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or superimposed upon the combustion flame and the resulting gas to fa-
cilitate the production of the second material.
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A Chemical Reactor and Method For Chemically Converting
A First Material Into A Second Material

RELATED APPLICATIONS
This application is related to U.S. Patent Application Serial Number
10/992,498 entitled A CHEMICAL REACTOR AND METHOD FOR
CHEMICALLY CONVERTING A FIRST MATERIAL INTO A SECOND

MATERIAL, filed on 17 November 2004,

GOVERNMENT RIGHTS
The United States Government has certain rights in this invention pursuant to
Contract No. DE-AC07-99ID13727, and Contract No. DE-AC07-05ID14517 between

the United States Department of Energy and Battelle Energy Alliance, LLC.

TECHNICAL FIELD

The present invention relates to a chemical reactor and method of chemically
converting a first material into a second material, and more specifically to a method
which superimposes an electrical arc onto a combustion flame to superheat the
combustion flame to plasma conditions to facilitate the production of the second
material.

BACKGROUND OF THE INVENTION

The prior art is replete with numerous examples of devices and other
methodology which converts a first material into a second material. For example, the
use of a plasma for the conversion of a first material into a second material is found in
U.S. Patent No. 6,372,156, the teachings of which are incorporated by reference

herein. It is well known from this, and other references that plasmas are useful for
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causing materials to undergo a chemical conversion that would typically not normally
occur, or that would occur very slowly if the materials that were chemically reacted
were presented in some form other than in a plasma state.

As will be recognized, the creation of a plasma is very electrically energy
intensive endeavor. Consequently, the use of plasmas in the production of various
materials in commercial quantities is somewhat restricted in view of the costs
attendant to purchasing the electricity and equipment necessary to produce the plasma
and the other equipment to produce the product of interest.

In certain chemical processes, chemical flame burners are employed to
combust a first material for purposes of reacting it with another material in order to
produce a resulting compound. The conventional flame burners, which are utilized in
the industry, consume a significant amount of fuel, and air, to maintain the high
operational temperatures that are necessary for these chemical reactions to occur. In
an industrial setting, the burners and confinement chambers utilized with these
assemblies tend to be rather large, and costly, and take up a significant amount of
floor space in any industrial building. Still further, when comparing the relative costs
of fabricating a chemical flame burner to a plasma gas heater, for example, it is
usually agreed that the chemical flame burner will usually be less expensive to
fabricate and to operate.

Therefore, a method for chemically converting a first material into a second
material which addresses the shortcomings attendant with the prior art practices is the

subject of the present application.
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' SUMMARY OF THE INVENTION
A first aspect of the present invention relates to a method for chemically
converting a first material into a second material and which includes providing a feed
stream of a first material which is to be converted into a second material; combusting
5  the first material to produce a combustion flame, and a resulting gas; and passing an
electrical arc through the combustion flame and resulting gas to facilitate the
production of the second material.
Another aspect of the present invention relates to a method for chemically
converting a first material into a second material and which includes combusting a
10 first material to produce a chemical flame which has a major dimension; and passing
an electrical arc through the combustion flame to create a plasma which extends along
the major dimension of the flame and which facilitates the production of a second
material.
Another aspect of the present invention relates to a method for chemically
15  converting a first material into a second material and which includes providing a feed
stream of a first material; providing a chemical torch, and combusting the first
material in the chemical torch to produce a chemical flame; providing a first electrode
which is positioned adjacent to the chemical torch, and the chemical flame; providing
a second electrode which is positioned in spaced relation, and downstream of the first
20  electrode, and which is further located adjacent to the chemical flame; providing a
source of electricity coupled to the respective first and second electrodes, and wherein
the source of electricity produces an electrical arc which passes through the chemical
flame, and which facilitates a chemical reaction of the first material to produce a
second material; and collecting the second material produced by the chemical reaction

25  of the first material at a location downstream of the second electrode.



WO 2006/055263 PCT/US2005/039814

10

15

20

25

Yet another aspect of the present invention relates to a chemical reactor, and
which includes a combustion assembly for receiving, and combusting a first material
to produce a combustion flame; a chemical reactor positioned adjacent to the
combustion assembly, and which receives the combustion flame; and an electrical arc
which passes through the combustion flame to create a high temperature plasma, and
wherein the plasma is formed in a fashion so as to increase the residency time of the
combustion flame within the plasma, and to facilitate the chemical reaction of the first
material into a second material.

Still further, another aspect of the present invention relates to a chemical
reactor and which includes a source of a first material which is to be converted into a
second material; a chemical torch which is coupled in fluid flowing relation relative to
the source of the first material, and which combusts the first material to produce a
chemical flame; a chemical reactor positioned adjacent to the chemical torch and
which defines a passageway that receives the chemical flame, and wherein the
chemical reactor is electrically insulated from the chemical torch; a first electrode
borne by the chemical reactor, and which is positioned downstream, and at a first
distance from the chemical torch; a second electrode borne by the reaction chamber,
and which is positioned downstream, and at a second distance from the chemical
torch, and wherein the second distance is greater than the first distance, and wherein
the second electrode is electrically insulated from the first electrode; a source of
electrical power supplied to the first and second electrodes and which generates an
electrical arc which passes between the first and second electrodes and through the
chemical flame which is passing through the reaction zone, and wherein the electrical
arc facilitates the formation of a high temperature plasma which promotes the

chemical reaction of the first material to produce a second material; and a collection
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chamber positioned downstream, and at a third distance from the chemical torch, and
wherein the third distance is greater than the second distance, and wherein the
collection chamber receives, at least in part, the chemical flame, and which further
collects the second material, and wherein the second electrode is electrically insulated
from the collection chamber.

These and other aspects of the present invention will be discussed in greater
detail hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below with reference to
the following accompanying drawings.

Fig. 1 is a greatly simplified longitudinal, vertical, sectional view of a chemical
reactor which utilizes the methodology and achieves the benefits of the present
invention.

Fig. 2 is a chart which displays the amount of Gibbs free energy of reaction for
the chemical reactions identified as 1-4 and which are discussed more fully in the
present application.

Fig. 3 is graphical depiction of the data as provided in Fig. 2.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A chemical reactor which is useful in implementing the methodology for
chemically converting a first material into a second material is identified by the
numeral 10 in Fig. 1. As seen therein, the chemical reactor includes a chemical flame
torch 11 of substantially conventional design. The chemical flame torch has a main
body 12 which is coupled in fluid flowing relation relative to a plurality of material

sources generally indicated by the numeral 13. As should be appreciated by a study
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of Fig. 1, the plurality of material sources 13 includes a first material source 14, which
is coupled in fluid flowing relation relative to the chemical torch, and which is
combusted in the chemical torch and thereafter acted upon by a high temperature
plasma in order to produce a second material 15 which is captured or otherwise
collected in a collection chamber which will be discussed in greater detail hereinafter.
Still further, a source of a third material 16 is coupled in fluid flowing relation relative
to the chemical flame torch. The third material is supplied, and combusted, with the
first material to produce the second material.

The chemical reactor 10 has a main body 20 as seen in Fig. 1. The chemical
reactor has a first end 21 and an opposite second end 22. The chemical reactor
defines a passageway 23 which extends from the first end 21, through the second end
22. The passageway has a major, length dimension, and a minor, transverse
dimension. The passageway 23, as seen, is operable to receive, at least in part, a
chemical flame 24 which is produced by the combustion of the sources of material 13,
as discussed hereinafter. The passageway 23 confines the chemical flame 24 and
orients it in a given direction. As seen in Fig. 1, the chemical flame torch 11, and the
associated chemical reactor 10 are substantially oriented along a vertically oriented
axis.

The chemical reactor 10 has opposite electrically insulative ends generally
indicated by the numeral 30. In this regard, the electrically insulative ends include a
first end plate 31 and opposite second end plate 32. The electrically insulative end
plates 31 and 32 electrically isolate the chemical flame torch 11 and the associated
collection chamber, which will be discussed in greater detail hereinafter, from the

chemical reactor 10. The first and second electrically insulative end plates 31 and 32
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each define a passageway therethrough which forms, at least in part, a portion of the
passagf:way 23 and which is discussed, above.

The chemical reactor 10 of the present invention further includes a pair of
electrodes which are generally indicated by the numeral 40. In this regard, electrodes
include a first electrode 41 which is positioned near the first end 21 of the main body
20, and a second electrode 42 which is posited near the second end 22 of the main
body. The respective electrodes are coupled to a source of electricity 43 by means of
suitable electrical conduits 44.

In the methodology of the present invention, following the steps of providing
the first and second electrodes 41 and 42, the methodology implemented by the
chemical reactor 10 includes a step of providing the source of electricity 43, and
selectively coupling the source of electricity to the first and second electrodes to
generate an electrical arc 45 which extends along the passageway 23, and between the
first and second ends 21 and 22, respectively. As should be understood, the step of
passing an electrical arc through the combustion or chemical flame 24 has the effect
of creating a plasma 46 which extends substantially along the major dimension of the
flame as will be discussed below and which facilitates the production of the second
material 15. In the arrangement as shown, the first and second electrodes 41 and 42
are positioned a given distance apart. This distance is selected so as to facilitate the
chemical reaction of the first material 14 into the second material 15. This selected
distance may be 1 inch to several inches, or even more, depending upon the nature of
the chemical reaction which is being facilitated by the chemical reactor 10. The
distance which is selected, however, is utilized in the present methodology to increase
the exposure time of the combustion flame 24, and the resulting gas produced by the

chemical flame torch, to the effects of the electrical arc 45 to facilitate the production
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of the second material 15. Referring still to Fig. 1, it should be understood that the
chemical reactor 10 includes an intermediate portion 47 which is positioned between
the first and second electrodes 41 and 42 and which defines, at least in part, the
passageway 23. This intermediate portion is fabricated from an electrically non-
conductive material such as quartz. This intermediate quartz portion or region may be
water cooled. As discussed above, the creation of the electrical arc 45 has the effect
of creating a high temperature plasma 46 in the chemical reactor 10 and more
specifically along the passageway 23.

As seen in Fig. 1, the second end 22 of the main body rests or is otherwise
mounted upon a collection chamber which is generally indicated by the numeral 60.
The collection chamber defines a cavity 61 which receives the second material 15
which is formed by the conversion of the first material 14 which is combusted by the
chemical torch 11 and acted upon by the high temperature plasma 50 to generate the
second material 15. As seen in Fig. 1, the collection chamber is positioned
downstream from the chemical torch 11 and is operable to receive, at least in part, a
portion of the chemical flame 24. As will be recognized, the collection chamber 60 is
electrically insulated from the chemical reactor 10 by way of the electrically
insulative end plate 32.

Therefore as seen in Fig. 1, a chemical reactor 10 is illustrated and which
includes a combustion assembly such as a chemical flame torch 11 and which is
operable to receive a first material 14 and combust the first material to produce a
resulting chemical or combustion flame 24. Still further, the chemical reactor 10 has
a main body 20 which is positioned adjacent to the combustion assembly 11 and
which receives the combustion flame 24. Still further, an electrical arc 45 is provided

and which passes through the combustion flame 24 to create a high temperature
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plasma 46. The plasma is formed in a fashion so as to increase the residency time of
the combustion flame 26 within the plasma 46 and to facilitate the chemical reaction
of the first material 14 into the second material 15. As seen in Fig. 1, the combustion
assembly which comprises a chemical torch 11 is mounted adjacent to the chemical
reactor main body 20 and is electrically insulated therefrom. Still further, the
collection chamber 60 is positioned in downstream fluid flowing relation relative to
the chemical reactor 10, and the collection chamber 60 is electrically insulated from
the chemical reactor 10. In the arrangement as shown, the chemical reactor 10 has a
first end 21, and an opposite second end 22 and a passageway 23, having a length
dimension which is defined, at least in part, by the chemical reactor, and further
extends from the first end 21 and through the second end 22. The high temperature
plasma 46 is created along a preponderance of the length dimension of the
passageway 23. Depending upon the nature of the chemical reaction, the electrical
arc 45 may be created and which extends over less then a preponderance of the length
dimension of the passageway 23. In the chemical reactor as shown, a first electrode
41 is borne by the chemical reactor 10 and positioned in juxtaposed relation relative to
the passageway 23. Still further, a second electrode 42 is provided and which is borne
by the chemical reactor 10 and positioned in spaced relation relative to the first
electrode 41. This second electrode 42 is further juxtaposed relative to the
passageway 23. Additionally, a source of electricity 43 is provided and which is
selectively electrically coupled to the respective electrodes 41 and 42 and which
creates the electrical arc 45 and the resulting high temperature plasma 46. As earlier
discussed, the first and second electrodes 41 and 42 are spaced apart at a distance
which facilitates the production of the second material 15 from the first material 14.

Additionally, from studying Fig. 1, it will be seen that the combustion assembly or
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chemical flame torch 11, the chemical reactor 10 and the collection chamber 60 are
substantially aligned along a substantially vertically oriented axis. This results in the
overall assembly having a smaller industrial footprint which will facilitate the
usefulness of the assembly in various industrial environments. In the arrangement as
shown, the high temperature plasma 46 has a temperature of greater than about 5,000
degrees C. Further, the chemical flame 26, as provided, typically has a temperature of
at least about 15% of the temperature of the high temperature plasma 46. In the
arrangement as shown, a third material 16 may be further supplied to the chemical
flame torch 11, and subsequently reacted with the source of the first material 14 in
order to produce the second material 15.

The chemical reactor 10 is effective for practicing the methodology for
chemically converting a first material 14 into a second material 15. In this regard, the
methodology of the present invention includes a first step of providing a feed stream
of a first material 14 which is to be converted into a second material 15, combusting |
the first material 14 to produce a combustion flame 24, and a resulting gas; and
passing an electrical arc 45 through the combustion flame 24, and resulting gas, to
facilitate the production of the second material 15. In the methodology as described
above, the step of passing the electrical arc 45 through the combustion flame 24, and
the resulting gas produces a high temperature plasma 46 which effects the conversion
of the first material 14 to the second material 15. In the methodology as shown, a
third material 16 may be provided, and which is chemically reacted with the first
material 14 to produce the second material 15. In the arrangement as shown, the
second material 15 may comprise a borohydride, and the first material may comprise
a borate. A typical reaction and related information will be discussed in the example

which will be provided hereinafter. In the present methodology, the step of passing

10
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the electrical arc 45 through the combustion flame 24 facilitates a substantially one-
step chemical reaction to produce the second material 15. Still further in the present
method, the step of providing a third material 16 may include providing a source of
carbon which may be selected frofn the group which comprises elemental carbon,
methane and other hydrocarbons and which is combined with the first material 14,
which may comprise a borate, in order to produce the second material 15 which may
comprise a borohydride. As should be appreciated in the present methodology, the
first material 14 may comprise more than one compound.

In the methodology of chemically converting the first material 14 into the
second material 15, the methodology includes a step of a combusting the first material
14 to produce a chemical flame 24 which has a major dimension; and passing an
electrical arc 45 through the combustion flame to create a plasma 46 which extends
along the major dimension of the flame and which facilitates the production of a
second material 15. In the arrangement as shown, the chemical flame 24 extends, at
least in part, into the passageway 23 which is defined by the chemical reactor 10. The
passageway 23 confines, at least in part, the chemical flame 24. Still further, and as
seen, the electrical arc 45 may extend between the first and second ends 21 and 22 of
the main body 20. In the present methodology, the present method further includes
the steps of providing a first electrode 41 which is positioned near the first end 21 of
the passageway 23; providing a second electrode 42 which is positioned near the
second end 22 of the passageway 23; and providing a source of electricity 43 to the
first and second electrodes 41 and 42 to generate the electrical arc 45. In the
methodology as provided for in the present invention, the method further includes the
step of providing a collection chamber 60, and positioning the collection chamber in

receiving relation relative to the second end 22 of the passageway 23. The collection

11
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chamber 60, as illustrated, is electrically isolated or insulated from the chemical
reactor 10. Still further, the present methodology includes a step of cooling a region
47 of the chemical reactor 10 which is located intermediate the first and second ends
21 and 22 of the passageway 23. In the method of the present invention, and as
briefly discussed above, the chemical reactor 10 is supplied with a plurality of sources
of material 13. In the present method and where the first material 14 comprises
borate, and the second material 15 comprises a borohydride, the methodology further
includes the step of supplying sources of carbon and hydrogen which are selected
from the group which comprises elemental carbon, methane, water and other
hydrocarbons, and combusting these same materials with the borate 14 to produce the
borohydride 15. As noted earlier, the methodology also includes a step of positioning
the first and second electrodes 41 and 42 at a given distance apart which facilitates the
chemical reaction of the first material to produce the second material by means of the
plasma 46.

In the example which follows, the usefulness of the present chemical reactor 10
and associated methodology will become evident. The present device finds
usefulness in the conversion of a first material 14 which may include a sodium borate
or sodium metaborate to a second material which includes sodium borohydridg:.

Those skilled in the art will recognize that sodium borohydride has shown promise for
storing large amounts of hydrogen that could be selectively released for combustion in
internal combustion engines or to power fuel cells and the like. The reaction of
sodium borohydride with water results in the formation of sodium borate. To predict
the successful reaction of sodium borate to sodium borohydride it is useful to
understand the energy requirements for sodiulﬁ borohydride formation. This energy‘

requirement can be calculated from the enthalpy (or heat of reaction). The Gibbs free

12
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energy of reaction can be used to predict thermodynamically favorable reactions. In
the reactions noted below, the starting mate_rial, which may comprise the first material
14 is sodium metaborate, and each of the four reactions as will be seen below will be
considered with respect to the likelihood of sodium borohydride production.
NaBO; (S) + CH4y — NaBH4 + CO; (1)

NaBO; (S) + 2CH; — NaBH, + 2CO + 2H; (2)

NaBO; + 2H,0 — NaBH, + 20, (3)

(0.25Na;B,07. 10H,0+0.5NaOH), + 2.75CH; — NaBH4+2C0,+0.75C0O+6.25H ,
@

In order to predict the reactions that are thermodynamically favorable, the
Gibbs Free Energy change for the reactions must be calculated. Reactions 1, 2, 3 and
4 are considered for the set of the AGr above. The Gibbs Free Energy change for
reaction 3, above, is considered as to whether this specific reaction is 6
thermodynamically favorable. If this were the case, this would be a very attractive
reaction for the production of sodium borohydride by extracting hydrogen from water,
this would also have long term implications for carbon sequestration.

Referring now to Figs. 2 and 3, it should be understood that the data for NaBH,
is not available beyond 2000K. The Gibbs Free Energy of formation for NaBH, has
been obtained by linear curve fitting of the known data and extrapolation beyond
2000K. The Gibbs Free Energy change, AGg, for the four equations are tabulated in
Fig. 2 and plotted in Fig. 3. The calculations show that reactions 1 and 3 (above) are
not thermodynamically favorable. Reactions 2 and 4, on the other hand, are favorable
at high temperatures, which are very suitable for thermal plasmas. There is some
suggestion that a reducing environment to stabilize the reaction product may also be

necessary.

13
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Figures 2 and 3 provide information which is derived from the thermodynamic
calculations which were conducted for the four equations identified in the paragraphs
immediately above. Therefore it will be seen, that reactions (2) and (4) should form
sodium borohydride under the conditions utilizing the present methodology.

Therefore, it will be seen that the present invention provides a convenient
means whereby a first material can be converted into a second material in a fashion
not possible heretofore. Still further, the methodology provides economic cost
advantages over the prior art practices which have included, among others,
manufacturing costly chemical torch assemblies having relatively large footprints and

utilizing plasma systems which utilize increasing amounts of electricity.

14
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CLAIMS

I claim:

1. A method for chemically converting a first material into a second
material, comprising:

providing a feed stream of a first material which is to be converted into a
second material;

combusting the first material to produce a combustion flame, and a resulting
gas; and

passing an electrical arc through the combustion flame and resulting gas to

facilitate the production of the second material.

2. A method as claimed in claim 1, and wherein the step of passing the
electrical arc through the combustion flame, and the resulting gas produces a high

temperature plasma.

3. A method as claimed in claim 1, and further comprising:
providing a third material which is chemically reacted with the first material to

produce the second material.

4, A method as claimed in claim 1, and wherein the second material

comprises a borohydride, and wherein the first material comprises a borate.

5. A method as claimed in claim 1, and wherein the step of passing the

electrical arc through the combustion flame facilitates a substantially one-step

chemical reaction to produce the second material.

15
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6. A method as claimed in claim 1, and further comprising:
providing a source of carbon which chemically reacts with the first material to

produce the second material.

7. A method as claimed in claim 6, and wherein the source of carbon

comprises elemental carbon, methane and other hydrocarbons.

8. A method as claimed in claim 1, and wherein the first material

comprises more than one compound.

9. A method as claimed in claim 1, and further comprising:
increasing the exposure time of the combustion flame and the resulting gas to

the effects of the electrical arc to facilitate the production of the second material.

10. A methdd for chemically converting a first material into a second
material, comprising:

combusting a first material to produce a chemical flame which has a major
dimension; and

passing an electrical arc through the combustion flame to create a plasma
which extends along the major dimension of the flame and which facilitates the

production of a second material.

11. A method as claimed in claim 10, and further comprising:

16
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chemical reactor and individually positioned near the respective first and second ends
of the chemical reactor, and wherein the chemical torch is positioned near the first end

of the chemical reactor.

23. A method as claimed in claim 22, and further comprising:
cooling a region of the chemical reactor which is positioned intermediate the

first and second ends.

24, A method as claimed in claim 21, and wherein the feed stream includes

a third material which is combusted with the first material.

25. A method as claimed in claim 24, and wherein the electrical arc creates
a plasma in the chemical flame, and wherein the first material comprises a borate, and
the third material comprises a source of hydrogen, and wherein the plasma
simultaneously reduces and then hydrogenates the borate to produce the second

material which comprises a borohydride.

26. A method as claimed in claim 22, and wherein the step of collecting
the second material further comprises providing a collection chamber and positioning
the collection chamber downstream of the second electrode, and wherein the method
further comprises:

positioning the chemical torch and the collection chamber in an electrically

nonconductive orientation relative to the chemical reactor.

20
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27. A method as claimed in claim 22, and wherein a region of the chemical
reactor positioned between the first and second electrodes is electrically

nonconductive.

28. A method as claimed in claim 21, and wherein the first material
comprises sodium borate, and second material comprises sodium borohydride, and
wherein the method further comprises:

providing a source of methane and combusting the sodium borate and methane
to produce the chemical flame, and wherein the electrical arc creates a plasma in the
chemical flame which increases the temperature of the flame and facilitates the
reduction of the sodium borate and the simultaneous hydrogenation of the sodium

borate to produce the sodium borohydride in a single step chemical reaction.

29. A method as claimed in claim 21, and wherein after the steps of
providing the first and second electrodes, the method further comprises:
positio.ning the first and second electrodes at a given distance apart which

facilitates the chemical reaction of the first material to produce the second material.
30. A method as claimed in claim 28, and wherein the passageway as

defined by the chemical reactor has a major length dimension and a minor transverse

dimension, and wherein the plasma created by the electrical arc extends substantially

along the major length dimension of the passageway.

31. A chemical reactor, comprising:

21
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a combustion assembly for receiving a first material, and combusting the first
material to produce a combustion flame;

a chemical reactor positioned adjacent to the combustion assembly, and which
receives the combustion flame; and

an electrical arc which passes through the combustion flame to create a high
temperature plasma, and wherein the plasma is formed in a fashion so as to increase
the residency time of the combustion flame within the plasma, and to facilitate the

chemical reaction of the first material into a second material.

32. A chemical reactor as claimed in claim 31, and wherein the
combustion assembly comprises a chemical torch, and wherein the chemical torch is
mounted adjacent to the chemical reactor and is electrically insulated therefrom.

)
33. A chemical reactor as claimed in claim 31, and further comprising:
a collection chamber positioned in downstream fluid flowing relation relative

to the chemical reactor, and wherein the collection chamber is electrically insulated

from the chemical reactor.

34. A chemical reactor as claimed in claim 31, and wherein the electrical
arc, and the resulting high temperature plasma are formed in the chemical reactor, and
wherein the chemical reactor has a first and a second end, and a passageway having a
length dimension is defined by the chemical reactor and extends from the first end,
and through the second end, and wherein the high temperature plasma is created along

a preponderance of the length dimension of the passageway.

35. A chemical reactor as claimed in claim 31, and further comprising:
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a first electrode borne by the chemical reactor and juxtaposed relative to the
passageway;

a second electrode borne by the chemical reactor and positioned in spaced
relation relative to the first electrode, and further juxtaposed relative to the
passageway; |

a source of electricity which is selectively electrically coupled to the
respective electrodes and which creates the electrical arc and the resulting high
temperature plasma; and

an electrically insulative material positioned therebetween the first and second

electrodes and which defines, at least in part, the passageway.

36. A chemical reactor as claimed in claim 35, and wherein the first and
second electrodes are spaced apart at a distance which facilitates the production of the

second material from the first material .

37. A chemical reactor as claimed in claim 33, and wherein the
combustion assembly, chemical reactor and collection chamber are substantially

aligned along a substantially vertically oriented axis.

38. A chemical reactor as claimed in claim 31, and wherein the high
temperature plasma has a temperature of greater than about 5000 degrees C, and
wherein the chemical flame has a temperature of least about 15 percent of the

temperature of high temperature plasma.
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39. A cherrllical reactor as claimed in claim 33, and wherein the first
material comprises sodium borate, which is supplied to the combustion assembly, and
the second material comprises sodium borohydride which is collected in the collection
chamber, and wherein a third material comprising a source of hydrogen is supplied to
the combustion assembly, and combusted with the sodium borate by the combustion
assembly, and subsequently acted upon by the high temperature plasma to facilitate

the production of the sodium borohydride.

40. A chemical reactor as claimed in claim 39, and wherein the third
material comprises methane.

41. A chemical reactor, comprising:

a source of a first material which is to be converted into a second material;

a chemical torch which is coupled in fluid flowing relation relative to the
source of the first material, and which combusts the first material to produce a
chemical flame;

a chemical reactor positioned adjacent to the chemical torch and which defines
a passageway that receives the chemical flame, and wherein the chemical reactor is
electrically insulated from the chemical torch;

a first electrode borne by the chemical reactor, and which is positioned
downstream, and at a first distance from the chemical torch;

a second electrode borne by the reaction chamber, and which is positioned
downstream, and at a second distance from the chemical torch, and wherein the
second distance is greater than the first distance, and wherein the second electrode is

electrically insulated from the first electrode;
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a source of electrical power supplied to the first and second electrodes and
which generates an electrical arc which passes between the first and second electrodes
and through the chemical flame which is passing through the reaction zone, and
wherein the electrical arc facilitates the formation of a high temperature plasma which -
promotes the chemical reaction of the first material to produce a second material; and

a collection chamber positioned downstream, and at a third distance from the
chemical torch, and wherein the third distance is greater than the second distance, and
wherein the collection chamber receives, at least in part, the chemical flame, and
which further collects the second material, and wherein the second electrode is

electrically insulated from the collection chamber.
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