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Tols Invention relates generally to a new and
improved method for producing hydrogen. More specilfically,
this inventlon relates to an economically improved method
for producing hydrcgen thermelly and catalytically for
almost any liquld or soluble organic oxidizable substance
in a compact efficlient reactor vessel. This invention
may find particular utility in hydrogen production in compact
or field applications and 1s especially ldeal for use in
combination with hydrogen-oxyg?n fuel cells;

10 The acdvent of the hydrogen-oxygen fuel cell has

brought the demand for new methocds teo produce hydrogen as
a fuel for the fuel cell. Although the hydrogen-oxygen
fuel coll has already shown considerable promlise as one 6? the
best fuel cell systems, it has a major drawback in that the.
hydrogen fuel necessary 1s rather expensive and being in
the gaseous state somewhat complicates handling procedures.

- This further complicates 1ts functionality ir that the gaseous

' fuel must be supplied in high pressure vessels from sourcaes
which are not greatly dispersed. The hazards involved are

readily apparent, If hydrogen could be more readily avallable

or preoducible on the spot from other more readily availlable

fuels, such fuel cells would find particular utility as

fleld or mobile power units cf compact dimensions. By

converting the chemical energy of the fuel d;rectly into

: electrical energy, such fuel cells could go a long way in

;;ﬁf-f solving milltary logiséical problems by replacing fuel

G . engine-generator poweﬁ‘plants, or solving power supply
problems in moblle vehicles or space explorations. However,
the presentiy known methods for producing the hydrogen gas

30 from hydrocarbon fusls, or from any source for that matter,
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are either too complex and cumbersoms or too expensive to be
adopted to field or moblle applicatlons in combination with
such fuel cells,

One of the most widely utllized processes. for the
commercial production of hydrogen 1s the steam reformer
process where steam and hydrocarbon fuels such as propane,
butane and the like react catalytically to produce a carbon
oxide and hydrogen gaé. The following equations exemplify
the reaction for propane: -

10 CyHg + 3}120 -+ 3C0 +'7H2

CgHg + GHQO > 3co2 * 10H2 _ _
Although this process is satisfactory for commerclal hydrogen
' production, it would not be practical for field or ﬁobile
operations because the reaction is effected in the gaseous
state necessitating high temperatures, extremely lafge and
complex reformer furnaces, and complex gas Gollecting systemS.
»;:: ‘ Furthermore, since the reactants and products ére in éhe
. gaseous state and the reaction is not complete, the hydrogen

gas produced by this process.is not as pure as may be desired,

20 thus additioﬂal refining operations are necessary. Thereafter,
the hydrogen must be qompressed by mechanlical means and bottled.
Ldﬁewise all other commercial hydrogen reférming
processes require such extremely large volume equipment as
to preclude field or mobile applicatlons. Therefore, the
hydrogen fuel cells must presently ﬁe operated directly

from a high pressure hydrogen tank or cyrogenic hydrogen
}‘f obtained through commercial channels.

: This invention is predicated upon our discovery
‘ of a new process for the production of hydrogen thermally
é' 30 - from ofganic fuels or any oxidizable liquid or soluble

organic compound whilch upon reaction wlth an oxidizing agent
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is capable of producing hydrogen. The fuels (oxidizable
compound) found to be most efficient are the hydrocarbons,
alcohols, aclds, ketones and bo some extent the aldehydes.
Mixtures of these are also effective. The reaction of thils
inventlon proceeds catalytlcally from reactants in the
liquid state and at markedly lower temperatures than
utilized in prior art reformation processes and thus precluded
the necessity of large and complex equipment. TFurthermore,
with the proper selection of operating conditions, the
produced hydrogen gas is of sufficiently high puriiy as to
make subsequent reflning procedures unnecessary, and the gas
as produced 1s under pressure so as to ellminate the need
for mechaﬁical compression.

Accordingly, it 1s a.primary object of this
invention to provide a Yhermal and catalytlic process for
the formaticn of hydrogen under pressure from a liguid or
soluble organic oxidizable substance wkich is capable of
producing hydrogen upon reaction with an oxidizing agent
requiring only the liquid or dissolved organic fuel, an
ionically conductive electrolyte solution, an electronlecally
conductive catalyst, water and an energy input which may
be purely thermal energy.

Tt 1s another primary object of this invention fo
provide a new method for thas production of hydrogen which
1s readily adaptable to field or mobile applicatlions being
effected in a small coﬁpact reactor vessel thus precluding
the necessity for large complex equipment for high temperature
gaseous steam reforming.

Tt 45 still another primary object of this
invention tc provide a small compact and efficlent hydrogen
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reforming unit readily adaptable for use in conjunction with
hydrogen-oxygen fuel cells and adaptable for sccepting

any of a number of hydrocarbon and hydrocarbon derivatives
or fossil fuels as a source of hydrogen.

These and other objects.and advantages are
fulfilled by this invention as will beccme apparent from
a full understanding of the following detailed desceription,
especlally when emsildered in conjunction with the accompanying
drawlngs 1in which:

Pig. 1 1s a schematlcdrawlng of a high pressure
reactor vessel for producing hydrogen showing examples of
the necessary constifuents; and :

Fig. 2 18 a schematlic drawing of the hydrogen
reformer of this invention used in combination with a
hydrogen-oxygen fuel cell ‘showlng the mutual cooperation
between the two primary parts.

As noted above, the basic requirements for producing
hydrogen in accordance with this invention 1s an organlc
oxidizable 1iquid or soluble compound, which is capable
of producing hydrogen upon reaction with an oxidizihg
agent, an.lonically conductlve electroiyte, an electronically
conductive catalyst and wgter. It may bde necgssary.to add
heat or other forms.of energy depending upon the fuel or
oxidizable substance belng utilized.

The drawing in Flg. 1 1llustrates one of the
favored embodiments of this iInvention for producing hydrogen
gas. In this embodiment the reactor vessel 10 contains an
ionically conductlve electrolyte solution 11, for- example,
an aqueous solution of potassium hydroxide, KOH; and fine
suspended gramiles of an electronically conductive catalyst;

for example fine suspended granules of gold, silver, nickel,
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rhodium, platinum or the other group VIIT A metals. The
reactor vesgel 1is provided with a 1id 12, secured by Dolts 13,
50 that the volume within the reactor is a gas tight pressure
chamber. Thes oxidizable fuel 15 admitted inte the solution
by the valve 14 through pipe 25. For example, the fuel
may be methanol, QH3OH. In the case of methanovl and most
ofther fuels, heat may be applied to the system from any
heat source 17, if a good practical rate of hydrogen production
1s desired. However, a heat input is necessary for most
10 fuels only to confrol tine rate of hydrogen procuction, as
the reactions will proceed at ambient femperatures with a
more limited production rate.
If & heat input 1is applied, the system at elevated
temperatures is under pressure and the methanol commences
to oxldize rapidly producing hydrogen gas. The reactlon that
proceéds may be expressed as: i
Oﬂsoﬂ +-H20 »> €O, + 3H2
The hydrogen 1s bubbled out of the solution and ccllects
at the top of the pressure vessel contlnually incre&sing
20  the pressure of the system. For some fuels or oxidizable
compounds, there 1s a certain maximum.pressure 1limlt attalnable
whereafter reverge or side reactlons betweep the preducts
will oecur, If hydrogen is drawn off, however, then the
forward reaction producing hydrogen predominates. As needed,
the hydrogen is drawn off through the pipe 15. A ccndenser 16
may be provided which will colleet and return any lmpurities
such as water or fuel. '
Since water 1s being uvilized by the reaction,
1% will be necessary to have additlonal water supplied to
30 the syatem, such as through pipe 17, if coqtinual operation
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is desired. If the fuel and water are not from
pressurized sources, driving means such as pumpzs 18 and
19 will be necessary to force the fuel and water into the
vessel 10 since the vessel 1s usually under pressure. It
may also be desirable to provide a separator 20 to collect
and remove the oxldatlon products Lrom the electroiyte if
continuous operation 1Is desired.

Many fuels, including methanol in a potassium
hydroxide solution, continue to produce hydrogen at
exceedingly high hydrogen pressures, and this equilibrium
i3 not atfained within the ordinary pressure limits of the
vessel. Accordingly, as long as these fuels are.added to"
the system, the reaction will proceed producing more hydrogen
Yo increase the pressure of the system. For éxample, in a
small reactor vessel as described using methanol as a fuel,
we have produced hydrogen gas at pressures up to 5000 psi.

In order to better understand the mechanism of
the above described thermal rafoémation procesgs, it can
perhaps be somewhat analogized to an electrolytic cell system
or electrical reformatlon process as described in United
Statee patent 3,092,516. By understanding the electrolytic
éell system,‘a close followling of the progresgive develop-
ments will make the reaction in thermal reformation more
readily understandable.

First an electrolytic cell 1s provided which
contains an electrolyte. To be more closely analogous to the.
embodiment of Fig. 1, described above, the preferred electro-
lyte solution should be a caustic eiectrolyte, preferably én
aqﬁeous'solution of potassium hydroxide. However, acid
electrolyte will work. The cell is provided with two
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electronically conductive electrodes, in this case made

of nickel and plated wifth a catalyst. Now then, if metharol
1s added to the electrolyte in this cell and if a sufficient
electrical potential 18 applied between the electrodes, an
electrolysis reactlion will proceed wherein the methanol is
oxldized at the anode to a carbonate, and at the cathodce,
water 1s reduced to hydrogen gas and hydroxyl ions. The

two half cell reactions are:

CH.OH + 60H™ -+ CO0_ + H O + Be~
3 - 2 2

6H O + 6~ -» 3H + 60H™
2 2

Therefore, the net reaction is:

3 2 2
The co2 will react with the alkali according to

CHOH + HO -» CO_ + 3H2.

‘the followlng reaction:

co, + 20H” > co3=' + H,0.

If the electrolyte le decreased in pH,’ 002
will eventua’ly stop reacting as roted above and be expelled
from the electrolyte. Accordirgly, the reactlon products
can be controlled between CO_ and 003n by controlling the
pH of the electrolyte.

It should be ncted, however, that if the
electrical potential between the electrodes 1s eliminated
or reduced below a certain wminimum value, the reaction willl
stop, or at leart be reduced to such & slow rate as to be
virtually at equilibvrium. Thus, a certain mindmum value
for the electrical potential at the electrodes must pe
maintainéd in order for the reaction to proceed. That is,

a certain minimum electrical erergy Input 1s necessary to

overcome diffusion and polarizaticn effects. If a value

above this minimum voltage is malntalned, the reaction
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will proceed with the rate of reactlon dependent primarily
upon the current density. In combination witvth a fuel cell
then, the electrical reformatlion process poses the dlsadvantage
In that electrlical energy 1s needed to ultimately produce
electrical energy.

We have noted, however, that the value of the
minimum necessary voltage for a spontaneous reaction ls
inversely proportional to the temperature of the systew.
Accordingly, the higher the temperature of the system the
lower the voltage needed to cause the reaction to proceed.

To express this in 2 completely theoretical wamner, an
inerease in temperature causes & slight increase in the

total energy requirements of the reaction, but the free

energy requirements decrease. For example, at room temperature
(25°C) the reaction of propane in an acidic electrolyte

will require an input of 152.4 Kcal of energy per mole of
propane. Of this energy 62.9 Kcal must be electrical energy,
that is, the free energy (AF) of the reaction. The additicnal
energy, 89.5 Keal (152.4 - 62.9 Kcal) may be supplied as
thermal energy. Although increasing the tewmperature may

cause an 1ncrzase in the total energy requirements, 1t will
also cause a decrease in the free energy or that propoftion
which must be electrical energy. In actual practice however,
the electrical energy requirements are greater than
theoretical because of inefflclencies due to diffusion and
polarization effects., ILower current densitles in effect

loweyr the critical voltages for any given temperature or
lower the necessary temperature at any glven voltage. The
reaction rate 13 also a function of the current density,

being dlrectly proportional thersto for a constant voltage

and temperature. Therefore sufficiently moderate current
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densitlies would be necessary to maintain & useful feaction
rate.
Since the relatlonshlp betfween the eritical
voltage and temperature at a constant current density has
a negative slope, It might be conclunded that at some glven E
temperature for each fuel the critical voltage will approach
zero. This in a sense is true at lower current densitles
where the rate of reaction is too slow to effectively
produce hydrogen. But at the higher ecurrent densities
10 necessa&y Tor gooé production of hydrogen, the temperature
at whilch the critical voltage would approach zero 1z far
above the normal boiling points of almost all 6f the desirable
fuels. Operating at such hlgh temperature above the fusl's
normal boiling polnt would cause the fuel and the water
and perhaps even the electrolyte to boil‘thus contéminating
any hydrogen that may be produced and tremendously'loﬁering ‘
the efficiency of the system. However, if the reactlon 1s
allowed to proceed in & pressure vessel where the fuel and
water can be prevented frcm bolling out, the reastion will
' 120 proceed at a glven rate at temperatures above the normzal
.. boiling pcint of the fuel. It is not necessary to apply .
any external pressure to the system, since all that is
necessary 1s to allow the partial pressures of the liquida'
in the vessel to increase responsively as heat 13 applied.

Thus, there is enough thermal energy supplied to the system to.

: cause the reaction to proceed spontanecusly, completely

f?f!~' overcoming diffusion and polarization effects, waich normally

" must be supplied by electrical energy. Theoretiéally then,
the electrons would flow from the anode fo the cathode not

30 by the force of the external EMF, bub by chemleal emergy of
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the cell as in a battery or fuel cell and the only external
energy supplled to the system ls thermal energy. The
current denslty, or of more concern the reaction rate,
wlll be determined by the temperature of the system.
In actual practice however, the electrons will
not readily flow from the ancde to the cathode without the
applied EMF. This is because at this polnt both elsctrodes
are at the same potential and accordingly elther of the half
cell reactions could occur at elther of the electrodes.
10 Therefore, in this system under pressure and at elevated
temperatures, the water being in contact with the anode
as well as the cathode can Just as readily be reduced at
the anode and alse the fuel can Just as readily be oxidized
at the cathode. Therefore, 1t is more likely that a majority
of the elecfrons will not flow through the external circuit,
but will merely flow from one point on an electrode where a
fuel molecule is oxldized to another point on the same
- electrode where a water molecule is reduced.
Further considerations indlcate that since vhere
»‘26 18 no exfernal EMP, and the electrodes do not have to be of
dissimilar materials, there 1s no need for two electrodes and
3;' . Just one electrode will suffice. The electrons will then
e - be conducted from cne portion of the electrode to another
and each small area of fhe electrode will in a sense constitute
& Further, since there 1s no eircuit, there is no
'need Tor an electrodg as such at all, and the conducting'
electrode may be replaced by spspended particles of any
electronically conducting material. The reactor vessel as
modified then 1s the specific reactor vessel as described in
. 30 the embodiment above and Fig. 1.
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We have found that without the presence of the
. catalyst (the electronically conductive material) the
reaction wlll not proceed or will proceed so 8lowly that
1t could not be of any possible commercial interest even
at elevated temperatures. Therefore, this conducting
catalyst is an absolutely necessary element for the pfoduction
of hydrogen. Apparently, the catalyst particles suspended
In the electrolyte enhance the speed of the reaction by
aceepting the electrons from the fuel molecule at one point
10 on the surface to oxldize the fuel molecule. fhe catalyst
being.electronically conductive, allows these electrong to
be conducted to another surface point where they are given
up to a water molecule to produce hydrogen gas and a hydroxyl
ion. Thus, each suspended conductor particle acts as a tiny
cell, the catalyst being the medium through which the
. electrons are transferred. It 1s apparent that the conductive
catalyst need not be of any partilcular size and shape, since
all that 18 necessary is a éonduotive surface area to enhance
the electron transfer. However, Tine particles aré preferred
20 because of the lncreased surface area available an& thelr
ability to remalin in suspension.
It has aireadw been noted that some fuels will
react at room or ambient temperatures to produce hydrogen
in accordance with this invention. However, since the
rate of the reactlon is dependent upon temperature, and
most -fuels react at rates which are quite slow at room or
ambient temperatures, it will usually be necessary to heat
the reacting system for practical or commercial applications.
To be more specific, the reactlons with a methanol fuel and
30 most short chain aleohols will proceed quite noticeadbly at
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rocm temperasuras, whille the hydrocarbong and mest long
chain fuels will usually requlre scme Gegree of heat Input
before the reaction can even be detected. As a rule of
thumb it ecan be said that for any given rate of production,
the alcohols will reguire the lowest temperature followed
in order oy the aldehydes, aclds, ketones, and hydrocarbous.
As a furtaer rule of fhumb 1% can alsc be sald that as
chain length increases for any class of fuel, the Temperature
‘ necessary for any given rate of prcduction will aleo
10 Iincrease. Ttma the shorter chalned alcohols, aldehydes,
acids and possibly kebones will prcceed at room temperature
with an optimum operating temperature of about 300 - TOC®F.
On the other hand the nhydrocarbons and longe»r chalned compounds
will commence to proceed at temperatures of from 1C0 - 200°F
with an optimum cperating temperature anywhere from 400 - TOO°F.
Although further increases in temperature to say about 1500°P'
will cause increased reaction rates, a practical upper '
1imitation of about 800 - 900°F should be kept in mind
because of the structural 1imitations of the equipment, Uhe
.20 dengers of contamination of the gas by bolling reactants and .
: othier producss, and because the extreme high energ& input
requirements at higher temperatures would not be economical.
In the embodiment described above, the electrolyte
used was an aqueous solubtlon of potassium hydroxidé, Although
any electrolyte will work with varylng dezrees to success,
pasic electrolytes are favored for most fuels 1f high yields
and high purity of hydrogen is desired. This 1s because wita
a basic electroiyte, most fusls will cxidize to form &
' carbonate or carbon dloxide which 1g a product that cznnot
30 contaminate the hydrogen gas. Hurthermore, one of the
products belng dissolved in the electrolyte solution in the -
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form of carbonate or dioxide is anzlogous to a situation
where such a product is being removed from the system, so
that the reaction does not readlly reach a state of
eguilibrium to reverse or cause side reactions. Alkaline
systens are further preferred because they wlll operate at
lover temperatures. Acld electrolyte systems wlll require
high temperatures &nd usually dc not prodGuce hydrogen gas
in as high a purity as do alkaline electrolyte systems.
It should also be rioted that streng acld aolutions may
dissolve somz of the conductive catalyst to greatly reduce
or even halt the reaction altogether. The fuels most
efficient in the production of hydrogen in such a thermal
reformer are the organic fossil fuels as the hydrocarbons
and derivatlves such as alcohols which have relatively hign
heat contente. As stated above, however, any readlly .
oxldizable compound will work as a fuel. Tor example, such
a reformer was utilized to successfully produce hydrogen from
such other unusual fuels as cyclohexane, c2llulose, orange
Jjuice, sugar, octane, and the liks. Although the aldehyde
compounds will also work, they are not desirable in a basic
electrolyte because of side reactlons as condensation and
polymerization.

Sinece the reaction is effected 1n the 1iquid
atate, the.apparatua involved may be conglderably smaller

in volume than the huge steam reforming plants necessary

" for gaseous state thermal reactions. Such a compact 1liquid-

state hydrogen reformer may easlly be adapted to mobi;e
or field uses, Thus, the compact hydrogen reformer can
readily bring about wide scale acceptance of the hydrogen-oxygen

fuel cell as a compact-efficient power éource since the
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combination reformer-fuel cell may be operated with any
readily avallable liquid or soludle fuel. This will eliminate
the attendant problems and hazards of supplying aﬂd storing
quantities of compressed hydrogen gas or liquid hydrogen.

In comblnation, the compact hydrogen reformer
and the hydrogen-oxygen fuel cell greatly complement each
other to produce efficiencles never before thought possible.
Not only does the fuel cell utilize the hydrogen produced
by the reformer, but the reformer can be adapted to utilize

10 the waste products of the fuel cell, namely, water and heat.
The result is a compact unit with an extremely high '
efficiency.

The drawing in Fig. 2 1s a schematic 1llustration
of the reformer-fuel cell combination indicating éhe matual
cooperation between the two components.. The hydrogen-oxygen
fuel cell 1s but a basic design of any typical fuel cell.
The fuel cell 30 consists of two porous electrodes 21 and 22
sepa?abed by an electrolyte such as a potassium hydroxide
solutlon 23. Hydrogen enters the electrode 21 at one side

20 6f the.cell, and oxygen or air enters the electrode 22 at
the ofher side of the cell. The ftwo gases diffuse through
the respective porous electrodes reacting to form water and
liberating electrone which flow through the clrcuit. At
the hydrogen electrode 21, the hydrogen gas, assiated by
a catalyst, reacts with hydroxyl lons to produce water and
give up electrons to the electrede. At the oxygen electrodes
22, the oxygen, alsc alded by a.catalyst, absorbs electroné
from the eléctrode and reacts with the water fo produce
hydroxyl ions. A high percentage of the reactlon energy

30 is released-.as eiectricity which flows through the external
eircult and 1s utilized for any purpdse desired. 1Thils, of
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course, is The objective of the entire system. However, there
iz a portion of the reaction energy whiqh 1s given off as

heat which results from the résistance of' the electrolyte

and entropy effects. This heat loss 1s directly proporticrial
to the current flow or reaction rate of the closzed clrcult.

The fuel cell also manufactures water since water
productlon at the hydrogen electrode 1s greater than the
water consumed at the oxygen electrode in producling hydroxyl
lons. .

Adjacent to the fuel cell the hydrogen reformer
receiving an oxidizable fuel through pipe 25 and at the
proper pressure and temperature will proceed spontaneously.
to produce hydrogen gas under continuously increasing
pressure collected in the chamber 26 above the electrolyte
11, After a predetermined pressure has been reached, the
hydrogen valve to the fuel cell 27 1s opened and hydrogen
gas 1is admitted to the hydrogen electrode 21 under pressure
after being purified in the condenser 16. Oxygen or air is
admitted to the oxygen electrode 22, The fuel cell then i
begins to function producing an electrical current, water and
heat. The water_produced in the fuel cell may be collected

‘in condenser 28 and fed into the hydrogen reformer through

a pipe 29. A pump 31 and valve 32 may be needed to prevent
hydrogen from feeding back through the water pipe 29. Thus,
no'external weter supply may be needed to replenlsh the water
congumed in the reformer.

The heat produced bty The fuael cell may in turn
be utilizad to heat the hydrogen reformer. This can be
accomplished by encircling the cell and reformer with a
suitable heat exchange media, or by circulating the heated
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fuel cell electrolyte around the reformer or within the
reformer electrolyte as shown by pipes 33 cr by burning a
fuel as shown by plane 17. If the heat preduced by the fuel
cell 1s greater In guantity than the heat input necessary

to operate the reformer and is at a higher temperature than
the reformer, then the external heat supply. may ve shut off.
The result is a power system having an input of only the
oxldizable fuel and an output of only the electrical current.
The pystem thus utilizes some of 1ts own waste products.

The above described system 1s merely but one
embodiment of the hydrogen reformer in combination with a
fuel cell. Beaides the many posslble embodiments of the
roformer itself resulting from the many fuels, electrolytes,
catalysts and structural designs that may be employed plus
utilization of the reformer in other combinatlons, there are
other desirable embodiments of reformer-fuel cell combinations’
worth ménbioning. '

Another such embodiment would utilize both thermal .

. and electrical reformation.‘ For example, the reformer may .

have a construction similar to that discussed above except

that 1t would also confain two catalyst plated electrodes, '

¢ Under the approprlate temperaturs and pressure, the reformer

=S will operate atrictly on thermal energy as described herein.

If -then a fraction of a volt is fed back to the reformer from
the fuel cell, the hydrogen production rate can bé greatly
increased. On the other hand, a certalin bias could be

“dnserted in an electrode and a fraction of a volt reversad_

which would greatly reduce or stop the reaction altogether. -
Thus, with a selective rfeédback at a fractlon of a volt,

the reformer could be completely controlled electrically.
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This systea would have a further advantage in that the
reaction products from most fuels can be somewhat controlled
by the electrical potential between the elsctrodes. Thus,
a small fractlon of the total energy input may be electrical
for the scle purpose of maintalning a certain potential
at the fuel cell.

It 1s seen from the foregolng thet other
modlfications and embodiments of thias invention can be

employed wilthout departing from the spirit of the invention,
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The embodlments of the invention in which an
exclusive propverty or privilege 1is claimed are defined
as follows;:

1. A process for producing nydrogen gas which
comprises; admixing water, an lonically conductlve electro-
lyte and an organilc compound which upen reaction wilth an
oxldlzing agent 1s capable of producing hydrcgen with an
electronically conductive catalyst, causing the organic
compound to oxidize producing hydrogen gas. '

2. A process for producing hydrogen gas which
comprises; admlxing water, an lonically conductive electro-
lyte and an organic compound selected from the group
conslsting of alcohols, aclds, aldehydes, ketones and
hydrocarbons with an electronically conductive catalyst,
causing the organic ccmpound to oxidize producing hydrogen
gas.

3. A process for producing hydrogen gas which
comprises; admixing water, an ionically conductive electro-

‘ lyte and an organic compound selected from the group consiating
b1 of aleohols, acids, aldehydes, ketones and hydrocarbons
3 with a plurality of electronically conductive partlicles,
4if causing the organic compound to oxidize producing hydrogen
25 gas.
4, A process for producing hydrogen gas which

compriges; admlixing water, an lonlcally conductive electro-

'lyte, an organic compound selected from the group consisting
of alcohols, aclds, aldehydes, kelones and hydrocarbons

and a plurality'of electronically conductive particles in

a pressure vessel seallng sald mixture into sald pressure
vessel, heating said mixture to a temperature of from 100

to 900°F causing said organic compound to oxidize preducing
hwdrogén gas.
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5. A process for producing hydrogen gas which
comprices; forming an aqueous solution of an lonleally
conductlve electrolyte &nd an organlc compound selected
from the group consisting of alcohols, aclds, aldehydes,
ketones, and hydrocarbons, seallng sald wmixture 1n a pressure
vessel with an electronlcally conductive metal particle
immersed 1n sald mixture, heating the sald mixture To a
temperature of from 100 to JYO00°F, causlng the organic
compound to oxldize producing hydregen gas.

6. A process for producing hydrogen gas which
comprises the steps of:

(a) rforming an aqueocus mixture of an lonically
conductive electrolyte containing at least one particle of
an electronically conductive metal and at least one organic
compound selected from the group consisting of alcohols,
acids, aldehydes, ketones, and hydrocarbons;

(b) sealing sald mixture ;n a pressure vessel;

(c) heating sald mixture to a temporature of
from 100 to 900°F to effect a sufficlent Temperature and
pressure combinétion as will cause the organic compound to
oxidize producing hydrogen gas;

(a) allowing the hydrogen gas to collect within’
the pressure vessel above the liquid mixture; and

(e) drawing off the hydrogen gas.

7. A process for produclﬁg hydrogen gas which
comprises the steps of:

(a) forming an aquecus solution of an ionically
conductive electrolyte containing particles of an eleectronlically

conductive metal;
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(b) sealing said mixture in a pressure vessel;

{(¢) causing an organic compound selected from the
group consisting of alcohols, aclds, aldehydes, ketones,
and hydreccarbons to be mixed into the solution in the
pressure vessel;

(d) heating the mixturs in said pressure vessel
to a temperaturs of from 100 to Q00°F to effect a sufficlent
temperature and pressure as will caﬁse the organic compound
to oxidize producing hydrogen gas wlthout boiling the
agueous solution;

(e) allowing the hydrogen gas to collect within
the pressure vessel above The aqueous solution; and

(f) drawlng off the hydrogen gas.

8. A process for producing hydrogen gas which
comprises the steps of: ]

(a) forming an aqueous solutlon of an lonically
conductive electrolyte contalning fine suspended particles of"
an electronically conductive metal;

(b) sealing sald mixture in a pressure vessel; v

(¢) causing at least one organic compouﬁd selected e
from the group consisting of alcohols, acids, aldehydes,
Ketones and hydrocarbons to be mixed into tie solution in
ths_pfessure vessel;

() heating the mixture in said ﬁresauré vessel

. to a temperature of from 100 to 900°F %o effect a sufficlent

temperature and pressure as will c&ﬁﬂe the organicicompound
to oxidize producing hydrogen gas without boiling the aqueous
soluticn or organlc opmpound; »

(e} allowing the hydrogen gas to collect within
the pressure vessel above the liquid mixture;
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(£) drawing off the hydrcgen and other gasesous
products at such 2 rate as will not reduce the presaure in the
vessel below the minimum pressure necessary to prevent bolling
of the aqueous zolution and organic compcund; and

(gj =ceparating the hydrogen gas from the cther
gaseous products.

9. A process for producing hycrogen gas which
comprises the steps of:

{a) forming an agueocus solution of an alkaline
lonleally eonductive eleetrolyte hevirg (ine suspended
particles of an electronically conductive wmetal;

(b} sealing sald mixture in a pressure vesselj

(¢} cavsing at least one organic compound selected
from the group consisting of alcoholy, aclds, aldehydes, ketones,
and hydrocarbons to be mixed into the solution in the pressure
vessels ' |

(d) heating the mixture in said pressure vessel
to a temperature of about 40C to TOO®F to effect a sufficient
temperature and pressure as will cause sald organic compound
to oxidize spontanecusly rroducing hydrogen gas without
bolling the aquecus solution and organic compound;

(e) allowing the hydrogen gas To collect within
the pressure vessel above the 1igquid solution;

(f) drawing off ths hylrogen gas and other gaseous
prcducts at such a rate as will nct reduce the pressure in
the vessel below the minlmum pressure necessary to prevent.
beiling of the agueous solution and organic cowpound; and

(g) condensing the other gaseous products to
gseparate bhe"hydrogen %as therefron, '
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10. 1In an apparatus for producimg hydrogen gas
from liquid =tate reactants:

(a) a vessel containing an aqueous solution .of an
1onica11y conductlve electrolyte, at least one organic compound
selected from the group ccnsisting of aleohols, acids,
aldehydes, ketones and hydrocarbons and fine suspended partidles
of'an electronically conductive metal; » |

(b) wmeans for sealing sald mixture lnto the
vessel 80 as to withstand high pressures;

(¢) means for heating the mixture to effect a
sufficient temperature and pressure combination as will
cause the oxidizable liquid substance to oxidize producing
hydrogen gae. :

V 11, In an apparatus for producing hydrogen gas from
liquid state reactants:

(a) a vessel containing an aqueous solution of an
lonlcally conductive electrolyte, ﬁﬂ éréﬁbio'oompound aelected
from the group consisting of alcochols, acidam, aldehydes, ketones,
and hydrocarbons and fine auapended particles. of an eleotronlcally

:]? conductive metal; !
| (v): ﬁeans for sealing sald mixture into tpa’yessel
" 80 as to withstand high pressures; :

(e) means for heating the mixture to a temperature
of from 100 to 900°F to effect a sufficient temperature and
présaura as will cause tﬁe organic compound to oxidize

| producing hydrogen gas, witnout bolling the liquid wixture; - -

(d) means for collecting the hydrogen gas within
the pressure vessel above the liquid nolgtion;'and i .

(e) means for drawing off the hydrogen gas from

the system.
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12. In an apparatus for producing hydrogen gas
from 1lquid state reactants:

(a) 2 pressurs vessel containing an aguecus
solution of an lonlcally conductlve electrolyte having
flne partieles of an electronically conductive metal suspended
thersthirough;

(b) means for introducing at least one organic
compound selected from the group consisting of alecohols,
acids, aldehydes, kefores, and hydrocarbons, into sald
aqueous solutlon;

(¢) means for heating the mixture to a temperature
of from 100 to 900°F to offect a sufficient temperature and
pressure as will cause the oxidizable liguid to oxidize
producing hydrogen gas without bolling the mi#bure;'

(@) means for colleeting the hydrogen gas within
the pressure vessel above the said mixture;

(e) means for érawing off the hydrogen gas and other

| gaseocus products at such a rate as will not reduce the pressure
in the vessel below &the alnimim pressure necessary to preyent
7 . . poiling of the liquid mixture; and . e :
- (f) means for separating the hydrogen gas from.'
‘sald other gaseous products.
13. Apparatua for producing hydrogen gas from
'1iqu1d atate reactants comprising in combination, a

“pressure vesszel containing an aquecue solution of an

'ionically conductlve electrOIyte and particles of an -

elecbronicaliy conductive metal, wmeans for 1ntrodﬁcing.

an oxidizable soluble o}ganic compound into the said aqueous
-solution, means for heating sald agueous solutlon in the
pressure vessel, and means for extracting hydrogénAgas from

the upper portion of the pressure veesel.
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14, Apparatus for producing hydrogen gas from
liquid state reactants comprising in combination; a
. pregsure veasel contalning an agueous solution of an
ionically conductive electrolyte and suspended particles
of an elesctronically conductive metal, means for introducing
oxidizable liguid organic compounds and water 1nto said
aqueous golution while sald preénure vesgel is under
pressure, means for heating sald aqueous solution in said
pressure vesgel, and means for extracting hydrogen gas
from the upper portlion of sald pressure vessel at a
controlled rate.
15. Ib combination with & hydrogen-oxygen fuel
cell power plant wherein the water forming catalytic reaction
between oxygen and hydrogen 1s utillized to produce an
" electric current; a high pressure reactor vessel containing
an aqueous solutlon of an ilonlcally condustlve electrolyte
containing particles of an olectrdnically conductive metal,
means on sald vessel for introducing a liquid fuel substance
into the electrolytie while sald vessel ls gsealed and under
pressure, means for heating the vesﬁel, neaéa for conveying
the excess water produced 1n_the fuel cell infto the vessel,
and means for extracting hydrogen gas from the upper portion
of sald pressure vessel at a controlled rate. .
16, 1In combination with a hydrogen-oxygen fuel cell
" power plant wherein thé water forming catalytic reactlon between
oxygen and hydrogen 1s utilized to produce an electric clrcult;
a high pressure reactor vessel containing an aqueous solutlion
of an ionically conductive electrolyte solution and particles
of an electronically conductive metal, means on said preasﬁre

vessel for 1ntrodpoing a controlled amount of an oxidizable
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organic fuel into said electrolyte while said vessel isg

sealed and under pressure, means for removing gaseous hydrogen
from the preasure vessgel and transporting sald hydrogen to

the fuel cell, means for transferring excess watgr from the
fuel cell to the pressure vessel while sald pressure vessel

is sealed, and means for heating the electfolyte solution,.

17. In comblnation with a hydrogen-oxyéen fuel

cell power plant wherein the water forming catalytic reasction
between oxygen and hydrogen 1s utllized to produce an electric
circuit; a high presaure reactor veasel containing an aqueous
-golution of an lonically conductive electrolyte solution and
particles of an electronically conductive metal, means on said
pressure vessel for introducing & controlled amount of an
oxidizable organiec fuel into sald electrolyte whlle sald vessel
| is gealed and under presgure, means for removing gaseous
hydrogen from the pressure vessel and transporting sald '
hydrogen to the fuel cell, means for transferring excess water
from' the fuel cell to the pressure vessel while said pressure
vessel 1s sealed, means for heating the electrolyte solutlon,
and means for transferring a portion of the excess heat from

the fuel cell to the electrolyte within the pressure veasel,
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