, H2O, 
peroxide, and Superoxide equilibriums are shifted. 
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0341. In an embodiment, the energy of the cell reaction to 
form the catalyst such as at least one of H2O,OH, O, nFI, and 
nO(n integer) is equivalent to that of the reaction occurring 
in vacuum. The reaction may occur in a gas or a condensed 
phase Such as a liquid phase or a solid phase. The liquid may 
be an aqueous or molten salt medium Such as an electrolyte. 
The reaction to form the catalyst may comprise a half-cell 
reaction. In an embodiment, the counter half-cell reaction to 
that which forms the catalyst may occur at Voltage that is 
about 0 V relative to a standard hydrogen electrode (SHE). 
Suitable voltages are in the ranges of about -0.5V to +0.5V. 
-0.2V to +0.2V, and -0.1 V to +0.1V relative to a SHE. The 
catalyst of the catalyst-forming half-cell reaction may be at 
least one of H2O, OH, O, nH, and nG (n=integer). The 
catalyst forming reaction and the counter half-cell reaction 
may be 

Anode: 

0342 

Cathode: 

0343 

The overall reaction may be 

wherein at least one of HO, OH, O, nH, and nG (ninteger) 
may serve as the catalyst. In the case of a molten hydroxide 
salt electrolyte, the water partial pressure supplied to the cell 
may be controlled to favor the OH producing reaction over 
other O and HO reduction reactions such as those that form 
at least one of peroxide, Superoxide, and oxide. In an embodi 
ment, at least one of the temperature, O pressure, HO pres 
Sure, H pressure, and OH concentration are controlled to 
favor the catalyst-forming half-cell reaction and the counter 
reaction that results in the optimal formation of hydrinos. One 
or more of the corresponding reactions may be given by Eqs. 
(171-173). Suitable exemplary cells are Ni(H)/LiOH 
LiBr/Ni+air, Ni(H)/NaOH NaBr/Ni+air, Ni(H)/ 
NaOH NaI/Ni--air, Ni(H)/Sr(OH)/Ni--air, and similar 
cells of the disclosure wherein the air comprises some H.O. 
0344. In an embodiment, the reaction that forms the HO 
catalyst is about 1.2 volts thermodynamically corrected for 
the operating temperature. In an embodiment, the Voltage of 
the half-cell reaction to form the catalyst relative to 25°C. and 
the SHE is about 1.2V. Suitable voltages are in the ranges of 
about 1.5V to 0.75V, 1.3V to 0.9V, and 1.25V to 1.1 V relative 
to a SHE and 25°C. The cell may be operated in the tempera 
ture range of about 200°C. to 1000°C. or in the range of about 
250° C. to 600° C. Suitable reactions are those that form HO 
wherein HO may serve as the catalyst as given by Eqs. (171) 
and (172) and Eqs. (197) and (198). Suitable electrolytes to 
achieve the desired Voltages are a molten alkaline or alkaline 
earth hydroxide that may further comprise another salt such 
as a halide. Suitable mixtures are eutectic salt mixtures Such 
as an alkali metal hydroxide and halide such as LiOH LiBr, 
NaOH NaBr, and NaOH NaI. An exemplary alkaline 
earth hydroxide is Sr(OH). Hydrogen may be supplied to the 
anode by permeation or by bubbling. Suitable acidic electro 
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lytes are aqueous acid electrolytes Such as aqueous HSO or 
HX (X-halide) or an acidic ionic liquid such as those of the 
disclosure. 
0345. In an alkaline aqueous cell embodiment, the catalyst 
forming reaction may be given by Eq. (171), and the counter 
half-cell reaction having a reduction potential relative to the 
SHE of about 0 V is at least one of 

O+HO+2e to HO, +OH (174) 

O+2H2O+2e to HOOH+2OH (175) 

O+e to O. (176) 

In an embodiment, the O. concentration or the cathode mate 
rial may be altered to achieve a reaction with the desired 
potential. Suitable exemplary cells are MH/KOH (aq sat)/ 
SC, Pd, Pt, Au, Ag, or other oxygen reduction cathode--air 
and similar cells of the disclosure wherein MH is a metal 
hydride such as LaNish. 
0346. In an embodiment of an electrolytic cell comprising 
hydroxide electrolyte Such as an aqueous or molten hydrox 
ide or mixture such as an alkali hydroxide such as LiOH. H. 
is generated at the cathode, and O is generated at the anode 
by electrolysis of HO. The hydroxide of the electrolyte may 
be formed by Solution an aqueous base such as a carbonate 
such as M2CO, (M=alkali). The cell may be operated at an 
elevated temperature such as in the range of about 25°C. to 
300°C., but may be operated at higher temperatures. The cell 
may be pressurized to operate attemperature near boiling and 
above. In an embodiment, at least one of the reactions of the 
oxidation of OH to HO in the presence of H at the cathode 
and the reduction of at least one of O and HO to OH at the 
anode occurs with the formation of hydrinos. In an embodi 
ment, the oxygen formed at the anode is reduced with HO to 
OH at the anode, and the H formed at the cathode reacts 
with OH as it is oxidized to H2O at the cathode such that the 
OH pathway occurs at the anode and cathode according to 
Eqs. (172) and (171), respectively. The catalyst may be HO 
formed at the cathode that reacts with the Halso formed at the 
cathode. The cathode may be a metal that forms a hydride 
Such as a noble metal Such as Pd, Pt, or Au, or a transition 
metal or alloy such as Nior LaNis. The cathode may perform 
as a bifunctional electrode to reduce HO to H and oxidize 
OH to H2O in the presence of H. The anode may comprise a 
conductor Such as a metal Such as a noble metal Such as Pt, Pd, 
or Au, or a transition metal or alloy such as Ni or LaNis that 
performs as a bifunctional electrode to oxidize the aqueous 
electrolyte to O. and reduce at least one of O and H2O to 
OH. The morphology of the electrode may increase its sur 
face area. Exemplary electrodes Such as Niare wire, sintered, 
sheet, or mat Ni. In an embodiment, the molten salt cell 
having an alkaline electrolyte Such as one comprising at least 
one of hydroxide and carbonate comprises an anode that 
comprises at least one of nickel, nickel oxide, cobalt, cobalt 
oxide, and chromium-doped nickel, a cathode that may be 
nickel. NiO, cobalt, cobalt oxide, Ag, silver oxide such as 
AgO, Ag-doped Ni, and lithiated nickel oxide, and may 
comprise an electrolyte Support such as MgO, Li TiO, or 
LiAlO. An electrode such as the anode may comprise NiO 
and another compound that stabilizes NiO such as MgO or 
FeO, that may form Ni MgO and NiFe O respectively. 
In an embodiment, an electrode such as the anode such as NiO 
may stabilized by increasing the basicity by a source Such as 
a source of O. Suitable sources to increase the basicity of 
the electrolyte are MgO, CdC), ZnO, FeO, NiO, LiO, 
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MoO, SiO, Al-O, Cr-O, TiO, ZrO., WO, and similar 
oxides that serve as a source of O. The another compound 
may be added to the electrode or may comprise an electrolyte 
additive or matrix. The hydrino reaction current contribution 
is in the direction opposite that of the electrolysis current and 
may result in additional heat production in the cell. In another 
embodiment, at least one gas may crossover between half 
cells such that at least one of reactions given by Eqs. (171) and 
(172) occur to form hydrinos. The electrode separation may 
be minimal to facilitate gas crossover. The gases may cross 
over in the cell such that the OH system given by Eq. (172) 
at least partially occurs at the cathode and the OH system 
given by Eq. (171) at least partially occurs at the anode. The 
catalyst may be HO formed at the anode from crossover H 
that reacts with the additional H that crosses over from the 
cathode to the anode. The anode may be a metal that forms a 
hydride such as a noble metal such as Pd, Pt, or Au, or a 
transition metal or alloy such as Nior LaNis that performs as 
a bifunctional electrode to oxidize the aqueous electrolyte to 
O and oxidize OH to HO in the presence of crossover 
hydrogen. The cathode may be a metal that forms a hydride 
Such as a noble metal Such as Pd, Pt, or Au, or a transition 
metal or alloy such as Nior LaNis. The cathode may perform 
as a bifunctional electrode to reduce HO to H and may 
additionally reduce at least one of crossover O. and HO to 
OH. Thus, the cathode may comprise at least one of an 
oxygen and H2O reduction catalyst. At least one of electrical 
and thermal energy is released by the crossover reactions 
wherein the current has the same polarity as that of the elec 
trolysis current, but the Voltage is of the opposite polarity. 
Thus, in the case that constant current electrolysis is per 
formed, in an embodiment, the cell Voltage decreases and the 
cell temperature increases. An exemplary electrolysis cell is 
Pt/LiOH 0.1M to saturated aq/Pd). In other embodiments, 
both electrodes are Ni or one is Ni and the other a different 
material such as Pt, Pd, DSA material, other noble metal, 
carbon, Ag, a material of the disclosure, or a one or more of 
these materials or others of the disclosure on a Support Such as 
Pt/Tiand the electrolyte is aqueous (aq) KOH or KCO, in the 
concentration range of about 0.1M to saturated. Specific 
examples are PtTi/KCO or KOH 0.1M to saturated aq/Ni. 
0347 In an embodiment, at least one of an oxyhydroxide 
such as PdOOH, PtCOH, or NiOOH, a hydroxide such as 
Pt(OH), Pt(OH), Pd(OH), or Ni(OH), and a hydrate such 
as Pt(HO) may form at an electrode such as the anode. The 
oxidation reaction of one or more of oxidation products of the 
electrode such as the anode with OH may form the catalyst 
such as HO and H that further react to form hydrinos. Exem 
plary reactions at a Pt anode are 

PtCOH+2OH to PtC)+HO+H(A)+O+2e. (177) 

Pt(OH)+OH to Pto-i-HO+H(A)+e (178) 

3Pt(OH)2+OH to Pt. O+3H2O+H(A)+e (179) 

0348. The reaction of an oxyhydroxide, hydroxide, or 
hydrate at the anode may reduce the electrolysis cell Voltage. 
The reaction to form hydrinos releases energy that may be in 
the form of at least one of thermal and electrical energy. In an 
embodiment of the electrolysis or intermittent electrolysis 
cell. His formed by reduction of HO at the negative electrode 
during electrolysis, and the reaction is at least partially revers 
ible such that the catalyst such as HO is formed that further 
reacts with H to form hydrinos. The reaction to form the HO 
catalyst may be the reaction OH--H to H2O+e. 
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(0349. In an embodiment of the electrolysis cell or CIHT 
cell Such as one comprising a H. permeation anode or one 
operated underintermittent electrolysis, at least one electrode 
forms an oxide and further comprises hydrogen from as 
Source Such as at least one of H2 gas permeation, generation 
on the Surface from electrolysis such as continuous electroly 
sis or intermittent electrolysis, and absorbs H2 from H2 cross 
over from the counter electrode or from an external source 
such as Supplied Higas. The oxide may form by reaction of at 
least one of the electrolyte with the metal and oxygen dis 
solved in the electrolyte with the metal. The oxygen may be 
from source Such as at least one of atmospheric or Supplied 
oxygen gas or from electrolysis of HO that may be per 
formed in the cell. The electrolyte may comprise hydroxide. 
The hydroxide may react with the metal oxide to form H2O 
catalyst that may further react with the hydrogen such as 
atomic hydrogen on the electrode to form hydrinos. The 
energy released in forming hydrinos may be manifest as at 
least one of electrical energy and thermal energy. Represen 
tative reactions of nickel oxides with the hydroxide to form 
H2O catalyst are 

2KOH--NiO to KNiO2+H2O (180) 

3KOH--NiO to KNiO2+H2O+K2O+/2H2 (181) 

4KOH--NiO to 2KNiO2+2H2O+/2O2 (182) 

0350 Reactants and reactions such as those corresponding 
to Eqs. (180-182) may comprise those of chemical reactions 
or solid fuels to form hydrinos and given in the Chemical 
Reactor section. 
0351. In embodiments, the reaction to form hydrinos 
requires atomic hydrogen and a catalyst. A Suitable reaction 
to form atomic hydrogen is hydrogen dissociation on a high 
Surface area dissociator Such as a transition metal Such as Ni, 
Ti, or Nb, or a noble metal such as Pt, Pd, Ir, Rh, and Ru. The 
dissociator may be a nano powder Such as one having particle 
size in the range of about 1 nm to 50 microns. Alternatively, 
atomic hydrogen is provided by hydrogen permeation 
through a hydrogen permeable membrane Such as Ni or by 
sparging. Atomic hydrogen may be generated on a Surface or 
in the electrolyte by electrolysis. Electrolysis may be main 
tained intermittently. One or more H atomic layers may be 
formed that react to form hydrinos at least during the dis 
charge phase of the intermittent cycle. 
0352 An electrolysis cell 400 shown in FIG. 1 comprises 
a cathode compartment 401 with a cathode 405, an anode 
compartment 402 with an anode 410, and optionally a sepa 
rator or salt bridge 420. The electrolysis power is supplied by 
a power source that is applied between the terminals. The 
power source may be a power Supply or a power storage unit 
that may be at least a second CIHT cell or a capacitor. The 
power storage such as the second CIHT cell or capacitor may 
be charged by the first CIHT cell that comprises a power 
Source. Control electronics may switch between charging and 
discharging the first CIHT cell using the power source and 
control the charge and discharge parameters such as Voltage, 
current, power, and load. The electrolyte may be acqueous, a 
molten salt, or a combination thereof Such as those of the 
disclosure. In an electrolysis cell embodiment, the electroly 
sis voltage is intermittent or pulsed. The electrolyte may be a 
molten salt such as a moltenhydroxide eutectic salt Such as an 
alkaline or alkaline earth hydroxide and a halide salt. An 
exemplary electrolyte is LiOH LiBr. The electrolyte may 
also be an aqueous electrolyte that may be basic, acidic, or 
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about neutral. An exemplary basic electrolyte is an aqueous 
hydroxide electrolyte such as an aqueous alkali hydroxide 
Such as KOH. An exemplary acidic electrolyte is an aqueous 
acid such as aqueous HSO or HX (X=halide). 
0353. In an embodiment, the electrolyte may comprise a 
basic aqueous solution. The charging phase of the intermit 
tent or pulsed cycle may comprise the electrolysis of HO to 
H2 and O2. The cathode and anode reactions may comprise 
the reverse of Eqs. (171) and (172), respectively, except that 
the hydrino formation is irreversible. The cathode discharge 
half-cell reaction may comprise the reduction of at least one 
of H2O and oxygen. The reduction may be given by Eq. (172). 
The overpotential for the reduction reaction may cause the 
half-cell voltage to be about zero. In an embodiment, the 
reduction potential for the reduction of O. and HO to OH in 
aqueous alkaline solution (Eq. (172)) is about 0.4V relative to 
the SHE and 25°C. The overpotential for reduction on the 
electrode is about 0.4V such that the reduction half-cell reac 
tion occurs at about 0V. The anode discharge half-cell reac 
tion may comprise the oxidation of OH and further reaction 
with H to form HO (Eq. (171)). The HO may serve as a 
catalyst to form hydrinos. In an embodiment, the reduction 
potential for the oxidation of OH and further reaction with H 
to form H2O (Eq. (171)) is about 1.23 V relative to the SHE 
and 25°C. The overpotential for oxidation on the electrode is 
such that the oxidation half-cell reaction occurs at about 1.23 
V. 

0354) In other embodiments, the catalyst may comprise a 
Species that accepts m27.2 eV from atomic hydrogen such as 
those of the disclosure wherein the catalyst may be a half-cell 
species or formed during the electrolysis or discharge phases. 
Hydrinos are formed during at least one of the charge and 
discharge phases. Regarding the discharge phase, the half 
cellpotential of the oxidation reaction may be about 1.23 V or 
be in the range of about 0.6 to 1.5 V relative to the SHE and 
25°C., and the half-cell potential of the reduction reaction 
may be about 0 V or be in the range of about -0.5 to +0.5V 
relative to the SHE and 25°C. The cell potential between the 
electrolysis cathode and anode during the electrolysis-off or 
discharge phase may be about 1.2V or bein the range of about 
0.6 to 2 V relative to the SHE and 25°C. In embodiments 
having an elevated temperature, these room temperature 
ranges are thermodynamically corrected for the operating 
temperature. In not given otherwise the voltages of the dis 
closure are relative to the SHE and 25°C. 
0355) In an embodiment of the CIHT or electrolysis cell to 
form hydrinos and at least one of electrical and thermal power 
comprising an aqueous electrolyte, at least one system alter 
ation or method is applied to enhance the rate of forming 
hydrinos comprising the use of a porous anode to provide 
regions for formation of nascent H2O, a variation of the gas 
flow rate by means such as varying the electrolysis current to 
change the gas/electrolyte/electrode interfacial layer proper 
ties to favor formation of free or nascent HO (non-bulk HO) 
as the catalyst (when HO is indicated as the catalystherein it 
is inherent that hydrino catalytically active or nascent HO is 
meant), and a variation of the electrolyte composition, con 
centration, temperature, and other such physical parameters 
to cause a change in it properties such as a change in the 
solvent spheres about ions that alter the capacity of the cell 
reactions to form free or nascent H2O catalyst and hydrinos. 
0356. In an embodiment such as at least one comprising a 
molten salt or aqueous electrolytic cell, the cell is charged at 
a constant Voltage per cell that corresponds to the negative of 
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the cell potential for the reaction of H and O. to HO. The 
charging potential may comprise the HO electrolysis poten 
tial having overpotential as well as thermodynamic voltage 
components. The cell may also be charged at a constant 
current, power, or load, or a variable voltage, current, power, 
or load. The cell may then be discharged at constant voltage, 
current, power, or load. The constant voltage may beachieved 
using a load that maintains the desired discharge Voltage. In 
other embodiments, the discharge may be at a variable volt 
age, current, power, or load that may be controlled with at 
least one of a Voltage, current, power, and load controller. The 
Voltage and current parameters may comprise a ramp in either 
direction such as from a minimum to a maximum while 
charging and a maximum to a minimum while discharging, 
for example. In an embodiment, the discharge is under con 
ditions that maximize the hydrino reaction rate by matching 
the half-cell reduction potentials to those that achieve the 
optimization. In an embodiment, the discharge is maintained 
at a constant Voltage per cell that corresponds to cell potential 
for the reaction H2 and O2 to H2O. The matching potential 
may comprise overpotential as well as thermodynamic volt 
age components. In other embodiments, at least one of the 
Voltage and current is variable to achieve the discharge volt 
age that causes the hydrino catalyst reaction to occur at the 
maximum rate. The cell potential is the difference of the 
half-cell reduction potentials that may comprise overpoten 
tial as well as thermodynamic voltage components. The fre 
quency and other charge-discharge parameters may be 
adjusted to maximize the hydrino catalysis reaction rate. In an 
embodiment, the waveform of the cycle is conditioned to 
match a suitable load or a load is matched to the waveform. In 
an embodiment, the charge-discharge frequency may be that 
of the standard such as that of the power grid. The frequency 
may be 50 Hz, or it may be 60 Hz. The waveform may be 
conditioned to alternating current such as alternating current 
at 60 Hz or 50 Hz. The frequency may involve reciprocal 
charging between two cells that are out of phase of the charge 
discharge cycle such that one may charge another and vice 
versa. In another embodiment, the current may be rectified. 
The current may be supplied to a load during the discharge as 
direct current that may be about constant current. Multiple 
CIHT cells may be timed to provide constant current over 
durations longer than that of the cycle of any given individual 
cell. 

0357. In an embodiment, the cell generates at least one of 
hydrogen and oxygen from H.O. In an embodiment, the H. 
and O2 may be formed on the discharge anode and cathode. 
respectively, during intermittent electrolysis. Alternatively, 
the gases are formed from H2O spontaneously that may be 
independent of electrolysis. The energy to drive the sponta 
neous production of at least one of H and O from HO is the 
formation of hydrinos. At least one of the gases, H and O. 
are reactants to form at least one of the catalyst and hydrinos. 
The mechanism may involve at least one of an electrochemi 
cal and an ionization reaction. The catalyst such as H2O may 
beformed during discharge that further reacts with H to form 
hydrinos. The reaction to form HO during discharge may be 
reversible at any stage of the cell operation such that H is 
formed at the discharge anode directly and, optionally, inde 
pendent of that formed by electrolysis. In addition or alterna 
tively, to the electrolysis of HO to H and O. at the discharge 
anode and cathode, respectively, H formation may be spon 
taneous due to the energy that is released to form hydrinos 
wherein both reactions may occur simultaneously. In an 
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embodiment, the cell voltage is such that the electrolysis of 
H2O occurs spontaneously with hydrino formation. The 
hydrino reaction may at least partially maintain or Support the 
cell Voltage that achieves at least one of propagation of the 
electrolysis of H2O and propagation of the hydrino formation 
reaction. In an embodiment, the cell voltage is about 0.8+0. 
5V. The exemplary cell comprising Ni/LiOH LiBr with 
optional matrix such as MgO/Ni and a supply of H2O may be 
operated in the temperature range of about 280-500°C. with 
a cell voltage of about 0.8 V-0.2V. The voltage may be 
assisted by at least one of intermittent electrolysis and spon 
taneous electrolysis with hydrino formation. An exemplary 
cell waveform of the intermittent electrolysis may comprise a 
step of charge to 0.8 V-0.2V and maintain that voltage for a 
set time as the cell discharges. The cell waveform may further 
discharge the cell under conditions such as at a constant 
current to a limiting voltage such as 0.6 V-0.2V or for a 
limiting time Such as 4 st3S. The spontaneous electrolysis of 
H2O may have one or more intermediate steps that involve a 
reaction of at least one of the anode material, the electrolyte, 
and a solid, liquid, and gas in the cell. For example, H2O may 
react with the anode metal M to form MO and H. Exemplary 
Solids, liquids, and gases are solid matrix Such as MgO, 
LiAlO, Li TiO, LiVO, CeO2, TiO, and others of the dis 
closure, HO, O, CO, SO, NO, NO, and NO. Alterna 
tively, the electrolyte may be at least one of oxidized and 
reduced, and H2O is also a reactant. Exemplary spontaneous 
HO electrolysis reactions are 

Discharge Anode: 

0358 
2OH to 2H+O." (183) 

2H to 2H(1/p) (184) 

wherein H2O catalyst is formed by the reaction of Eq. (171), 
for example. 

Discharge Cathode: 
0359 

The overall reactions may be 
H2O to /3O2 and 2H(1/p) (186) 

HO to 1/2O, and H- (187) 

0360. Other exemplary spontaneous HO electrolysis 
reactions are 

Discharge Anode: 

0361 
2OH to H-HOO-le (188) 

H to H(1/p) (189) 

wherein H2O catalyst is formed by the reaction of Eq. (171), 
for example. 

Discharge Cathode: 
0362 

HOO--/3HO+e to 20H +1AO, (190) 

The overall reaction may be given by Eqs. (186) and (187). 
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Discharge Anode: 
0363 

3OH to O-H2O+H+3e (191) 

H to H(1/p) (192) 

wherein HO catalyst is also formed by the reaction of Eq. 
(171), for example. 

Discharge Cathode: 
0364 

/3O+HO+2e to 20H (193) 

The overall reaction may be given by Eqs. (186) and (187). 
The hydrogen and oxygen of Eqs. (183), (185), (188), (190), 
and (191) may react to form OH and H2O according to Eqs. 
(171) and (172), respectively. Other oxygen species such as 
oxide, peroxide, Superoxide, and HOOT and reactions given 
in the disclosure such as (Eqs. (138-153)) may be involved in 
the spontaneous electrolysis of HO to form a source of at 
least one of H. catalyst, and hydrinos. In an embodiment, H 
may be formed at the discharge anode and cathode wherein 
hydrinos are preferentially formed at one electrode such as 
the anode since the catalyst is formed there. An exemplary 
cell is one having a Ni discharge anode and a NiO discharge 
cathode wherein hydrinos are preferentially formed at the Ni 
electrode. In addition to the reactions Supra, the reaction at the 
discharge cathode may be reduction of HO to OH and H. 
and the reaction at the anode may be the oxidation of OH as 
given in the reactions above and may further comprise the 
reaction to form metal oxide of the anode. Alternatively, an 
oxide such as a metal oxide such as NiO may be reduced at the 
cathode. The reduction may also include other reactants such 
as HO. Exemplary reduction reactions are NiO to Ni and 
negative ions comprising oxygen Such as oxide, peroxide, and 
superoxide and reduction of NiO and HO to Ni and hydrox 
ide. Additionally, in an embodiment, the catalyst Such as H2O 
is formed at the discharge anode. The cell may be run in 
continuous discharge mode in an embodiment wherein the 
spontaneous generation of Hand then hydrinos is Sufficient to 
maintain a desired electrical output from the cell. HO may be 
Supplied to the cell to maintain the electrical output. Alterna 
tively and in combination, the cell may be run with intermit 
tent electrolysis according to systems and methods of the 
disclosure. Any excess hydrogen from intermittent or spon 
taneous electrolysis may be collected for another commercial 
use. In an embodiment, the excess current maintained by the 
energy from the hydrino reaction may be manifest as or 
propagate as the spontaneous electrolysis of water as exem 
plified by the reactions of Eqs. (183-193). In an embodiment, 
the hydrino reactions involving the conversion of HO to 
hydrinos, electricity, and oxygen or compounds or species 
comprising oxygen may comprise hydrolysis reactions. 
0365. In an embodiment, the water vapor pressure is con 
trolled to maintain spontaneous electrolysis reactions. The 
water vapor pressure or composition of the reaction mixture 
may be maintained to Support the ions that maintain the 
spontaneous electrolysis such as at least one of OH, oxide, 
peroxide, superoxide, and HOO. Certain ions are preferen 
tially maintained to favor the electrolysis of water, the forma 
tion of catalyst and H, and the formation of hydrinos. In the 
exemplary reactions of Eqs. (183-193), the water vapor pres 
Sure is maintain to Support a steady state concentration of 
Superoxide ion for the corresponding reaction pathway to 
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form hydrinos. The water vapor pressure may be controlled 
using a water vapor or steam generator wherein the tempera 
ture of the water reservoir is maintained at the lowest tem 
perature of the system. The system may comprise the water 
generator, the water vapor line to the cell, and the cell. The 
water vapor pressure in equilibrium or at steady state with the 
reactants may be in the range of about 1 microTorr to 100 atm, 
about 1 milliTorr to 1 atm, or about 1 Torr to 100 Torr. 
0366. The electrolyte may be a molten salt or an aqueous 
alkaline Solution Such as an aqueous hydroxide or carbonate 
electrolyte Such as an alkali metal hydroxide or carbonate or 
mixtures thereof in any desired ratios. The electrolyte such as 
an aqueous electrolyte may comprise mixtures of MCO, 
MOH, MSO, MPO, MNOs (Malkali). Exemplary elec 
trolytes are KOH, KCO, NaOH, NaCO, LiOH, and 
LiCO or mixtures thereof that may be in the concentration 
range of about 0.01 M to saturated. In a pulsed or intermittent 
applied Voltage or current electrolysis embodiment, at least 
one of the cathode and anode may comprise a bifunctional 
electrode. The electrodes may comprise different materials to 
achieve the desired reactions. Each of the cathode and anode 
that may be selective for the desired oxidation or reduction 
reaction and may be one of or combinations of a transition 
metal or alloy such as Nior LaNis, carbon, carbon-coated Ni, 
noble-metal doped carbon such as Pt/C or Pd/C or other 
metal-doped carbon such as Mo or Nidoped carbon, Pt. Ni 
alloy, Pt-coated Ni, Ag, Pb, and a noble metal or alloy such as 
Pt, Pd, or Au. Other stable conductors with the appropriate 
capability for oxidation and reduction are those known by 
those skilled in the art. The hydrogen electrode such as the 
negative electrode may comprise a hydrogen spillover cata 
lyst such as Pt or Pd/C or other high surface area supports 
doped with a hydrogen dissociator. The hydrogen electrode 
may comprise a metal oran alloy that provides a low overpo 
tetial for H evolution such as an alloy of at least two of Ni, Fe, 
Co, and Mo Such as Nisses Fe24.7MO2.s2COs or similar 
ratios. The electrode may be a carbide, boride, or nitride such 
as ZrC or TiC; carbon black, AC, ZrC, TiC, TiN, TiSiC, 
TiCN, SiC.YC, TaC, MoC, WC, C, Hf, CrC, ZrC, VC, 
NbC, BC, CrB, ZrB, GdB, MgB and TiB that may be 
doped with a conductor. The electrodes may comprise at least 
one of bifunctional and bimetallic cathodes and anodes. The 
hydrogen electrode or anode may comprise Ni Such as Ni 
celmet, Ni fibermat, Ni power, Mo, Mogauze, Mo fiber mat, 
Mo powder or any combination thereof or other high surface 
area material. The electrode may be activated by the forma 
tion of at least one of an oxide coat and incorporation of a 
species from the electrolyte Such as an alkaliion Such as in the 
case of the formation of exemplary lithiated nickel oxide. The 
oxide coat may beformed by the operation of the electrode in 
at least one of a partial oxygen atmosphere and by exposure to 
a source of oxygen. The cell may be intermittently charged 
and discharged with an initial charge of oxygen that is 
depleted over time. The depletion may be with the flow of an 
inert gas Such as a noble gas or N. The oxide coat may be 
formed by pretreatment of the electrode such as the anode in 
a Suitable oxidizing Solution. An exemplary Suitable solution 
to form an oxide layer on Niis an alkaline solution of perox 
ide such as 0.6 M KCO/3% HO. The activation may 
change the Voltage of at least one half-cell reaction such that 
the reaction to form hydrinos becomes more favorable. The 
activation may comprise a Voltage change of a half-cell reac 
tion involving an electrolyte wherein the catalyst reaction to 
form hydrinos becomes favorable when in the absence of 
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activation it is unfavorable. In an embodiment, the electrolyte 
is at least one of involved in a half-cell reaction of the cell and 
is a reactant to form at least one of the catalyst and H. The 
activation may involve conforming the energy of the catalyst 
during its formation from the electrolyte to match that 
required to accept energy from hydrogen to form hydrinos. 
Exemplary electrolytes are alkali hydroxides or mixtures of 
salts such as a mixture of a hydroxide and another salt Such as 
a halide. Exemplary electrolyte mixtures of an activated cell 
may comprise LiOH LiBr, NaOH NaBr, KOH KBr, 
and other combinations of hydroxides and halides such as the 
alkali ones. Other metals of the disclosure comprising an 
oxide coat formed to activate the electrode for forming hydri 
nos may serve as the hydrogen electrode oranode. In another 
embodiment, the electrolyte may be activated. The activation 
may be by exposure to oxygen or a source of oxygen. The 
activation may comprise the formation of oxygen species 
Such as at least one of oxide, peroxide, and Superoxide. The 
electrolyte may comprise a hydroxide Such as an alkali 
hydroxide and may further comprise another salt Such as a 
halide Such as an alkalihalide. An exemplary electrolyte that 
is activated by exposure to oxygen at elevated temperature 
such as in the range of about 100° C. to 1000° C. is KOH 
KBr. The formation of oxygen species may change the basic 
ity that favors the formation of hydrinos. In another embodi 
ment, at least one of the half-cell reaction and Voltage is 
changed by the activation to favor the formation of hydrinos. 
In an embodiment, oxygen or a source of oxygen is added to 
the cell to cause the activation. The oxygen may be in trace 
amount such as in the range of 0.1 ppm to 10 vol% but 
Sufficient to maintain an oxide coat on an electrode such as the 
anode to enhance the hydrino reaction. The mechanism of the 
enhancement may comprise at least one of the provision of 
atomic Hand the conforming of the half-cell reaction Voltage 
of at least one half cell to match one more favorable to permit 
H catalysis to form hydrinos. The oxygen may affect the 
half-cell Voltages such as at least one of the O. reduction 
reaction such as the reaction of O and H2O to OH and that 
of the anode to form H2O. The effect may be direct through 
the H and O chemistry or indirect by changing the electrode 
Surface by means such as formation of an oxide coat. The 
oxide coat may effect the over potential of at least one half 
cell reaction to cause the hydrino formation reaction to 
become more favorable. 

0367 Exemplary electrodes are an anode comprising one 
of Ni, Ni Al, or Ni–Cr alloy such as about 10% Cr and a 
cathode comprising at least one of NiO, Ni, Co, CoO, Ag, and 
Cu. The Agcathode may be Agparticles dispersed on carbon. 
Optimal loading is in the range of about 20 to 30 wt %. The 
anode may comprise a metal that forms an oxide wherein the 
free energy of formation per at least one of metal atom or 
oxygenatom is about the same as that of the formation of H2O 
from Hand O. The energies may match within about 10% to 
300% or about 10% to 100% or about 10% to 50%. Exem 
plary metals are Ni, Mo, Cd, Sn, W. and Pb. Other suitable 
anode metals or alloys thereofare at least one selected from 
the group of Cu, Ni, CuNi, NiMo, CuMo, Pb, Sb, Bi, Co, Cd, 
Ge. Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, 
and Sn. In an embodiment, both the cathode and anode are 
substantially submerged such that most if not all of the oxy 
gen consumed during discharge is generated during electroly 
sis of an intermittent electrolysis cell. Exemplary cells are at 
least one of Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, Mo, 
Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, or Sn/LiOH LiBr/ 
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Ni/NiO intermittent electrolysis. In an embodiment, at least 
one electrode Such as the anode may be magnetized. The 
magnetized electrode may comprise a ferromagnetic metal 
Such as Ni, Fe, Co, or alloys. In an embodiment, the anode 
may comprise layers of different materials such as conductors 
Such as metals. The anode may comprise a bimetallic or 
multi-metallic electrode. One layer may establish an optimal 
Voltage to provide a favorable energy for the hydrino reaction 
to propagate, and the other may carry the current. Exemplary 
materials to form a bimetallic electrode such as an anode are 
at least two of Ni, Mo, and H242 alloy. The cathode may also 
comprise multiple layers such as a multi-metallic Such as a 
bimetallic electrode such as one comprised of Ni and Ag or 
other combinations of cathode materials of the disclosure. 

0368. The cathode may comprise an oxygen reduction 
electrode such as manganese oxide Such as MnO/C, MnO/ 
C, or MnOOH. Other suitable O, reduction cathodes are at 
least one of Pt/C or Pt alloy/C such as PtRu/C, LaosSr. 
sCoO/C, CoTPP/C, La CaCOO/C, Pt/CNT/C, PrsCa 
2MnO, CoTMPP/C, LaMnO/C, and MnCoO/C. Since the 
discharge anode also serves as the electrolysis cathode during 
the intermittent cycle, in addition to conventional electrodes, 
different discharge anode materials may be used than in con 
ventional alkaline fuel cells. Candidates are other transition 
metals such as Ti and V, inner transition metals and alloys 
Such as Nb and Hg and amalgams such as AgHg, rare earths 
and alloys such as LaNis, and Group III, IV, V, and VI metals 
or metalloids and alloys. In an embodiment, the discharge 
anode comprises a material that forms a stable hydride. Suit 
able anode materials comprise a porous material Such as a 
powder. The powder may comprise stabilizers or inhibitors to 
loss of activity. The loss of activity may be from loss of 
Surface area by mechanisms such as sintering. Suitable sta 
bilizers or inhibitors are alloys such as Ni-Cr alloy such as 
about 2 to 10 wt % Cr, and zirconia such a 20 wt %ZrO added 
to porous Ni or Co. for example. Further suitable anode 
materials comprise LiFesOs, LaCrO, MnO, and Nb or Ta 
doped TiO, Ni or Cu plated ceramics such as LiAlO, or 
Al-O and SrTiO. Suitable cathode materials comprise NiO, 
CoO, MNiO, MNiO, MCoO, MCoO, MFe0, 
M-FeC), Li MnO, Mg LiMnO, Mn LiFeC), 
LaMnO, SrTiO, LiCrO3, LiAlO, LaNiO, LaCoO, 
Zr ZnO, MMO, MMO, MM'O, MM'O, (x=integer, 
Malkali, M'=transition metal or other metal such as Al), and 
M.MO, doped with magnesium such as LiFe,Mg,O (y>0. 
03). In an embodiment, the electrode porosity is in the range 
of about 20 to 95% or about 50 to 75%. The pore diameter 
may be in the range of about 1 to 50 um or about 3 to 10 um. 
0369 Suitable oxygen reduction reaction (ORR) catalysts 
of electrodes Such as cathodes comprise at least one of Ni, 
Ni Al alloy such as about 5-15 at% A1, NiAl, and Ni Nb 
alloy, MnO, Ag, mixed Valence CoO, MnO, metal tetra 
methoxylphenyl porphyrine such as (CoTMPP. FeTMPP-Cl/ 
C), metal nitride, and mixed oxides of transition metals such 
a spinels, perovskites, and pyrochlores such as ABOO". In 
an embodiment, exemplary ORR catalysts are based on indi 
vidual oxides or mixtures or have a spinel, perovskite, or 
pyrochlore structure such as NiO, NiO/Ni, NiO+at least one 
of Dy (e.g. about 1-10 wt %), CoO, La-O, MgO, and 
FeO, lithiated NiO, Ni on a support such as PTFE, MnO, 
Ag, CoO, LaO, LaNiO, Spinels ABO Such as A Mn, 
B=Co, NiCoO, LaMnO, and LaNiO. At least one of the 
anode and cathode may be lithiated NiO wherein the desig 
nation of a Ni electrode in the disclosure may comprise at 
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least partially NiO and optionally partially lithiated NiO (Lil' 
Ni Ni "O x<0.5) or lithium doped NiO as well as Ni. 
The electrode such as an ORR cathode may comprise Co 
phthalocyanines and similar compounds such as Co-C-N, 
and Fe C. N. Pt or other noble metals or alloys such as Pt 
with Fe, Co, or Ni, Pd, Pd alloys such as Pd Fe, Pd Co, 
Pd Co-Au, and PdFe/C nanoparticles, Ru, or ruthenium 
compounds such as crystalline Chevrel-phase chalcogenides 
(e.g. MX wherein M-high valent transition metal and X-S, 
Se, Te; (Mo, Ru)Ses), nanostructured Ru and Ru—Seclus 
ters, Ru-N chelate compounds, Ru selenides Such as 
MoRu2Ses, and Ru, Se, carbon, and doped carbon nano 
tubes and graphene Such as N-doped carbon nanotubes. The 
electrodes may further comprise carbon black, binding 
agents, current collectors, and Teflon membranes. The sol-gel 
and reverse micelle methods may be used to form a uniform, 
high-surface area distribution of catalyst on carbon. The cell 
may further comprise a separator that may be selective for ion 
exchange. The ion may behydroxide ionofanalkaline cell. In 
a suitable exemplary embodiment, the membrane may com 
prise poly(arylene ether Sulfone) containing pendant quater 
nary guanidinium groups. 
0370. The electrode may comprise a compound electrode 
for oxygen reduction and evolution. The latter may be used in 
an intermittent electrolysis cell for example. The electrode 
may be bifunctional capable of oxygen reduction and evolu 
tion wherein the activity is provided by corresponding sepa 
rate catalyst layers, or the electrocatalyst may be bifunctional. 
The electrode and cell designs may be those known in the Art 
for metal-air batteries such as Fe or Zn-air batteries or a 
suitable modification thereof known by those skilled in the 
Art. A suitable electrode structure comprises a current col 
lector, a gas diffusion layer that may comprise carbon and a 
binder, and an active layer that may be a bifunctional catalyst. 
Alternatively, the electrode may comprise the O. reduction 
layers on one side of the current collector and O evolution 
layers on the other side. The former may comprise an outer 
gas diffusion layer in contact with the source of oxygen and a 
porous, hydrophobic catalyst layer in contact with the current 
collector; whereas, the latter may comprise a porous, hydro 
philic catalyst layer in contact with the electrolyte on one side 
of the layer and the current collector on the other side. A 
bifunctional air electrode may comprise La Fe,MnO, 
(A Sr or Ca), Lao Cao Coos Bo, O (B-Mn, Fe, Co, Ni, or 
Cu), LaogCao-CoOs, and Lao Cao CoOs. Further 
exemplary OR-catalysts and bifunctional-catalyst cathodes 
are PdO/PdO, a carbide such as a mixture of TaC+WC+ 
WC+TiC, Co/Ce-coated Ni, MnO,+C+PTFE: Mn isopro 
poxide+activated C+12% PTFE; 5% MnO+75% C (mixture 
of 30% EC-600JD and 70% AB-50)+20% PTFE; 5% MnO, 
(Mn/Mn)+70% C (60% PWA-40% carbon black) 
(PTFE-Teflon 30B); GDL: 30% EC-600JD+70% AB-50; 
MnO,+C (activated carbon--BP2000)+PTFE; Particle size 
distribution MnO-20-26 um 30% MnO+20% active car 
bon+20% carbon black-30% PTFE: 20% MnO+66% 
C+14% PTFE: Catalyst layer: 20% MnO+70% active car 
bon--10% PTFE; GDL: 15% carbon black--85% PTFE; 11% 
gamma MnO,+4.1% C (BP2000)+48% PTFE: MnO, cath 
ode--PTFE--2-20% absorbent material such as the gelling 
material used in the anode: MnO, Ag/CNC; Ag on Ni foam; 
AgWC/C: AgMnO+5-10% MnO+C+PTFE: Raney silver 
catalyst+PTFE=5:1 (wt %) (24 mg cm); AgO+10% 
LaNiO; 5% Ag+15% BP2000+10% Daxad+60% Teflon 
RPMT-30; 50% (20% CoTMPP/C)+50% (15% CoO,+5% 
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MnO/C); 2.5% MnO, +7.5% CoO/C; 4% CoTMPP+15% 
BP2000+60% Teflon(R) T-30; MnO, and/or AgNO, (Pt, 
CoO); 10% CoTMPP/C+Nafion+FEP+FEP-coated PTFE 
fibers: CoTMPP+MnO/C: 60% Mn.N/C+PTFE; NiCoO, 
spinel: Mn, Co-O+PTFE (0<x<1) spinel; Perovskites: 
LaMnO, LaCoO, LaNiO, LaCrOs. LaFeC); Laos.Sr. 
2FeCs: Lao Sro-FeogCoo.4Os: Lao Sro-Feos Mino-Os: 
LaNiO, LaCoSrOs. Pb.M.-Pb,O, Ni, Co, Fe hydrox 
ide+carbon black+PTFE; Ag+Pt+MnO+C+PTFE 10% 
Pt/C; iron-air fuel cell (similar to ZAFC) with alkaline elec 
trolyte: CuSO, NiWO, WC+20% Co: WS+WC or WC+1- 
20% Co: WS+C+PTFE; WC+Ag+C PTFE (FEP); 30 parts 
Ag+30 parts WC (coated with 12% Co)+32 parts PTFE+90 
parts carbon black; 3% (5-10%) Ag (ORR)+-7% (10%-15% 
FeWO)+7% (10%-15%) WC+-12% (10%-15%) Co 
(OER)+-54% C+-22% PTFE, Ag loading-2 mg cm': 
ORR-Ag+(OER-CoWO+WC+WS+NiS+10-15% Co+ 
PTFE; ORR catalyst (0.3-2%) CoTMMP+(4-10%) LaNi 
Co,+(1-4%) Ag+(18-32%) Co.O-OER catalyst (1-20%) 
WC+(1-20%) Co+(1-7%) FeWO+(1-7%) NiS+AB-50+ 
PTFE: catalyst layer: 63.5% XC500+15% PTFE--13% 
MnSO+8.5% La Os: 15% PTFE--69% XC500+8% MnO,+ 
8% La O.; 58% XC500+15% PTFE+19% AgNO,+8% 
MnSO; GDL: 65% C+35% PTFE; OER electrode 30% 
Ag+70% LaNiO4; Lal-AFe,MnO, (A Sr. Ca); Lao. 
6CaCOosFe2O, and other similar embodiments having 
these or similar compositions of matter and ratios of the 
compositions of matter that are known to those skilled in the 
art. In another embodiment, the cathode may comprise an 
oxide, hydroxide, or oxyhydroxide that may further comprise 
the metal of the anode. In suitable examples, the cathode 
comprises an oxyhydroxide of Mo, W. Hf, or Ta, and the 
corresponding anode comprises the metal or an alloy of the 
metal Mo, W. Hf, or Ta, respectively. 
0371. An electrode such as the anode may comprise Ni 
mat, foil, powder, or wire alone or doped with another metal 
Such as at least one of a noble metal, transition metal, inner 
transition metal Such as Mo, rare earth metal, and Group III, 
IV, V, or VI metal such as Pt, Ru, Rh, Pd, Ag, La, Hf, Hfalloy 
such as Hfand at least one of Zr, Fe, Ti,Nb, Ta, Ni, and W. Re, 
Ir, Au, Co, Mn, CuZn, Al, Sn, Pb, Bi, and Te. The anode may 
comprise at least one of a metal or and alloy thereof Such as 
nickel or a nickel alloy such as NiNb, NiCr, NiCo, NiCu, 
MoNi, HfNi, TaNi, WNi, VNi, ZrNi, CdNi, NbNi, and TiNi, 
Sn or a Sn alloy such as Snag, Snal, Snas, Snau, SnBa, 
SnBe, SnBi, SnCa, SnCd, SnCd, SnCe, SnCo, SnCr, SnCu, 
SnFe, SnCia, SnCie, SnHf, SnHg, SnIn, SnK, SnLa, Sni, 
SnMg, SnMn, SnNa, SnNb, SnNd, SnNi, SnP. SnPb, SnPd, 
SnPr, SnPt, SnS, SnSb, SnSe, SnSi, SnSr, SnTe, SnTi, SnU, 
SnV. Snyb, Snzin, and SnZr, Al or an alloy such as AlAs. 
AlAu, AlB, AlBa, AlBe, AlBi, AlCa, AlCd, AlCe, AlCo, AlCr, 
AlCs, AICu, AlDy, AlEr, AlFe, AlGa, AlGd, AlGe. AlHf, 
AlHg, AlHo, AlIn, AlK, AlIa, AlIli, AlMg, AlMn, AlMo, 
AlNa, AlNb, AlNd, AlNi, AlPb, AlPd, AlPr, AlPt, AlPu, AlRe, 
AlRu, AlSb, AlSc, AlSe, AlSi,AlSm, AlSn, AlSr, AlTa, AlTe, 
AlTh, AT1, AlTiMo, AlT1, AIU, ATV, AIW, ATY, AIYb, AIZn, 
and AlZr, Hfor an alloy such as Hf and at least one of Zr, Fe, 
Ti,Nb, Ta, Ni, and W such as Hf Al, HfB, HfBe, HfC, Hfo, 
HfCr, HfCu, HfFe, Hf(Ge, Hfir, HfMn, HfMo, HfNb, HfNi, 
HfO, HfRe, HfSn, HfTa, HfTh, HfTi, HfU, HfW, Hf7r, and 
Hfln, Mo, a Mo alloy or compound such as MoSi TZM (Mo 
(-99%), Ti (-0.5%), Zr (-0.08%)), MoB, MoC, MoCu, 
MoCo, MoCr, MoFe, MoGe, MoHf, MoIr, MoOs, MoNb, 
MoNi, MoPd, MoPt, MoRe, MoRh, MoRu, MoS, MoSi, 
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MoTa, MoTh, MoTi, MoU, MoV, MoW, molybdenum 
nitride, NiCrMoTaNb, and MoY. Cr, Cr alloy, W, Walloy 
such as WA1, WB, WC, WCo, WCr, WFe, WHf, WMo, WNb, 
WNi, WOs, WPb, WPd, WPt, WRe, WRh, WSi, WTa, WTi, 
WV, and WZr, Ta, and Taalloy such as TaAl, TaB, TaC, TaCo. 
TaCr, TaFe, TaHf, TaMo, TaNb, TaNi, TaPd, and TaRh, a 
vanadium alloy such as VB, VCu, VFe, VGa, VLa, VMn, 
VMo, VNb, VNi, VPd, VPt, VRe, VRh, VSi, VTa, VTi, VU, 
VW, VY, and VZr, an alloy of a metal that forms an unstable 
oxide at the cell temperature Such as a Ag or Hg alloy Such as 
AgMo, AgNi, HgMo, HgNi, or Aghg. Further exemplary 
alloys are MoTiAl, MoVAl, NiZrMo, NiMgMo, NiAlMo, 
NiCuMo, NiMoSi, NiCrSi, Inconel alloys such as 625 (21% 
Cr,9%. Mo, 4% Nb Nialloy), Inconel 622, C-276, and 686, 
Hastelloy alloys, Hastelloy C22, Ni Cr—Mo—W alloys, 
56aN-22Cr-13MO-3W-3Fe-2.5*CO-O.5OMn-O.35*V-O. 
08*Si-0.010*C ("As Balance Maximum), carbon steel, alloy 
20, 242 or 556 (e.g. Hayes Int.), Mg alloys such as Mg Mo, 
MgAg, MgA1, MgBi, MgCd, MgACo, MgCu, MgFe, MgCia, 
MgGd, MgHg, Mglin, Mg|La, Mg,Mn, Mg,Ni, MgPb, MgPr. 
MgSb, MgSc, MgSi, MgTi, MgY. Mg2n, and Mg2r, TiAl, 
CuCo4, BMo alloys, Ca alloys, Laalloys Such as LaTiAl. 
MoAgalloys; MoSi and MoCr alloys; SnzrMo, CrNiMo, 
MnNiMo, MoTi, MoPb, TaCalloys, MoS alloys, alloys com 
prising at least one of Ti,Nb, Fe, Mo, and TZM. The electrode 
Such as the anode may comprise carbon or an alloy such as 
CoC, CrC, CuC, FeC, GeC, HfC, IrC, LaC, LiC, MnO, MoC, 
NbC, NiC, ReC, SiC, TaC, TiC, VC, WC, YC, and ZrO. 
Additional exemplary alloys are MoMn, MoSi-transition 
metal such as, MoCuSi, MoCoSi, and MoNiSi, MoSiC, tran 
sition metal-SiC,YSiC, LaSiC, ZrSiC, HfsiC, NbSiC, TaSiC, 
WSiC, MoNiC, NiMoFe, MoCoC, MoCuC, LaNiC, 
MoHfNi, NiZrHf, MoTiNi, TiNbMo, CoCuC, CoCuSi, 
NiZrTa, NiMoTa, NiMoW, NiMoNb, CrMoW, VNbTa, 
TiZrHf, LaNiMo, LaNiHf, LaNiTa, LaNiMo, LaNiW. LaN 
iNb, LaNiCr, LaNiV, LaNiTi, LaNiZr, LaNiSc, LaNiY. 
NiZrW, NiZrNb, transition metal-Zr Mo such as MoTiZr, 
MoSi, MoC, Ni-TZM, MoZrNi, LaNiMo, LaNishf, 
LaNisTa, LaNiMo, LaNisW. LaNiNb, LaNisCr, LaNisV. 
LaNisTi, LaNisZr, LaNissc, LaNisy, and LaNiC. The ratios 
may be any desired such as about 50-50 wt % for bimetallics 
and 33-33-33 wt % for trimetallics. Exemplary cells are 
NiMo, MoSi, MoC, Ni-TZM, MoZrNi, RuMo, RhMo, 
OsMo/LiOH LiBr/NiO or Co-O, CuO NiO intermit 
tent electrolysis. In other embodiments, the electrode metal 
or alloy may comprise a layer or coating that may be depos 
ited by electrolysis such as by electroplating or by vapor or 
plasma deposition Such as the methods of the disclosure. An 
exemplary cell comprising R—Nidischarge anode is R-Ni/ 
KCO 0.6 Maq/Nafion or Celgard/carbon or Ni intermittent 
electrolysis. 
0372. In an embodiment, the electrode may comprise a 
fluidized bed such as a three-phase fluidized bed. In an 
example, the electrolyte comprises an alkaline Solution or 
melt, and the electrode is Raney silver with a perforated Ni 
plate as current collector wherein a source of oxygen such as 
oxygen or air is fed into the electrode at a flow rate that 
optimizes the power output to the desired level. In another 
embodiment, the anode is R Ni wherein H, replaces the 
Source of oxygen. 
0373. In the case that the electrode material is soluble in 
the electrolyte, a corrosion inhibitor may be added. The 
inhibitor may comprise a compound Such as an oxyanion or a 
halide comprising the metal of the anode such as Mo, W. Hf, 
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Ta, and a transition metal such a Ti. For example, a Mo anode 
with an electrolyte comprising LiOH may become oxidized 
to form MoO, LiMoO, or LiMoO, that is soluble in alka 
line. This product may be allowed to reach saturation or added 
to the electrolyte to achieve saturation to inhibit corrosion. In 
an embodiment, the concentration of LiMoO or LiMoa is 
about 0.1 to 10 wt % or about 0.5 to 3 wt %. Alternatively, an 
additive further inhibits corrosion such as lithium borate, 
lithium silicate, MgO, MoX (X=halide, n=integer) such as 
MoBr or MoBr. MoS MoSea, MoTea, BiM'Mo.O. 
wherein M' may comprise a transition metal such as Fe or Sc, 
M'MoO wherein M' may comprise an alkaline earth or tran 
sition metal such as Mg, Ca,Sr., Ba, Mn, Fe, Co, Cu, and Zn, 
or M'MoO wherein M' is an alkali metal. M'MoO or 
M'MoO may further serve as a source of catalyst with the 
formation of M(OH), or M'OH, respectively, wherein OH 
may react with H to form catalyst HO. The additive may 
comprise a polyanion Such as one of W or Mo comprise a 
polytungstates or polymolybdate ion or compound. In an 
embodiment, at least one of the anode, cathode, or an elec 
trolyte component may comprise a W or Mo bronze. In an 
embodiment, the additive may shift the potential of the Nernst 
equation to favor the formation of water rather than the oxi 
dation of the anode metal. In another embodiment, MoO, 
LiMoO, or LiMoO additive comprises a matrix material 
wherein an electrode Such as the anode may comprise a metal 
or conductor other than Mo. An exemplary cell is Ni/ 
LiOH LiBr--MoC), LiMoO, or LiMoO/Ni--air; inter 
mittent electrolysis. In an embodiment, the cathode may 
comprise a compound comprising the metal of the anode Such 
as Mo. An exemplary cell is Mo/LiOH LiBr/MoSes or 
molybdenum oxyhydroxide intermittent electrolysis. In an 
embodiment, the cathode and anode may comprise a source 
of the same metal, alloy, or element that may migrate from 
one electrode to the other. The anode and cathode may be 
reverse periodically during intermittent charge discharge 
Such that the discharge anode becomes the discharge cathode 
periodically. Exemplary migrating metals, alloys, or elements 
are Cd, Ni, CdNi, Mo, and MoNi. Since Mo dissolves in base 
and Ni does not, an exemplary embodiment having a Mo 
matrix such as a LiMoO matrix with Ni anode is Ni/ 
LiOH LiBr (LiMoO matrix)/Ni NiO both electrodes 
Submerged intermittent electrolysis. In an embodiment, a 
compound that forms a stable alloy at the anode may be added 
to the electrolyte. One example is a soluble Ni compound 
such as NiBr, that forms a stable MoNialloy with a Mo anode 
in a cell comprising an Mo anode such as Ni/LiOH LiBr 
NiBr/Ni NiO intermittent electrolysis. 
0374. In an embodiment, an oxidized discharge anode 
may be regenerated by applying a negative potential to reduce 
the discharge anode. Electrolysis may be performed at a 
higher negative Voltage than typical to cause the regeneration. 
Thus, the discharge anode is made an electrolysis cathode for 
the regeneration step. Hydrogen may be generated during this 
step to also contribute to the reduction of excess oxide so that 
the anode may be restored to a functional state. The magni 
tude of the applied cell Voltage may be in the range of about 
0.5 V to 5 V or about 1 V to 2 V, or about 1 V to 1.5 V. 
0375. In another embodiment, the electrolyte comprises 
an anion that precipitates an oxidized anode element. For 
example, PbSO and PbF are insoluble in HO. This may 
also be the case in a molten salt electrolyte as well. Then, in an 
exemplary embodiment, LiF or LiSO is added to the elec 
trolyte with a Pb anode. Other examples are nitrates of Ag, 
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and chlorides, bromides, and iodides of Ag and Pb(II) 
wherein these ions are added to the electrolyte of the cell 
having an anode comprising Ag or Pb, or the concentrations 
are increased in a mixed salt such as LiBr—LiOH or LiCl— 
LiOH. 

0376. In the case that the electrolyte such as LiOH may 
react with an electrode Such as the anode Such as a Mo anode, 
at least one product such as at least one of LiO and MoC) 
may be added to suppress corrosion. A source of S Such as S 
or a compound comprising S Such as a sulfide or hydrogen 
sulfide may be added to the electrolyte to reduce electrode 
corrosion. The S source such a LiS, MgS or LiHS can serve 
as an H buffer to convert a react O species into a less reactive 
species such as convert peroxide into hydroxide. The S spe 
cies may comprise a H buffer that can exchange H with 
oxygen species such as one or more of O,OH, OFF, OOH, 
OOH-. An exemplary reaction is 

SH --O to OH--S (194) 

The S species may change the basicity of the molten alkaline 
salt. The S species Such as S may serve as a getter for hydrino. 
0377. In an embodiment, at least one electrode such as the 
anode may be protected from corrosion. The corrosion-pro 
tected electrode Such as the anode may comprise an alloy Such 
as an alloy of Ni such as NiCror Mo such as MoNi or MoC. 
The cell may comprise a catalyst to converta reactive oxygen 
reduction product such as peroxide or ions thereof or Super 
oxide to hydroxide to protect at least one electrode such as the 
anode from corrosion. A suitable catalyst is a noble metal 
Such as Pt or Pd that may be on a Support Such as Al-O or 
carbon. Other suitable catalysts are Co or Fe species. Alter 
natively, HO addition may be used to convert the peroxide or 
superoxide to hydroxide. The Mo anode may be embedded in 
the catalyst or Supported catalyst to form hydroxide Such as 
Pt/AlO. 
0378. Anode corrosion by peroxide and other reactive 
oxygen species may be avoided by using a corrosion resistant 
alloy such as one comprising Ni such as NiMo. Peroxide 
corrosion can also be prevented by using a Submerged cath 
ode or otherwise limiting the O. pressure with a controlled 
gas atmosphere or a solid electrolyte layer serving as an air 
diffusion barrier. In an embodiment wherein O in the cell 
atmosphere is limited or excluded, the cathode is not sub 
merged. The kinetics may be maintained by using an electro 
lyte salt mixture that has the appropriate oxygen reduction 
rate considering the oxygen reduction rate trend 
LiOHNaOH3KOH. The rate may also be controlled with 
temperature wherein the rate is reduced with lower tempera 
ture and Vice versa. The peroxide concentration can be 
reduced by using a cathode comprising an oxygen reduction 
catalyst that favors the OH, four-electron reduction, pathway 
over the peroxide, two-electron reduction, pathway. The 
former is favored with a higher HO pressure since water is a 
reactant. Also, water reacts with peroxide ions and deacti 
vates them by conversion to OH. Additionally, a peroxide to 
hydroxide conversion catalyst could be used at the anode or 
cathode to protect the anode from peroxide corrosion. Pt such 
as Pt/Al-O or an Fe species such as an iron halide or a Co 
species such as cobalt perovskites may serve as the conver 
sion catalyst. The anode may also be protected by providing 
a species to react with reactive oxygen intermediates or by 
chemically protecting the anode. For example, a reductive 
reactant Such as additional hydrogen may be provided at the 
anode by means such as application of a Hatmosphere or by 
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hydrogen permeation. An additive Such as MoO that reacts 
with peroxide to form MoC) for example or CO that reacts 
to CO, and/2O, are other exemplary reactants. Suppression 
of anode metal corrosion may be achieved by amalgamating 
the metal with Hg such as up to 50%. An exemplary amalgam 
anode is Agg. 
0379. In an embodiment, a corrodible anode such as Mo or 
TZM is coated with a protective layer such as one of MoS, 
MoSea, or Teflon. In another embodiment, the charge voltage 
of the intermittent electrolysis cycle is high enough to cause 
some metal dissolved in the electrolyte from the anode or 
added to the electrolyte as a compound Such as a salt to be 
electroplated onto the anode. In the case that the anode com 
prises Mo, the added salt may be a molybdate compound Such 
as LiMoO or LiMoO. The electrolyte may comprise a 
molten eutectic salt that may comprise a hydroxide. The 
electrolyte may comprise a molten eutectic salt Such as an 
alkali halide salt mixture to which a hydroxide is added. An 
exemplary electrolyte is LiCl-KCl or LiCl-KCl LiF to 
which LiOH is added. The LiOH may be a minority species. 
The additive may be LiMoO or LiMoO. The mole% may 
be any desired or in the range of about 0.1 to 20 mole % or 
about 1 to 3 mole %. The electrode may be Mo or another 
metal such as Ni onto which Mo is electroplated. The cell 
voltage may be higher than 1 V to re-electroplate the Mo. The 
cell voltage may be the range of about 0.9 to 2 V or about 
greater than 1.14 V. In an embodiment, the electrolysis may 
be performed at multiple Voltages such as a first to electro 
plate the anode metal and a second to generate hydrogen. In 
an embodiment, the anode metal forms a soluble compound 
or complex Such as a hydroxide ion complex. The metal may 
be electroplated onto the anode during the electrolysis phase 
of the intermittent cycle. Suitable complexes are Zn(OH), 
Sn(OH), Sn(OH), Pb(OH), Cr(OH), Al(OH), 
and Sb(OH), wherein the discharge anode comprises the 
corresponding metal. Suitable exemplary metals to be 
replated from the electrolyte are Cu, Ni, NiCu, Pb, Sb, Bi, Co, 
Cd, Ge. Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Te, T1, 
and Sn. 

0380. In an embodiment of the CIHT or electrolytic cell, at 
least one electrode comprises an electrically conductive com 
pound Such as a coordinate compound. The coordinate com 
pound may be immobilized on a current collector Such as a 
metal such as Ni or Pt. The coordinate compound may com 
prise a polymer wherein the polymer may provide conductiv 
ity with the coordinate compound. The coordinate compound 
may comprise a sandwich compound Such as a cyclopentadi 
enyl compound Such as one of a transition metal ion Such as 
Fe or Ni. Suitable exemplary compounds and polymers are at 
least one of n-butylferrocene, 1,1'-dimethylferrocene, fer 
rocene derivatives, a salt Such as a Na of 1,2,4-triazole, a salt 
such as a Na of imidazole, 1,2,5,-tricyanobenzene (TCB), 
tetracyanoquinodimethane (TCNQ), a polyaniline, poly 
thiophene, polyacetylylene, polypyrrole, polyvinylferrocene, 
polyvinylnickelocene, or polyvinylcobaltocene, carbon 
nanotubes, and fullerene. The cell operates below the thermal 
decomposition temperature of the compound or polymer Such 
as at a low temperature. The CIHT cell may operate in the 
temperature range of about 10° C. to 150° C. The cell may 
comprise a liquid electrolyte Such as an aqueous electrolyte 
that may also comprise other solvents such as organic Sol 
vents and ionic liquids and may further comprise solutes Such 
as those of the disclosure. The electrolyte may be neutral, 
basic, or acidic. Exemplary electrolytes are aqueous hydrox 
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ides such as alkali hydroxides such as KOH, carbonates such 
as alkali carbonates such as KCO, and acids such as HSO 
or HPO. In an embodiment, at least one electrode may 
comprise at least one metal oxide, hydroxide, or oxyhydrox 
ide or mixtures thereof Such as transition metal oxides, 
hydroxides, or oxyhydroxides. The oxidized metals may be 
electroplated on a conductive Support. Exemplary metal 
oxides, hydroxides, and oxyhydroxides are at least one of 
CuO, Fe0, FeO, Fe0OH, NiO, NiOOH, NiO, and Co-O 
that may be electroplated on Ni. 

0381. In an embodiment, the anode reacts with at least one 
of the electrolyte and an air reduction product such as at least 
one from the reduction of water and O. The reaction may 
release hydrogen. The hydrogen may undergo at least one of 
react with the electrolyte to form the catalyst and react to form 
hydrinos. The anode may be regenerated by reduction of the 
anode oxidation product by intermittent electrolysis. In an 
exemplary embodiment, a Mo or Mo alloy metal anode reacts 
with a hydroxide electrolyte such as LiOH to form a metal 
oxide. The reaction products may be at least one of MoO, 
LiO, LiMoO, and hydrogen. The hydrogen may react with 
OH to form the catalyst such as HO. The catalyst may react 
with additional H to form hydrinos. Mo may be replaced on 
the anode by applying intermittent electrolysis. The oxide of 
molybdenum that dissolves in the electrolyte may be electro 
plated using Suitable selective Voltage and current param 
eters. Then, during the intermittent cycle, H is formed by 
chemical reaction with the subsequent formation of hydrinos 
that produces electrical power, and the cell anode is intermit 
tently regenerated by electrolysis. 

0382. In an embodiment, the anode is protected from cor 
rosion with a hydrogen atmosphere. The hydrogen may be 
provided by applying hydrogen gas or by hydrogen perme 
ation through a membrane that may at least partially comprise 
the anode. Hydrogen protection may also be provided by 
concentration of the hydrogen formed in situ Such as by 
intermittent electrolysis. The anode comprises at least one 
type ofH binding center Such as metal centers and at least one 
Support wherein the Support permits the mobility of hydrogen 
generated on the corresponding center Surface to move to and 
preferentially bind to the centers to increase the effective H 
atom concentration on those centers. Suitable exemplary cen 
ters are metals such as anode metals and alloys of the disclo 
sure such as Mo, Ni, Pd, and Pt, and suitable exemplary 
Supports are those of the disclosure Such as carbon, carbides, 
nitrides, and borides. Exemplary cell are carbon, Nicarbon, 
Mo carbon, NiMo carbon, PtC, PdC/LiOH LiBr/steam car 
bon (SC), NiO, PtNiO, or AgNiO; air cathode or submerged 
cathode. The cell may comprise an electrolyte matrix mate 
rial such as LiMoO or a membrane spacer such as Teflon. 
Exemplary cells are carbon powder Such as graphite, AC, 
carbon black, glassy carbon, Vulcan XC-72+Mo or Ni pow 
der/Teflon sheet-LiOH LiBr/steam carbon and carbon 
powder+Mo powder/LiMoO+LiOH LiBr/NiO. The 
anode such as one comprising carbon may comprise that of a 
lithium ion battery or other variants such as those of the 
disclosure or in my prior US patent applications such as 
Hydrogen Catalyst Reactor, PCT/US08/61455, filed PCT 
Apr. 24, 2008: Heterogeneous Hydrogen Catalyst Reactor, 
PCT/US09/052,072, filed PCT Jul. 29, 2009: Heterogeneous 
Hydrogen Catalyst Power System, PCT/US 10/27828, PCT 
filed Mar. 18, 2010; and Electrochemical Hydrogen Catalyst 
Power System, PCT/US 11/28889, filed PCT Mar. 17, 2011 
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herein incorporated by reference in their entirety. In an 
embodiment, Suitable anodes are water and air stable. 
0383 Metal may be impregnated in a carbon matrix. The 
metal may be clusters such as nanoclusters. The carbon may 
serve as the anode and absorb hydrogen to provide a reducing 
environment for the metal. The reducing environment may 
prevent corrosion of the metal. The outer surface of the anode 
may be at least partially or thinly coated with a material Such 
as a noble metal that decomposes active oxygen species Such 
as peroxide. 
0384. In an embodiment, the electrolyte comprises a 
hydroscopic compound Such as a salt that absorbs H2O from 
a source such as the atmosphere. The compound may main 
tain a hydrated state to serve as the electrolyte of a CIHT cell. 
The hydrated electrolyte may be ionic conductive at a tem 
perature below that of the melting point of the dry salt such as 
a eutectic mixture such as LiOH LiBr. The electrolyte may 
comprise a mixture of salts to maintain a slurry Such as a 
mixture of LiCO, LiO, LiOH, and LiBr. Other hydroscopic 
additives may be added Such as those of the disclosure such as 
KMgCl, MgCl, CaCl2, and KOH. The hydrated compound 
may serve as the electrolyte for the interment electrolysis cell. 
Alternatively, the hydrogen electrode may comprise a hydro 
gen-sparging electrode. The cell may be run at low tempera 
ture such as in the temperature range to room temperature to 
the melting point of the non-hydrated electrolyte. 
0385. Oxygen may be formed at the anode and hydrogen 
at cathode during electrolysis. O may be provided by sparg 
ing from a source such as O gas or air. During the electroly 
sis-off or discharge phase, O and HO may undergo reduc 
tion at the electrolysis anode to form OH (Eq. (172)) and 
OH may be oxidized and reacted with H to form HO that 
may serve as a catalyst to form hydrinos at the electrolysis 
cathode (Eq. (171). Thus, the cell may maintain a constant 
polarity during charge and discharge with the polarity of the 
current reversing during each phase of the cycle. The output 
may be power or waveform conditioned. In another embodi 
ment, the reaction given by Eq. (171) occurs reversibly at both 
electrodes except that the hydrino product is irreversible. 
(The designation of the intermittent charge-discharge cells as 
given in the disclosure is in discharge-mode such as dis 
charge anode/electrolyte/discharge cathode. In an embodi 
ment this designation corresponds to negative electrode/ 
electrolyte/positive electrode, but the polarity may be 
reversed in other embodiments. The current may reverse 
intermittently during discharge and charge phases of the 
intermittent electrolysis cycle.) An exemplary cell is Pt/ 
LiOH 0.1M to saturated aq/Pd+air intermittent charge-dis 
charge. In other embodiments, both electrodes are Nior one 
is Ni and the other a different material such as Pt, Pd, DSA 
material, other noble metal, carbon, Ag, a material of the 
disclosure, or a one or more of these materials or others of the 
disclosure on a support such as Pt/Ti and the electrolyte is 
aqueous (aq) KOH or KCO in the concentration range of 
about 0.1 M to saturated. Specific examples are PtTi/KCO 
or KOH 0.1M to saturated aq/Ni+air intermittent charge 
discharge. In an embodiment, the aqueous electrolysis may 
be performed at constant cell voltage such as about 1 to 1.6V 
or about 1.4 V for a first period of time such as about 1 to 10 
S or 2 s, and the discharge may be performed at constant 
current such as about 0.01 to 10 mA/cm or 0.2 mA/cm for a 
second period of time such as about 1 to 100s or about 10s. 
In an embodiment, Such as one comprising an alkaline elec 
trolyte, having at least one long duration charge or discharge 
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period Such as >5S, the discharge anode comprises a material 
that forms a hydride during the electrolysis cycle Such as 
LaNish or Pd. 
0386. In an embodiment, the discharge cathode may com 
prise others of the disclosure Such as at least one of a hydrate, 
an oxide, a peroxide, a Superoxide, an oxyhydroxide, and a 
hydroxide. The cathode may be a metal oxide that is insoluble 
in the electrolyte such as a molten salt electrolyte. Suitable 
exemplary metal oxides are NiO, COO, PbO, AgO, AgO, 
RuO, MnO, MNiO, MNiO, MCoO, MCoO, LiFeO, 
MFe0, M-Fe0, Li MnO, MTiO, MTiO, LiTiO, 
MTao, MWO KWO LiTaC), MVO, LiVO, 
Mg LiMnO, Mn LiFeC), LaMnO, SrTiO, LiCrO. 
LiAlO, LaNiO, LaCoO, ZnO, MgO, MSnO, LiSnO, 
Zr ZnO, MMO, MMO, MMO, MMO (x=integer, 
Malkali, M'=transition metal or other metal such as Al). 
MMO, doped with magnesium such as LiFe,MgO (y>0. 
03), doped n-type perovskites and related compounds such as 
CaTiO, and SrTiO, doped with Nb and PbzrO doped with 
Nb" or Ta", barium ferrites, yttrium iron garnets, p-type 
perovskites such as lanthanum-Group VIII compounds, met 
als or compounds of Ni, Cu, Co, Mn, Cr, Zn, Zr, Y, Al, U, Ti, 
and Fe, and those of the group of V, Zr, Ti, Mn, Zn, Cr, Sn, In, 
Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, Mo, Os, Pd, Re, 
Rh, Ru, Se, Ag, Tc, Te, T1, and W. Cathode materials such as 
MMO, MMO, may form in situ from M' in the presence of 
an oxidizing environment such as an air or O atmosphere and 
an electrolyte comprising M such as LiOH, NaOH, or KOH. 
Suitable exemplary metal oxyhydroxides are AlO(OH), ScC) 
(OH), YO(OH), VO(OH), CrO(OH), MnO(OH) (C-MnO 
(OH) groutite and Y-MnO(OH) manganite), FeC(OH), CoO 
(OH), NiO(OH), RhCl(OH), GaO(OH), InC)(OH), NiCo, 
2O(OH), and NiCo, MnO(OH). Suitable exemplary 
hydroxides are those of Li, Na, K, Rb, Cs, Mg, Ca, Sr., Ba, Al, 
V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. 
Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, and 
W. An exemplary discharge cathode reaction involving an 
oxyhydroxide is given by Eq. (130). The cathode may be 
recharged during the electrolysis phase of the intermittent 
electrolysis. The cell may comprise an intermittent electroly 
sis cell, permeation cell, electrochemical discharge cell with 
chemical or electrolytic regeneration, a hydrogen-sparging 
cell, or combinations thereof. In an embodiment, the perme 
ation cell may be intermittently discharged. 
0387. In another embodiment, the gases may crossover 
from at least one of the anode to cathode, and vice versa. 
Then, during discharge at least one of the half-cell reactions 
may be switched such the O. (Eq. (172) reduction occurs at 
the electrolysis cathode and OH oxidation and reaction with 
H (Eq. (171) occurs at the electrolysis anode. Then, the cur 
rent polarity remains constant, but the Voltage polarity of the 
electrodes Switches or its magnitude in the same direction 
changes with the phase of the cycle. The electrode spacing 
may be minimized to facilitate the gas crossover. The elec 
trodes may be separated by a membrane Such as a porous 
olefin membrane Such as a Celgard or base-compatible 
Nafion membrane. The circuit between the electrodes may 
comprise a diode to maintain the constant polarity of the 
current. In embodiments, the power from forming hydrinos 
manifests as at least one of excess electrical and thermal 
power over the dissipated electrolysis power. 
0388. The hydrino catalyst HO having accepted 81.6 eV. 
from H may decompose into H2 and /2O, consequently, a 
component of H2O electrolysis may occur even when the 
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electrolysis voltage or current is absent. This may be observed 
as a Faradaic efficiency greater than 100% and may be a 
Source of H and O gases. Each of O and H may react at the 
corresponding electrolysis source electrode or at the corre 
sponding counter electrode following crossover. During the 
discharge phase of the intermittent discharge, the hydrino 
Supporting reactions of oxygen and hydrogen may be given 
by (Eq. (172)) and (Eq. (171)), respectively. In other embodi 
ments, other catalysts of the cell or formed during operation 
of the cell may cause the electrolysis of water due to the 
ionization of the catalyst and energy release during the cataly 
sis reaction to form hydrinos. 
0389. In an embodiment, the electrolysis cathode may 
comprise a bifunctional electrode capable of reduction of 
both HO and O. to form at least one of OH and H as well 
as oxidation of OH to H2O in the presence of hydrogen. The 
source of H may be the reduction of H2O at the cathode. The 
Source of O may be crossover gas from the electrolysis 
anode. The anode and cathode separation maybe Small Such 
that O generated at the electrolysis anode diffuses to the 
cathode. The electrodes may be separated by a membrane 
Such as a porous olefin membrane Such as a Celgard or base 
compatible Nafion membrane. The hydrino Supporting reac 
tions of the oxygen and hydrogen may be given by (Eq. (172)) 
and (Eq. (171)), respectively. The reactions may occur in a 
concerted manner possibly at different sites on the electrode. 
Both reactions may occur simultaneously on the electrolysis 
cathode during at least one of the electrolysis phase or the 
discharge phase of intermittent electrolysis. An exemplary 
bifunctional electrode is a partially carbon-coated nickel 
cathode that may be formed by the electrolysis of a carbonate 
electrolyte such as KCO. The overpotentials for the oxida 
tion and reduction reactions are different on separate elec 
trode regions due to the amount of carbon coating. In another 
embodiment, the electrolysis anode supplied by H. crossover 
gas serves this role as a bifunctional electrode to form hydri 
nos at least during the discharge phase. In an embodiment, the 
cell current intermittently goes to about Zero during the dis 
charge phase wherein additional thermal energy is released 
due to the hydrino reaction occurring on the cathode oranode 
at least during the discharge phase. 
0390. In another embodiment, at least one electrode hav 
ing capacitance serves as an electron acceptor and is charged 
during the discharge phase. The electrode may accept the 
charge from at least one of H, OH, and H2O that is oxidized. 
The oxidation reaction may comprise that of Eq. (171). The 
energy for the oxidation may be from the formation of hydri 
nos that may be part of a concerted reaction to form the 
reactants that form hydrinos. In an exemplary embodiment, 
charge is stored on the electrolysis cathode that has a capaci 
tance Such as a carbon cathode or carbon-coated nickel cath 
ode. The charged capacitance may be discharged in another 
phase of the intermittent electrolysis cycle. The discharge 
may involve the reduction of locally produced or crossover 
O. The reduction reaction may be that given by Eq. (172). 
0391. In an embodiment, the electrolysis cathode of the 
intermittently charged and discharged cell may develop a 
thick non-conductive oxide coat. An exemplary coat on a Ni 
electrode is NiO. In an embodiment, the coat may be reduced 
by applying a suitable reduction cell Voltage such as in the 
range of about 1 V to 1.5V, in the case of NiO. The reduction 
may be applied to the discharge anode. The electrolysis may 
be maintained at constant Voltage or a Suitable Voltage for a 
suitable time to adequately reduce the oxide coat such that the 
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electrode conductivity is substantially restored. Then, the 
charge-discharge cycle may be reapplied. In a high discharge 
current embodiment, the formation of an oxide coating on the 
discharge anode is avoided by charging at a peak limiting 
Voltage that may be a constant Voltage. The current may be 
limited during charging. In an embodiment wherein at least 
the charging Voltage and current are limited, the charging may 
be at constant power. The discharge may be at a constant 
current, load, power, or Voltage. In an embodiment, the cell 
such as Ni/LiOH LiBr/Ni air, intermittently charge dis 
charge is charged in the cell Voltage rage of about 0.8 to 1.2 
V such as constant 0.9V. Alternatively, the charging may beat 
a limiting or peak constant power in the range of about 0.1 to 
100 mW cm. The exemplary discharge current density may 
be in the range of about 0.001 to 1000 mA cm, 0.1 to 100 
mA cm, and 1 to 10 mA cm. In an embodiment, the 
electrolysis cathode and anode are interchanged to reduce any 
excessive oxide coat. The exchange may be intermittent. The 
period may be different from that of the intermittent charge 
discharge cycle of intermittent electrolysis. In an embodi 
ment, both electrodes may be capable of hydrogen sparging 
wherein the hydrogen is alternately supplied to one and then 
the other to reduce any excess oxide coat that forms during its 
operation as an oxygen electrode. In an embodiment of a cell 
such as Ni/LiOH LiBr/Ni--air intermittent; charge-dis 
charge an oxide coat Such as a NiO coat is removed mechani 
cally or chemically by means known in the art. The removal 
may be periodically with the electrode reused. In another 
embodiment, hydrogen is applied to a chamber of a hydrogen 
permeable electrode such as the anode. The cell temperature 
may below that at which a significant permeation rate occurs 
relative to the power generated by the cell. However, the low 
flow or presence of hydrogen at the anode due to permeation 
may protect the electrode from oxidation Such as oxidation to 
form NiO. In another embodiment, an electrode of the inter 
mittent electrolysis cell is capable of and is operated as a 
hydrogen permeation electrode wherein hydrogen is pro 
vided to the cell by permeation from a source such as hydro 
gen gas; then, the electrode is Switched to the electrolysis 
mode. In an embodiment, the Switched electrode serves as the 
electrolysis cathode and discharge anode. The pretreatment 
may condition the electrode to perform as desired in the 
intermittent electrolysis mode. In an embodiment, intermit 
tent electrolysis is performed as hydrogen is simultaneously 
Supplied to an electrode such as the discharge anode by means 
Such as permeation or sparging. Alternatively, an atmosphere 
comprising H may be provided to the cell. The selectivity of 
the desired hydrogen reaction and counter electrode reaction 
such as those of the disclosure may be achieved via the 
selectivity of the corresponding electrodes. For example, the 
selectivity of the cathodic oxygen reduction reaction and 
anodic hydrogen reaction with OH to form HO catalyst are 
made selective by the corresponding selectivity of the cath 
ode and anode, respectively. The hydrogen Supplied to the 
anode may be protective since the reaction 

NiO+H to Ni+HO (195) 

is favorable. In another embodiment, the duty cycle for elec 
trolysis is increased such that Sufficient hydrogen is generated 
to protect the discharge anode from corrosion. The param 
eters are selected to achieve energy gain such as electrical 
energy gain while generating enough hydrogen to be protec 
tion against corrosion. The cell temperature may also be 
controlled to ameliorate corrosion while controlling the 
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hydrogen Supplied by means such as permeation and elec 
trolysis. A discharge cathode that is resistant to corrosion may 
be selected that is appropriate for the operating conditions of 
the cell. For a temperature less than about 350 to 450° C., the 
cathode may comprise Ni. For higher temperatures, a Suitable 
stable cathode may be used such as one comprising an oxide 
Such as a NiO or CoO or Supported Ag Such as Ag—Al-O. 
0392. In an embodiment, the hydrogen supplied by per 
meation functions to at least one of change the Voltage of the 
cell and control the permeation rate by a feedback mechanism 
that may be based on the effect of the permeation rate on the 
cell Voltage. In an embodiment, the cell Voltage is adjusted by 
adjusting the hydrogen permeation rate. The permeation rate 
may be adjusted by means such as at least one of controlling 
the cell temperature, the hydrogen pressure gradient across 
the hydrogen permeable membrane, the membrane thickness, 
the membrane material, and by adjusting the cell Voltage. In 
an embodiment, means to adjust the cell Voltage in addition to 
controlling the permeation rate comprise controlling the dis 
charge and optionally charge parameters such as load and 
applied Voltage and current characteristics and parameters 
wherein the latter may regard an intermittent electrolysis 
embodiment. In an embodiment, the cell Voltage is main 
tained in the range of about 0.5 to 1.5V or about 0.8 to 1.2 V. 
The voltage range is controlled to optimize the yield of hydro 
gen formed during the electrolysis phase of the intermittent 
electrolysis of Such an embodiment. In another embodiment, 
the permeation rate is controlled by controlling the load. In an 
embodiment, the permeation rate increases with decreasing 
resistance of the load. In an embodiment, the permeation rate 
increases with the discharge current. The permeation rate 
may be adjusted to optimize the power gain from forming 
hydrinos relative to the power to form H from H.O. 
0393. In an embodiment, a protective thin-layer NiO coat 

is applied by annealing a Ni electrode in an oxidizing envi 
ronment Such as an oxygen atmosphere. The thickness of the 
coating is controlled to one that gives stability to an alkaline 
electrolyte while maintaining high ionic conductivity. In an 
embodiment, a species is added to the electrolyte to stabilize 
the electrodes such as the anode. The additive may form a 
more stable Nicompound such as NiF or NiSO. In another 
embodiment, the species may comprise a metal form a more 
stable Nialloy or an oxide additive such as CeO impregnated 
in the NiO. The wt % of cerium oxide may be in the range of 
about 0.1 to 5% or 0.3 to 1%. In another embodiment, a 
species is added Such as V2O5 to enhance the production of FL 
at the electrolysis cathode wherein the electrolysis may be 
intermittent and the electrolyte may be a molten salt or aque 
ous. The additive may be an oxide, hydroxide, or oxyhydrox 
ide such as those of the disclosure such as FeO, or Fe0OH. 
Other suitable exemplary additives are AlO(OH), ScC(OH), 
YO(OH), VO(OH), CrO(OH), MnO(OH) (c.-MnO(OH) 
groutite and Y-MnO(OH) manganite). FeC)(OH), CoO(OH), 
NiO(OH), RhCl(OH), GaO(OH), InC)(OH), NiCoO 
(OH), and NiCo, MnO(OH). The additive may at least 
one of enhance the power and protect the electrode Such as the 
anode. For example, the additive such as MgO or FeO, that 
may form Ni MgO and NiFe O, respectively, may stabi 
lize NiO of the electrode such as the anode. 

0394. In an embodiment, the discharge cathode comprises 
an oxygen reduction catalyst of the disclosure Such as Ni 
comprising a large surface area such as mesh further com 
prising at least one of MnO, (x and y are integers), NiO, 
COO. Ag, Pt, Pd, Au, other noble metal, and MNiO. 
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(M=alkali). Other suitable oxygen reduction electrodes are 
alkaline earth ruthenates, lithium doped lanthanum nickelate, 
Ni Co spinel, Pb Ru pyrochlore, Na Pt bronze, and 
Ag/AgHg. Additional cathode materials comprise at least one 
of MNiO, MNiO, MCoO, MCoO, LiFeO, MFe0, 
M-FeC), LiMnO, MTiO, MTiO, LiTiO, MTao, 
MWO, KWO, Li TaC), MVO, LiVO, 
Mg LiMnO, Mn LiFeC), LaMnO, SrTiO, LiCrO. 
LiAlO, LaNiO, LaCoO, ZnO, MgO, MSnO, LiSnO, 
Zr ZnO, MMO, MMO, MM'O, MM'O, (x=integer, 
Malkali, M'=transition metal or other metal such as Al). 
MMO, doped with magnesium such as LiFe,MgO (y>0. 
03), doped n-type perovskites and related compounds such as 
CaTiO, and SrTiO doped with Nb" and PbzrO doped with 
Nb" or Ta", barium ferrites, yttrium iron garnets, p-type 
perovskites such as lanthanum-Group VIII compounds, met 
als or compounds of Ni, Cu, Co, Mn, Cr, Zn, Zr, Y, Al, U, Ti, 
and Fe. The cathode may comprise a dopant of a porous 
material Such as Ni that may comprise nano-particles. The 
dopant may be an oxygen reduction catalyst of the disclosure. 
The cathode may comprise NiO that may be stabilized. A 
Suitable method of stabilization is encapsulation with a mate 
rial Such as a stable metal such as cobalt. Thus, the oxygen 
reduction catalyst may comprise cobalt encapsulated NiO. 
The oxygen reduction cathode may undergo thermal, chemi 
cal, or electrochemical conditioning Such as oxidation by 
chemical or thermal methods or anodization or cathodization 
before it serves as a cathode. The conditioning may be in situ. 
The cathode may be operated at high current that is then 
reduced wherein the former step conditions the cathode. The 
electrode Such as the cathode may comprise a conductive 
matrix or surface coating Such as carbon, carbide, nitride, 
carbonitride, nitrile, or boride or comprise these materials. In 
an embodiment, the electrolysis anode comprises a catalyst 
Such as gold-palladium nanoparticles that forms a reactive 
oxygen species such as HOOT or HOOH or a compound 
comprising oxygen such as PdO. AgO, AgO, AgO, or HgC) 
that undergoes reduction at a higher rate than O. during the 
discharge phase when the electrode serves as the discharge 
cathode. The compound may comprise an oxide of a metal 
that forms reversibly during charge and discharge to provide 
oxygen to the non-electrolysis discharge phase of the inter 
mittent cycle. The compound may have a free energy of 
formation less than that of H2O. The discharge reaction may 
be given by Eq. (145). The leads such as the cathode lead may 
be a material that is stable to the electrolyte such as an alkaline 
electrolyte and air or O. A suitable lead is a noble metal wire 
Such as a gold wire that may be spot welded to the cathode. In 
an embodiment, the oxygen reduction rate is 100 times 
greater in an electrolyte comprising KOH such as a molten 
electrolyte than one comprising LiOH or NaOH due to the 
higher mobility of oxygen ions in the KOH electrolyte. In an 
embodiment, a source of mechanical agitation Such as Sonic, 
ultrasound, rotation, or other sources known in the art is 
applied to at least one of the cathode and Surrounding elec 
trolyte to compensate for the lower ion mobility. In another 
embodiment, the cathode may be rotated by means Such a 
motor. In another embodiment, at least one of the cathode and 
anode are mechanically agitated. The electrode made be 
vibrated Sonically or ultrasonically in a frequency range of 
about 0.1 to 1 MHz or about 10 to 100 Hz for sonic agitation 
and 1 to 100 kHz for ultrasonic agitation. The power may be 
less than the cell electrical output power and may be that 
which optimizes the power gain considering the output con 
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tribution due to the agitation compared to the corresponding 
agitation power consumption. In an embodiment, the electro 
lyte such as a molten or aqueous electrolyte Such a molten or 
aqueous hydroxide or mixtures comprises added HO that 
increases the diffusion of oxygen ions formed at the cathode 
to increase the oxygen reduction rate. The cell may be pres 
Surized to operate at temperature near boiling and above. 
Hydrogen and oxygen may be generated in situ by electroly 
sis. At least one of H2O, oxygen, and hydrogen may also be 
added to the cell under pressure. The cell pressure may be in 
the range of about subatmospheric to 500 atm or about 2 to 
100 atm. In another embodiment, the diffusion rate of oxygen 
ions formed at the cathode is increased in a molten electrolyte 
Such as one comprising an oxyanion Such as a alkaline elec 
trolyte such as one comprising a hydroxide by using at least 
one other salt to comprise a mixture that facilitates the higher 
mobility of oxygen ions. In an embodiment, the electrolyte 
comprises a mixture of metal ions and anions such as at least 
one of alkali, alkaline earth, and other metal ions such as 
transition, inner transition, rare earth, and Group III, IV. V. 
and VI metal ions. The anion comprises at least one of 
hydroxide, Sulfate, carbonate, nitrate, phosphate, halide, and 
other ions of the disclosure. In an embodiment, the oxygen 
ion mobility is increased with elevated HO content in the 
electrolyte. In an embodiment, suitable electrolytes are 
hydroscopic. Suitable hydroscopic salts are lithium bromide, 
calcium chloride, magnesium chloride, Zinc chloride, potas 
sium carbonate, potassium phosphate, carnallite Such as 
KMgCl(H2O), ferric ammonium citrate, potassium 
hydroxide and sodium hydroxide. In acidic aqueous embodi 
ments, hydroscopic electrolytes comprise concentrated Sul 
furic and phosphoric acids. 
0395. In other embodiments, the electrodes comprise a 
conductor that is sufficiently stable to the electrolyte and 
operating conditions of the cell. Suitable electrodes for the 
alkaline cell are Ni. Other conducting metals, alloys, com 
pounds, or elements may be used with alkaline, acidic, or 
about neutral electrolytes that are either aqueous or molten 
salts such as at least one of C, Al, Ga, In, Ge, Sn, Pb, As, Sb, 
Te, and alkali, alkaline earth, transition, inner transition, and 
rare earth metals. Supported metals and materials are also 
suitable such as dimensionally stable anodes and Pt/Ti, 
Ag Al-O, NiO SiO, Al-O, and Pt, Pd, or other metal 
or noble metal Supported on a matrix Such as Al-O, C, or 
Zeolite. Materials that ordinarily may form a nonconductive 
oxide coat by reaction with the electrolyte or air may be 
Suitable under the operating conditions of the cell Such as 
under intermittent electrolysis conditions wherein the elec 
trode may be periodically reduced. An exemplary electrode is 
Zr that is periodically the electrolysis cathode and discharge 
anode. The electrode material may be a nonconductor doped 
with a conductor. Other elements or compounds such as car 
bon, carbide, boride, nitride, carbonitrile such as TiCN, or 
nitrite may comprise the electrodes such as the anode. Suit 
able exemplary materials are carbon black, AC, ZrC, TiC, 
TiSiC., TiCN, TiN, SiC, YC, TaC, MoC, WC, C, HfC, 
CrC, ZrC, VC, NbC, BC, CrB, ZrB, GdB, MgB and 
TiB. The material may comprise a powder. 
0396. In addition to the formation of H(/4) as a product of 
H2O catalyst, a reaction mixture comprising an alkaline solu 
tion having a source of OH Such as a molten or aqueous 
hydroxide electrolyte may also form at least one other 
hydrino product Such as molecular hydrino H2(/2). The cata 
lyst may comprise O or H wherein each have a potential 
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energy of 27.2 eV that permits them to serve as a catalysts by 
accepting about 27.2 eV from atomic H to form H(/2) that 
may further react to form H /2) and H(/2). Additionally, OH 
may serve as a catalyst since the potential energy of OH is 

2e2 a + Va2-b2 (196) 3 
= -40.92709 eV V - G), in 4)8te Va2-b2a - Va2-b2 

The difference in energy between the H states p=1 and p=2 is 
40.8 eV. Thus, OH may accept about 40.8 eV from H to serve 
as a catalyst to form H(/2). OH may be formed from OH by 
oxidation at the anode. Exemplary cells to form H (/4) and 
H(/2) by HO and OH serving as catalysts of H to the 
corresponding hydrino states are Mo/LiOH LiBr/NiO 
intermittent electrolysis and Ni/LiOH LiBr/NiO intermit 
tent electrolysis. The hydrino products may be identified by 
proton NMR of the electrolyte or anode gas wherein the 
anode may be processed by acid digestion to release hydrino 
gas into an NMR solvent. 
0397. In an embodiment, the catalyst forming reaction 
may be given by 

The counter half-cell reaction may be 
H2 to 2H-2e (198) 

The overall reaction may be 

wherein at least one of HO, OH, O, nH, and nG (ninteger) 
may serve as the catalyst. Hydrogen may be generated at the 
cathode by reduction of H* wherein some of the hydrogen 
reacts with the catalyst to form hydrinos. Alternatively, 
excess hydrogen may be Supplied to the cathode such that it 
reacts with the catalyst to form hydrinos. In an embodiment, 
at least one of the temperature, O pressure, H2O pressure, H. 
pressure, and fr concentration are controlled to favor the 
catalyst-forming half-cell reaction and the counter reaction 
that results in the optimal formation of hydrinos. In an 
embodiment, the cathode half-cell potential relative to the 
SHE at 25° C. is about 1.23 V within about 0.5V. In an 
embodiment, the anode half-cell potential relative to the SHE 
is about OV within about +0.5V. Suitable exemplary half-cell 
reactions are given by Eqs. (197) and (198), respectively. The 
overall reaction to form hydrinos may be given by Eq. (199). 
Suitable exemplary cells are Pt/C+H/Nafion/Pt/C+air+H 
source such as H or a hydride or other H storage material of 
the disclosure and Pt/C+H/HSO/Pt/C+air-i-H source such 
as H or a hydride or other H storage material of the disclo 
Sure a separator Such as Nafion may be used with an acidic 
electrolyte such as aqueous H2SO4. 
0398 Regarding Eq. (198), in other embodiments, the 
counter half-cell reaction may provide H by the oxidation of 
a source of hydrogen different from and optionally in addition 
to H. The source of hydrogen may be a hydrocarbon. The 
reaction may further produce at least one of CO and CO 
wherein the hydrocarbon may comprise at least one 0. A 
suitable hydrocarbon is an alcohol such as methanol. Suitable 
exemplary cells are PtRu+CHOH/Nafion/Pt/C+air-i-H 
Source such as H2 or a hydride or other H Storage material of 
the disclosure. 
0399. The cell comprising a proton conducting or acidic 
molten or acidic aqueous electrolyte to maintain the reaction 
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given by Eq. (199) may comprise an intermittent or pulsed 
electrolysis cell. Reactions such as those given by Eqs. (197) 
and (198) may occur reversibly on the corresponding elec 
trode or on the corresponding counter electrode following gas 
COSSOV. 

0400. In an embodiment, the electrolyte may comprise an 
acidic aqueous Solution. The charging phase of the intermit 
tent or pulsed cycle may comprise the electrolysis of HO to 
H and O. The electrolysis cathode and anode reactions may 
comprise the reverse of Eqs. (198) and (197), respectively, 
except that the hydrino formation is irreversible. The cathode 
discharge half-cell reaction may comprise the reduction of at 
least one of oxygen, H, and H2O. The reduction may be 
given by Eq. (197). The cathode products during discharge 
may be Hand H2O. The HO may serve as a catalyst to form 
hydrinos. The overpotential for the reduction reaction may 
cause the half-cell voltage to be about 1.23 V relative to the 
SHE and 25°C. The anode discharge half-cell reaction may 
comprise the oxidation of H, to form H" (Eq. (198)). In an 
embodiment, the reduction potential for the oxidation of H to 
H' in aqueous acidic solution (Eq. (198)) is about 0V relative 
to the SHE and 25°C. The overpotential for oxidation on the 
electrode is about OV such that the oxidation half-cell reac 
tion occurs at about 0 V. 

04.01. In other embodiments, the catalyst may comprise a 
species that accepts m27.2 eV from atomic hydrogen Such as 
those of the disclosure wherein the catalyst may be a half-cell 
species or formed during the electrolysis or discharge phases. 
Hydrinos are formed during at least one of the charge and 
discharge phases. Regarding the discharge phase, the half 
cell potential of the reduction reaction may be about 1.23 V or 
be in the range of about 0.6 to 1.4 V relative to the SHE and 
25°C., and the half-cell potential of the oxidation reaction 
may be about 0 V or be in the range of about -0.5 to +0.5V 
relative to the SHE. The cell potential between the electroly 
sis cathode and anode during the electrolysis-off or discharge 
phase may be about 1.2V or be in the range of about 0.3 to 2 
V relative to the SHE and 25°C. In embodiments having an 
elevated temperature, these room temperature ranges are ther 
modynamically corrected for the operating temperature. 
0402. The electrolyte may be an aqueous acidic solution 
Such as an aqueous acid electrolyte. Suitable acid electrolytes 
are aqueous solutions of HSO, HCl, HX (X-halide), HPO, 
HCIO, HNO, HNO, HNO, HS, HCO, HMoC) 
HNbO, H.H.O. (Mtetraborate), HBO, HWO, HCrO. 
HCrO, HTiO, HZrO, MAlO, HMnO, HIO, HIO 
HCIO, or an organic acidic Such as formic or acetic acid that 
may be in the pH range of about 7.1 M to that of the pure acid. 
The acid may be acqueous or molten such as molten phospho 
ric acid. An exemplary molten cell is Pt or C/HPO (1) 
(T>43°C.)/C or Pt. In a pulsed or intermittent applied volt 
age or current electrolysis embodiment, at least one of the 
cathode and anode may comprise a bifunctional electrode. 
The electrodes may comprise different materials to achieve 
the desired reactions. Each of the cathode and anode that may 
be selective for the desired oxidation or reduction reaction 
and may be one of a noble metal or alloy such as Pt, Pd, or Au, 
Ag, Ti, Ta, Zr, Nb, Nb alloy, Ni Mo alloy such as Hastelloy 
B, Hastelloy C. Hastelloy B-3 alloy, Hastelloy C22 alloy, or 
Hastelloy C276 alloy, carbon, or a dimensionally stable anode 
(DSA) or electrode such as TiO, stabilized conductive metal 
oxides such as RuO and IrO Supported on a conductor Such 
as Ti. Suitable exemplary DSA are Ta2O5 and Ti/IroTiO. 
The electrode material Such as a noble metal may be Sup 

Mar. 13, 2014 

ported. Suitable Supports are carbon, metals, and ceramics. 
Corresponding examples of supported electrode materials are 
Pt/C, Pd/C, and Ru/C, Pt/Ti, Pt/Al2O, and Ag/Al-O. Other 
stable conductors with the appropriate capability for oxida 
tion and reduction are those known by those skilled in the art. 
0403. Hand O may beformed at the anode and hydrogen 
at cathode during electrolysis. During the electrolysis-off or 
discharge phase, H may be oxidized to H' (Eq. (198) at the 
electrolysis cathode, and Hand O may undergo reduction at 
the electrolysis anode to form H and H2O (Eq. (197)) wherein 
the latter may serve as a catalyst to form hydrinos at the 
electrolysis anode. Thus, the cell may maintain a constant 
polarity during charge and discharge with the polarity of the 
current reversing during each phase of the cycle. The output 
may be power or waveform conditioned. In another embodi 
ment, the reaction given by Eq. (197) occurs reversibly at both 
electrodes except that the hydrino product is irreversible. 
Exemplary cells are PtTi/HSO or HPO (aq)/Pt, intermit 
tent electrolysis and Pb/HSO (aq)/Pb or PbO intermittent 
electrolysis. The acid may be in any desired concentration 
such as about 0.1 M to saturated. Exemplary concentrations 
are 14.7 MHPO and 5M HSO. 
04.04. In another embodiment, the gases may crossover 
from at least one of the anode to cathode, and vice versa. 
Then, during discharge at least one of the half-cell reactions 
may be switched such the O (Eq. (197) reduction occurs at 
the electrolysis cathode and H oxidation (Eq. (198) occurs at 
the electrolysis anode. Then, the current polarity remains 
constant, but the Voltage polarity of the electrodes switches 
with the phase of the cycle. The electrode spacing may be 
minimized to facilitate the gas crossover. The electrodes may 
be separated by a membrane Such as a proton-exchange mem 
brane such as a Nafion membrane. The circuit between the 
electrodes may comprise a diode to maintain the constant 
polarity of the current. In embodiments, the power from form 
ing hydrinos manifests as at least one of excess electrical and 
thermal power over the dissipated electrolysis power. 
04.05 The acidic electrolyte may comprise an aqueous 
mixture of at least one of an acid or mixture, an ionic liquid or 
mixture Such as those of the disclosure, and an organic Solvent 
or mixture Such as those of the disclosure. Suitable organic 
solvents are those that are miscible with water such as an 
alcohol, amine, ketone, ether, nitrile, and carboxylic acid. 
Exemplary cells are PtTi/Nafion+at least one of an acid, 
ionic liquid, and organic solvent+HO/PtTi-air. Suitable 
exemplary ionic liquids are selected from the group of ethy 
lammonium nitrate, ethylammonium nitrate doped with dihy 
drogen phosphate Such as about 1% doped, hydrazinium 
nitrate, NHPO TiPO7, and a eutectic salt of LiNO 
NHNO, mixtures of LiNO, ammonium triflate 
(Tf=CF,SO), ammonium trifluoroacetate 
(TFAc=CFCOO) ammonium tetrafluorobarate (BF), 
ammonium methanesulfonate (CHSO), ammonium 
nitrate (NO), ammonium thiocyanate (SCN), ammonium 
sulfamate (SONH), ammonium bifluoride (HF) ammo 
nium hydrogen sulfate (HSO) ammonium bis(trifluo 
romethanesulfonyl)imide (TFSI-CFSO)N), ammonium 
bis(perfluoroehtanesulfonyl)imide (BETI=CFCFSO) 
N), hydrazinium nitrate, NHNO. NHTf, and NHTFA.c. 
ammonium or alkyl ammonium halides, and aromatic com 
pounds Such as imidazole, pyridine, pyrimidine, pyrazine, 
perchlorates, PF, 1-ethyl-3-methylimidazolium chloride 
AlCls and pyrrolidinium based protic ionic liquids. Suitable 
exemplary solvents are selected from the group of alcohol, 
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amine, ketone, ether, nitrile, carboxylic acid, dioxolane, 
dimethoxyethane (DME), 1,4-benzodioxane (BDO), tetrahy 
drofuran (THF), dimethylformamide (DMF), dimethylaceta 
mide (DMA), dimethylsulfoxide (DMSO), 1,3-dimethyl-2- 
imidazolidinone (DMI), hexamethylphosphoramide 
(HMPA), N-methyl-2-pyrrolidone (NMP), methanol, etha 
nol, amines such as tributylamine, triethyamine, triisopropy 
lamine, N,N-dimethylaniline, furan, thiophene, imidazole, 
pyridine, pyrimidine, pyrazine, quinoline, isoquinoline, 
indole, 2.6-lutidine (2,6-dimethylpyridine), 2-picoline 
(2-methylpyridine), and nitriles such as acetonitrile and pro 
panenitrile, 4-dimethylaminobenzaldehyde, acetone, and 
dimethyl acetone-1,3-dicarboxylate. 
0406. In an embodiment of an aqueous intermittent elec 

trolysis cell, Hand oxygen may beformed at the electrolysis 
anode, and OH and H may be formed at the electrolysis 
cathode as given by exemplary reactions: 

Electrolysis Anode 
0407 

HO to /3O+2H"+2e. (200) 

Electrolysis Cathode 
04.08 

2H2O+2e to H, to 2CH (201) 

The solution reaction may be 
2H'+2OH to 2H2O (202) 

The overall reaction may be 
H2O to H2+1/2O2 (203) 

During the discharge phase, hydrinos may beformed wherein 
at least one of HO, OH, O, nPI, and no (ninteger) may 
serve as the catalyst. Exemplary reactions to form H2O, that 
may serve as the catalyst, and hydrinos are 

Cathode 

Anode 

0410 
H+OH to H2O+e +H(1/p) (205) 

The solution reaction may be 
3H-3OH to 3HO (206) 

The overall reaction may be 

The electrolytic solution may be about neutral pH. Suitable 
electrolytes that are about neutral are metal salts of strong 
acids Such as aqueous nitrates, Sulfates, halides, perchlorates, 
periodates, chromates, and others of the disclosure. The cat 
ion may be ammonium or a metal or Such as alkali, alkaline 
earth, transition, inner transition, rare earth, and Groups III, 
IV, V, and VI metals. The concentration may be any desired 
which is soluble such as 0.01M to saturated. 
0411. The intermittent waveform may be that which opti 
mizes the output electricity relative to the input electricity. 
The frequency of the intermittent electrolysis may be in the 
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range of about 0.001 Hz to 10 MHz, about 0.01 Hz to 100 
kHz, or about 0.01 Hz to 10 kHz. The electrolysis voltage per 
cell may be in the range of about 0.1 V to 100 V, about 0.3 V 
to 5 V, about 0.5 V to 2 V, or about 0.5 V to 1.5 V. The 
electrolysis current per electrode area active to form hydrinos 
maybe in the range of about 1 microamp cm° to 10 Acm’, 
about 0.1 milliamp cm to 5A cm, and about 1 milliamp 
cm to 1 A cm. The electrolysis power per electrode area 
active to form hydrinos maybe in the range of about 1 microW 
cm to 10 W cm', about 0.1 milliW cm° to 5 W cm', and 
about 1 milliW cm to 1 W cm. The intermittent waveform 
may be at constant current, power, or Voltage for at least one 
of changing and discharging. In an exemplary embodiment, 
the constant current per electrode area active to form hydrinos 
may be in the range of about 1 microamp cm to 1 A cm; 
the constant power per electrode area active to form hydrinos 
may be in the range of about 1 milliW cm to 1 W cm; the 
constant electrolysis Voltage per cell may be in the range of 
about 1 V to 20 V, and the constant discharge voltage per cell 
may be in the range of about of about 0.1 V to 20 V. The 
electrolysis time interval may be in the range of about 10's 
to 10,000 s, 10s to 1000s, or 10s to 100s, or 10's to 10 
S. The discharge time interval may be in the range of about 
10's to 10,000s, 10s to 1000s, or 10's to 100s, or 10' 
S to 10 S. The discharge may beat constant or variable current, 
Voltage, and power that may be in the same ranges as those of 
the electrolysis. The discharge resistance may be constant or 
variable. It may be in the range of about 1 milliohm to 100 
Mohm, about 1 ohm to 1 Mohm, and 10 ohm to 1 kohm. In an 
embodiment, at least one of the discharge current, Voltage, 
power, or time interval is larger than that of the electrolysis 
phase to give rise to at least one of power or energy gain over 
the cycle. 
0412. In an embodiment, at least one of the charge and 
discharge times is less than the diffusion time of a species 
from one electrode to the other. In an embodiment, the species 
may be an active oxygen species such as at least one of 
peroxide, a peroxide ion, superoxide, HOOH, HOO, O, 
O., and O. In an embodiment, at least one of the charge 
and discharge times is less than about 100s, 10s, 1 s, 0.1s, 
0.01 s, 0.001 s, 0.0001 s, 0.01 ms, 1 microsecond, or 0.1 
microsecond. In an embodiment, the frequency of the charge 
discharge cycle is higher than that which will permit active 
species formed at the discharge cathode to migrate and dif 
fuse to the discharge anode. The charge-discharge time may 
be less that 1 s, for example, Such that the migration of an 
active oxygen species Such as peroxide ion is prohibited from 
reaching and reacting with the anode such as a Mo or Mo 
alloy anode or others of the disclosure. Here, at least one of 
the electrolytic electric field and the current that causes the 
ions to migrate is Switching direction faster than the migration 
time to the anode. The discharge cathode that forms reactive 
oxygen species during charging may destroy them during 
discharging such that they are prohibited from diffusing to 
and corroding the discharge anode. In an embodiment, an 
exemplary intermittent charge-discharge circuit may be that 
of Gamry Instruments such as that of Model EIS300 or a 
modification thereof known by those skilled in the art. 
0413. In an embodiment, at least one of the intermittent 
charge or discharge Voltage, current, power, and load may be 
constant or variable. The parameters may be controlled to 
achieve electrical power or energy gain. The electrolysis Volt 
age per cell may be at or slightly above the threshold for 
current flow such as in the range of about 0 to 0.5V above the 
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threshold. A Suitable electrolysis Voltage per cell range is 
about 0.25V to 2V or 0.25 V to 1.7V. The discharge voltage 
per cell may be in a range that maintains a current of opposite 
polarity to that of the electrolysis current. The discharge 
voltage per cell may be in the range of about 0.01 V to the 
maximum electrolysis Voltage. A Suitable discharge Voltage 
range percell is about 0.01V to 2V or 0.01V to 1.7V. Regard 
ing the electrode area active to form hydrinos, the discharge 
current may be in the range of about 1 microamp cm to 1 A 
cm°, 0.01 mA cm° to 20 mA cm', or 0.01 mA cm° to 10 
mA cm'. The discharge load may be in the range of about 1 
microohm to 1 megaohms. A suitable load may maintain the 
current in the range of about 1 microamp cm to 1 A cm, 
0.01 mA cm to 20 mA cm, or 0.01 mA cm to 10 mA 
cm. The conductivity of a suitable load per electrode area 
active to form hydrinos is in the range of about 10 to 1000 
ohm cm, 10 to 100 ohm'cm, 10 to 10 ohm cm, 
or 10 to 1 ohm' cm. The power may be determined by at 
least one of the Suitable Voltage, current, and resistance. A 
suitable power density per electrode area active to form hydri 
nosis in the range of about 1 microW cm° to 1 W cm’, 0.01 
mW cm to 20 mW cm, or 0.01 mW cm to 10 mW cm. 
In an embodiment, an exemplary intermittent charge-dis 
charge circuit may be that of Arbin Instruments such as that of 
Model BT2000 or a modification thereof known by those 
skilled in the art. 

0414. In an embodiment of a molten electrolyte, the cell 
temperature is maintained at least the melting point of the 
electrolyte and higher. The electrolyte may be a molten 
hydroxide that may be a mixture with at least one other 
compound such as a salt such as a halide salt. Exemplary 
suitable hydroxide mixture electrolytes are LiOH LiBr, 
LiOH LiX, NaOH NaBr, NaOH NaI, NaOH NaX, 
KOH KX (X=halide). The salt may be a eutectic mixture. 
The temperature above the melting point may be in the range 
of about 0 to 1500° C. higher, 0 to 1000° C. higher, 0 to 500° 
C. higher, 0 to 250° C. higher, or 0 to 100° C. higher. In an 
embodiment, comprising a hydrogen permeable membrane, 
the temperature of the cell is maintained at an elevated tem 
perature that achieves a desired permeation rate. The mem 
brane material, thickness, and hydrogen pressure are also 
selected to achieve the desired permeation rate. In an embodi 
ment, the cell temperature is in the range of about 25 to 2000 
C., 100 to 1000° C., 200 to 750° C., or 250 to 500° C. If the 
cell comprises a permeation membrane and a molten salt 
electrolyte, the cell temperature is maintained above the melt 
ing point of the electrolyte and at the level that achieves the 
desired permeation rate. Thus, in an embodiment, the cell 
temperature is maintained at least the melting point of the salt 
and higher. The temperature above the melting point may be 
in the range of about 0 to 1500° C. higher, 0 to 1000° C. 
higher, 0 to 500° C. higher, 0 to 250° C. higher, or 0 to 100° C. 
higher. The membrane thickness may be in the range of about 
0.0001 to 0.25 cm, 0.001 to 0.1 cm, or 0.005 to 0.05 cm. The 
hydrogen pressure may be maintained in the range of about 1 
Torr to 500 atm, 10 Torr to 100 atm, or 100 Torr to 5 atm. The 
hydrogen permeation rate may be in the range of about 1x10 
13 moles' cm to 1x10 moles' cm, 1x10'’ moles' 
cm° to 1x10 moles' cm°, 1x10' moles' cm° to 
1x10 moles' cm, 1x109 moles' cm to 1x107 
moles' cm', or 1x10 moles' cm° to 1x10 moles' 
cm. The cell temperature of an intermittent electrolysis cell 
or a cell comprising a hydrogen sparging or bubbling elec 
trode is maintained above the melting point of the electrolyte. 
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In an exemplary cell comprising the electrolyte LiOH LiBr 
having a eutectic mixture of about (43%-57%) such as the cell 
Ni/LiOH LiBr/Ni--air; intermittent electrolysis or Ni 
(H)/LiOH LiBr/Ni-air wherein the hydrogen electrode 
(designated Ni(H)) comprises an H sparging or bubbling 
electrode, the eutectic electrolyte melting point is about 265° 
C. The cell may be maintained at this temperature and above. 
The hydrogen flow rate per geometric area of the H bubbling 
or sparging electrode may be in the range of about 1x10' 
moles' cm° to 1x10" moles' cm°, 1x10' moles' 
cm to 1x10 moles' cm, 1x10' moles' cm to 
1x10 moles' cm', 1x10' moles' cm° to 1x107 mole 
s' cm, or 1x10 moles' cm to 1x10 moles' cm. In 
an embodiment, the rate of reaction at the counter electrode 
matches or exceeds that at the electrode at which hydrogen 
reacts. In an embodiment, the reduction rate of at least one of 
H2O and O is sufficient to maintain the reaction rate of Hor 
H. The counter electrode has a surface area and a material 
sufficient to support the sufficient rate. 
0415. The electrodes and electrolyte system may be in a 
vessel closed to atmosphere. In the case of intermittent elec 
trolytic cell comprising a molten hydroxide Salt electrolyte, 
the water partial pressure Supplied to the cell may be con 
trolled to favor the OH producing reaction over other O and 
HO reduction reactions such as those that format least one of 
peroxide, Superoxide, and oxide. In an embodiment, at least 
one of the temperature, O pressure, H2O pressure, H pres 
sure, and OH concentration are controlled to favor the cata 
lyst-forming half-cell reaction and the counter reaction that 
results in the optimal formation of hydrinos. One or more of 
the corresponding reactions may be given by Eqs. (171-173). 
The cell may be closed to air. In an embodiment, the oxygen 
of at least one half-cell reaction is from electrolysis such as 
oxidation of at least one of H2O and OH. Suitable exemplary 
cells that undergo intermittent or pulsed electrolysis are Ni 
(H)/LiOH LiBr/Ni, Ni(H)/NaOH NaBriNi, Ni(H)/ 
NaOH NaI/Ni), Ni(H)/Sr(OH)/Nil, and similar cells of 
the disclosure wherein some H2O is present. HO may be 
added back to replace any consumed to form hydrinos. 
Excess oxygen may also be removed. The water vapor pres 
Sure may be controlled by a generator connected to the cell. 
The HO vapor generator may have a temperature lower than 
that of the cell temperature to control the HO vapor pressure. 
In an embodiment, the water vapor generator may comprise 
an atomizer or nebulizer Such as an ultrasonic one. The H2O 
vapor may be delivered by a flow Such as that of an inert gas 
such as a noble gas or N. The gas may be recirculated. 
Alternatively, the HO mass balance may be controlled to 
achieve the desired HO wt % of the electrolyte or half-cell 
reactants. In an embodiment, loss of electrolyte by means 
such as volatilization of hydroxides such a LiOH can be 
decreased by lowering the cell temperature, maintaining an 
elevated cell pressure, and running the cell at least partially 
closed wherein the gases may be supplied by intermittent 
electrolysis and by lines with selective directional flow. The 
water vapor generator or water mass balance may also control 
at least one of the water content and pressure of a closed 
intermittent electrolytic cell having an acidic electrolyte. 
Exemplary reactions involving HO are given by Eqs. (197 
199). 
0416) In an embodiment, the source of HO to the cell may 
be the dehydration of the electrolyte such as a hydroxide. An 
exemplary reaction of an alkali hydroxide such as LiOH is 

2LiOH to Li2O+H2O (208) 
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The dehydration reaction may occur even if it is endergonic 
with energy supplied by at least one of intermittent electroly 
sis, the hydrino formation reaction, and heat. In an embodi 
ment the CIHT or electrolytic cellanode comprises a material 
Such as a metal such as Mo or an Mo alloy such as Haynes 
242, MoNi, MoCu, or MoCo that has an exergonic reaction 
with H2O. The cell source of HO may be the dehydration 
reaction that is endergonic in its overall reaction with the 
anode. An exemplary reaction is the reaction of the LiOH 
electrolyte with Mo to form Mo oxide, LiO, and hydrogen. 
Then, the cell may be run for a suitable duration to form 
energy without significant degradation of the anode. The 
conditions of the cell Such as the operating temperature may 
be changed such that the electrolyte could be regenerated 
without substantial reaction with the anode. For example, the 
cell temperature could be lowered and HO added to the 
electrolyte to rehydrate it. The regenerated cell may then be 
operated further at the typical operating conditions. 
0417. In an embodiment, the electrolyte comprises a 
hydroxide such as an alkali hydroxide such as LiOH and 
further comprises the dehydrated form such as the oxide as a 
mixture wherein the concentration of the dehydrated form 
Such as Li2O is within a range Such that the anode is stabilized 
from oxidation. In an embodiment, the anode such as a Mo 
anode reacts with the hydrated form such as LiOH and is 
stable in the presence of the dehydrated form such as LiO. 
The concentration range of the two forms is such that the 
oxidation potential provides stability to the anode to oxida 
tion. The concentration range further provides that excess 
energy is formed during the operation of the cell wherein the 
source of H may be from intermittent electrolysis. In an 
embodiment, the electrolyte may become further dehydrated 
during operation. The electrolyte may be rehydrated continu 
ously or periodically or intermittently. In the latter case, the 
H2O addition may occur at a lower temperature than the 
operating temperature to prevent the anode such as a Mo 
anode from oxidizing during hydration. Once rehydrated the 
cell may be heated and operated at a standard higher operating 
temperature. The electrolyte may further comprise a mixture 
ofahydroxide, the dehydrated form, and at least one other salt 
Such as a halide such as an alkali halide Such as LiBr. 

0418. In an embodiment, the cells of the intermittent elec 
trolytic cell are arranged in a stack. Each cell may comprise a 
molten electrolyte Such as a moltenhydroxide and optionally 
at least one other salt or a molten aqueous electrolyte Such as 
an aqueous alkaline electrolyte. The cathode of each cell may 
comprise an air or oxygen electrode. In embodiments, the 
Source of oxygen of the cell is at least one of air, external 
oxygen, and electrolytically generated oxygen. In an embodi 
ment, the cathode may comprise at least a portion that is 
exposed to a source of oxygen such as air or O gas. The 
exposed portion may extend out from the cell stack and elec 
trolyte to allow O, or reduced O. to flow into the electrolyte at 
the cathode-electrolyte interface. In another embodiment, the 
cell may be closed and the hydrogen and oxygen may be 
generated electrolytically. The system may comprise aheater 
to maintain the stack at a desired elevated temperature. The 
temperature may beat about or greater then the melting point 
of the molten electrolyte. In an embodiment, the cell com 
prises a jelly-roll or Swiss role design. In an embodiment, a 
separator or spacer and electrolyte are applied between elec 
trodes that may comprise sheets that are rolled up. The jelly 
roll or Swiss role cell may be closed. The cell may be rolled 
tightly with the oxygen provided by electrolysis. In an 
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embodiment, the oxygen reduction electrode such as the cath 
ode may be fully submerged in the electrolyte. The intermit 
tent electrolysis electrodes that Supply the hydrogen and oxy 
gen may be different materials such as different metals or 
different materials of the disclosure such different electrodes 
selected from the group of metals, carbon, carbides, borides, 
nitrides, and carbonitrile. The cathode material may absorb 
oxygen during electrolysis and release it during the discharge 
phase of the intermittent cycle. 
0419. In an embodiment, the voltage of the half-cell reac 
tion to form the catalyst relative to 25°C. and the SHE is about 
1.2V. Suitable voltages are in the ranges of about 1.5V to 
0.75V, 1.3V to 0.9V, and 1.25 V to 1.1 V relative to a SHE and 
25° C. Suitable reactions are those that form HO such as 
those given by Eqs. (171) and (197). In an embodiment, the 
cell theoretical voltage is about OV. The cell reactions may 
comprise water reduction to OH and H at the cathode and 
the reaction of OH and /2H to H2O at the anode. In an 
embodiment, a cell reaction having a theoretical cell Voltage 
of about OV occurs with at least one other having a having a 
theoretical cell voltage of about greater than OV. In an exem 
plary embodiment, cell reactions may comprise water reduc 
tion to OH and H at the cathode and the reaction of OH and 
/2H to HO at the anode having a theoretical cell voltage of 
about OV, and also a net cell reaction to form water (Eq. (173)) 
having a theoretical cell voltage is greater that OV. The water 
may form via half-cell reactions such as those given by Eqs. 
(171) and (172). Other exemplary cell reactions of the cells 
[Ni(H,) NaOH/BASE/NaCl-M,Cl) are NaOH+%H+1/ 
yMCI, NaCl-6H2O+x/yM wherein exemplary compounds 
MCI, are AlCls, BeC1, HfCl4, KAgCl, MnCl, NaAlCl4, 
ScCls, TiCl, TiCl, UCls, UCla, ZrC1, EuCls, GdCls, 
MgCl, NdCls, and YCls. Suitable cells having a cell voltage 
of about OV are Ni(H) NaOH/BASE/NaCl ScCls at about 
800-900K), [Ni(H,) NaOH/BASE/NaCl TiCl, at about 
300-400K), Ni(H,) NaOH/BASE/NaCl UCls at about 
600-800K), Ni(H) NaOH/BASE/NaCl UCl at about 
250-300K), Ni(H) NaOH/BASE/NaCl-ZrC1 at about 
250-300K), Ni(H,) NaOH/BASE/NaCl MgCl, at about 
900-1300K), [Ni(H,) NaOH/BASE/NaCl. EuC1, at about 
900-1000K), Ni(H,) NaOH/BASE/NaCl. NdCl at about 
>1000K), and Ni(H,) NaOH/BASE/NaCl YC1 at about 
>1000K. 
0420. In another embodiment, the theoretical cell voltage 
involving the formation of the catalyst to form hydrinos may 
be about OV. Another exemplary cell reaction comprises the 
reduction of hydrogen to if at the cathode and the oxidation of 
if to H at the anode wherein nh (n=integer) may serve as the 
catalyst for H to form hydrinos. The H may further react such 
as according to the reactions of the disclosure wherein the 
theoretical cell voltage is greater that OV. Suitable reactions 
are the reaction of H with a metal such Li or an alloy such as 
Mg-Lito form the corresponding hydride or the reaction of H 
with a species of the Li N—H system to form LiNH or 
LiNH, for example. Exemplary cells are Li, Mg-Li, or 
LiN/LiCl-KCl LiH/Ni (H), LaH, CeH, TiH, or ZrH). 
In embodiments, the catalyst may be at least one of nEI, nC) 
(n-integer), O,OH, H2O, and an MH or MIT catalyst such as 
those of TABLE 3 as well as any hydrino catalyst such as 
those of TABLE 1. 

0421. In an embodiment, the catalyst such as MH or MH 
such as those of TABLE 3 is formed by the cell reaction 
wherein the theoretical cell voltage is about OV. An exemplary 
reaction having a theoretical cell voltage of E-OV at the cell 
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operating temperature of about 700K is given by Eq. (61) 
wherein NaH serves as the MH-type catalyst in the exemplary 
cell comprising Na/BASE/NaOH. In embodiments, the 
theoretical cell voltage may be about OV within the range of 
about +/-0.75V, +/-0.5V, +/-0.25V, or +/-0.1V. 
0422. In an embodiment, the cell comprises a if conduct 
ing electrolyte such a molten salt such as a eutectic salt 
mixture. Exemplary suitable molten salt electrolytes are 
given in TABLE 4. The cell further comprises a source ofH to 
form hydride ions and a reactant that forms a compound with 
H. The cell may comprise hydrogen storage materials for both 
the cathode and anode. Suitable exemplary anodes are Li, 
Mg-Li, and LiN. Suitable cathodes comprise a hydrogen 
permeable H electrode such as NiCH) and others of the dis 
closure or a hydride such as ZrH, TiH, LaH, and CeH. The 
electrolyte may further comprise a hydride such as LiH. 
Exemplary cells are Li, Mg-Li, and LiN/a eutectic molten 
salt such as LiCl-KCl--a hydride such as LiH/Ni (H) or a 
hydride Such as LaH2. In an embodiment, the cell is inter 
mittently charged and discharged. The formation of H at one 
or more of the cathode and anode causes the formation of 
hydrinos whereinn (n integer) may serve as the catalyst. In 
an embodiment, excess hydride is Supplied to the cell, the 
anode may comprise an alloy of an element of the electrolyte, 
and the cathode may comprise a conductor that may form a 
hydride Such as a metal Such as a transition metal Such as Ni 
ora noble metal Such as Pd. Exemplary cells in a charged State 
are LiAl or Mg-Li?a eutectic molten salt Such as LiCl 
KC1+a hydride such as LiH/NiH, TiH, or PdH that may be 
intermittently charged and discharged. Exemplary reversible 
reactions except for the hydrino product are: 

Cathode: 

0423 
Al-Life to LiAl (209) 

O 

3Mg+Li'+e to Mg-Li (210) 

Anode: 

0424 

The overall reaction may be 

The cell may intermittently regenerated by applying an inter 
mittent electrolysis Voltage. The applied cell Voltage may be 
such that LiAl or Mg-Li is formed at the electrolysis cathode 
(Eqs. (209-213)). 
0425. In an embodiment of a hydrogen permeable elec 
trode, the hydrogen is generated inside of the electrode elec 
trolytically or chemically. In an embodiment, the hydrogen 
permeable electrode comprises the anode of a cell for elec 
trolytically generating hydrogen. The hydrogen may be gen 
erated by oxidation of a hydride of the electrolyte. The hydro 
gen may diffuse through the anode during electrolysis. An 
exemplary cell is Ni, Ti, or Pd/a eutectic molten salt such as 
LiCl-KCl+a hydride such as LiH/A1 or Mg wherein H is 
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formed at the anode and a lithium alloy at the corresponding 
cathode according to Eqs. (209-213). The cathode may be in 
the center of a concentric tube anode that comprises the H 
permeable electrode. In another embodiment, the hydrogen 
permeable electrode comprises the cathode of a cell for elec 
trolytically generating hydrogen. The hydrogen may be gen 
erated by reduction of water of the electrolyte. The hydrogen 
may diffuse through the cathode during electrolysis. An 
exemplary cell is Ni/KOH (aq)/Ni wherein H is formed at 
the cathode and oxygen at the corresponding anode. The 
anode may be in the center of a concentric tube cathode that 
comprises the H permeable electrode. In another embodi 
ment, the hydrogen of the hydrogen permeable electrode of 
the CIHT cell is generated chemically. The hydrogen may be 
from the decomposition of a hydride Such as an alkali, alka 
line earth, transition metal, inner transition metal, or rare 
earth hydride or alloy, or a hydrogen storage material Such as 
those of the disclosure. In an exemplary embodiment, H may 
be generated from the reaction of LiH and LiNH. The H 
permeable electrode may be regenerated by reverse electroly 
sis with Hadd back, by Hadd back alone, or by add back of 
a reactant such as HO. The H permeable electrode may serve 
as at least one of the anode and cathode of a CIHT cell. A 
suitable exemplary CIHT is NiCH2)/LiOH LiBr/Ni+air or 
O wherein Ni(H) is an electrolytically or chemically gen 
erated hydrogen electrode. An embodiment of the electrolyti 
cally generated hydrogen electrode is shown in FIG. 4 
wherein the electrode 604 replaces the separator 608 and 
comprises the H permeable membrane and an electrode of the 
cell having the counter electrode 603. Hydrogen is generated 
by applying a voltage from the source 616 between 609 and 
604 at the position of and replacing 608. 
0426 In an embodiment, the hydrogen source at an elec 
trode of the CIHT cell or hydrogen electrode such as a H. 
permeable membrane and H gas Such as NiCH) or a hydride 
Such as LaNisFI may be replaced by a source of hydrogen gas 
such as a Ha bubbling metal tube wherein the metal may be 
porous such as a H. porous tube comprised of sintered metal 
powder such as Nipowder or R Nipowder or other porous 
materials such as metal fiber, filaments, mat or sponge such as 
Celmet (Celmet CNiiA, #6, or #8, Sumitomo Electric Indus 
tries, Ltd.). The H bubbling electrode may replace the anode 
or cathode of cells having hydrogen as a reactant at the cor 
responding electrode or in the corresponding half-cell. For 
example, the H bubbling electrode may replace electrodes of 
cell of the disclosure Such as the anode of aqueous base cells, 
the anode of cells comprising a molten salt comprising a 
hydroxide, or the cathode of cells comprising a molten salt 
having a HT migrating ion. In the latter cases, the replaced 
electrode may comprise a hydrogen permeation electrode. In 
another cell embodiment comprising an acidic electrolyte 
Such as an aqueous acid, the hydrogen electrode may com 
prise the anode. The anode may comprise a bubbling or sparg 
ing electrode as well as a hydrogen permeation electrode. The 
hydrogen may also be supplied by electrolysis of water. The 
hydrogen may undergo oxidation to H during discharge. 
Thus, a general designation for a hydrogen electrode may be 
M(H,) wherein M may be a transition metal such as Nior Ti, 
or V, Nb, Ta, Pd, or Pt or another metal of the disclosure that 
is at least one of stable to the electrolyte, hydrogen permeable, 
and a suitable electrolysis electrode that is compatible with 
the electrolyte and the cell operating conditions. Exemplary 
cells are conductor (bubbling H)/KOH (sat aq)/SC+air. 
conductor (bubbling H2)/eutectic salt electrolyte comprising 
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an alkali hydroxide such as LiOH NaOH, LiOH LiX. 
NaOH NaX (X=halide or nitrate) or LiOH LiX or 
NaOH NaX (X-sulfate or carbonate)/conductor+air that 
may be an O. reduction catalyst, and conductor (bubbling 
H) Such as one comprising Pt/HSO/Pt+air. In an alkaline 
cell embodiment, the cell atmosphere may comprise a mix 
ture of H and O, and optionally HO wherein the cathode is 
selective to reduction of at least one of O and H2O, and the 
anode is selective to oxidation of at least one of H and a 
species of the electrolyte. The anode reaction may further 
comprise a reaction of hydrogen to form a product Such as 
HO. The anode and the cathode may be those of the disclo 
sure or known by those skilled in the art. 
0427. The cell may comprise at least one of an anode that 

is a source of hydrogen that is designated M(H,) wherein M 
may be a transition metal such as Nior Ti, or V. Nb, Ta, Pd, or 
Pt or another metal of the disclosure that is at least one of 
stable to the electrolyte and hydrogen permeable. The anode 
may comprise a hydrogen sparging or bubbling electrode 
Such as a porous conductor Such as porous metal, or a hydro 
gen permeable electrode. The hydrogen anode such as a per 
meation electrode or a hydrogen sparging or bubbling elec 
trode Such as a porous conductoranode may further comprise 
a hydrogen dissociator and a large Surface area Support for 
hydrogen Such as R-Nior a noble metal on a Support such as 
a Pt/Au that may be a carbon, carbide, boride, or nitrile as 
examples. The hydrogen electrode may comprise a porous 
material Such as tightly bound assembly of a metal porous 
body (e.g. Nisuch as Celmet #4, #6, or #8, Sumitomo Electric 
Industries, Ltd.) around a hydrogen line that may further 
comprise an outer alumina tube wherein hydrogen gas is 
sparged through the tube and diffused over the surface of the 
porous material in contact with the electrolyte. In embodi 
ments, cells of the disclosure comprising a hydrogen perme 
ation electrode, a hydrogen sparging or bubbling electrode 
Such as a porous conductor Such as porous metal may replace 
the hydrogen permeation electrode. In another embodiment, 
the hydrogen electrode comprises an electrolysis electrode 
wherein hydrogen is generated by electrolysis. Thus, the gen 
eral designation for a hydrogen electrode is M(H,) whereinM 
may be a transition metal such as Nior Ti, or V. Nb, Ta, Pd, or 
Pt or another metal of the disclosure that is at least one of 
stable to the electrolyte, hydrogen permeable, and a suitable 
electrolysis electrode that is compatible with the electrolyte 
and the cell operating conditions. The cell may further com 
prise a cathode that is at least one of an O and HO reduction 
cathode, and a moltenhydroxide electrolyte. A suitable anode 
material is a metal Such as Ni, and a Suitable cathode material 
is a metal such as Ag. The Ag cathode may be Ag particles 
dispersed on carbon. An optimal loading is in the range of 
about 20 to 30 wt %. The cathode may comprise a manganese 
oxide such as MnO/C, MnO/C, or MnOOH. Other suitable 
O, reduction cathodes are at least one of Pt/C or Pt alloy/C 
such as PtRu/C, Laos SrosCoO/C, CoTPP/C, Lao Cao. 
4CoO/C, Pt/CNT/C, ProCaMnO, CoTMPP/C, 
LaMnO/C, MnCo-O/C, alkaline earth ruthenates, lithium 
doped lanthanum nickelate, Ni-Co spinel Such as NiCoO, 
Pb Ru pyrochlore such as Pb.RuOs, Na Pt bronze, 
Ag/AgHg, Ni, NiO, Ag, Au, Pt, Fe, NiO SiO, Al2O, 
FeTi alloy, FeTi, transition metals and their oxides option 
ally as a cermet. The oxygen reduction cathode may also 
comprise an oxygen spillover cathode or cathode comprising 
an oxygen spillover catalyst. In an embodiment, the cathode 
comprises a portion Submerged in the electrolyte or wetted by 
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the electrolyte and another portion not submerged or not 
wetted by the electrolyte. The latter portion may be directly 
exposed to the source of oxygen Such as air or O gas. The 
oxygen may react with the O-source exposed portion and 
migrate into the electrolyte submerged or electrolyte wetted 
portion. The oxygen spillover cathode may comprise a par 
tially Submerged nickel mat, foam, or sintered or porous Ni 
cathode. In an embodiment, the oxygen reduction current is 
increased by increasing the material exposed to air for a given 
electrolyte interface area by adding more air exposed cathode 
Surface area. In another embodiment, the oxygen reduction 
electrode such as the cathode may be fully submerged in the 
electrolyte. Oxygen from a source may be Supplied by means 
Such as sparging a gas comprising oxygen Such as O2 or air or 
by intermittent electrolysis. The intermittent electrolysis 
electrodes may be different materials such as different metals 
or different materials of the disclosure such different elec 
trodes selected from the group of metals, carbon, carbides, 
borides, nitrides, and carbonitriles. In an embodiment, the 
oxygen reduction electrode such as the cathode may be 
exposed to air wherein the cell comprises a solid layer of the 
electrolyte at the electrolyte-air interface to restrict the flow of 
reduced oxygen into the electrolyte. The solid layer may be 
formed by solidification due to a temperature gradient in the 
electrolyte. 
0428. In an embodiment, the cell may comprise a salt 
bridge such as BASE or NASICON. The cathode may com 
prise an HO or O, reduction catalyst. The HO and option 
ally O may be supplied by sparging through a porous elec 
trode such as porous electrode consisting of a tightly bound 
assembly of a Niporous body (Celmet #6, Sumitomo Electric 
Industries, Ltd.) within an outer alumina tube. In another 
embodiment, HO is injected or dripped into the bulk of the 
electrolyte and is retained for sufficient time to maintain a cell 
voltage before it evaporates due to solvation of the electrolyte. 
H2O may be added back periodically or continuously. 
0429. In an embodiment, the anode such as a hydrogen 
permeable anode is cleaned. The exemplary Ni(H) anode 
may be clean by abrasion or by soaking in 3% HO/0.6 M 
KCO followed by rinsing with distilled H2O. The abrasion 
will also increase the Surface area. Separately, at least one of 
the morphology and geometry of the anode is selected to 
increase the anode surface area. The Surface area are may be 
increased by electroplating a metal black or rough coating or 
by acid etching a surface Such as a metal Surface. In another 
embodiment, the Surface area of at least one electrode is 
increased by applying a coating Such as a metal black coating 
applied by vapor deposition techniques such as continuous 
vapor deposition (CVD), Sputtering, plasma deposition, 
atomic layer deposition (ALD), physical vapor deposition 
(PVD) Such as plasma spray, cathodic arc deposition, electron 
beam physical vapor deposition, evaporative deposition, 
pulsed laser deposition, and sputter deposition, chemical 
vapor deposition (CVD), metalorganic vapor phase epitaxy 
(MOVDE), and metalorganic chemical vapor deposition 
(MOCVD). Other suitable methods comprise spraying, paint 
brushing, Mayer rod application, Screen printing, and tape 
casting. In other embodiments, the electrolyte layer may be 
applied by these or other methods known in the art. 
0430. In an embodiment, the anode of the molten salt 
electrolyte cell comprises at least a hydride Such as LaNisFI 
and others from the disclosure Such as those of aqueous 
alkaline cells, and a metal Such as one from the group of Li, 
Na, K, Rb, Cs, Mg, Ca, Sr., Ba, Al, V, Zr, Ti, Mn, Zn, Cr, Sn, 
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In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, Mo, Os, Pd, 
Re, Rh, Ru, Se, Ag, Tc, Te, T1, and W. Exemplary cells are M 
or MH/Mg(OH), NaCl/Ni wick (HO and optionally O). 
M or MH/Mg(OH), MgCl, NaCl/Ni wick (HO and 
optionally O.), M or MH/Mg(OH), MgO MgCl2/Ni 
wick (HO and optionally O.), Mor MH/Mg(OH) NaF/ 
Ni wick (HO and optionally O.), Mor MH/LiOH LiX. 
NaOH NaX, KOH KX, RbCH RbX, CSOH CSX, 
Mg(OH), Mgxi, Ca(OH). CaX, Sr(OH), SrX, or 
Ba(OH) Bax, wherein X Cl, Br, or I/Ni wick (HO and 
optionally O.), Mor MH/CsNO, CsCH, CsCH KOH, 
CsCH LiOH, CsCH NaOH, CsCH RbOH, KCO 
KOH, KBr KOH, KC1 KOH, KF KOH, KI KOH, 
KNO, KOH, KOH-KSO, KOH LiOH, KOH 
NaOH, KOH RbOH, LiCO, LiOH, LiBr LiOH, 
LiC1 LiOH, LiF LiOH, LiI LiOH, LiNO, LiOH, 
LiOH NaOH, LiOH RbOH, NaCO, NaOH, NaBr 
NaOH, NaCl. NaOH, NaF. NaOH, NaI NaOH, 
NaNO, NaOH, NaOH NaSO, NaOH. RbOH, RbCl 
RbOH, and RbNO, RbCH/Ni wick (HO and optionally 
O), and M or MH/LiOH, NaOH, KOH, RbCH, CsOH, 
Mg(OH), Ca(OH), Sr(OH), or Ba(OH)+one or more of 
AlX. VX, Zrx, TiX MnX, ZnX, CrX, SnX, InX. 
CuX, NiX, PbX, SbX, BiX. CoX, CdX, GeX, AuX. 
IrX, FeX, HgX, MoX, OSX, Pdx-, ReX, RhX, RuX. 
SeX, AgX, Tcx, TeX, TIX, and WX, wherein X-F, Cl, 
Br, or I/Ni wick (HO and optionally O.) wherein 
MH-LaNish and others from the disclosure: M-one from 
the group of Li, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, Al, V, Zr, Ti, 
Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, 
Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, and W. The gas 
pressures such as that of H, O, and air such as those applied 
to the cell, the H permeation pressure, or the pressure of any 
gas sparged into the cell may be any desired pressure. Suitable 
pressures are in the ranges of about 0.001 Torr to 200,000 
Torr, about 1 Torr to 50,000 Torr, and about 700 Torr to 10,000 
Torr The reactant concentration ratios may be any desired. 
Suitable concentration ratios are those that maximize power, 
minimize cost, increase the durability, increase the regenera 
tion capability, and enhance other operational characteristics 
known by those skilled in the Art. These criteria also apply to 
other embodiments of the disclosure. Suitable exemplary 
concentration ratios for the electrolyte are about those of a 
eutectic mixture. In another embodiment, the cell is operated 
in batch mode being closed to the addition of O or HO for 
the duration. He may be added to the cell, or it may also be 
closed to Haddition during the batch. HO and H formed at 
the anode may react at the cathode in an internal circulation, 
oranode gaseous products may be dynamically removed. The 
reaction mixture may be regenerated after the batch. 
0431. In an embodiment, the moltenhydroxide electrolyte 
comprises an additional salt. Exemplary electrolytes alone, in 
combination with base such as MOH (Malkali), and in any 
combinations are alkali or ammonium halides, nitrates, per 
chlorates, carbonates, phosphates, and Sulfates and NHX. 
X=halide, nitrate, perchlorate, phospate, and sulfate. The 
electrolyte may comprise a mixture of hydroxides or other 
salts such as halides, carbonates, Sulfates, phosphates, and 
nitrates. In general, exemplary Suitable salts alone or in com 
bination are MOH, MS, MPO, MSO, MCO, MX 
(X=halide), MNO, MNO, MNO, MX (X=halide), MCO, 
MSO, MHSO, MPO. M.MoO, MNbO, MBO, (M 
tetraborate), MBO, MWO, MCrO, MCr-O, MTiO, 
MZrO, MAIO, MCoO, MGaO, MGeO, MMnO, 
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MSiO, MSiO, MTaos, MVO, MIO, MFeO, MIO, 
MCIO, MScO, MTiO, MVO, MCrO, MCrO. 
MMnO, MFe0, MCoO, MNiO, MNiO, MCuO 
MZnO, (M is alkali that may be the same as the cation of the 
hydroxide or ammonium and n=1, 2, 3, or 4), and an organic 
basic salt such as Macetate or M carboxylate. The electrolyte 
may also comprise these and otheranions with any cation that 
is soluble in the melt such as alkaline earth, transition metal, 
inner transition metal, rare earth, and other cations of Groups 
III, IV, V, and VI such as Al, Ga, In, Sn, Pb, Bi, andTe. The wt 
% may be any desired. The additional salt may be a minor 
additive to a hydroxide electrolyte. The hydroxide electrolyte 
such as LiOH LiBr may be a eutectic mixture further com 
prising an additive salt. Exemplary cells are Ni(H)/molten 
electrolytic of MOH and optionally another salt comprising a 
mixture and an additive selected from the group of MS, 
MPO, MSO, MCO, MX (X=halide), MNO, MNO, 
MNO, M.MoO, MCrO, MCrO, MAIO, MNbO, 
MBO, MBO, MWO MTiO, MZrO, MCoO, 
MGaO, MGeO, MMnO, MSiO, MSiO, MTaos, 
MVO, MIO, MFe0, MIO, MCIO, MScO, MTiO, 
MVO, MCrO, MCrO, MMnO, MFe0, MCoO, 
MNiO, MNiO, MCuO and MZnO, (n=1,2,3, or 4) and 
Mactetate/Ni--air and Ni(H)/LiOH LiBrand an additive 
selected from the group of LiS, LiPO, LiSO, LiCO, 
LiNO, LiNO, LiNO, LiMoO, LiMoO, Li CrO. 
LiCr-Oz, LiAlO, LiNbO, LiBO7, LiBO, LiWO, 
LiTiO, Li ZrOs. LiCoO, LiGaO, Li2GeOs, LiMn2O4. 
LiSiO, LiSiO, LiTaC), LiVO, LiIO, LiFeC), LiIO, 
LiClO, LiScO, LiVO, LiCrO, LiCrO, LiMnO, 
LiFeC), LiCoO, LiNiO, LiNiO, LiCuO and Li ZnO, 
(n=1, 2, 3, or 4), and Liactetate/Ni--air. 
0432 Another form of the reactions represented by Eqs. 
(128) and (61) involving the exemplary cell Na/BASE/ 
NaOH and may also be operative in electrolysis cells that 
follows the similar mechanism as those of Eqs. (101-104) and 
(113) is 

At least one of OH and HO may serve as the catalyst. In an 
embodiment, the cell comprising a hydroxide that may form 
HO such as Na/BASE/NaOH may further comprise a 
hydrate such as Bala 2H2O, or HO may be added to the 
cathode. The cell may further comprise a source of H such as 
a hydride or H gas supplied through a permeable membrane 
such as NiCH). 
0433. In an embodiment, the cathode comprises at least 
one of a source of water and oxygen. The cathode may be a 
hydrate, an oxide, a peroxide, a Superoxide, an oxyhydroxide, 
and a hydroxide. The cathode may be a metal oxide that is 
insoluble in the electrolyte such as a molten salt electrolyte. 
Suitable exemplary metal oxides are PbO2, AgO, AgO, 
RuO, MnO, and those of the group of V, Zr, Ti, Mn, Zn, Cr, 
Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, Mo, Os, 
Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, and W. Suitable exemplary 
metal oxyhydroxides are AlO(OH), ScC(OH), YO(OH), 
VO(OH), CrO(OH), MnO(OH) (C-MnO(OH) groutite and 
Y-MnO(OH) manganite), Fe0(OH), CoO(OH), NiO(OH), 
RhCl(OH), GaO(OH), InO(OH), NiCOO(OH), and Ni, 
3CoMnO(OH). Suitable exemplary hydroxides are those 
of Li, Na, K, Rb, Cs, Mg, Ca, Sr., Ba, Al, V, Zr, Ti, Mn, Zn, Cr, 
Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, Mo, Os, 
Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, and W. In an embodiment, 
the anode of the molten salt electrolyte cell comprises at least 
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a hydride such as LaNish and others from the disclosure 
Such as those of aqueous alkaline cells, and a metal Such as 
one from the group of Li, Na, K, Rb, Cs, Mg, Ca, Sr., Ba, Al, 
V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. 
Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, and 
W. A suitable hydride or metal is suitably insoluble in the 
molten electrolyte. The anode may comprise a hydrogen elec 
trode comprising a hydrogen permeation, Sparging, or inter 
mittent electrolysis hydrogen electrode. Exemplary cells are 
a hydride Such as LaNisFH/molten salt electrolyte compris 
ing a hydroxide/Ni or Niwick (HO and optionally O)), a 
hydride such as LaNish or M(H)/molten salt electrolyte 
comprising a hydroxide? an oxide such as one of the group of 
PbO, AgO, AgO, RuO, MnO, and those of the group of 
V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. 
Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, and 
Wwherein Misan H. permeable metal such as Ni, Ti,Nb, V. 
or Fe, a hydride such as LaNish or M(H)/molten salt 
electrolyte comprising a hydroxide?an oxyhydroxide Such as 
one of the group of AlO(OH), ScC(OH), YO(OH), VO(OH), 
CrO(OH), MnO(OH) (O-MnO(OH) groutite and Y-MnO 
(OH) manganite), Fe0(OH), CoO(OH), NiO(OH), RhC) 
(OH), GaC)(OH), InC)(OH), NiCo O(OH), and NiCo, 
3MnO(OH) wherein Misan H. permeable metal such as 
Ni, Ti, Nb, V, or Fe, and a hydride such as LaNish or 
M(H)/molten salt electrolyte comprising a hydroxide/a 
hydroxide such as one of those comprising a cation from the 
group of Li, Na, K, Rb, Cs, Mg, Ca, Sr., Ba, Al, V, Zr, Ti, Mn, 
Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, 
Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te,Ti, and W wherein M 
is an H. permeable metal such as Ni, Ti,Nb, V, or Fe. 
0434 In an embodiment, the electrolyte such as a molten 
salt or an aqueous alkaline Solution may comprise an ionic 
compound Such as salt having a cation that may exist in more 
than one oxidation state. Suitable exemplary cations capable 
of being multivalent are Fe" (Fe), Cr"(Cr), Mn." 
(Mn), Co" (Co?"), Ni' (Ni), Cu?" (Cut) and Snt 
(Sn), transition, inner transition, and rare earth cations such 
as Eu"(Eu"). The anion may be halide, hydroxide, oxide, 
carbonate, Sulfate, or another of the disclosure. In an embodi 
ment, OH may be oxidized and reacted with H at the anode 
to form H2O. At least one of OH and H2O may serve as the 
catalyst. The hydride anode reaction may be given by Eq. 
(92). The cation capable of being multivalent may be reduced 
at the cathode. An exemplary net reaction is 

LaNish-KOH+FeCls or Fe(OH) to KCl or KOH 
FeCl- or Fe(OH)2+LaNishs-HO (215) 

In the case that the compound comprising a cation capable of 
being multivalent is insoluble, it may comprise a cathode 
half-cell reactant. It may be mixed with a conductive support 
Such as carbon, a carbide, a boride, or a nitrile. Another 
hydride of the disclosure or a metal may serve as the anode 
such as one of the group of V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu, 
Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, 
Ru, Se, Ag, Tc, Te, T1, and W wherein the anode reaction may 
be given by Eq. (116). The metal may react with the electro 
lyte such as hydroxide to form hydrogen and catalyst Such as 
at least one of OH and HO. Other hydroxides that may serve 
as the electrolyte such as those of the disclosure and may 
replace KOH. Other salts having a cation capable of being 
multivalent such as KSn(OH) or Fe(OH) may replace 
FeCl. In an embodiment, the reduction potential of the com 
pound is greater that that of H2O. Exemplary cells are an 
oxidizable metal such as one of V, Zr, Ti, Mn, Zn, Cr, Sn, In, 
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Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, Mo, Os, Pd, Re, 
Rh, Ru, Se, Ag, Tc, Te, T1, and W, a metal hydride such as 
LaNis, or H2 and a hydrogen permeable membrane Such as 
one of V.Nb, Fe, Fe Moalloy, W. Mo, Rh, Ni, Zr, Be, Ta, Rh, 
Ti, Th, Pd, Pd-coated Ag, Pd-coated V, and Pd-coated Ti/KOH 
(sat aq)+salt having a cation capable of being multivalent 
such as KSn(OH), Fe(OH), or FeCl/conductor such as 
carbon or powdered metal, an oxidizable metal such as one 
of V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. 
Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, Ti, and 
W. a metal hydride such as LaNish or H and a hydrogen 
permeable membrane such as one of V.Nb, Fe, Fe—Mo alloy, 
W. Mo, Rh, Ni, Zr, Be, Ta, Rh, Ti, Th, Pd, Pd-coated Ag, 
Pd-coated V, and Pd-coated Ti/KOH (sat aq)/salt having a 
cation capable of being multivalent such as Fe(OH), Co(OH) 
Mn(OH), NiO, or Cu(OH), mixed with a conductor such 

as carbon or powdered metal, Ni(H), V(H), Ti(H), 
Nb(H), Pd(H), PdAg(H), Fe(H), or 430 SS(H)/LiOH 
LiX, NaOH NaX, KOH. KX, RbCH RbX, CSOH 
CSX, Mg(OH), MgX, Ca(OH)—CaX, Sr(OH)—SrX, 
or Ba(OH) BaX, wherein X-F, Cl, Br, or I and salt having 
a cation capable of being multivalent such as KSn(OH), 
Fe(OH), or FeC1/Nil, Ni(H), V(H), Ti(H), Nb(H), 
Pd(H), PdAg(H2), Fe(H), or 430 SS(H)/CsNO CsCH, 
CSOH KOH, CSOH LiOH, CsCH NaOH, CSOH 
RbOH, KCO, KOH, KBr KOH, KC1 KOH, 
KF KOH, KI KOH, KNO, KOH, KOH KSO, 
KOH LiOH, KOH NaOH, KOH. RbCH, LiCO, 
LiOH, LiBr LiOH, LiC1 LiOH, LiF LiOH, LiI LiOH, 
LiNO, LiOH, LiOH NaOH, LiOH RbOH, NaCO 
NaOH, NaBr NaOH, NaCl NaOH, NaF. NaOH, NaI 
NaOH, NaNO, NaOH, NaOH NaSO, NaOH. RbOH, 
RbCl RbOH, and RbNO, RbCH+salt having a cation 
capable of being multivalent such as KSn(OH), Fe(OH), or 
FeC1/Ni), Ni(H), V(H), Ti(H), Nb(H), Pd(H), PdAg 
(H), Fe(H), or 430 SS(H)/LiOH, NaOH, KOH, RbCH, 
CsOH, Mg(OH), Ca(OH), Sr(OH), or Ba(OH)+one or 
more of AIX, VX, Zrx, TiX, MnX, ZnX, CrX, SnX, 
InX, CuX, NiX, PbX, SbX, BiX CoX, CdX, GeX. 
AuX, IrX, FeX, HgX, MoX, OSX, Pdx-, ReX, RhX, 
RuX, Sex, AgX, Tcx, TeX, TIX, and WX, wherein X-F, 
Cl, Br, or I--salt having a cation capable of being multivalent 
such as KSn(OH), Fe(OH), or FeCl/Ni), LaNi5H/KOH 
(sat aq)/organometallic Such as ferrocenium SC, and 
LaNisFI/KOH (sat aq)/organometallic Such as ferroce 
nium. The cell may regenerated by electrolysis or mechani 
cally. 

0435. In an embodiment, the hydrino reaction is propa 
gated by a source of activation energy. The activation energy 
may be provided by at least one of heating and a chemical 
reaction. In an embodiment comprising an aqueous cell or 
Solvent or reactant that is Volatile at the elevated operating 
temperature of the cell, the cell is pressurized wherein the cell 
housing or at least one half-cell compartment comprises a 
pressure vessel. The chemical reaction to provide the activa 
tion energy may be an oxidation or reduction reaction such as 
the reduction of oxygen at the cathode or the oxidation of 
OH and reaction with H to HO at the anode. The source of 
H may be a hydride Such as LaNise. The anode reaction may 
also comprise the oxidation of a metal Such as Zn, Co., Sn, Pb, 
S, In, Ge, and others of the disclosure. The reduction of a 
cation capable of being multivalent such as one of Fe"(Fe"), 
Crit(Cr2"), Mn(Mn), Co3+ (Co?"), Ni3+ (Nit), Cu2+ 
(Cu), and Sn" (Sn) may provide the activation energy. 
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The permeation of H formed at the cathode that permeates 
through a hydrogen permeable membrane and forms a com 
pound such as a metal hydride Such as LiH may provide the 
activation energy. In an embodiment, the reactions of the 
CIHT cell are also used to produce heat for purposes such as 
maintaining the operation of the cell Such as Supplying the 
activation energy of the reactions or maintaining the molten 
electrolyte where used. The thermal output may also be used 
for heating an external load. Alternatively, the reactions may 
be performed without electrodes to generate heat to maintain 
the hydrino reaction and Supply heat to an external load. In an 
embodiment of the intermittent electrolytic cell, such as 
PtTi/HSO (aq 5M)/PtTi intermittent charge-discharge, 
the electrodes may be shorted or shorted through a resistive 
heater during discharge to produce heat that may be dissi 
pated in the CIHT cell. 
0436. In an embodiment, an oxygen species such as at 
least one of O, O, O, O, O, O, HO, HO", OH, OH", 
OH, HOOH, OOH, O, O, O, and O may undergo an 
oxidative reaction with a H species such as at least one of H, 
H, H, HO, HO", OH, OH, OH, HOOH, and OOH to 
form at least one of OH and H2O that serves as the catalyst to 
form hydrinos. The source of the H species may beat least one 
of a compound such as a hydride such as LaNish hydroxide, 
or oxyhydroxide compound, H2 or a source of H, and a 
hydrogen permeable membrane such as NiCH), V(H). 
Ti(H), Fe(H), or Nb(H). The 0 species may be provided by 
a reduction reaction of HO or O at the cathode. The source 
of O of the O species may be from air. Alternatively, the O 
species may be supplied to the cell. Suitable sources of the O 
species such as OH, HOOH, OOH, O, O, O, and O, 
are oxides, peroxides such as those of alkali metals, SuperoX 
ides Such as those of alkali and alkaline earth metals, hydrox 
ides, and oxyhydroxides Such as those of the disclosure. 
Exemplary oxides are those of transition metals such as NiO 
and CoO and Sn such as SnO, alkali metals such as LiO, 
NaO, and KO, and alkaline earth metal such as MgO, CaO. 
SrO, and BaO. The source oxide such as NiO or CoO may be 
added to a molten salt electrolyte. Further exemplary oxides 
are one from the group of Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. Au, 
Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, Sn, and 
W. Exemplary cells are Ni(H), V(H), Ti(H), Fe(H), or 
Nb(H) or a hydride such as LaNish/eutectic salt electrolyte 
comprising an alkali hydroxide such as LiOH NaOH, 
LiOH LiX, NaOH NaX (X=halide or nitrate) or LiOH 
LiX or NaOH NaX (X=sulfate or carbonate) and LiO, 
NaO, K2O, MgO, CaO, SrO, or BaO, or an oxide of, Cu, Ni, 
Pb, Sb, Bi, Co, Cd, Ge. Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, 
Se, Ag, Tc, Te, T1, Sn, or W. a peroxide such as those of alkali 
metals, or a Superoxide Such as those of alkali and alkaline 
earth metals/Ni or other metal that may be the same as that of 
the anode. 
0437. In an embodiment, OH may be oxidized and 
reacted with Hat the anode to form HO that may serve as the 
catalyst for H to form hydrinos. In both cases, the H may be 
from a source Such as a hydride such as LaNish or H2 that 
may permeate through a membrane such as Ni, Ti,V, Nb, Pd, 
PdAg, or Fe from a hydrogen source Such as a tank or Supply 
640 flowed through a line 642 and a regulator 644 (FIG. 5). 
The source may be an aqueous electrolysis cell 640 with a H, 
and O separator to Supply Substantially pure H. H2O may be 
reduced to H and OH at the cathode. In an embodiment 
shown in FIG. 5, the CIHT cell comprises HO and H. col 
lection and recycling systems. The CIHT 650 cell comprises 
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a vessel 651, a cathode 652, an anode 653, a load 654, an 
electrolyte 655, and a system 657 to collect HO vapor from 
the CIHT cell such as that formed at the anode. The HO 
collection system comprises a first chamber 658 connected to 
the cell to receive HO vapor through a vapor passage 659 
from the cell to the HO collection chamber 658. The collec 
tion system comprises at least one of an HO absorber and a 
HO condensor 660. The collected water may be returned to 
the CIHT cell as HO vapor or liquid water through a passage 
661 assisted by pump 663 or by the pressure created by 
heating the collected water with heater 665. The flow of water 
and the pressure of any vapor may be controlled in the cham 
ber by valves 666,667, and 668, monitored by a gauge 669. 
The water may be returned to the cathode 652 which may be 
porous to the returned HO. The CIHT cell further comprises 
a system 671 to collect H from the CIHT cell. The H col 
lection system comprises a second chamber 672 containing a 
H. getter 673 wherein un-reacted H from the anode source 
and H formed at the cathode may be collected by the H. 
getter. The H having water at least partially removed by the 
HO collection system flows from the first chamber to the 
second through gas passage 675. In an embodiment, a H 
selective membrane exists between the chambers to prevent 
H2O from entering the second chamber and reacting with the 
getter. The getter may comprise a transition metal, alkali 
metal, alkaline earth metal, inner transition metal, rare earth 
metal, combinations of metals, alloys, and hydrogen storage 
materials such as those of the disclosure. The collected H. 
may be returned to the CIHT cell through a passage 676 
assisted by pump 678 or by the pressure created by heating the 
getter or collected H with heater 680. The flow of H and the 
pressure may be controlled in the chamber by valves 681 and 
682, monitored by a gauge 684. The getter may collect hydro 
gen with the value 681 open and valve 682 closed to the cell 
wherein the heater maintains it at one temperature suitable for 
reabsorbing H. Then, the value 681 may be closed and the 
temperature increased to a temperature that causes the hydro 
gen to be release to a desired pressure measured with gauge 
684. Valve 682 may be opened to allow the pressurized hydro 
gen to flow to the cell. The flow may be to the anode 653 
comprising a H. permeable wall. Valve 682 may be closed, 
the heater 680 reduced in temperature, and the valve 681 
opened to collect H with the getter 673 in a repeated cycle. In 
an embodiment, the power to the heater, valves, and gauges 
may be provided by the CIHT cell. In an embodiment, the 
temperature difference between the collection systems and 
cells may be used to achieve the desired pressures when 
introducing H or HO into the cell. For example, H may be 
at a first temperature and pressure in a sealed chamber that is 
immersed in the hot salt to achieve a second higher pressure 
at the higher salt temperature. In an embodiment, the CIHT 
cell comprises a plurality of hydrogen permeable anodes that 
may be Supplied hydrogen through a common gas manifold. 
0438. In another embodiment of the system shown in FIG. 
5, an O source is supplied at the cathode 651 such as at least 
one of air, O, oxide, H2O, HOOH, hydroxide, and oxyhy 
droxide. The source of oxygen may also be supplied to the cell 
through selective valve or membrane 646 that may be a plu 
rality wherein the membrane is Opermeable such as a Teflon 
membrane. Then, system 657 comprises a separator of Hand 
other cell gases such as at least one of nitrogen, water vapor, 
and oxygen wherein system 671 collects the unused hydrogen 
and returns it to the cell such as through the H. permeable 
anode 653. The system 657 may condense water. System 667 
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may in addition or optionally comprise a selective H2 perme 
able membrane and valve 668 that may be at the outlet of 
system 657 that retains O, N, and possibly water and per 
mits H to selectively pass to system 671. In an embodiment, 
the vapor pressure of water is controlled at one or more of the 
cathode 651 and the cell to control the cell power output. 
0439. In an embodiment, the H. permeable electrode is 
replaced with a H. bubbling anode 653. He may be recycled 
without removing HO using at least one pump such as 678. 
If oxygen is Supplied to the cell Such as through selective 
valve or membrane 646 or at the Oporous cathode 652, then 
it may be removed from the H by system 657. An exemplary 
porous electrode to Supply at least one of H., H2O, air, and O. 
by sparging comprises a tightly bound assembly of a Ni 
porous body (Celmet #6, Sumitomo Electric Industries, Ltd.) 
within an outer alumina tube. If air is supplied to the cell than 
N is optionally removed from the re-circulated H gas. Any 
He consumed to form hydrinos or lost from the system may be 
replaced. The H may be replaced from the electrolysis of 
HO. The power for the electrolysis may be from the CIHT 
cell. 
0440 The hydrogen permeation rate or flow rate for the 
permeation and bubbling anodes, respectively, is controlled 
to optimize the power gain due to the hydrino reaction relative 
to the conventional reaction of hydrogen and oxygen form to 
water. Considering the active surface area Such as that defined 
by the physical dimensions of the external Surface exposed to 
the electrolyte, suitable flow rates are in the ranges of about 
10° to 10° moles cms', about 10' to 10 moles cm 
s', about 10' to 107 moles cm's', and about 10 to 
10 moles cm’s'. The cathode reduction rate of at least 
one of O, H2O, and mixtures of O and H2O Such as in air 
may be any desirable rate to maintain the cell reaction of a 
given hydrogen permeation or flow rate at the anode. Suitable 
reduction rates expressed as a current per effective Surface are 
in the ranges of about 0.001 to 1000 mA cm', about 0.1 to 
100 mA cm, and about 0.5 to 10 mA cm. In an embodi 
ment, the cathode gas may comprise a mixture of O. H.O. 
and N. The mole fractions may be any desired. Suitable mole 
fractions are about those of air (O-20%, N-80, HO-0.5- 
3%), but any given component may be changed by to be in the 
range of about 0.1 to 99 mole %. In other embodiments, the 
O/N/HO mole % s are in the range of about 1 to 99%, 1 to 
99%, and 0.0001 to 99%, respectively, the total comprising 
about 100%. Other gases such as Ar of air may be present as 
well. In an embodiment, CO is scrubbed from the gas enter 
ing the cell. 
0441. In an embodiment, the CIHT cell comprises a 
coaxial design wherein the H2 permeation permeation tube is 
in the center and electrolyte and cathode tube are concentri 
cally outward with the outer tube serving as the cathode. In 
other designs, the electrodes are opposing H2 permeation of 
diffusion anodes and cathodes that may comprise an air dif 
fusion electrode. The design may be similar to that of the 
aqueous alkaline cell. 
0442. In an embodiment to produce increased binding 
energy hydrogen species and compounds and thermal energy, 
the cell shown in FIG.5 may comprise a hydrogen permeable 
membrane and hydrogen chamber 653 to supply H and may 
be absent the cathode 652. Then, a hydrino thermal reactor 
comprises a hydrogen permeable membrane 653 separating a 
hydrogen chamber filled defined by the enclosing membrane 
653 with pressurized hydrogen and a reaction chamber 655 
filled with a basic Solution and an oxidant having the capa 
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bility of reacting with hydrogen to form at least the catalysts 
nH, OH, nC), O, and HO(n-integer) for forming hydrinos. 
The hydrogen permeable membrane and hydrogen chamber 
653 may have a large Surface area. A suitable system is a long 
coiled tube such as a Ni tube or a tube of another material of 
the disclosure such as a Nicoated V. Ta, Ti, stainless steel (SS) 
430, or Nb. In an embodiment, the hydrogen is permeated 
across the membrane into the reaction chamber to cause the 
catalyst and atomic H to form in the reaction chamber, and 
thermal power is generated by the formation of hydrinos. The 
reactor may further comprise inlet and outlet lines such as 659 
to deliver oxidant or other reaction chamber reactants and 
remove reaction chamber products. The cell may be operated 
continuously. The reaction products may be regenerated by 
methods of the disclosure, methods disclosed in my prior 
applications: Hydrogen Catalyst Reactor, PCT/US08/61455, 
filed PCT Apr. 24, 2008: Heterogeneous Hydrogen Catalyst 
Reactor, PCT/US09/052,072, filed PCT Jul. 29, 2009: Het 
erogeneous Hydrogen Catalyst Power System, PCT/US10/ 
27828, PCT filed Mar. 18, 2010; and Electrochemical Hydro 
gen Catalyst Power System, PCT/US 11/28889, filed PCT 
Mar. 17, 2011 herein incorporated by reference in their 
entirety, or known to those skilled in the art. The hydrogen 
chamber may have a hydrogen line Such as 676 and systems 
such as tank or supply 640, line 642, and regulator 644 to 
monitor and control the hydrogen pressure and flow. In an 
embodiment, the H and the oxidant O may be produced by 
the electrolysis unit 640. In another embodiment, the cell may 
comprise the hydrogen permeable membrane 653 wherein H 
may react with a source of oxygen Such as OH or an oxya 
nion such as those of the disclosure to format least one of OH 
and H2O that may serve as the catalyst for additional H to 
form hydrino. In a concerted manner, an oxidant may undergo 
reduction. The reduction reaction may form the oxyanion 
such as OH. The reaction may comprise the redox reaction of 
fuel cell embodiments of the disclosure. The cell may further 
comprise the cathode 652 that may be electrically connected 
to the hydrogen membrane that serves as an anode. Alterna 
tively, a vessel wall such as 651 may serve as the counter 
electrode for the reduction reaction. The oxidant may com 
prise oxygen that may be supplied to the cell 655 intermit 
tently or continuously. The oxidant may be Supplied at the 
cathode. 

0443) The solution may comprise a base such as at least 
one of the group of MOH, MCO (M is alkali), M'(OH), 
M'CO, (M' is alkaline earth), M"(OH), MCO, (M" is a 
transition metal), rare earth hydroxides, Al(OH), Sn(OH), 
In(OH), Ga(OH), Bi(OH), and other hydroxides and oxy 
hydroxides of the disclosure. The solvent may be aqueous or 
others of the disclosure. The hydrogen may permeate through 
the membrane and react with OH to form at least one of OH 
and H2O that may serve as the catalyst to form hydrinos. The 
reaction mixture may further comprise an oxidant to facilitate 
the reaction to form at least one of OH and H2O catalyst. The 
oxidant may comprise HO, O, CO, SO, NO, NO, NO, 
or another compounds or gases that serve as a Source of O or 
as an oxidant as given in the disclosure or known to those 
skilled in the Art. Other suitable exemplary oxidants are 
POs, CoO, MnO, MnO, MSOs, MNO, MMnO, 
MOC1, MCIO, MCIO, MCIO (M is an alkali metal), and 
oxyhydroxides such as WO(OH), WO(OH), VO(OH), 
VO(OH), VO(OH), VO(OH), VO(OH), VO(OH), 
VO(OH), VO(OH), VO(OH), Fe0(OH), MnO(OH), 
MnO(OH), MnO(OH), MnO2(OH), MnO(OH)s. 
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MnO(OH), MnO(OH), MnO(OH), MnO(OH), 
MnO(OH), MnO(OH), NiO(OH), TiO(OH), TiO(OH) 
TiO(OH), TiO(OH), TiO2(OH), TiO2(OH), and 

NiO(OH). In general, the oxidant may be M.O.H., whereinx, 
y, and Zare integers and M is a metal Such as a transition, inner 
transition, or rare earth metal Such as metal oxyhydroxides. 
The oxidant may comprise a source of oxygen that reacts with 
hydrogen to from the catalyst such as at least one of OH and 
HO. For X and y being integers, suitable sources of oxygen 
Source are O, H2O, MnO, an oxide, an oxide of carbon, 
preferably CO or CO., an oxide of nitrogen, N, O, such as 
NO and NO, an oxide of sulfur, S.O., preferably an oxidant 
such as M.S.O. (M is an alkali metal), Cl,O, such as ClO, 
CIO, NaClO, concentrated acids and their mixtures such as 
HNO, HNO, HSO, HSO, an acid that forms nitronium 
ion (NO."), NaOCl, I.O, such as I.O., P.O., S.O, an oxya 
nion of an inorganic compound Such as one of nitrite, nitrate, 
chlorate, Sulfate, phosphate, a metal oxide such as cobalt 
oxide, hydroxide, an oxyhydroxide, a perchlorate, and a per 
oxide Such as MO where Misanalkali metal. Such as Li2O, 
NaO, and KO, and a Superoxide such as MO, where M is 
an alkali metal. Such as NaO, KO, RbC), and CSO, and 
alkaline earth metal Superoxides. The ionic peroxides may 
further comprise those of Ca, Sr., or Ba. Other suitable sources 
of oxygen comprise one or more of the group of SO, SOs, 
S.O.C1. FSOF, MSOs, SOX, such as SOC1, SOF, 
SO.F., SOBr, P.O., POX, such as POBr, POIs, POCl, or 
POF, TeO, MNO, MNO, MNO, MCO, MHCO, 
MSO, MHSO, MPO. MHPO, MHPO, M.MoO, 
MNbO, MBO, (Mtetraborate), MBO, MWO MCrO. 
MCr-O, MTiO, MZrO, MAlO, MCoO, MGaO. 
MGeO, MMnO, MSiO, MSiO, MTaos, MVO, 
MIO, MFeO, MIO, MCIO, MScO, MTiO, MVO, 
MCrO, MCrO, MMnO, MFe0, MCoO, MNiO, 
MNiO, MCuO and MZnO, where M is alkali and n=1,2, 
3, or 4, an oxyanion, an oxyanion of a strong acid, an oxidant, 
a molecular oxidant such as V.O.I.O.s, MnO, ReOz, CrOs. 
RuO, AgO, PdC), PdO, PtC), PtC), IO IOs, IO SO. 
SO, CO., NO, NO, NO, N.O. N.O., NOs, ClO, CIO, 
Cl2O, ClO, ClOz, PO, P.O., and POs, NHX wherein X 
is a nitrate or other suitable anion knownto those skilled in the 
art such as one of the group comprisingNO, NO, SO, 
HSO, CoO, IO, IO, TiO, CrO, Fe0, PO, 
HPO, HPO, VO, CIO, and CrO,. In another 
embodiment, the source of O or the O species may comprise 
at least one compound or admixture of compounds compris 
ing O, O, air, oxides, NiO, CoO, alkali metal oxides, LiO, 
NaO, KO, alkaline earth metal oxides, MgO, CaO, SrO, and 
BaO, oxides from the group of Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge. 
Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, Sn, 
and W. peroxides, alkali metal peroxides, Superoxide, alkali 
or alkaline earth metal Superoxides, hydroxides, alkali, alka 
line earth, transition metal, inner transition metal, and Group 
III, IV, or V, hydroxides, oxyhydroxides, AlO(OH), ScC) 
(OH), YO(OH), VO(OH), CrO(OH), MnO(OH) (C-MnO 
(OH) groutite and Y-MnO(OH) manganite), FeC(OH), CoO 
(OH), NiO(OH), RhCl(OH), GaO(OH), InC)(OH), NiCo, 
2O(OH), and NiCo, MnO(OH). The compound such as 
a metal oxide may be a nanopowder. The particle size may be 
in the range of about 1 nm to 100 micrometers, 10 nm to 50 
micrometers, or 50 nm to 10 micrometers. 
0444 The cell may be operated at elevated temperature 
such as in the temperature range of about 25°C. to 1000°C., 
or about 200° C. to 500° C. The vessel 651 may be a pressure 
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vessel. The hydrogen may be supplied at high pressure Such 
as in the range of about 2 to 800 atmor about 2 to 150 atm. An 
inert gas cover such as about 0.1 to 10 atm of N or Ar may be 
added to prevent boiling of the Solution Such as an aqueous 
Solution. The reactants may be in any desired molar concen 
tration ratio. An exemplary cell is NiCH 50-100 atm) KOH 
KCO wherein the KOH concentration is in the molar range 
of 0.1 M to saturated an the KCO concentration is in the 
molar range of 0.1 M to saturated with the vessel at an oper 
ating temperature of about 200-400° C. In another embodi 
ment, the base may comprise a molten salt such as a hydrox 
ide melt. The melt may further comprise at least one other 
compound Such as a salt Such as a metal halide. The mixture 
may be a eutectic mixture. Suitable hydroxide mixtures are 
given in TABLE 4. The mixture may further comprise at least 
some HO such as 0.1 to 95 wt %, 0.1 to 50 wt %, 0.1 to 25 wt 
%, 0.1 to 10 wt %, 0.1 to 5 wt %, or 0.1 to 1 wt %. In another 
embodiment, the H2 permeation membrane may be replaced 
by a Ha bubbling or sparing electrode such as those of the 
disclosure. The hydrogen source may comprise a porous 
material Such as tightly bound assembly of a metal porous 
body (e.g. Nisuch as Celmet #4, #6, or #8, Sumitomo Electric 
Industries, Ltd.) around a hydrogen line that may further 
comprise an outer alumina tube wherein hydrogen gas is 
sparged through the tube and diffused over the surface of the 
porous material in contact with the melt. In an embodiment, 
unreacted H is collected and recycled. The hydrogen may be 
separated from any other gases present by known means such 
as membrane separation, selective reaction of co-gases, or 
cryo-separtion methods. Hydrogen consumed to form 
hydrino and any water may be added back to the Supply to the 
cell. 

0445. In embodiments, the membrane material, thickness, 
and hydrogen pressure are selected to achieve the desired 
permeation rate. In an embodiment, the cell temperature is in 
the range of about 25 to 2000°C., 100 to 1000°C.,200 to 750° 
C., or 250 to 500° C. If the cell comprises a permeation 
membrane and a molten reaction mixture, the cell tempera 
ture is maintained above the melting point of the mixture and 
at the level that achieves the desired permeation rate. Thus, in 
an embodiment, the cell temperature is maintained at least the 
melting point of the reactants and higher. The temperature 
above the melting point may be in the range of about 0 to 
1500° C. higher, 0 to 1000° C. higher, 0 to 500° C. higher, 0 
to 250° C. higher, or 0 to 100° C. higher. The membrane 
thickness may be in the range of about 0.0001 to 0.25 cm, 
0.001 to 0.1 cm, or 0.005 to 0.05 cm. The hydrogen pressure 
may be maintained in the range of about 1 Torr to 1000 atm, 
10 Torr to 100 atm, or 100 Torr to 5 atm. The hydrogen 
permeation rate may be in the range of about 1x10" mole 
s' cm to 1x10 moles' cm, 1x10' moles' cm to 
1x10 moles' cm, 1x10' moles' cm to 1x10 mole 
s' cm°, 1x10' moles' cm° to 1x107 moles' cm', or 
1x10 moles' cm° to 1x10 moles' cm'. The hydrogen 
flow rate per geometric area of the H2 bubbling or sparging 
hydrogen source may be in the range of about 1x10' mole 
s' cm to 1x10 moles' cm, 1x10" moles' cm to 
1x10 moles' cm', 1x10' moles' cm° to 1x10 mole 
s' cm, 1x10' moles' cm to 1x107 moles' cm, or 
1x10 moles' cm to 1x10 moles' cm’. In an embodi 
ment of a porous electrode materials, the pore size is in the 
range of about 1 nm to 1 mm, 10 nm to 100 um, or 0.1 to 30 
lm. 
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0446. In an embodiment of another chemical reactor to 
form increased binding energy hydrogen species and com 
pounds and athermal system, nPH (ninteger) may serve as the 
catalyst. The reaction mixture may comprise an element or 
compound that may form a hydride Such as a hydrogen Stor 
age material and a source of hydrogen. The material may be 
reversibly hydrided and dehydrided to cause the formation of 
atomic hydrogen that serves as the reactant and catalyst to 
form hydrinos. The hydrogen storage material Such as a metal 
that forms a hydride may one or more of be those of the 
disclosure. Suitable exemplary corresponding metal hydrides 
are at least one chosen from R-Ni, LaNisFI, LaCoNiH, 
ZrCr2Hss, LaNissMino-Alois Coo. 7s. ZrMnoisCro.2Voi Nii. 
2, and other alloys capable of storing hydrogen Such as one 
chosen from AB (LaCePrNdNiCoMnAl) or AB (VTiZrNi 
CrCoMnAlSn) type, where the “AB,” designation refers to 
the ratio of the A type elements (LaCePrNd or TiZr) to that of 
the B type elements (VNiCrCoMnAISn), ABS-type, MmNis 
2CooMno Alo Moooo (Mm misch metal: 25 wt % La, 50 
wt % Ce, 7 wt % Pr, 18 wt % Nd), AB-type: Tis ZroV. 
7oNisCro alloys, magnesium-based alloys, MgAlo. 
1NiosCool Mino alloy, Mgo.72Sco.2s (Pdoo2+Rhool 2), and 
MgsoTio MgsoVo, LaosNdo.2Ni2.4CO2.s Sio, LaNis-M, 
(M=Mn, Al), (M=Al, Si, Cu), (M=Sn), (M=Al, Mn, Cu) and 
LaNi4Co, MmNissMino-44Alois Coo. 7s. LaNissMino.44Alo. 
3.Coos, MgCul, Mg2n. MgNi, AB compounds, TiFe, 
TiCo, and TiNi, AB compounds (n=5, 2, or 1), AB com 
pounds, AB (A-La, Ce, Mn, Mg, B-Ni, Mn, Co, Al), ZrFe, 
Zros Csos Fe2, Zros Sco.2Fe2.YNis, LaNis, LaNi4SCuos, (Ce, 
La, Nd, Pr)Nis, Mischmetal-nickel alloy, Tiszroo Vo 
43FeocoCroos Mins, LaCoNio, FeNi, and TiMn. The 
reversible hydride material may be a nanopowder. The par 
ticle size may be in the range of about 1 nm to 100 microme 
ters, 10 nm to 50 micrometers, or 50 nm to 10 micrometers. 
The cell may be maintained or cycled in a temperature range. 
In an embodiment, the cell temperature is in the range of 
about 25 to 2000° C., 100 to 1000° C., 200 to 750° C., or 250 
to 500° C. In an embodiment to hydride and dehydride the 
material, the cell pressure is maintained or cycled in a range. 
The hydrogen pressure may be maintained in the range of 
about 0.001 mTorr to 1000 atm, 10 Torr to 100 atm, or 100 
Torr to 5 atm. 

0447. In an embodiment, the reaction mixture to form 
increased binding energy hydrogen species and compounds 
Such as hydrinos comprises a source of hydrogen such as 
hydrogen gas and a source of oxygen Such as an oxidant 
comprising oxygen or oxygen gas. The hydrogen may react 
with oxygen to form at least one of nFI, O, nC, O, OH, and 
H2O (n integer) that may serve as the catalyst. The reaction 
mixture may also comprise a hydrogen dissociator Such as 
those of the disclosure such as R Ni or a noble metal on a 
Support Such as Tior Al-O. The reaction mixture may further 
comprise at least one other element or compound Such as an 
alkalioralkaline earthhalide to form a compound comprising 
a hydride such as MH or MHX (Malkali metal, X=halide) or 
MH or MHX (M=alkaline earth metal, X=halide). An 
exemplary reaction mixture is H. gas, oxidant KHSO, and 
LiCl run at an elevated temperature such as 300 to 1000°C., 
or about 400 to 600° C. and at about 0.1 to 100 atm Horabout 
2 to 5 atm H. In other embodiments, the reaction mixtures 
comprise those disclosed in my prior applications: Hydrogen 
Catalyst Reactor, PCT/US08/61455, filed PCT Apr. 24, 2008: 
Heterogeneous Hydrogen Catalyst Reactor, PCT/US09/052, 
072, filed PCT Jul. 29, 2009: Heterogeneous Hydrogen Cata 
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lyst Power System, PCT/US10/27828, PCT filed Mar. 18, 
2010; and Electrochemical Hydrogen Catalyst Power Sys 
tem, PCT/US 11/28889, filed PCT Mar. 17, 2011 hereinincor 
porated by reference in their entirety. Suitable reaction mix 
tures are those that form HO and atomic hydrogen during the 
reaction of the reactants. 

0448. In embodiments, the cell may comprise one or more 
types known by those skilled in the Art Such as a cell com 
prising (i) with free liquid electrolyte, (ii) liquid electrolyte in 
the apore system, (iii) a matrix cell wherein the electrolyte is 
fixed in an electrode matrix, and (iv) a falling film cell. In an 
embodiment, the electrolyte may be circulated by means 
known by those skilled in the Art. The system may comprise 
a pump, a tank, and a heat exchanger, a CO scrubber and 
filter, and optionally other processing systems and an air 
blower to supply air to the stack. This allows for processing of 
the electrolyte to remove products or impurities such as NiO 
and carbonate, maintain a desired composition, and desired 
temperature. 

0449 In an embodiment, the aqueous alkaline cell com 
prises a one-membrane, two-compartment cell shown in FIG. 
2 with the alteration that the anode membrane and compart 
ment 475 may be absence. The anode may comprise a metal 
that is oxidized in the reaction with OH to H2O as given by 
Eq. (116). At least one of OH and HO may serve as the 
catalyst. The anode metal may be one of the group of V, Zr, Ti, 
Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, 
Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, Ti, and W. 
Alternatively, the anode may comprise a hydride such as 
LaNish and others of the disclosure that provides H and 
oxidizes OH to H2O as given by Eq. (92). The anode may 
also comprise a H. permeable membrane 472 and a source of 
hydrogen Such as H2 gas that may be in compartment 475 that 
provides Hand oxidizes OH to H2O as given by Eq. (123). At 
the cathode, H2O may be reduced to H and OH as given by 
Eq. (94). The cathode 473 may comprise a metal that has a 
high permeability to hydrogen. The electrode may comprise a 
geometry that provides a higher Surface area Such as a tube 
electrode, or it may comprise a porous electrode. To increase 
at least one of the rate and yield of the reduction of water, a 
water reduction catalyst may be used. In another embodi 
ment, the cathode half cell reactants comprise a H reactant 
that forms a compound with H that releases energy to increase 
at least one of the rate and yield of HO reduction. The H 
reactant may be contained in the cathode compartment 474. 
The H formed by the reduction of water may permeate the 
hydrogen permeable membrane 473 and react with the H 
reactant. The H permeable electrode may comprise V. Nb, Fe, 
Fe Mo alloy, W. Mo, Rh, Ni, Zr, Be, Ta, Rh, Ti, Th, Pd, 
Pd-coated Ag, Pd-coated V. Pd-coated Ti, rare earths, other 
refractory metals, and others such metals known to those 
skilled in the Art. The H reactant may be an element or 
compound that forms a hydride Such as an alkali, alkaline 
earth, transition, inner transition, and rare earth metal, alloy, 
or mixtures thereof, and hydrogen storage materials such as 
those of the disclosure. 

Exemplary reactions are 

Cathode Outside Wall 

0450 
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Cathode Inside Wall 

0451 
'AH+M to MH (217) 

The chemicals may be regenerated thermally by heating any 
hydride formed in the cathode compartment to thermally 
decompose it. The hydrogen may be flowed or pumped to the 
anode compartment to regenerate the initial anode reactants. 
The regeneration reactions may occur in the cathode and 
anode compartments, or the chemicals in one or both of the 
compartments may be transported to one or more reaction 
vessels to perform the regeneration. Alternatively, the initial 
anode metal or hydride and cathode reactant such as a metal 
may be regenerated by electrolysis in situ or remotely. Exem 
plary cells are an oxidizable metal such as one of V, Zr, Ti, 
Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, 
Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T1, and W, a metal 
hydride such as LaNish or H and a hydrogen permeable 
membrane such as one of V. Nb, Fe, Fe—Mo alloy, W. Mo, 
Rh, Ni, Zr, Be, Ta, Rh, Ti, Th, Pd, Pd-coated Ag, Pd-coated V. 
and Pd-coated Ti/KOH (sataq)/M(M) wherein M=a hydro 
gen permeable membrane such as one of V. Nb, Fe, Fe—Mo 
alloy, W. Mo, Rh, Ni, Zr, Be, Ta, Rh, Ti, Th, Pd, Pd-coated Ag, 
Pd-coated V, and Pd-coated Ti and M' is a metal that forms a 
hydride Such as one of an alkali, alkaline earth, transition, 
inner transition, and rare earth metal, alloy, or mixtures 
thereof, or a hydrogen storage material. The cell may be run 
at elevated temperature and pressure. 
0452. In an embodiment, at least one of nH, O, nC), OH, 
and H2O (n integer) may serve as the catalyst. H may react 
with a source of oxygen to form at least one of OH and H2O. 
The Source of oxygen may be an oxyanion. The electrolyte 
may comprise a compound comprising the oxyanion. Exem 
plary Suitable oxyanions are at least one of hydroxide, car 
bonate, nitrate, Sulfate, phosphate, chromate, dichromate, 
perchlorate, and periodate. In general, exemplary Suitable 
compounds that serve as Sources of oxygen alone or in com 
bination are MNO, MNO, MNO, MOH, MCO, MHCO, 
MSO, MHSO, MPO, MHPO, MHPO, M.MoO, 
MNbOMBO, (Mtetraborate), MBO, MWO MCrO. 
MCr-O, MTiO, MZrO, MAlO, MCoO, MGaO. 
MGeO, MMnO, MSiO, MSiO, MTaos, MVO, 
MIO, MFeO, MIO, MCIO, MScO, MTiO, MVO, 
MCrO, MCrO MMnO, MFe0, MCoO, MNiO, 
MNiO, MCuO MZnO, (M is alkali or ammonium and 
n=1, 2, 3, or 4: M may also be another cation Such as an 
alkaline earth, transition, inner transition, or rare earth metal 
cation, or a Group 13 to 16 cation), and an organic basic salt 
such as Macetate or M carboxylate. The reaction to form at 
least one of OH and HO as the catalyst to from hydrinos may 
occur as an oxidation reaction of the oxyanion. The reaction 
may further involve the reaction with H. The reactions may 
occur at the anode. The formation of at least one of the 
catalyst OH and H2O in the presence of H results in the 
catalysis of the H to hydrino by the catalyst. Exemplary 
general reactions wherein E designates an element or com 
pound are 
Anode 

0453 
OH-i-H to H2O+e (218) 

EO, +2H to H2O+EO --me (219) 

EH.O.” +H to HO+EH, O..."--me (220) 
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Cathode 

0454) 
EO. "+me+AO, to EO. (221) 

In a specific example, Suitable reactions to from the catalyst 
HO wherein CO, serves as the source of oxygen are 

Anode 

0455 
CO+2H to H2O+CO+2e. (224) 

Cathode 

0456 
CO+/3O+2e to CO’ (225) 

Alternatively, hydrogen may react with the anode that may 
comprise a metal M" such as Nior Co to form the correspond 
ing hydride that further reacts by a mechanism such as 

Anode 

0457 
2M-H, to 2 MH (226) 

MH+CO to OH--CO+e (227) 

2 MH--OH to 2M--H2O+e +H(1/p) (228) 

MH+/2H2+OH to M+H2O+e +H(1/p) (229) 

Similar reactions may occur for other oxyanions. In other 
embodiments, another oxyanion and the corresponding oxi 
dized species such as a gas replaces CO, and CO., respec 
tively. Exemplary anions and gases or compounds are SO, 
NO, and PO, and SO, NO, and P.O.s, respectively. The 
cell may be Supplied with the product gas or compound Such 
as CO, SO, or NO. Alternatively, the gas or compound Such 
as CO, SO, or NO may be recycled in the cell. The cell may 
comprise a means such as a semipermeable membrane to 
retain the gas or compound while maintaining an open cell 
Such as one open to air and optionally at least one of added O. 
and H2O. The cell may also comprise lines that Supply these 
gases such as O and H2O. The lines may have valves that 
maintain a directional flow to prevent the escape of the oxya 
nion oxidation product. In an embodiment, the oxidation 
product is an element or compound such as S or P. The 
product may undergo reduction to form the corresponding 
compound such a sulfide of phosphide. Alternatively, the 
product reacts with oxygen Supplied to the cell to form an 
oxyanion Such as the original reactant oxyanion Such as 
SO, or PO. The cell may be closed or semi-closed in the 
case of intermittent electrolysis wherein the oxygen and 
hydrogen are generated in situ. Then, make up gases may be 
added periodically to maintain the electrolyte and source of 
hydrogen to form hydrinos. Gases such as CO, SO, or NO 
may be recycled internally. 
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0458 In another embodiment to form hydrinos for at least 
one of production of lower-energy hydrogen species and 
compounds and production of energy, the reaction mixture 
comprises a source of atomic hydrogen and a source of cata 
lyst comprising at least one of H and O such those of the 
disclosure such as HO catalyst. The atomic hydrogen may be 
formed from H2 gas by dissociation. The hydrogen dissocia 
tor may be one of those of the disclosure such as R Ni or a 
noble metal or transition metal on a support such as Nior Pt 
or Pd on carbon or Al-O. Alternatively, the atomic H may be 
from H permeation through a membrane Such as those of the 
disclosure. In an embodiment, the cell comprises a membrane 
such as a ceramic membrane to allow H to diffuse through 
selectively while preventing diffusion of another species such 
as HO diffusion. 
0459. The electrolyte may comprise an aqueous solution 
or a molten salt. The electrolyte such as at least one of hydrox 
ide, carbonate, nitrate, Sulfate, phosphate, chromate, dichro 
mate, perchlorate, and periodate, and mixtures may comprise 
a eutectic mixture Such as at least one of the eutectic salt 
mixtures of TABLE 4, at least one of further mixtures of the 
disclosure, or a mixture known in the art. The cell may com 
prise a source of hydrogen, water, and oxygen. The water may 
comprise at least one of hydrogen, deuterium, and tritium 
such as at least one of HO, HOD, D.O.T.O, DOT, and HOT. 
Exemplary eutectic salt mixtures are at least two of alkali 
halide, carbonate, nitrate, sulfate, and hydroxide. The molten 
electrolyte may further comprise a source of HO that may be 
that absorbed from the atmosphere or supplied as liquid water 
or vapor to the cell. The cell may comprise an open cell. 
Oxygen may be from the atmosphere or Supplied as a gas. The 
Source of hydrogen may be supplied as a gas by means Such 
as permeation, sparging or bubbling, or by intermittent elec 
trolysis of a source of hydrogen such as electrolysis of an 
electrolyte comprising some H2O. In an embodiment, the cell 
operating temperature is below that which would cause cor 
rosion such as corrosion of the electrodes or the vessel. Exem 
plary cells are Ni(H)/aqueous or eutectic salt electrolyte of 
one or more of MNO, MNO, MNO, MOH, MCO, 
MHCO, MSO, MHSO, MPO, MHPO, MHPO, 
MMoO, MNbO, MBO, (M. tetraborate), MBO, 
MWO MCrO, MCrO, MTiO, MZrO, MAlO. 
MCoO, MGaO, MGeO, MMnO, MSiO, MSiO, 
MTao, MVO, MIO, MFe0, MIO, MCIO, MScO, 
MTiO, MVO, MCr, MCrO, MMnO, MFe0, MCoO, 
MNiO, MNiO, MCuO MZnO, (M is alkali or ammo 
nium and n=1, 2, 3, or 4)/Ni+air wherein the hydrogen elec 
trode may be a permeation, Sparging, or intermittent elec 
trolysis electrode. Additional examples are Ni/LiOH 
LiSO/Ni--air intermittent charge-discharge, Ni/LiOH 
LiSO (aq)/Ni+air intermittent charge-discharge, Ni or 
PtTi/NH-OH (aq)/Ni or PtTi-air intermittent charge-dis 
charge, Ni/Sr(OH) or Ba(OH) (aq)/Ni--air intermittent 
charge-discharge, PtTi or Ni/KCO (aq)/Ni or PtTi-air 
intermittent charge-discharge, and PtTior Pd/LiOH (aq)/Pd 
or PtTi+air intermittent charge-discharge. 
0460. In a CIHT cell embodiment that produces at least 
one of thermal and electrical energy by forming hydrinos, the 
H reaction is regenerative, except that a portion of the H 
inventory is converted to hydrino upon each cycle of a 
repeated reaction. Exemplary reactions of hydrogen and car 
bonate from an electrolyte Such as KCO that may be a 
hydrated molten or aqueous electrolyte are 

CO+HO to 20H--CO, (230) 
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Anode 

0461) 
OH--/2H to H2O+e (231) 

Cathode 

0462 

The anode reaction may also be given by Eq. (224) involving 
the oxidation of CO to HO to serve as the catalyst. Net, 
some of the H is converted to H(1/p) wherein at least one of 
nH, O, nC), OH, and H2O (n-integer) may serve as the cata 
lyst. The Source of hydrogen may be at least one of perme 
ation, Sparging or bubbling, and intermittent electrolysis. The 
reaction may occur in a concerted manner in the absence of 
electrodes Suchaina thermal power-generating embodiment. 
A specific thermal embodiment comprises a hydrogen pres 
Surized chamber and a hydrogen permeable membrane that 
Supplies hydrogen by permeation to a second reaction cham 
ber that contains a carbonate Such as an alkaline carbonate 
Such as KCO. 
0463. In an embodiment, the migrating ion is an oxide ion 
that reacts with a source of H to form at least one of OH and 
H2O that may serve as the catalyst with the source of H. The 
cathode may comprise a source of oxide ion Such as oxygen or 
a compound comprising O Such as an oxide. The cell may 
comprise at least one of an electrolyte and a salt bridge. The 
electrolyte may be a hydroxide such as an alkali hydroxide 
Such as KOH that may have a high concentration Such as in 
the range of about 12 M to saturated. The salt bridge may be 
selective for oxide ion. Suitable salt bridges are yttria-stabi 
lized zirconia (YSZ), gadolinia doped ceria (CGO), lantha 
num gallate, and bismuth copper Vanadium oxide Such as 
BiCuVO). Some perovskite materials such as La Sr, 
Co, Os, also show mixed oxide and electron conductivity. 
The Source of H may be hydrogen gas and a dissociator, a 
hydrogen permeable membrane, or a hydride. The cathode 
and anode reactions may be 

Anode 

0464 
O’ +1.5H, to HO-H(1/p)+2e. (233) 

Cathode 

0465 
0.5O2+2e to O’ (234) 

The cathode an anode may comprise a catalyst Such as nickel 
or a noble metal such as Pt or Pd. The electrodes may further 
comprise a Support material Such as a cermet. Exemplary 
cells are PtC(H), Ni(H), CeH, LaH, ZrH or LiH/YSZ/Ni 
or Pt (O. or oxide). 
0466 In an embodiment, if is a migrating ion and at least 
one of HT and OH are oxidized at the anode to form at least 
one ofH, OH, and HO. Hmay be reduced to if at the cathode. 
The source of H may be a hydride or H from a hydrogen 
permeable electrode such as one of those of the disclosure. 
The anode may be a metal that is stable to corrosion Such as 
Ni. The anode may further comprise a hydrogen permeable 
material such as a metal such as Ni, V. Ti, V. Fe, or Nb that may 
contain an element or compound that reacts with H that per 
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meates through the electrode. Suitable H reactive elements or 
compounds are H Storage materials such as Li, Mg, La, Ce, 
and the Li N—H system. The electrolyte may comprise a 
hydroxide Such as at least one of an alkali, alkaline earth, 
transition, rare earth, and Group III, IV, V, and VI hydroxide. 
The electrolyte may further comprise a hydride such as at 
least one of an alkaline, alkaline earth, transition metal, inner 
transition metal, and rare earth hydride, and a borohydride, 
and an aluminum hydride. Exemplary reactions are 

Cathode: 

0467 
H-e to H (235) 

Anode 

0468 

Exemplary cells are Ni(Li)/LiH LiOH/Ni(H), Ni/LiH 
LiOH/Ni(H), Ni(Li)/NaH NaOH/Ni (H), Ni/NaH 
NaOH/Ni (H), Ni(Li)/KH KOH/Ni (H), and Ni/KH 
KOHANi(H). Suitable exemplary molten hydride 
comprising mixtures of the moltenhydroxide electrolyte are 
the eutectic mixtures of NaH KBH at about 43+57 mol% 
having the melt temperature is about 503°C. KH KBH at 
about 66+34 mol% having the melt temperature is about 390° 
C., NaH NaBH at about 21+79 mol % having the melt 
temperature is about 395°C., KBH LiBH at about 53+47 
mol % having the melt temperature is about 103° C. 
NaBH LiBH at about 41.3+58.7 mol % having the melt 
temperature is about 213°C., and KBH NaBH at about 
31.8+68.2 mol having the melt temperature is about 453°C. 
wherein the mixture may further comprise an alkali or alka 
line earth hydride such as LiH, NaH, or KH. Other exemplary 
hydrides are Mg(BH) (MP 260° C.) and Ca(BH) (367 
C.). The reactants of at least one half-cell may comprise a 
hydrogen storage material Such as a metal hydride, a species 
of a M-N-H system such as LiNH, LiNH, or LiN, and a 
alkali metal hydride further comprising boron Such as boro 
hydrides or aluminum Such as aluminohydides. Further Suit 
able hydrogen storage materials are metal hydrides such as 
alkaline earth metal hydrides such as MgH2 metal alloy 
hydrides such as BaReH. LaNish, FeTifl, and MgNiH, 
metal borohydrides such as Be(BH), Mg(BH), Ca(BH), 
Zn(BH), Sc(BH), Ti(BH), Mn(BH), Zr(BH), 
NaBH LiBH, KBH, and Al(BH), AlH. NaAlH, 
NaAlH. LiAlH4, LiAlH. LiH, LaNisFI, LaCoNiH, 
and TiFeH, NHBH, polyaminoborane, amineborane com 
plexes such as amine borane, boron hydride ammoniates, 
hydrazine-borane complexes, diborane diammoniate, bora 
Zine, and ammonium octahydrotriborates or tetrahydrobo 
rates, imidazolium ionic liquids such as alkyl(aryl)-3-meth 
ylimidazolium N-bis(trifluoromethanesulfonyl)imidate salts, 
phosphonium borate, and carbonite Substances. Further 
exemplary compounds are ammonia borane, alkali ammonia 
borane Such as lithium ammonia borane, and borane alkyl 
amine complex Such as borane dimethylamine complex, 
borane trimethylamine complex, and amino boranes and 
borane amines such as aminodiborane, n-dimethylaminod 
iborane, tris(dimethylamino)borane, di-n-butylboronamine, 
dimethylaminoborane, trimethylaminoborane, ammonia-tri 
methylborane, and triethylaminoborane. Further suitable 
hydrogen storage materials are organic liquids with absorbed 
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hydrogen Such as carbazole and derivatives such as 9-(2- 
ethylhexyl)carbazole, 9-ethylcarbazole, 9-phenylcarbazole, 
9-methylcarbazole, and 4,4'-bis(N-carbazolyl)-1,1'-biphe 
nyl. Exemplary cells are Ni(Li)/LiBH LiOH/Ni (H). 
Ni/LiBH LiOH/Ni (H), Ni(Li)/NaBH, NaOH/Ni 
(H), Ni/NaBH NaOH/Ni (H), Ni(Li)/KB H. KOH/ 
Ni(H), Ni/KBH KOH/Ni (H), Ni(Li)/LiH LiBH 
LiOH/Ni(H), Ni/LiH LiBH LiOH/Ni (H), Ni(Li)/ 
NaH NaBH NaOH/Ni(H)), Ni/NaH NaB 
H. NaOH/Ni(H), Ni(Li)/KH KBH KOH/Ni (H), 
and Ni/KH KBH KOH/Ni (H). 
0469. In an embodiment, at least one of nH and MNH 
(Malkali) may serve as the catalyst. A source of nitrogen 
Such as N may be Supplied at the cathode, and a source of H 
Such as H2 gas Supplied by a hydrogen-permeable membrane 
may comprise the anode. The electrolyte may comprise a 
molten salt such as a eutectic salt such as a mixture of alkali 
halides. The electrolyte further comprises a metal that forms 
at least one M-N-H system compound such as MN, MNH, 
and MNH. Exemplary reactions wherein nH or MNH are 
formed as intermediates are 

Anode 

0470 
N+3H to NH+3e (237) 

Cathode 

0471 
1/N+3e to N. (238) 

An exemplary cells is NiCH)/LiCl-KCILi/Ni--N, wherein 
Ni(H) is a hydrogen permeable electrode and NH may be 
selectively removed in an embodiment. NH may be removed 
by condensation, by a selective membrane, by a getter Such as 
carbon or Zeolite, by a reaction Such as with an acid, or 
collection in a solvent such as water. 
0472. In an embodiment, H is the migrating ion. The 
electrolyte may be a hydride ion conductor Such as a molten 
salt Such as a eutectic mixture Such as a mixture of alkali 
halides such as LiCl-KCl. The cathode may be a hydrogen 
permeable membrane Such as Ni (H2). The anode may com 
prise a compartment that contains the anode reaction mixture. 
The anode reaction mixture may comprise a hydrogen storage 
material Such as a metal that forms a hydride Such as at least 
one of an alkali, alkaline earth, transition, inner transition, 
and rare earth metal or metal alloy. The anode reactant may 
comprise a M-N-H system such as LiN or LiNH. The 
anode reaction mixture may comprise a molten hydroxide 
that may comprise a mixture of a hydroxide and at least one 
other compound Such as another hydroxide or a salt such as an 
alkali halide. The anode reaction mixture may comprise 
LiOH LiBr. Exemplary cells are Ni(LiN)/LiCl-KCl 
0.01 mol% LiH/Ni (H), Ni(LiOH)/LiCl-KCl 0.01 mol% 
LiH/Ni(H)||Ni(LiOH LiBr)/LiCl-KC10.01 mol% LiH/ 
Ni(H). In an embodiment, a solvent may be added to the 
anode reactants such as a metal or a eutectic salt that melts at 
the cell operating temperature. For example, Li metal or a 
eutectic salt such as LiCl—KCl may be added in anode tube 
to dissolve LiN. 
0473. In an embodiment, the cell comprise a molten 
hydroxide-hydride electrolyte that is an H conductor, a 
source of H to form hydride ions such as one of the hydrogen 
permeable electrodes of the disclosure such as NiCH), and an 
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anode that selectively oxidizes at least one anion to form H 
and at least one of OH, HO, nEH, O, and nG (ninteger) 
wherein at least one of OH, HO, nFI, O, and nG (ninteger) 
may serve as the catalyst. The hydroxide may be an alkali 
hydroxide and the hydride may be an alkali hydride. The 
anode may be a noble metal or a supported noble metal, both 
of the disclosure such as Pt/C. The reactions may be 

Anode: 

0474) 

Cathode: 

0475 
H2+2e to 2H (240) 

Exemplary cells are Pt/C/molten hydroxide-hydride/M 
(H) wherein M' may comprise a hydrogen permeable metal 
such as Ni, Ti, V. Nb, Pt, and PtAg, the electrolyte comprises 
a mixture of a hydroxide and a hydride such as MOH-M"H 
(M, M'-alkali) and other noble metals and supports may 
substitute for Pt/C. The electrolyte may further comprise at 
least one other salt such as an alkali metal halide. 
0476. In an embodiment, the CIHT cell comprises a 
cogeneration system wherein electricity and thermal energy 
are generated for a load. At least one of the electrical and 
thermal loads may be at least one of internal and external. For 
example, at least part of the thermal or electrical energy 
generated by forming hydrinos may maintain the cell tem 
perature such as that of a molten salt of a CIHT cell compris 
ing a molten salt electrolyte or molten reactants. The electri 
cal energy may at least partially Supply the electrolysis power 
to regenerate the initial cell reactants from the products. In an 
embodiment, the electrolyte Such as the aqueous or molten 
salt electrolyte may be pumped through or over a heat 
exchanger that removes heat and transfers it ultimately to a 
load. 
0477. In certain embodiments, the power, chemical, bat 
tery and fuel cell systems disclosed herein that regenerate the 
reactants and maintain the reaction to form lower-energy 
hydrogen can be closed except that only hydrogen consumed 
in forming hydrinos need be replaced wherein the consumed 
hydrogen fuel may be obtained from the electrolysis of water. 
The fuel cell may be used for broad applications such as 
electric power generation Such as utility power, cogeneration, 
motive power, marine power, and aviation. In the latter case, 
the CIHT cell may charge a battery as power storage for an 
electric vehicle. 
0478. The power may be controlled by controlling the 
cathode and anode half-cell reactants and reaction conditions. 
Suitable controlled parameters are the hydrogen pressure and 
operating temperature. The fuel cell may be a member of a 
plurality of cells comprising a stack. The fuel cell members 
may be stacked and may be interconnected in series by an 
interconnectat each junction. The interconnect may be metal 
lic or ceramic. Suitable interconnects are electrically con 
ducting metals, ceramics, and metal-ceramic composites. 
0479. In an embodiment, the cell is periodically reversed 
in polarity with an optional applied Voltage to cause at least 
one of oxidation-reduction reaction products and hydrino 
products to be removed to eliminate product inhibition. The 
products may also be removed by physical and thermal meth 
ods such as ultrasound and heating, respectively. In an 
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embodiment, the electrolyte may be removed, processed by 
means such as heating to remove hydrino, and replaced. The 
electrolyte Such as a molten salt or aqueous one may be 
flowed, and treatment may occur under batch or flow condi 
tions. 

0480. In an embodiment, a magnetic field is applied to the 
cell. The magnetic field may be applied to at least one elec 
trode at any desired orientation. The magnetic field lines may 
be perpendicular to the electrode surface of at least one elec 
trode or may be parallel to the surface of at least one electrode. 
The field strength may be in the range of about 1 mT to 10T, 
0.01 to 1 T, and 0.1 to 0.3 T. 
0481. In an embodiment, the CIHT cell comprises a 
plasma cell wherein the plasma is formed intermittently by 
intermittent application of external input power, and electri 
cal power is drawn or output during the phase that the external 
input power in off. The plasma gases comprise at least two of 
a source of hydrogen, hydrogen, a source of catalyst, and a 
catalyst that form hydrinos by reaction of H with the catalyst 
to provide power to an external load. The input plasma power 
creates the reactants that form hydrinos at least during the 
external power off phase. The plasma cell may comprise a 
plasma electrolysis reactor, barrier electrode reactor, RF 
plasma reactor, rt-plasma reactor, pressurized gas energy 
reactor, gas discharge energy reactor, microwave cell energy 
reactor, and a combination of a glow discharge cell and a 
microwave and or RF plasma reactor. The catalysts and sys 
tems may be those of the disclosure and those of disclosed in 
my prior applications: Hydrogen Catalyst Reactor, PCT/ 
US08/61455, filed PCT Apr. 24, 2008: Heterogeneous 
Hydrogen Catalyst Reactor, PCT/US09/052,072, filed PCT 
Jul. 29, 2009: Heterogeneous Hydrogen Catalyst Power Sys 
tem, PCT/US 10/27828, PCT filed Mar. 18, 2010; and Elec 
trochemical Hydrogen Catalyst Power System, PCT/US 11/ 
28889, filed PCT Mar. 17, 2011 herein incorporated by 
reference in their entirety. 
0482 In an embodiment, the catalyst comprising at least 
one of OH, H2O, O, nC), and nH (n is an integer) is generated 
in water-arc plasmas. An exemplary plasma system com 
prises an energy storage capacitor connected between a base 
plate-and-rod electrode and a concentric barrel electrode that 
contains water wherein the rod of the baseplate-and-rod elec 
trode is below the water column. The rod is embedded in an 
insulator such as a Nylon sleeve in the barrel section and a 
Nylon block between the baseplate and the barrel. The circuit 
further comprises a resistor and an inductor to cause an oscil 
lating discharge in the water between the rod and barrel. The 
capacitor may be charged by a high Voltage power Supply and 
is discharged by a Switch that may comprise a spark gap in 
atmospheric air. The electrodes may be made of copper. The 
high voltage may be in the range of about 5 to 25 kV. The 
discharge current may be in the range of 5 to 100 kA. Exem 
plary parameters for 3.5 ml of HO area capacitance of about 
0.6 it F, an inductance of about 0.3 uH, a resistance of about 
173 m2, a barrel electrode width and depth of about /2 inches 
and 3 inches, a rod width of about 4 inches, a charging 
voltage of about 12.0 kV, and a LRC time constant of about 
3.5 us. A fog explosion is created by the triggered water arc 
discharge wherein the arc causes the formation of atomic 
hydrogen and catalyst that react to form hydrinos with the 
liberation of energy that drives the fog explosion. The power 
from the formation of hydrinos may be in the form of thermal 
energy that may be used directly in thermal applications such 
as space and process heating or converted to electricity using 
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aheat engine Such as a steam turbine. The system may also be 
used to form increased binding energy hydrogen species and 
compounds such as molecular hydrino H2(1/p). 
0483. In an embodiment, the hydrino cell comprises a 
pinched plasma Source to form hydrino continuum emission. 
The cell comprises and cathode, an anode, a power Supply, 
and a source of hydrogen to form a pinched hydrogen plasma. 
The plasma system may comprise a hollow anode system 
Such as a dense plasma focus source Such as those known in 
the art. The distinguishing features are that the plasma gas is 
hydrogen and the plasma conditions are optimized to give 
hydrogen continuum emission. The emission may be used as 
a light source of EUV lithography. 
0484. In an embodiment, HO may serve as the catalyst 
wherein it is formed in the cell from a source by its reaction 
with hydrogen from a source of hydrogen. In an embodiment, 
the H2O catalysis reaction and corresponding energy release 
may form an inverted population of hydrogen atoms. The 
Source of H2O may be a nitrate Such as an alkali nitrate, and 
the source of hydrogen may be H gas. The mixture reaction 
may be heated to an elevated temperature in a vacuum tight 
vessel as described in my papers R. L. Mills, P. Ray, B. 
Dhandapani, W. Good, P. Jansson, M. Nansteel, J. He, A. 
Voigt, “Spectroscopic and NMR Identification of Novel 
Hydride Ions in Fractional Quantum Energy States Formed 
by an Exothermic Reaction of Atomic Hydrogen with Certain 
Catalysts.” European Physical Journal: Applied Physics, 28. 
(2004), 83-104 and R. L. Mills, P. Ray, R. M. Mayo, “CW HI 
Laser Based on a Stationary Inverted Lyman Population 
Formed from Incandescently Heated Hydrogen Gas with 
Certain Group I Catalysts.” IEEE Transactions on Plasma 
Science, Vol. 31, No. 2, (2003), pp. 236-247 which are incor 
porated by reference in their entirety. HO catalyst may be 
formed by the reaction of hydrogen and oxygen from water 
that is decomposed by plasma. The energy from the hydrino 
reaction may cause inversion of the H lines and give rise to 
fast Has described in my paper R. L. Mills, P. C. Ray, R. M. 
Mayo, M. Nansteel, B. Dhandapani, J. Phillips, “Spectro 
scopic Study of Unique Line Broadening and Inversion in 
Low Pressure Microwave Generated Water Plasmas, J. 
Plasma Physics, Vol. 71, No 6, (2005), 877-888 which is 
incorporated by reference in its entirety. In an embodiment, 
the HO catalyst may beformed by the reaction of H gas and 
a carbonate such as an alkali carbonate such as KCO. The 
energy release may propagate plasma by thermal activation 
and may persist in the absence of an applied electric field as 
evidence by anomalous afterglow duration. An exemplary 
reaction is described in my paper H. Conrads, R. L. Mills, Th. 
Wrubel, “Emission in the Deep Vacuum Ultraviolet from a 
Plasma Formed by Incandescently Heating Hydrogen Gas 
with Trace Amounts of Potassium Carbonate. Plasma 
Sources Science and Technology, Vol. 12, (2003), pp. 389 
395 which is incorporated by reference in its entirety. In an 
embodiment, the HO catalyst may form by the reaction of an 
oxygen Source comprising a compound comprising oxygen 
Such as a nitrate, carbonate, Sulfate, phosphate, or a metal 
oxide such as one of Sm, Fe, Sr., or Pr. The catalyst reaction 
may form a plasma called an rt-plasma when the oxygen 
Source is heated with hydrogen gas as described in my paper 
R. L. Mills, J. Dong, Y. Lu, “Observation of Extreme Ultra 
violet Hydrogen Emission from Incandescently Heated 
Hydrogen Gas with Certain Catalysts.” Int. J. Hydrogen 
Energy, Vol. 25, (2000), pp. 919-943 which is incorporated by 
reference in its entirety. In an embodiment, nPH (ninteger) 
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may serve as a catalyst to form hydrinos wherein the energy 
release gives rise to fast H. Helium and especially argon 
addition to H plasmas may enhance the fast H population by 
increasing the total H population as indicated by the increase 
in the intensity of the HBalmer lines as described in my paper 
K. Akhtar, J. Scharer, R. L. Mills, “Substantial Doppler 
Broadening of Atomic Hydrogen Lines in DC and Capac 
tively Coupled RF Plasmas,” J. Phys. D: Appl. Phys. Vol. 42, 
Issue 13 (2009), 135207 (12pp) which is incorporated by 
reference in its entirety. 

X. Hydrino Hydride Battery 
0485. A battery according to the present invention is 
shown in FIG. 1 comprises a cathode compartment 401 and a 
cathode 405, an anode compartment 402 and an anode 410. 
and a salt bridge 440 wherein the oxidant in the cathode 
compartment 401 comprises a compound comprising a 
hydrino hydride ion. In an embodiment, the oxidant com 
pound comprises Sodium hydrino hydride wherein the 
Sodium may be in an oxidation state of at least2+. The oxidant 
may comprise Na(H(1/p), wherein X is an integer and H(1/p) 
is hydrino hydride ion. In an embodiment, p is selected to 
form a stable Na" compound. In an embodiment, p is at least 
one of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, and 21. In an 
embodiment, the salt bridge 440 is a Na ion conductor. Suit 
able sodium ion conductors are those of the disclosure such as 
beta alumina solid electrolyte (BASE), NASICON 
(NaZr SiPO) and NaWO. The reductant may be a source 
of sodium ions such as sodium metal. The cell may further 
comprise a heater and may comprise insulation such as exter 
nal insulation to maintain the cell at an elevated operating 
temperature such as above the melting point of Na metal. The 
battery reactions may comprise the reduction of the sodium 
hydride oxidant by sodium metal reductant with the migra 
tion of Nation from the anode compartment 402 through the 
Sodium ion conductor salt bridge 440 to the cathode compart 
ment 401. Exemplary battery reactions are: 

Cathode: 

0486 
NaH+e to MH +H. (241) 

Anode: 

0487 
Nato Na+e (242) 

Overall: 

0488 
NaH+Na to NaH +NaH (243) 

In an embodiment, the battery is rechargeable by the reverse 
of the discharge reactions such as those given by Eqs. (241 
243). In an embodiment, the half-cell compartment serves as 
the corresponding electrode. The battery 400 may be sealed in 
a battery case. 
0489 Another aspect of the present invention comprises 
the storage of energy that may be generated by the CIHT cell. 
The stored energy may be delivered at a higher power than 
that of the CIHT cell that may intermittently charge the stor 
age cell over a longer duration. The higher power of the 
storage cell may be used for short bursts of high power Such 
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as needed for takeoff in aviation applications or acceleration 
in motive applications. The storage cell may comprise a con 
ventional battery known to those in the Art such as a lithium 
ion battery or a metal hydride battery. In another application, 
the storage cell may comprise a fuel cell capable of regenera 
tion known to those skilled in the art. A fuel cell of the present 
invention comprises a Li-air battery such as those known in 
the Art. In another embodiment, the Li-air battery comprises 
an anode half-cell that comprises a Li anode Such as Li metal 
and a molten salt electrolyte Such as one comprising at least 
one Lisalt such as a Lihalide, hydroxide, carbonate, or others 
of the disclosure. The electrolyte may comprise a mixture 
Such as a eutectic mixture Such as a mixture of alkali halide 
salts such as LiCl-KCl or others of the disclosure. The cell 
may comprise a separator Such as a Li ion conductive sepa 
rator such as LiO—Al-O-SiO POs TiO, GeO. 
Such as that of Ohara based in Japan. The cathode may com 
prise an oxygen reduction cathode Such as NiO and others of 
the disclosure. The cathode reduction reaction may be that of 
O and may further comprise the reduction of O and H2O. 
Then, product may be OH and other oxygen and species 
comprising at least one of oxygen and hydrogen. The cathode 
half-cell may further comprise an electrolyte such as a molten 
salt. The molten salt may comprise at least one of a halide and 
a hydroxide such as those of alkali metals such as LiOH-MX 
(wherein M is alkali and X is halide) such as those of the 
disclosure. The reversible discharge reactions may be 

Cathode: 

0490 

Anode: 

0491 
Lito Li+e (245) 

Overall: 

0492 

In an embodiment, H and HO catalyst are formed at the 
discharge cathode during recharging, and H is catalyzed by 
HO to form hydrinos to release energy to assist the recharge 
process such that less energy is required than in the absence of 
the hydrino energy contribution. 

XI. Chemical Reactor 

0493. The present disclosure is also directed to other reac 
tors for producing increased binding energy hydrogen species 
and compounds of the present disclosure, such as dihydrino 
molecules and hydrino hydride compounds. Further products 
of the catalysis are power and optionally plasma and light 
depending on the cell type. Such a reactor is hereinafter 
referred to as a “hydrogen reactor or “hydrogen cell. The 
hydrogen reactor comprises a cell for making hydrinos. The 
cell for making hydrinos 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. Exemplary embodiments of the cell for making hydrinos 
may take the form of a liquid-fuel cell, a solid-fuel cell, a 
heterogeneous-fuel cell, and a CIHT cell. Each of these cells 
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comprises: (i) a source of atomic hydrogen; (ii) at least one 
catalyst chosen from a solid catalyst, a molten catalyst, a 
liquid catalyst, a gaseous catalyst, or mixtures thereof for 
making hydrinos; and (iii) a vessel for reacting hydrogen and 
the catalyst for making hydrinos. As used herein and as con 
templated by the present disclosure, the term “hydrogen.” 
unless specified otherwise, includes not only proteum ("H), 
but also deuterium (H) and tritium (H). In the case of the use 
of deuterium as a reactant of the hydrino reaction, relatively 
trace amounts of tritium or helium products of the heteroge 
neous fuels and Solid fuels are expected. Exemplary chemical 
reaction mixtures and reactors may comprise CIHT cell or 
thermal cell embodiments of the disclosure. Additional exem 
plary embodiments are given in this Chemical Reactor sec 
tion. Examples of reaction mixtures having H2O as catalyst 
formed during the reaction of the mixture are given in the 
disclosure. Other catalysts such as those given in TABLES 1 
and 3 may serve to form increased binding energy hydrogen 
species and compounds. An exemplary M-H type catalyst of 
TABLE 3A is NaH. A suitable reaction mixture is sodium 
hydride and a compound such as an alkali halide Such as 
NaCl, and optionally a dissociator Such as R-Ni Such as 
R Ni 2800. The weigh 96 of each reactant may be any 
desirable. In an embodiment, the wt % of NaCl if about 10 
times that of NaH, and that of R Ni dissociator may be 10 
times as well, if used. The cell temperature may be elevated 
such as in the range of about 300° C. to 550°C. Other suitable 
reaction mixtures and conditions with the NMR results for a 
matrix comprising at least one hydrino product based on the 
observation of an upheld shift are (1) Li, LiF (5 and 95 wt %, 
respectively) and Ni screen dissociator at 600° C. with "H 
MAS NMR peaks observed at 1.17 and -0.273 ppm, (2) Li 
and LiBr (5 and 95 wt %, respectively) and a Ni screen 
dissociator at 600° C. with HMAS NMR peaks observed at 
1.13 and -2.462 ppm, (3) LiN, LiH, LiBr(5, 10, and 85 wt %, 
respectively) and a R Ni dissociator at 450° C. with "H 
MAS NMR peak observed at -2.573 ppm, (4) LiNH, Li, 
LiBr (5, 10, and 85 wt %, respectively) and a R Ni disso 
ciator at 500°C. with HMAS NMR peak observed at -2.512 
ppm, (5) LiNH. Li, LiBr (5, 10, and 85 wt %, respectively) 
and a R Ni dissociator at 500° C. with HMAS NMR peak 
observed at -2.479 ppm, (6) LiNH. LiBr (5 and 95 wt %, 
respectively) and a R Ni dissociator at 450° C. with "H 
MAS NMR peaks observed at 1.165 and -2.625 ppm, (7) Li 
and LiI (5 and 95 wt %, respectively) and a R Nidissociator 
at 550° C. with HMAS NMR peaks observed at 1.122 and 
-2.038 ppm, (8) LiNH. Li, LiI (5, 10, and 85 wt %, respec 
tively) and a R Nidissociator at 450° C. with HMAS NMR 
peak observed at-2.087 ppm, (9) Na, NaCl (25 and 75 wt %, 
respectively) and a Ni plate and Pt/Ti dissociators at 500° C. 
with HMAS NMR peaks observed at 1.174 and -3.802 ppm, 
(10) NaH, NaCl (10 and 90 wt %, respectively) and R Ni 
dissociator at 500° C. with HMAS NMR peaks observed at 
1.057 and -3.816 ppm, (11) NaH, NaCl (10 and 90 wt %, 
respectively) at 500° C. with HMAS NMR peaks observed 
at 1.093 and -3.672 ppm, (12) Na, NaBr (18 and 82 wt %, 
respectively) and a Pt/Ti dissociator at 500° C. with HMAS 
NMR peaks observed at 1.129 and -3.583 ppm, (13) NaH, 
NaI (18 and 82 wt %, respectively) at 500° C. with HMAS 
NMR peaks observed at 1.05 and -2.454 ppm, (14) K, KF (10 
and 90 wt %, respectively) and R. Ni dissociator at 500° C. 
with HMAS NMR peaks observed at 0.987 and -5.143 ppm, 
(15) K. KCl (8 and 92 wt %, respectively) and Ni screen 
dissociator at 600° C. with HMAS NMR peaks observed at 
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1.098, -4.074, and -4.473 ppm, (16)K, KBr(10 and 90 wt %, 
respectively) and Ni screen dissociator at 450° C. with "H 
MAS NMR peaks observed at 1.415 and -4.193 ppm, (17)K, 
KI (5 and 95 wt %, respectively) and R. Ni dissociator at 
500° C. with HMAS NMR peaks observed at 1.113 and 
-2.244 ppm, (18) Cs, CsP (45 and 55 wt %, respectively) and 
R Ni dissociator at 500° C. with HMAS NMR peaks 
observed at 1.106 and -3.965 ppm, (19) Cs, CsCl (45 and 55 
wt %, respectively) and R Nidissociator at 550°C. with H 
MAS NMR peaks observed at 1.073 and -3.478 ppm, (20) 
Cs, CsI(45 and 55 wt %, respectively) and R. Nidissociator 
at 400° C. with HMAS NMR peaks observed at 1.147 and 
-1.278 ppm, (21) NaCl, KHSO (85 and 15 wt %, respec 
tively) at 600° C. with HMAS NMR peaks observed at 
1.094, -3.027, and -3.894 ppm, (22) NaCl, NaHSO (85 and 
15 wt %, respectively) at 600° C. with HMAS NMR peaks 
observed at 1.085, -3.535, and -4.077 ppm, and (23) CsCl, 
NaHSO (95 and 5 wt %, respectively) at 550° C. with "H 
MASNMR peaks observed at 1,070 and -2.386 ppm wherein 
the H pressure was 5 PSIG and the weight of the dissociator 
that was about 50% to 300% that of the reactants. The reac 
tions and conditions may be adjusted from these exemplary 
cases in the parameters such as the reactants, reactant wt %'s, 
He pressure, and reaction temperature. Suitable reactants, 
conditions, and parameter ranges are those of the disclosure. 
In an embodiment, these reaction mixtures further comprise a 
Source of oxygen Such as oxidation products of the stainless 
steel reactor that react with H and other reactants present to 
form H2O catalyst and hydrinos that gives rise to an upfield 
matrix shift such as that of any hydroxides formed during the 
reactions. 

0494. In an embodiment, a solid fuel reaction forms HO 
and Has products or intermediate reaction products. The HO 
may serve as a catalyst to form hydrinos. The reactants com 
prise at least one oxidant and one reductant, and the reaction 
comprises at least one oxidation-reduction reaction. The 
reductant may comprise a metal Such as an alkali metal. The 
reaction mixture may further comprise a source of hydrogen, 
and a source of HO, and may optionally comprise a support 
Such as carbon, carbide, boride, nitride, carbonitrile Such as 
TiCN, or nitrile. The source of H may be selected from the 
group of alkali, alkaline earth, transition, inner transition, rare 
earth hydrides, and hydrides of the disclosure. The source of 
hydrogen may be hydrogen gas that may further comprise a 
dissociator Such as those of the disclosure such as a noble 
metal on a Support Such as carbon or alumina and others of the 
disclosure. The Source of water may comprise a compound 
that dehydrates Such as a hydroxide or a hydroxide complex 
such as those of Al, Zn, Sn, Cr, Sb, and Pb. The source of water 
may comprise a source of hydrogen and a source of oxygen. 
The oxygen source may comprise a compound comprising 
oxygen. Exemplary compounds or molecules are O. alkali or 
alkali earth oxide, peroxide, or superoxide, TeO, SeO, PO, 
POs, SO SO. MSO, MHSO, CO., MSOs, MMnO, 
M.MnO, M, HPO, (x, y-integer), POBr, MCIO, MNO, 
NO, NO, NO, NO, ClOz, and O. (Malkali; and alkali 
earth or other cation may substitute for M). Other exemplary 
reactants comprise reagents selected from the group of Li, 
LiH, LiNO, LiNO, LiNO, LiN, LiNH, LiNH. Lix, NH, 
LiBH LiAlH. LiAlH. LiOH, LiS, LiHS, LiFeSi, 
LiCO, LiHCO, LiSO, LiHSO, LiPO, Li HPO, 
LiHPO, LiMoO, LiNbO, LiBO, (lithium tetraborate), 
LiBO, Li WO, LiAlCl4, LiGaCl, Li CrO, Li2Cr2O7. 
LiTiO, Li ZrOs. LiAlO, LiCoO, LiGaO, Li2GeOs, 
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LiMnO, LiSiO, LiSiO, LiTaC, LiCuCl, LiPdCl4, 
LiVO, LiIO, LiFe0, LiIO, LiClO, LiScO, LiTiO, 
LiVO, LiCrO, LiCr-O, LiMnO, LiFeC), LiCoO, LiN 
iO, LiNiO, LiCuO and Li ZnO, where n=1,2,3, or 4, an 
oxyanion, an oxyanion of a strong acid, an oxidant, a molecu 
lar oxidant Such as VO, I2O, MnO, ReO-7, CrOs. RuO 
AgO, PdO, PdO, PtC), PtC), and NHX wherein X is a nitrate 
or other suitable anion given in the CRC, and a reductant. 
Another alkali metal or other cation may substitute for Li. 
Additional sources of oxygen may be selected from the group 
of MCoO, MGaO, MGeO, MMnO, MSiO, MSiO, 
MTaos, MVO, MIO, MFe0, MIO, MCIO, MScO. 
MTiO, MVO, MCrO, MCrO, MMnO, MFeO. 
MCoO, MNiO, MCuO and MZnO, where M is alkali and 
n=1, 2, 3, or 4, an oxyanion, an oxyanion of a strong acid, an 
oxidant, a molecular oxidant such as V.O., I-Os, MnO, 
ReOz, CrOs. RuO2, AgO, PdO, PdO, PtC), PtC), IO IOs 
IO, SO, SO, CO., NO, NO, NO, N.O. N.O., NOs, 
Cl2O, CIO, C12O, ClO ClOz, PO, P.O., and POs. The 
reactants may be in any desired ratio that forms hydrinos. An 
exemplary reaction mixture is 0.33 g of LiH, 1.7 g of LiNO, 
and the mixture of 1 g of MgH2 and 4 g of activated C powder. 
Another exemplary reaction mixture is that of gun powder 
such as KNO (75 wt %), softwood charcoal (that may com 
prise about the formulation C7HO) (15 wt %), and S (10 wt 
%); KNO (70.5 wt %) and softwood charcoal (29.5 wt %) or 
these ratios within the range of about +1-30 wt %. The source 
of hydrogen may be charcoal comprising about the formula 
tion C.H.O. 
0495. In an embodiment, the reaction mixture comprises 
reactants that form nitrogen, carbon dioxide, and H2O 
wherein the latter serves as the hydrino catalyst for H also 
formed in the reaction. In an embodiment, the reaction mix 
ture comprises a source of hydrogen and a source of H2O that 
may comprise a nitrate, Sulfate, perchlorate, a peroxide Such 
as hydrogen peroxide, peroxy compound such as triacetone 
triperoxide (TATP) or diacteone-diperoxide (DADP) that 
may also serve as a source of Hespecially with the addition of 
O. or another oxygen source such as a nitro compound such as 
nitrocellulose (APNC), oxygen or other compound compris 
ing oxygen or oxyanion compound. The reaction mixture 
may comprise a source of a compound or a compound, or a 
Source of a functional group or a functional group comprising 
at least two of hydrogen, carbon, hydrocarbon, and oxygen 
bound to nitrogen. The reactants may comprise a nitrate, 
nitrite, nitro group, and nitramine. The nitrate may comprise 
a metal such as alkali nitrate, may comprise ammonium 
nitrate, or other nitrates known to those skilled in the art such 
as alkali, alkaline earth, transition, inner transition, or rare 
earth metal, or Al. Ga, In, Sn, or Pb nitrates. The nitro group 
may comprise a functional group of an organic compound 
Such as nitromethane, nitroglycerin, trinitrotoluene or a simi 
lar compound known to those skilled in the art. An exemplary 
reaction mixture is NH4NO and a carbon Source Such as a 
long chain hydrocarbon (CH2) Such as heating oil, diesel 
fuel, kerosene that may comprise oxygen Such as molasses or 
Sugar or nitro Such as nitromethane or a carbon Source Such as 
coal dust. The H source may also comprise the NH, the 
hydrocarbon such as fuel oil, or the sugar wherein the H 
bound to carbon provides a controlled release of H. The H 
release may be by a free radical reaction. The C may react 
with 0 to release H and form carbon-oxygen compounds such 
as CO, CO, and formate. In an embodiment, a single com 
pound may comprise the functionalities to form nitrogen, 
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carbon dioxide, and H2O. A nitramine that further comprises 
a hydrocarbon functionality is cyclotrimethylene-trinitra 
mine, commonly referred to as Cyclonite or by the code 
designation RDX. Other exemplary compounds that may 
serve as at least one of the source of H and the source of HO 
catalyst Such as a source of at least one of a source of O and a 
Source of Hare at least one selected from the group of ammo 
nium nitrate (AN), black powder (75% KNO+15% char 
coal--10% S), ammonium nitrate/fuel oil (ANFO) (94.3% 
AN-5.7% fuel oil), erythritol tetranitrate, trinitrotoluene 
(TNT), amatol (80% TNT+20% AN), tetrytol (70% tetry1+ 
30% TNT), tetryl (2,4,6-trinitrophenylmethylnitramine 
(C.H.N.O.)), C-4 (91% RDX), C-3 (RDX based), composi 
tion B (63% RDX+36% TNT), nitroglycerin, RDX (cyclot 
rimethylenetrinitramine), Semtex (94.3% PETN+5.7% 
RDX), PETN (pentaerythritol tetranitrate), HMX or octogen 
(octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine), HNIW 
(CL-20) (2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazai 
Sowurtzitane), DDF, (4,4'-dinitro-3,3'-diazenofuroxan), hep 
tanitrocubane, octanitrocubane, 2,4,6-tris(trinitromethyl)-1, 
3,5-triazine, TATNB (1,3,5-trinitrobenzene-3,5-triazido-2,4, 
6-trinitrobenzene), trinitroanaline, TNP (2,4,6-trinitrophenol 
or picric acid), dunnite (ammonium picrate), methyl picrate, 
ethyl picrate, picrate chloride (2-chloro-1,3,5-trinitroben 
Zene), trinitocresol, lead styphnate (lead 2,4,6-trinitroresor 
cinate, CHNOPb), TATB (triaminotrinitrobenzene), 
methyl nitrate, nitroglycol, mannitol hexanitrate, ethylene 
dinitramine, nitroguanidine, tetranitroglycoluril, nitrocellu 
los, urea nitrate, and hexamethylene triperoxide diamine 
(HMTD). The ratio of hydrogen, carbon, oxygen, and nitro 
gen may be in any desired ratio. In an embodiment of a 
reaction mixture of ammonium nitrate (AN) and fuel oil (FO) 
known as ammonium nitrate/fuel oil (ANFO), a suitable sto 
ichiometry to give about a balanced reaction is about 94.3 wt 
% AN and 5.7 wt % FO, but the FO may be in excess. An 
exemplary balanced reaction of AN and nitromethane is 

wherein some of the H is also converted to lower energy 
hydrogen species such as H(1/p) and H(1/p) such as p-4. In 
an embodiment, the molar ratios of hydrogen, nitrogen, and 
oxygen are similar such as in RDX having the formula 
CHNO. 
0496. In an embodiment, the energetics is increased by 
using an addition Source of atomic hydrogen Such as H2 gas or 
a hydride such as alkali, alkaline earth, transition, inner tran 
sition, and rare earth metal hydrides and a dissociator Such as 
Ni, Nb, or a noble metal on a support such as carbon, carbide, 
boride, or nitride or silica or alumina. The reaction mixture 
may produce a compression or shock wave during reaction to 
form HO catalyst and atomic H to increase the kinetics to 
form hydrinos. The reaction mixture may comprise at least 
one reactant to increase the heat during the reaction to form H 
and H2O catalyst. The reaction mixture may comprise a 
Source of oxygen such as air that may be dispersed between 
granules or prills of the solid fuel. For example ANprills may 
comprise about 20% air. In an exemplary embodiment, a 
powdered metal Such as Al is added to increase the heat and 
kinetics of reaction. For example, Al metal powder may be 
added to ANFO. Other reaction mixtures comprise pyrotech 
nic materials that also have a source of H and a source of 
catalyst Such as H2O. In an embodiment, the formation of 
hydrinos has a high activation energy that can be provided by 
an energetic reaction Such as that of energetic or pyrotechnic 
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materials wherein the formation of hydrinos contributes to the 
self-heating of the reaction mixture. Alternatively, the activa 
tion energy can be provided by an electrochemical reaction 
such as that of the CIHT cell that has a high equivalent 
temperature corresponding to 11,600 K/eV. 
0497 Another exemplary reaction mixture is H. gas that 
may be in the pressure range of about 0.01 atm to 100 atm, a 
nitrate such as an alkali nitrate Such as KNO, and hydrogen 
dissociator such as Pt/C, Pd/C. Pt/Al2O, or Pd/Al-O. The 
mixture may further comprise carbon Such as graphite or 
Grade GTA Grafoil (Union Carbide). The reaction ratios may 
be any desired such as about 1 to 10% Pt or Pd on carbon at 
about 0.1 to 10 wt % of the mixture mixed with the nitrate at 
about 50 wt %, and the balance carbon; though the ratios 
could be altered by a factor of about 5 to 10 in exemplary 
embodiments. In the case that carbon is used as a Support, the 
temperature is maintained below that which results in a C 
reaction to form a compound Such as a carbonate Such as an 
alkali carbonate. In an embodiment, the temperature is main 
tained in a range such as about 50° C. 300° C. or about 100° 
C. 250° C. such that NH is formed over N. 
0498. The reactants and regeneration reaction and systems 
may comprise those of the disclosure or in my prior US patent 
applications such as Hydrogen Catalyst Reactor, PCT/US08/ 
61455, filed PCT Apr. 24, 2008: Heterogeneous Hydrogen 
Catalyst Reactor, PCT/US09/052,072, filed PCT Jul. 29, 
2009: Heterogeneous Hydrogen Catalyst Power System, 
PCT/US 10/27828, PCT filed Mar. 18, 2010; and Electro 
chemical Hydrogen Catalyst Power System, PCT/US11/ 
28889, filed PCT Mar. 17, 2011 (“Mills Prior Applications”) 
herein incorporated by reference in their entirety. 
0499. In an embodiment, the reaction may comprise a 
nitrogen oxide such as NO, NO, or NO rather than a nitrate. 
Alternatively the gas is also added to the reaction mixture. 
NO, NO, and NO and alkali nitrates can be generated by 
known industrial methods such as by the Haber process fol 
lowed by the Ostwald process. In one embodiment, the exem 
plary sequence of steps is: 

(248) 
H O 

N2 - - - NH3 - -- NO, N2O, NO2. 
Haber Ostwald 
process process 

Specifically, the Haber process may be used to produce NH 
from N and H at elevated temperature and pressure using a 
catalyst Such as C-iron containing some oxide. The Ostwald 
process may be used to oxidize the ammonia to NO, NO, and 
NO at a catalyst Such as a hot platinum or platinum-rhodium 
catalyst. In an embodiment, the products are at least one of 
ammonia and an alkali compound. NO may be formed form 
NH by oxidation. NO may be dissolved in water to form 
nitric acid that is reacted with the alkali compound Such as 
MO, MOH, MCO, or MHCO, to form M. nitrate wherein 
M is alkali. 

0500. In an embodiment, at least one reaction of a source 
of oxygen to form HO and catalyst such as MNO 
(M=alkali), (ii) the formation of atomic H from a source such 
as H, and (iii) the reaction to form hydrinos occurs by or an 
ona conventional catalyst Such as a noble metal Such as Pt that 
may be heated. The heated catalyst may comprise a hot fila 
ment. The filament may comprise a hot Pt filament. The 
Source of oxygen such as MNOs may be at least partially 
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gaseous. The gaseous state and its vapor pressure may be 
controlled by heating the MNO such as KNO. The source of 
oxygen Such as MNO may be in an open boat that is heated 
to release gaseous MNO. The heating may be with a heater 
such as the hot filament. In an exemplary embodiment, MNO 
is placed in a quartZ boat and a Pt filament is wrapped around 
the boat to serve as the heater. The vapor pressure of the 
MNO may be maintained in the pressure range of about 0.1 
Torr to 1000 Torr or about 1 Torr to 100 Torr. The hydrogen 
Source may be gaseous hydrogen that is maintained in the 
pressure range of about 1 Torr to 100 atm, about 10 Torr to 10 
atm, or about 100 Torr to 1 atm. The filament also serves to 
dissociate hydrogen gas that may be supplied to the cell 
through a gas line. The cell may also comprise a vacuum line. 
The cell reactions give rise to H2O catalyst and atomic H that 
react to form hydrinos. The reaction may be maintained in a 
vessel capable of maintaining at least one of a vacuum, ambi 
ent pressure, or a pressure greater than atmospheric. The 
products such as NH and MOH may be removed from the 
cell and regenerated. In an exemplary embodiment, MNO 
reacts with the hydrogen source to form H2O catalyst and 
NH that is regenerated in a separate reaction vessel or as a 
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separate step by oxidation. In an embodiment, the source of 
hydrogen Such as H gas is generated from water by at least 
one of electrolysis or thermally. Exemplary thermal methods 
are the iron oxide cycle, cerium(IV) oxide-cerium(III) oxide 
cycle, Zinc zinc-oxide cycle, Sulfur-iodine cycle, copper 
chlorine cycle and hybrid sulfur cycle and others known to 
those skilled in the art. Exemplary cell reactions to form HO 
catalyst that reacts further with H to form hydrinos are 

An exemplary regeneration reaction to form nitrogen oxides 
is given by Eq. (248). Products such a K, KH, KOH, and 
KCO may be reacted with nitric acid formed by addition of 
nitrogen oxide to water to form KNO or KNO. Additional 
Suitable exemplary reaction to form at least one of the reactst 
H2O catalysts and H are given in TABLES 6, 7, and 8. 

TABLE 6 

Thermally reversible reaction cycles regarding H2O catalyst and H2. L. C. Brown, G. E. 
Besenbruch, K. R. Schultz, A. C. Marshall, S. K. Showalter, P. S. Pickard and J. F. Funk, 

Nuclear Production of Hydrogen Using Thermochemical Water-Splitting Cycles, a preprint of a 
paper to be presented at the International Congress on Advanced Nuclear Power Plants (ICAPP) 

ood, Florida, Jun. 19-13, 2002, and published in the Proceedings. in Holl 

Cycle Name TE: T (C.) Reaction 

1 Westinghouse 
E 

2 Ispra Mark 13 

3 UT-3 Univ. of Tokyo 

4 Sulfur-Iodine 

5 Julich Center EOS 

6 Tokyo Inst. Tech. Ferrite 

7 Hallett Air Products 1965 T 

8 Gaz de France 

9 Nickel Ferrite 

10 Aachen Univ Julich 1972 T 

11 Ispra Mark 1C 

12 LASL-U 

13 Ispra Mark 8 
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TABLE 6-continued 

Thermally reversible reaction cycles regarding H2O catalyst and H. L. C. Brown, G. E. 
Besenbruch, K. R. Schultz, A. C. Marshall, S. K. Showalter, P. S. Pickard and J. F. Funk, 

Nuclear Production of Hydrogen Using Thermochemical Water-Splitting Cycles, a preprint of a 
paper to be presented at the International Congress on Advanced Nuclear Power Plants (ICAPP) 

in Hollywood, Florida, Jun. 19-13, 2002, and published in the Proceedings. 

Cycle Name T? E * T (- C.) Reaction 

4 Ispra Mark 6 850 2Cl2(g) + 2HO(g) -> 4HCl(g) + O(g) 
170 2CrCl-, + 2 HCl -> 2CrCl + H(g) 
700 2CrCl +2FeC1 -> 2CrCl-, + 2FeCl 
420 2FeCls -> Cl2(g) +2FeCl 

5 Ispra Mark 4 850 2Cl2(g) + 2HO(g) -> 4HCl(g) + O(g) 
100 2FeCl-, + 2 HCl + S-> 2FeCls + H2S 
420 2FeCls -> Cl2(g) +2FeCl 
800 HS -> S + H(g) 

6 Ispra Mark3 850 2Cl2(g) + 2HO(g) -> 4HCl(g) + O(g) 
170 2VOCl-, + 2 HCl -> 2VOCl + H2(g) 
200 2VOCl -> Cl(g) + 2VOCl, 

7 Ispra Mark 2 (1972) 100 NaOMnO + H2O -> 2NaOH (a) + MnO, 
487 4MnO2(s) -> 2MnO(s) + O(g) 

*T = thermochemical, E = electrochemical. 

TABLE 7 

Thermally reversible reaction cycles regarding H2O catalyst and H2. C. Perkins 
and A.W. Weimer, Solar-Thermal Production of Renewable Hydrogen, AIChE Journal, 55 

2). (2009), pp. 286-293 

Cycle Reaction Steps 

High Temperature Cycles 

Zn2nO 1600-1800° C. 1 
ZnO -> Zn + --O. 2 

400° C. 
Zn + H2O - - - - ZnO + H2 
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TABLE 7-continued 

Thermally reversible reaction cycles regarding H2O catalyst and H2. C. Perkins 
and A.W. Weimer, Solar-Thermal Production of Renewable Hydrogen, AIChE Journal, 55 

2). (2009), pp. 286-293 

Cycle 

Fe0/FeO. 

Cadmium carbonate 

Hybrid cadmium 

Sodium manganese 

M-Ferrite (M = Co, Ni, Zn) 

Sulfur-Iodine 

Hybrid sulfur 

Hybrid copper chloride 

Reaction Steps 

() 1 
Fe3O4 2000-2300° C. 3FeO + O. 

400° C. 
3FeO + H2O - - - Fe3O4 + H2 

1450-1500° C. 1 
-> Cd + -- O 

2 

Cd + H.O + CO, S.S. - CdCO; + H. 

CdCO, S - CO; + Cdo 
1450-1500° C. 1 

CaO —- Cd O, 

Cd + 2H2O 25°C. electrochemical Col(OH)2 + H2 

375o C. 
Cd(OH)2 - -- CaO + H2O 

1400-1600° C. 1 
Mn2O3 - - 2 MnO + O. 

627 C. 
2 MnO + 2NaOH - Y - 2NaMnO2 + H2 

250 C. 
2NaMnO2 + H2O - - Mn2O3 + 2NaOH 

() 8 Fe3-MO4 1200-1400° C. FeMO + O. 

Fei.M.O. OHO RS- Fei.M.O. 8H, 
Low Temperature Cycles 

8500 C. 1 
H2SO4 - -- SO2 + H2O + O. 

100° C. 
I2 + SO4 + 2H2O - a 2HI + H2SO4 

300° C. 
2HI Hoss I2 -- H 

H2SO4 SS - SO + H2O + - - O 
2 

SO2 + 2H2O 77°C. electrochemical H2SO4 + H2 

550° C. 1 
Cu2OCl2 - - 2CuC + O. 

4.25° C. 
2Cu + 2.HCl - T -- H2 + 2CuCl 
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