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of the hydrogen and oxygen is accelerated through the
use of a combination host and sensitizer material which
IS present near spaces or voids included in the reactant.
The reactant is heated to an elevated temperature such

“as 1000° K and steam under several atmospheres pres-
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(s717 ~ ABSTRACT

An apparatus is disclosed for exothermically obtaining
hydmgen or hydrogen peroxide from water vapor. The
apparatus includes a mass of reactant which is heated to
a high tcmpcrature at which 1t can combine with the
oxygen in water vapor exothermically. The separation

ture reservoir, and excites the sensitizer matenial so that
It emits energy radiations at the proper frequency for
absorption by the water vapor. In addition to the forma-
tion of free hydrogen, some hvdrogen peroxide is also
formed. After the hydrogen and hydrogen peroxide are
drawn off, the pressure is reduced, and a vacuum is
apphed *»» the reactant, thereby removing oxygen and
SOME res: iual hydrogen

24 Claims, 13 Drawing Figures
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HIGH INTENSITY ENERGY TRANSFER
- TECHNIQUE

RELATED PATENT APPLICATIONS

The subject matter of the present specification is
related to that disclosed in the specification of U.S. Pat.
application Ser. No. 768,868, filed Feb. 15, 1977 and
entitled, *Method and Apparatus for Generating Hy-
drogen”. | |

BACKGROUND OF THE DISCLOSURE

This invention relates to apparatus and method for

increasing the efficiency and amplifying the effective-
ness of energy transfer, particularly from a high temper-
ature source of energy.

In the specification of the patent application cited
above, an apparatus is described in which hydrogen
and/or hydrogen peroxide is formed exothermically
from water vapor, using a body of material such as
manganese oxide raised to a high temperature to seques-
ter the oxygen from the water vapor. The process takes
place at relatively high pressure above about § atmo-
spheres, and at a temperature in the order of 1000°
Kelvin. After the hydrogen is drawn off at relatively
high pressure, a check valve closes, and the OXygen is
removed from the manganese oxide at a reduced pres-
sure well below atmospheric pressure, by the use of a
vacuum for example.

As the hydrogen is being drawn off from the reaction
chamber, the formation of hydrogen peroxide was dis-
closed, through the use of a ventyr; unit by which oxy-

gen from the atmosphere was combined at high temper-
ature with the hydrogen. |

SUMMARY OF THE INVENTION

In accordance with one limited and specific aspect of

the invention, the breakup of the water vapor molecule,
H,0, may be accomplished more rapidly and effectively
through the use of sensitizer materials and host materi-
als which absorb heat energy from the manganese diox-
ide or other reactant and radiate energy which is con-

10
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centrated in the high absorption portions of the absorp-

tion versus frequency characteristic of water vapor to
break up the water vapor molecule. |

This action is enhapee- through the use of small cells
which form voids throughout the reactant, and which
are provided with the special sensitizer and host mate-
nal around the periphery of the voids. These voids may
be produced by wire mesh cells, or by ceramic cylin-
ders having wire mesh at each end, for example, so that
- the water vapor may readily pass through the cylinders.
The wire mesh or the walls of the cylinders contain the
special host and sensitizer materials which apply highly
concentrated radiation to the water vapor at precisely
the frequency bands at which the water vapor absorhs
energy. It is also believed that the atomic radiations
from the sensitizer material are coherent and thus apply
an unusually high level of concentrared radiation to the
water vapor The nature of 1he phenomena which are
Involved and several specific cxamples of host and sen-
sthizer materials both for water vapor and {or other
feedstocks to which 1t i desired that energy he applied,
1l be considered 1o detal in the hody of the present
specification |

In addition 1 accelerating the generation of hydro
g1 by the apphication of highdevel of eneray 1o w At
APoroanstead of by sequedtoring he .
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- rected from the adjacent host/sensitizor matenat to
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2

course of raising manganese oxide (0 higher oxidation

levels, the present apparatus also permits the direct
formation of hydrogen peroxide after the water vapor
molecule 1s broken up, as this is the preferred combina-
ttonal form of hydrogen and oxygen at the elevated
temperatures and pressures which are present i the
reaction chamber.

In accordance with a broader aspect of the invention,
an mmproved technique is provided for increasing the
efficiency of application of radiant energy to a feed-
stock. This is accomplished through the use of the heat
reservolr including a mass of material heated up to an
elevated temperature, and the use of special sensitizer
material and host material for absorbing energy from
the heat reservoir ard for applying en~rgy to the feed-
sock at precisely those bands in the frequency spectrum
at which the feedstock has high absorption to radiant
energy. In fuaction, the host material absorbs heat en-
ergy from the heat reservoir and apphes energy at a
spectfic frequency sufficient to raise the sensitizer mate-
rial to an excited state. The sensitizer is chosen so that,
as 1t shifts from its excited state to a lower or ground
cnergy state, it radiates energy precisely in the absorp-
tion band of the feedstock. By choosing a suitable sensi-
tizer, and exciting it to its upper excitation level, a popu-
lation inversion of atoms of the sensitizer in the excited
state 1s produced, so that, as certain of these atoms drop
to their lower energy states this will trigger coherent
radiation from large numbers of these sensitizer atoms
with the result that very intense and concentrated radia-
tion impinges on the feedstock precisely at the energy
levels to which it is most sensitive.

One particular advantage of the present invention is
the increased speed and higher efficiency of energy
transter which is achieved by the use of the Yost and
sensitizer materials. In the specific case of the water
vapor, for example, it is not necessary to sequester all of
the oxygen; instead, many of the water vapor molecules
are broken up, and hydrogen peroxide is immediately
formed. If desired, additional oxygen may be brought
into the reaction chamber alon g with the water vapor to
provide more complete conversion of the water vapor
to hydrogen peroxide. |

In accordance with an advantageous feature of cer-
tain embodiments of the invention. the application of
energy derived from the heated reactant to the feed-
stock may be accomplished with the feedstock in ther-
mally conductive relationship. but isolated from the
chamber in which the reactant is located. so that the
feedstock may be irradiated continuously, while the
reactant i1s {(exothermically) sequestering oxygen from
waler vapor at a high pressure, and subsequently disso-
clating the oxygen at a low pressire. The walls of the
ptpes or other structure for separating the feedstock
from the reactant mayv include the host/sensitizer mate.
riai, or may be transparent to the radiations being di-

the
feedstock.

Other objects, features, and advantages of the inven.
bon will become apparent from constderation of the
following detailed description and from the dravwimgs

BRIEF SUMMARY OF 1111 DRAWINGS

F1G. 118 a schematie reproesentation of an illustrati e
embodiment of the system of the present s eninn

PTG 2 0 perspective viess of the hivdrogen b,
nerSheating means sohich ATHRANNAT
tHhe svstem,
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FIG. 3 1s a vertical cross-section of the hydrogen
burner of FIG. 2, | -

FIG. 4 is a perspective view partially broken away
for tllustrative clarity of a reaction chamber used in the
present system:; |

FIG. § is a perspective view, also partially broken
away, of a complete system illustrating the principles of
the present invention; |

FIG. 6 is a block diagram of a system tlustrating
certin principles of the present invention:

FIG. 7 is a pressure versus time plot for a multiple
reactirn chamber system of the present invention:

FIG. 8 is a cross-sectional view of a portion of a
reaction chamber assembly which may be employed;

FIG. 9 is a schematic diagram of the structural rela-
tionship of a plurality of reaction chambers, central
burner, and enclosing insulating housing of a preferred
structural arrangement for use in a system of the present
invention; o | |

- FIG. 10 is a plot of the absorption characteristics of
water vapor versus wave length;

FIG. 11 is a showing of the contents of each of the
reaction chambers employed in the preferred embodi-
ment of the invention: |

FI1G. 12 is a schematic diagram indicating the genera-
tion of concentrated radiation and its application to a
feedstock, in accordance with the present invention:
and |

FIG. 13 shows an alternative apparatus involving the
continuous flow of feedstock.

Intially, before considering the drawings in detail.
the relationship between the subject matter of the pres-
ent case and that set forth in my prior copending case
should be noted in greater detail. Specifically. the main
difference between the apparatus of the present inven-
tion and that of the prior case is that the special sensitiz-
ers and host materials are added in the reaction cham-
bers so as to be directly exposed to the water vapor.
Additional oxygen may be supplied to the reaction
chamber to facilitate formation of H,O, in the reaction
chamber, and the withdrawal of the H.0, with H.from
the reaction chamber.

The following description of FIGS. 1 through 8 of
the drawings will closely parallel that set forth in my
- prior copending U.S. patent application Ser. No.
767.868. The portion of the detailed spectfication which
s more closely related to the new host material and
sensitizer material subject matter, and to the matching
of the radiation characteristics to the absorption versus
frequency characteristic of the feedstock will be found
in that portion of the specification involving the de-
scription of FIGS. 9 through 13, and particularly FIGS.
10 through 13 in the following description. |

DETAILED DESCRIPTION

FPurnmg now 1o FIG, 1. the system of the present
i ention s generally destgnated by the numeral 10 and
Hamprises reaction chambers 12, 14, 16 andd 18, heat-
g means generally designated 20, and 3 hvdrogen und
hydrogen peroide reservorr or accumulator 22, Water
enters the systerm at conduit 24 passes through flow
comteob salve 26 cad condur 28 (o mamifold 30 Wate
et then he supptied o heat cxchanpe conl 32 through
il e .14 anel ool A6, 1oy het t."(t..‘hiiﬂjl{' cotl I8
heongh Laioe 40 andd condimt 42 50 heat f*}f.;"h;th;‘-:t‘ Contl
A e ke 86 and conda 48 and 1o heat ex
s PR gl wal ¢ 82 and T STTHIRY: T FIRVEN

ot et 3 o the gnlet cqn) of et v hange
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canl 32, the outlet of heat exchange coil 32 bemng cor. Jun
36 which is connected 10 one end of reaction chamber
12. Similarly, the outlet end of heat exchange coil 38 is
conduit 38 connected to one end of reaction chamber
14, the outlet end of heat exchange coil 44 is connected
to one end of reaction chamber 16 through conduit 69,
and the outlet end of heat exchange coil 50 is connected
to one end of reaction chamber 18 through conduit 62.

Vacuum is applied to the system, for purposes which
will become apparent as the description proceeds,
through conduit 64, flow control valve 66, and conduit
68 which is connected to onc end of a conventional gas
burner 70. It will be appreciated that heating means 20
comprises burner 70 and heat exchange cc.ls 32, 38, 44,
and 50, and their respective conduits and valves.

As will also become apparent as the description pro-
ceeds, hydrogen and hydrogen peroxide generated in
the reaction chambers 12, 14, 16, and 18 passes through

~conduits 72, 74, 76 and 78, respectively and valves 80,

82, 84 and 86, respectively, to manifold 88. The hydro-
gen and/or hydrogen peroxide then passes through
conduit 90 with check valve 92 to hydrogen accumula-
tor 22 where it is then drawn off for use through con-
duit 94, flow control valve 96, and conduit 98. Conduit
180, flow control valve 102 and conduit 104 are pro-
vided to allow atmospheric air to enter the system when
and 1f needed, as wil] be described more fully hereinbe-
low.

Before proceeding further with a description of the
system, 1t should be distinctly understood that while the
example given herein for purely illustrative purposes
includes four reaction chambers, there is, in fact, no
limit other than practical considerations of size and
weight as to the number of reaction chambers used. In
fact, the invention could be practiced with as few as one
reaction chamber and as many reaction chambers as
desired, there being no reason why a bank of dozens or
even a hundred reaction chambers could not be used.
For this reason, applicant is not limiting himself to the
use of four reaction chambers except for illustrative
purposes. Obviously, one skilled in the art would castly
be able to include the necessarv valve elements and
other hardware if he were adding more reaction cham-
bers. |

With the foregoing understood. the description of the
Instant inventive system will proceed. The system runs
at about 900° K or 1000° K and may be pre-heated by
any well-known electrical heating means such as that
described in the parent 4 phication. Alternatively, pre-
heating can be accomplished by burning hydrogen in
burner 70, the hydrogen being the “tathngs™ left in one
or mare of the reaction chambers from a previous run of
the system. For this pre-heating cyvele, flow control
valve 26 is opened to allow water to enter the system
filling manifold 30. Valves 34, 40, 46 and 52 remain

closed during this cyvele. Valves lﬂﬁi 108, 110 and 112

are opened. Vacuum is applied at conduit 64 with val o
66 opened. Thus, 1t will be seen that vacuumn s applied
via condunt 68 (o burner 70, Since the other end of
burner 70 1s connected to conduit 114 which. o [T, s
connected to mamitfold 116, manifold 116 s under <.
uum. Then, since valves 106, 108, 110, and 112 aro STAINIY

the vacuumoas apphied to reaction chambers 12, 14, 16

and 18, respectvely, theough comndits 118, 120, 122 anid
P24 respectively Fhos, any resdan W dropen tadimgs
rermanimg e any ef the reactom chamber- s diogw .
the nlet end of burner 70 1o be ivined Mong swith sy

resteliial ovviren tabings o wirh e T N TN AR
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in through conduit 100 and valve 102 by the vacuum

which also affects this air hne. It should also be noted

that in event of a “cold” start where there are no hydro-
gen tailings to be burned. a combustible gas, such as
hydrogen, could be drawn in through conduit 100 and
valve 102 to provide the initial start-up heat. The burn-
ing of hydrogen in burner 70 provides considerable heat
which, by radiation and conduction is passed to the
reaction chambers which are filled with reactant 126.
When the system is pre-heated to a sufficiently high
temperature, we are ready to proceed with the genera-
tion of hydrogen and hydrogen peroxide.

Valve 34 is opened to allow a predetermined amount

of water to enter heat exchange coil 32 which is, in

cssence, a steam generator. The water is “flashed” to
steam and delivered through conduit $6 to the inlet end
of reaction chamber 12. The steam enters reaction
chamber 12 containing reactant 126 to fill the total void
‘volume and is constrained in this volume because all
outlet valves are closed. The residence time, or reaction
time, may be controlled from a few seconds (typically
about 2 to about 3 seconds) to a rather long time (typi-
cally about 60 seconds), depending on the reactant used,
the particulate size, the temperature, and the pressure.
Valves 108, 110, and 112 are fully opened to allow the
vacuum evacuation of all residual gases in the other
reaction chambers and their respective heat exchangers
and piping. It should be noted that since a predeter-
mined amount of water was to be passed to heat ex-
change coil 32, valve 34 was opened for just a brief
period and then closed. |

Steam having entered and permeated reactant 126 in
reaction chamber 12, valve 49 is then opened briefly to
allow a metered amount of water into heat exchange
coil 38, with the steam generated therein then passing
through conduit 58 to reaction chamber 14. Valve 40 is
then closed. The steam which passes into reaction
Chamber 14, as with the steam which had passed into
reaction chamber 12, is converted into hydrogen and-
/or hydrogen peroxide and then held restramed in the
reaction chamber for the predetermined control time.
In the meantime, valve 80 is opened so that the pressure
built up in reaction chamber 12 will force the hydrogen
to exit through conduit 72 and valve 80 into manifold 88
and then through check valve 92 into the hydrogen
accumulator 22. Valve 80 is then closed and valve 106 is
opened to allow the vacuum to empty the residual hy-
drogen and oxygen tatlings from reaction chamber 12
and pass it to burner 70 where the mixture is burned

using disproportionated oxygen from reaction cham-
bers 12, 16, and 18 along with
Oxygen supplied through conduit 100, if necessary. [t
should be noted that when valve 80 was opened to pass
the hydrogen and/or hydrogen peroxide out of cham-
ber 12, and then vacuum was applied by opening valve
106, the oxidized reactant in chamber 12 disproportion-
ated to release the bound Oxygen since the temperature
In the reaction chamber remained high and the pressure
was lowered.

With valve 106 still open. valve 82 is also opened to
allow the hydrogen and/or hydrogen peroxide gener-
ated in reaction chamber 14 to flow into the manifold 88
from which it 15 directed into the hyvdrogen reservoir
22. In the meantime, valve 46 had briefly opened to
allow a metered amount of water into heat exchange
co1l 44 and then the steam formed i heat exchange conl
44 passes to the inlet end of reaction chamber 16 At thi

additional atmospheric
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- 6
pomnt. valve 88 1s still closed. Valves 106 and 112 ire still
open 1o allow vacuum 1o exhaust chambers 12 and 18.

Valve 82 then closes and valve 108 opens along with
valves 106 and 112 which are also open. Thus, hydro-
gen and/or hydrogen peroxide and oxygen tailings are
being conveyed through valve 108 to burner 70 for
combustion with the combustion gases being exhausted
through conduit 68. |

Then, valve 84 is opened to pass the hydrogen and/or
hydrogen peroxide from reaction chamber 16 to mani-
fold 88. Valves 106 and 108 are opened to allow vacuum
to exhaust the respective chambers 12 and 14 while
valve 52 has been allowed to briefly open to pass a
metered amount of water to heat exchauge coil 50 with
the steam being formed then passing to reaction cham-
ber 18. The steam in reaction chamber 18 reacts with
reactant 126 to form hydrogen and/or hydrogen perox-
ide which is restrained since valve 86 is still closed.
Valves 106, 108 and 110 are all open so that the other
reaction chambers are being exhausted.

Valve 88 is then opened to relieve the pressure on
reaction chamber. 18 and allow the hydrogen and/or
hydrogen peroxide to pass to manifold 88. At this point,
the whole cycle starts again and valve 14 is briefly
opened to allow a metered amount of water to pass to
heat exchange coil 32, valve 86 is closed, and valve 112
1s opened. The whole cycle then repeats.

While the system of the invention is shown schemati-
cally, it will be readily understood by one skilled in the
art that it can be easily conatructed. The valves are all of
a mechanical type which are cam operated so that a
precise timed sequence of events can be carried out in a
predetermined manner, the timing of the opening and
closing of the valves being controlled by the size, shape,
configuration and speed at which the cams are movin g.

The following “steps” are identifiable in the total
reaction cycle involving gases and solids:

(1) Supply of the water vapor (steam) in the direction
of flow. |

(2) Diffusion of this steam into contact with the par-
ticulates of manganese oxides or to the reacting inter-
face which may be on the surface, or inside the particu-
late, depending on the oxidation level of that particular
particulate in the gradient (overall).

(3) Interface reaction (intrinsic rate), including se-
questering of oxygen and the release of the gaseous
prOdUCt Hz.

(4) Diffusion of product from the interface.

(5) Removal of product, H,, in the direction of flow.

(6) Concurrently with Steps 2 - 5, the water vapor is
also being directly dissociated by photon action, pro-
dUCing bﬂth Hz and HJOE. a5 described in dE[all bel{}“r'.

(7) Diffusion of combined oxygen from the interior of
the reactant to the interface, and then away from the
reactant in the direction of flow of the H,and O, resid-
ual tailings.

(8) Combustion of the H, and O, tailings in the cen-
trally located burner.

(9) Removal of products of combustion from the
burner in its separate direction of flow.

The instant process in a process m which a relativels
small amount of heat-energy mput, (n the form of pre-
heat for the reactant) provides condittons for the reac.
tant to effect changes of state, durmg which a gascous
chemical molecule 1y compretely dissociated mto s

eparate gascous atoms hy two dishact phenomena In
the course of one of these phenomena the sohid teactant
concurrently effects o “change of wate by means of an
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the H,0 molecules are directly dissociated
by phOton energy, fﬂﬂ'ﬂing Hz and also HzOz._ hydmgcn

peroxide, | -
It should also be noted that pressure changes play an

important part in the system. Specifically, the reactant is
heated to a temperature well above the dissociation

temperature for oxygen from the metallic oxide of 10

higher oxidation number at room temperature. This
temperature for MnQ, is given in handbooks as 535" C.
and at atmospheric pressure this MnO, will dissociate (o
Mn,0; at temperatures above 535° C. Accordingly, it is
desired to operate at temperatures well above 535° C
such as 600° C to 950° C. In addition, during the hydro-
gen formation portion of the cycle, the pressure must be
well above atmospheric so that the oxygen will be ab-

sorbed by the Mn,0; (the oxide of lower oxidation num-

ber), with a pressure of about at least 75 psi or 100 being

preferred, and preferably between 100 psi and 150 psi to
as high as 200 psi or more. In addition, during the oxy-
gen disproportionation phase, the free oxygen and other
gases are removed from the vicinity of the reactant,
preferably by a reduction in pressure to less than atmo-
spheric, with about one-tenth atmosphere |
cessfully employed. As can be appreciated, by using
- lemperatures and pressures well above and below criti.
cal levels during the two phases of the cycle, increased
speeds of operation may e obtained.

Reference is now made to FIGS. 2 and 3 wherein the
heating means 20 is shown in more detail. Heating
means 20, as already discussed, comprises burner 70 and
heat exchange coils 32, 38, 44, and 50. Burner 70 com-
prises casing 128 made of any suitable metallic material
lined with a porous fire brick insulation 130 which is
carved or otherwise formed to fit casing 128 and has an
axial hollow core running longitudinally through most
of its length. The hollow core 1s, in turn, filled with a
suitble surface catalyst 132 for “burning” hydrogen and
Oxygen to form steam. Through the center of heating
means 30 is a conventional electrical resistance heating
element 140 which is used, when necessary, for pre-
heating the system for a cold start At the lower end of
heating means 20 as in the drawings,
inlet 164 and residual tailings inlet 114. At the upper end
1S exhaust line 68. | |

~ The next sub-system under consideration is the reac-
tion chambers 12, 14, 16 and 18, For an understanding
pf the construction of the reaction chambers, attention
1s directed to FIG. 4 where 2 single reaction chamber
designated generally as 142 is shown. Reaction chamber
142 comprises an outer casing 144 made of any suitable
material such as ginch thick stainless steel or as dis-
cussed in the aforementioned co-pending application. It
s filled with reactant 126 as discussed above and as
shown and described below in connection with FIGS.
8, 11 and 12. Passing axially through the reactant is a
conventional electrical resistance heating element 146,
this heater being essentially the same as heater 140 in
F1G. 22. This may be used for pre-heat in a cold start.
As already discussed, however, the exact means used
for pre-heating the system 18 not critical to the invention
and any means well-known in the art for accomplishing,
this end may be used. The reactant 126, including sensi-
tieer and host materials, is placed in casing 144 teaving
a space at each end, these spaces heing designated in
PG 28 as 148 and 150 Spaces 148 and 150 essentially

t5

8 .

serve the function of surge tanks, manifolds, or the like.
Steam inlet 182 and vacuum inlet 184 are provided at
one end of reaction chamber 142 and hydrogen outlet
136 is provided at the other end. Steam inlet 152 corre-
sponds to conduit 86, for instance, vacuum outlet 154
corresponds to conduit 118, for instance, and hydrogen
outlet 186 corresponds to conduit 72, for instance. in
F1G. 1.

~ Turning now to FIG. 5, the preferred configuration
of the apparatus is shown along with the sub-system
which includes the valves and driving mechanism for
the same as well as the “plumbing”. It will be seen that
the valves which are described above are arrayed in a
single line. The valves are of a conventional t ype which
are operated by pushing or releasing a plunger desig-
nated, for conv2nience of illustration, as 158 in conjunc-
tion with valve 34. It will be appreciated that while the

- description of the valves refers to valve 34 and plunger
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‘nsulation such as alumina fibers.

chamber or chambers
- of course be internally

158 for exemplary purposes, each of the valves operates

in the same manner. A variable speed motor 160 turns a

~dnive shaft 162 which is journaled in mounting plates

164 and 166. Fixedly mounted on drive shaft 162 are
cams 168, with one cam corresponding to each of the
vaives and mounted on drive shaft 162 in such a way as
to cooperate with plunger 158 of each valve. Thus, as
motor 160 turns drive shaft 162 and, in turn, cams 168,
the valves are opened and closed in a manner which IS
predetermined by the positioning of cams 168. This, of
course, will be readily understood by one skilled in the
art.

Referring further to FIG. 5, it will be seen that the
reaction chambers are set vertically in an enclosure that
Is square in cross-section and are shown in the drawing
with reaction chamber 12 in the front left-hand corner,
reaction chamber 14 in the rear left-hand corner, reac-
tion chamber 16 in the front right-hand corner, and
reaction chamber 18 in the rear right-hand corner.
Heating means 20 is disposed in the center. The enclo-
sure or, more specifically, inner enclosure 170 is prefer-
ably made of magnesium oxide packed in a stainless
steel container. This material was chosen because it

distributes heat evenly throughout the volume of the

enclosure 170. Surrounding inner enclosure 178 is outer
enclosure 172 which is made of any suitable material
such as stainless steel and filled with a high quality

It will be appreciated
by one skilled in the art that any high quality, high

temperature, insulating material may be used.

Returning to a consideration of the drawings, FIG. 6
s a block schematic drawing showing in a central posi-
tion the reaction chamber or chambers 202 and an im-
mediately associated steam generator 204. A reservoir
of water 206 supplies water to the steam generator 204,
which may be of any of the types described in connec-
tion with earlier figures of the drawings. In this connec-
tion, it may be noted that al] of the arrangements shown
in FIG. 6 arc applicable to the hydrogen generation
apparatus shown hereinabove in the present specifica-
tion.

Steam or water vapor is supplied to the reaction
202 through linc 208 which may
connected between the immedi-

ately adjacent and thermally connected units 202 and
204. Hydrogen from reaction chamber or chambers 202
may be routed through outpui hine 210 to the ventur
tube combining unit 212 which is also in imiimate heat-
conducting relationship with reaction chamber 202 and
the steam generator 208 As mentioned above, 1n con-




nection with manganese oxide the temperature of the
entire assembly, including the veniuri unit 212, may be
in the order of 600° 10950° C.

Hydrogen peroxide may be formed in either of two
- ways, and the proportion of hydrogen peroside to hy-
- drogen gas may be controlled by valves 213 and 215,
Initially, considering the formation of H,0; within the
reactor chambers, by photon action, valving 218 would
be opened while steam is present in the reaction cham-
bers and while the H, gas is being drawn off, and OoXxygen
~ at high pressure, corresponding to the pressure of the
rcaction chamber is admitted to chambers 202 via con-
duit 217 from pump 219, |
~ Now considering the subsequent formation of H,0,,
valve 215 would be permanently closed, and valve 213
would be open. When hydrogen starts to flow rapidly
through the venturi unit 212 the check valve 214 will
open and oxygen will be combined with hydrogen to
form hydrogen peroxide. This of course absorbs energy
which is available from the exothermic reaction occur-
ring within the reaction chamber 202. The hydrogen
‘and-hydrogen peroxide is stored in reservoir 216, which
Is maintained at a relatively high pressure level by the
check valve 218 which prevents loss of hydrogen back
toward the reaction chamber 202 between the intermit-
tent withdrawing of hydrogen from the reaction cham-
ber 202. Hydrogen and hydrogen peroxide may be
withdrawn as needed from the reservoir 216 through an
- output line 220. By closing both valve 213 and valving
215, the amount of hydrogen peroxide which is gener-
ated is severely limited, and the bulk of the output will
be hydrogen, rather than H,0,. |

Vacuum pump 221 may be employed to speed up
separation of oxygen, hydrogen tailings, and other re-
stdual gases from the reactant during dissociation or
disproportionation. |

With regard to the block diagram of FIG. 6, it is to be
understood that the components shown in this figure
may be employed in connection with any system de-
scribed hereinabove in the present specification. Specif-
ically, the various input and output control valves have
been, for the most part, omitted from FIG. 25 for pur-
poses of simplicity. Similarly, the precise physical ar-
rangement, with the units 202, 204 and 212,

shown in FIG. 28,

closures of other units disclosed in the present specifica-
tion.

FIG. 7_ shows a typical pressure versus time cycle for
a system in accordance with the present invention using
manganese oxide as the reactant, and four reaction
chambers. This is, for example, of the type described

hereinabove in connection with FIGS. 1 through § of
the drawings. |

The pressure is “gauge” pressure in pounds per
Square inch (psi). With this pressure scale, atmospheric
pressure 15 of course indicated by zero.
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Considering the cycles shown from an overal] stand-

pomnt, the complete cycle for each reaction chamber
including both breaking up the water vapor and dissoci-
ating the oxygen from the reactant may be 40 seconds.
However, the cycles of the reaction chambers are
evenly staggered in operation, by 10 seconds in the
example so that hydrogen is generated on a substantially
continuous basis. The pressure cycle for reaction cham.-

ber No. 1 is shown in the lower characteristic, and the
pressure cycle for reaction chamber No. 2 1s shown in

65
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the upper characteristic. The pressure versus ime char-
scteristics for reaction chambers Nos. 3 and 4 are sub-
stantially the same as those of chambers No. 1 and 2, but
are displaced by additional 10 second intervals.

Now, referring specifically to the lower characteris-
tic 230 in FIG. 7, the cycle starts with the opening of
the water inlet valve for a couple of seconds at the
beginning of the cycle. Steam is promptly generated
and fills the first reaction chamber. At about 6 seconds,
the hydrogen outlet output valve is opened as indicated
by arrow 232. Hydrogen and/or H,0,continues to flow
until about 16 or 17 seconds of the cycle, when the
hydrogen pressure drops to the hydrogen reservoir
pressure, indicated as equal to 80 pounds by the dash
dot line 234. The closure of the hydrogen reservoir
check valve 218, as shown in FIG. 6, is indicated by the
arrow 236 in FIG. 7. Soon after the closure of check
valve 236 the pressure release and vacuum pump valve
IS opened, as indicated by arrow 238 and the pressure
drops along characteristic 240 to the negative pressure
of about one-tenth of an atmosphere indicated by line
232. Duriug the interval from about 20 seconds to 40
seconds the disproportionation phase takes place. Then
at approximately 40 seconds the water inlet valve is
opened again, and the cycle repeats. | |

The upper characteristic in FIG. 7 shows the same
cycle for reaction chamber No. 2 as described above for
reaction chamber No. 1. In the upper characteristic the
same reference numerals are employed, but primes are
employed in place of the unprimed numbers used in
connection with the lower plot of FIG. 7.

FIG. 8 is a fragmentary view of a portion of a reac-
tion chamber such as that shown in FIGS. 1 and 4 de-
scribed hereinabove. In FIG. 8 the outer cylindrical
wall 252 may for example be made of } or ¥ inch stain-
less steel. |

Referring more specifically to FIG. 8. in order to
expose the manganese oxide powder fully to the space
within reaction chamber 258, this chamber is filled with
a large number of hollow stainless steel screen elements
which may be formed by taking small strips of stainless
steel and folding them over upon themselves and weld-
Ing or otherwise securing them together to form a hol-
low enclosed snace. The chamber 258 is initially filled
with these stainless steel, hollow mesh cells 260. Then a
large quantity of manganese oxide is poured into the
reaction chambers and is shaken down in among the
stainless steel mesh cells to completely fill the entire
chamber 258. In Figure 8 a number of these stainless
steel mesh cells designated 560 are shown, and the man-
‘ganese oxide powder 262 between the cells is also indi-
cated. It is to be understood, of‘course, that other tech-
niques may be employed for exposing the reactant to
the space within the reaction chamber, but the forego-
Ing system has proved eminently satisfactory in at least
one 4-reaction chamber apparatus which has been suc-
cessfully operated.

In addition, the host and sensttizer material may be
included in the fabrication of the wire mesh cells 260.
With water vapor within these wire mesh cells, this
feedstock is fully exposed 1o the intense radiation from
the sensitizer. | .

FI1G. 9 shows an improved structural arrangement of
the reaction chambers in which the four reaction chame-
bers 302, 304, 306 and 308 arc donut-shaped and are
stacked up on top of one another in intimate heat con-
ducting and transferring relationship. Each of the four
reaction chambers is provided with two manifolds 310
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- and 312 to supply gases to the reaction chambers and to
remove gases therefrom. These input and output mani-
folds serve the same functions as the spaces 148 and 158
at the top and bottom of the cylindrical reaction cham-
bers as shown in FIG. 4, for example. 5
Each of the reaction chambers 302, 304, 306, and 308
contain reactant, such as manganese oxide, and voids
created by wire mesh cells as described above, or other
structure which will be described below, with which
the sensitizer and host materials are associated. 10
A burner 314 extends through the central opening of
all of the four donut-shaped reaction chambers. The
burner 314 has the general configuration shown in FIG.
3, but is provided with upper and lower apertured plates
316 and 318 for ease in applying the hydrogen and oxy- 15
gen to the burner and for ease of withdrawing the
burned gaseous products from the unit. Although the
details of the burner 314 are not shown, it includes the
refractory lining and the granular refractory material
such as is shown at 130 and 132, respectively, in FIG. 3. 20
The unit of FIG. 9 is also provided with heavy upper
and lower plates 320 and 322, which are boited together
with a series of bolts 324 spaced around the periphery of
the plates 320 and 322. With this arrangement the reac-
tion chambers 302, 304, 306, and 398 are rigidly held 25
together in intimate heat conducting relationship, and
can withstand very high pressures even at very high
temperatures without deformation of the reaction
chambers.

The reaction chamber ascembly is mounted on any 30

suitable insulating support as indicated by the blocks
326. A lower metal base 328 and lighter gauge stainless
steel metal sidewalls 330 are also provided. High tem-
perature heat insulating ceramic wool encloses the reac-
tion chamber assembly and reduces heat radiation to 35
very low levels. The ceramic wool is indicated by refer-
ence numeral 332 in FIG. 9. In passing, it may be noted
that the use of flat donut-shaped reaction chambers
provides a geometry which is superior to the set of five
cylinders shown in FIG. 5, in that the reaction cham- 49
bers are in more intimate heat conducting association
with one another and with the central burner, than in
the arrangement of FIG. 5.

Apart from the physical arrangement of the four
reaction chambers and the central burner, the “plumb- 45
ing” and mode of operation of the system as described
in connection with FIGS. 1 through 8, remains un-

- changed.

A more detailed consideration of the absorption char-
acteristic of water vapor and other posstble feedstocks, 50
and the matching of the host and sensitizer materials to
the feedstock absorption characteristic will now be
undertaken. i

In FIG. 10 the relative transmittance and absorption
of water vapor at different wavelengths is shown. By 55
way of example, note that at wavelengths of about 2.5
to 2.6 microns, the curve which represents transmit-
tance has a dip designated 342 in FIG. 10. This is in
contrast to the peaks 344 and 346 which are centered
just above 2 microns, and in the vicimty of 4 microns, 60
respectively. A combined host material and sensitizer
which will provide intense coherent radiation in the
vicinity of 2.5 and 2.6 microns, and which absorbs en-
ergy . the vicinity of 1.2 to 1.3 microns, will be em-
ployed as ane set of materials for concentrating energy 65
and applying 1t to water vapor. The particular host
material and sensitizer which provides this wavelength
of absorhinig hea energy and radiating energy 15 cal-
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cium fluoride CaF, as the host material, and uranium-3
as the sensitizer.

Before considering FIGS. 11 and 12 some back-
ground relative to the phenomena which are taking
place will now be included.

Initially, it may be noted that the theory of Masers
and Lasers of course forms a background for the present
invention. The word “LASER"” is an acronym which
stands for the Light Amplification by the Stimulated
Emission of Radiation. Although related to some extent
to Maser and Laser theory, the present invention does
not involve the intense collimated beams of energy
characteristic of Masers and Lasers; and of course, Ma-
sers and Lasers do not derive their energy from a heat

reservoir made up of a body of material at elevated
temperatures.

Types of Radiation

There are two separate processes by which a material
can become a generator (or producer) of radiation en-
ergy after absorbing suitable quantities of primary en-
ergy. In the first process the absorbed energy is con-
verted (degraded) into a low-quantum-energy heat that
diffuses through the material which then emits radiation
called thermal radiation. |

In the second process an appreciable part of the ab-
sorbed energy is temporarily localized as relatively
high-quantum-energy excitation of atoms or small
groups of atoms which then emit radiation called lumi-
nescense radiation. |

Specifically, “luminescence” is a process whereby
matter generates nonthermal radiation which is charac-
tenstic of the materials involved and not the tempera-
tures. Sometimes, however, the radiation as generated is
also called *“luminescence”. It is in fact luminescence
only when the radiated energy is in excess of the ther-
mal radiation produced by heat.

Thermal radiation from solids is generally a broad
continuous spectrum of radiation, especially infrared,
which is emitted in increasing amount as the tempera-
ture of the solid is increased. ._

The quality and quantity of thermal radiation depend
almost exclusively on the temperature rather than the
nature of the emitting solid material. Broadly and objec-
tively speaking, luminescence describes emission of
radiation (of subatomic origin) in excess of thermal
radiation; that is, luminescence yields photon emission
in excess of the photon emission produced entirely by
thermal agitation.

Luminescence is generally excited by primary pho-
tons or charged material particles having individual
energies ranging from about 2 ev to over 10° ev and
affords emitted photons with energies in excess of 1 ev.
When luminescence is excited by energy liberated dur-
ing chemical reactions, the liberated energy per emit-
ting atom or molecule usually exceeds | ev. These exci-
tation energies are hundreds to millions of times greater
than the energies of individual phonons in solids. A
single phonon can increase the energy of an clectron or
atom in a solid by at most a few hundredths of an elec-
tron volt, whereas the individual primary particles nor-
mally used to excite luminescence can provide energy
increases up to the total amount of gnergy carried by
the primary particle (except for rest-mass encrgy). that
15, tens to millions of electron volis,

In order 1o obtain barely visible emissions of thermal
radiation from a solid, the temperature of the solid must
be rassed above %X K to obtain an appreciable proba
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bility of getting 1.7 ev (or greater) electronic excitations
by the cumulative action of phonons.

The thermal radiations from real solids cannot exceed
the emission which would be obtained from a perfect
black body at the given temperature and frequency.
Most solids emit somewhat less thermal radiation than
the maximum which is expressed by: |

P,=Bahv'C 2 (E** T 1)~ 'erg cm~sec ~! (50)
'_I'Iie peak wavelength Apk of the broad emission band
of black body radiation is inversely proportional to T,
according to WIEN's displacement.
Apk = 0297 'em = 2.7 x 10'T'4 (51)

The TOTAL THERMAL EMISSIVE POWER P,

of a perfect black body increases as T4, according to the
STEFAN-BOLTZMANN LAW:

Pr=2 ST /1SCHY == 8.7 'IO“’r‘crg cm ~lspc ™! |
; (52)

At room tempcraturé (about 200° K), Apk is in the far
infrared at 97,000 A, and Pis only 4.6 X 10%erg cm~2
sec —1, so that there is not an appreciable amount of

radiation in the VISIBLE region between 4000 and
7000 A.

At the temperature of an incandescent lamp filament
(about 2800°K), Apk iz about 10,000 A, and P is 3.5 X
10%erg cm ~2sec—!, so that there is an appreciable emis-
sion in the visible part of the spectrum. In the tempera-
ture range between about 700° and 1000° K there is an
overlapping of feeble luminiscence and feeble incandes-
cence. |
The present invention involves temperatures from a
lower limit of about 900° to 1000° Kelvin or about 600°
to 700° Centigrade and ranges upward from these tem-
peratures with the upper limit controlled only by the
strengths of the materials utilized (1) as the reactant or

host/sensitizer, (2) for the reaction chamber, and (3) for
the tanks, tubing, etc. -

The Haser Concept

_Thc Maser/Laser type of acronym may also be ap-
plied to another system termed “Haser”, an acronym
for “Heat Amplification by Stimulated Emission of
Radiation.” As will be developed below, however, the
term “Amplification” is not used in the sense of increas-
mg signal strength, but in the sense of amplifying the
effectiveness of heat energy. | |

The Haser application depends not as much on coher-
ence or monochromaticity per se, but rather on the
unprc_ccdcnted energy per unit area. This radiated en-
ergy 1s a by-product of the coherence of the radiation,
and can be many orders of magnitude greater in energy
than normal incoherent thermal radiation. To under-
stand why. this is possible, it is necessary to review
briefly a few of the basic differences between the inco-
herent radiation produced by an ordinary bright source
and the coherent light (radiation) produced by a laser or
maser.

lp 4 conventional source the atoms of a solid (or a
gas) are agitated either thermally or electrically to
higher energy states. When these atoms return sponia-
neously to their lower levels, they radiate some of their
Crcess energy as hght. Since each atom hehaves inde-
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peadently at this state, 1ts emission 15 at 8 random time
and tn a random direction with a random polarization.

It follows that the light radiated in 2 single direction
is the complex sum of all the light from the individual
atoms. The phases of any two atoms will tend to cancel
their radiation in some directions and enhance it in
others. The total energy of the source will on the aver-
age be radiated uniformly in all accessible directions,
and the amount of energy observed in a given direction
will be proportional to the solid angle subtended by the
observing device. In the Haser ingerior the observing
device is either a water-vapor molecule (or other feed-
stock) or another particulate of reactant.

The maximum total energy that can be radiated by a
given source depends on two factors: the surface area of
the source und the maximum temperature to which the
source has been heated. Therefore, in practice, the only
way to increase the power output from an ordinary
source beyond the limitations imposed by the source
material is to increase the surface area of the source.

Power output, however, ts only half the solution.
Concentrated power is much more important than
power itself. A 40-watt fluorescent lamp, for example,
produces more light than a 40-watt incandescent lamp,
but the fluorescent lamp is not nearly as effective as the
incandescent light source for a spotlight.

Now, in a laser or maser, the energy is also emitted
when atoms drop from a higher energy level to a lower
one; however, in this case the atoms are triggered and
emit radiation (to a large percentage) in unison. In the
case of the Haser, the atoms are triggered to emit radia-
tion in unison by phonon/photon waves within the unit
cavity or cell interior. Enough of the energy previously
generated is retained within the mass of particulates to
maintain emission in compatible phase, polarization and
direction. This phonon wave interacts with the excited
atoms and causes them (to a large degree) to emit their
excess energy in phase with the stimulating wave before

they have a chance to do it randomly.

As a result, the Haser generates a good percentage of

its radiated energy so that it travels in synchronism with -

the standing phonon waves, therefore concentrating the
energy emitted as photons.

In effect, the radiated photons from the Haser partic-
ulates are all relatively concentrated, monochromatic,
and therefore, relatively coherent energy sources. This
results in an excellent energy density even though the
photons are traveling in practically an infinite number
of directions, due to the fact that the particulate sources
number in hundreds of millions. The photons moving
from particulate to particulate impact and are absorbed
by other particulates. Then, this STORAGE, BUILD-
UP, AND RELEASE of the “phase and amplitude of
radiated energy,” combined with the fine particulate
geometry of the Haser power (energy) source, which
provides surface area to emit photons in extremes, al-
lows a “‘maximum eff<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>