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This invention relates to the purification of
.gases and more particularly to the production
of hydrogen and nitrogen substantially free of
nitrogen oxide, for use in the production of
synthetic ammonia or other uses requiring hy-
drogen-nitrogen gas substantially free of nitro-
gen oxide.

In the production of synthetic ammonia, vari-
ous methods have been used for producing the
nitrogen and hydrogen. In some cases, the
hydrogen and nitrogen were produced separate-
ly as, for example, those processes where the
hydrogen was produced from water gas or coke
oven gas and the nitrogen produced from lique-
faction of air or other means. The other type
used has been a process in which the gases are
produced together as, for example, from water
gas and air. Most of these processes were fol-
lowed by a liquefaction in which the gas was
purified. These processes, however, are expen-
sive as both investment and operative cost are
high. :

A less expensive process has been proposed
in which the hydrogen is produced from natural
gas and the nitrogen from combustion. This
process has the disadvantage that sufficiently
high concentrations of nitrogen oxide are present
to cause substantial corrosion of the high com-
pression apparatus. The removal of nitrogen
oxide by absorption in liquid mediums has been
considered but no efficient or satisfactory means
has been developed.

In the production of synthetic ammonia, the
cost of producing the factor gases, including in-
itial plant investment, maintenance, and effi-
ciency of production, is an extremely important
item in determining the cost of the end product.
Generally, the preparation of the hydrogen is the
most costly feature of the whole process in which
the union of the gases, which is exothermic, is
represented by

N2--3Hz->2NH3

Since 3 volumes of the costly hydrogen are
required with one volume of nitrogen to yield
the 2 volumes of ammonia, the production of
the hydrogen requires prime consideration. It
has been found that one of the most successiul
processes for the production of the hydrogen in-
volves the catalytic cracking of hydrocarbon
gases and vapors in a tubular furnace such as
that set forth in my U. S. Patent Reissue 21,521.
In a furnace of this type it is possible to react
the hydrccarbon with steam under carefully con-
trolled conditions to obtain a maximum yield of
hydrogen without the formation of detrimental
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carbon due to the thermal decomposition of the
hydrocarbon. The principal cause of carbon
formation is the heating of at least a portion of
the hydrocarbon to & thermal decomposition
temperature prior to contacting the catalyst.
Thus, an important feature of the present in-
vention resides in passing a mixture of hydro-
carbon and steam directly into a heated catalyst
zone to avoid thermal decomposition and forma-
tion of detrimental carbon during production
of the hydrogen.

In the production of nitrogen, it has long been
realized that an economical method simply in-
volved the cormbustion of natural gas. IHowever,
the principal disadvantage of this method is the
high concentrations of nitrogen oxide present in
the combustion product. The presence of nitro-
gen oxide in amount greater than two parts per
million by volume in the combustion gas renders
the gas unsuitable. Ordinarily, combustion gas
will contain nitrogen oxide in amount of 250
parts per million or more, This amount must be
reduced to less than two parts per million be-
fore it is suitable for passing into compressing
apparatus without undue corrosion of the equip-
ment. Consequently, steps must be taken to ef-
fect this reduction. )

Since the step of producing hydrogen in ac-
cordance with this invention does not involve
the formation of sufiicient free carbon to react
with the oxides of nitrogen to cause a substan-
tial reduction thereof, the process must be con-
ducted so that the hydrogen wiil accomplish this
purpose by formation of nitrogen and water.

It is known that industrial gases containing
i to 2 parts per million of nitrogen oxide have
been reported free of nitrogen oxide by catalytic
reaction with hydrogen. Although it is not clear
as to whether such removal was obtained as re-
ported or by adsorption by the solids used, it is
recognized by those skilled in the art that the
known reactions do not teach what will result
when reiatively large quantities of nitrogen oxide
must be reduced to 1 to 2 parts per million. It
is also known that high temperature of com-=
bustion yieids nitrogen oxide, carbon monoxide
and hydrogen concentrations in the same gas;
further, that a number of efforts to eliminate
the oxides, both catalytic and adsorptive have
resulted at best in poor partial elimination. Ac-
cordingly, it cannot be reasoned, a priori, what
would be the result from knowledge that indus-
trial gases containing a few parts (1-2 P. P. M.)
have been purified. It is an additional feature
of this invention that the source of nitrogen may
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be obtained from air with the oxygen removed
by combustion during which step considerable
quantities of oxides of nitrogen are formed.
These products of combustion mixed with the
stream comprising hydrogen, carbon monoxide
and steam from the cracking step may be formed
simuitanecusly with the cracking step and in
the presence thereof in which case the cracking
function and the combustion function are carried
out within a single furnace. In the case where
the combustion function is carried cut apart from
the cracking functicn an excess of oxXygen up
to about 6% is employed for efficiency purposes.
The products of combustion from this gas con-
tain considerable quantities of niirogen oxides,
that is, they may be present in aracunt of 250
parts per mililon or more. It is likewise a fea-
ture of this favention that the combiustion pro-
ducts be passed into the hydrogen stream dur-
ing or after the catalytic cracking of the hydro-
carbon to form the hydrogen and carbon monox-
ide. Thus the reduction of oxides of nitrogen
may take place while in contact with the crack-
ing catalyst or while in contact with the con-
version catalyst depending upon at what peint
along the path the combustion products are
raixed with the hydrogen containing gas. More-
over, the combustion products may be mixed in
pari or in toto along the path of the hydrogen
so long as they subseguently contact catalyst to
convert the nitrogen oxides.

In addition, and extremely important, is the
flexibility of the present process in handiing sul-
fur containing material. For example, sulfur
containing hydroecarbons or sulfur containing
combustion products may be efficiently utilized in
the presence of catalysts poisoned at usual operat-
ing temperstures. Furtherrcore, higher temper-
atures favorakle to improved cracking efificiency
in the presencze of swifur compounds may be ob-
tained by the heat of combustion when the crack-
ing function and combustion function are car-
ried out simultaneously in the presence of each
other. Under conditions where higher tempera-
tures are not employed and where cracking ef-
ficiencies would be reduced due to the presence
of sulfur comypounds, sulfur containing combus-
tion products may be introduced or-formed at a
point downstream from the cracking catalyst and
the mixture thus formed subsequently passed into
contact with conversion catalyst resistant to sul-
fur poisoning. In addition, steam is added to the
hydrogen-nitrogen mixture prior to contacting
the conversion catalyst to facilitate the first of
the two interrelated functions of the converter:
First, to perform the normal function of con-
version of the carbon monoxide and steam to car-
bon dioxide and hydrogen upon contact with the
conversion catalyst; Second, to convert any
nitrogen oxide to nitrogen by reaction with the
hydrogen simuitanecusly with the conversion of
the carbon monoxide to carbon dioxide by means
of the steam in the presence of the conversion
catalyst.

For certain uses, the conversion step may ke
eliminated utilizing the cracking catalytic step
for conversion of the nitrogen oxide tc nitrogen
by reaction with the hydrogen. As an example
oi such use, the hydrogen-nitrogen gas so pro-
duced may be employed directly or in combina-
tion with other gases to produce a satisfactory
fuel gas and cooling may be obtained by water or
other suitable means.

Accordingly, it is the principal object of this in-
vention to provide an efficient process for the pro-
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4
duction of a gas substantially free of oxides of
nitrogen and comprising hiydrogen and nitrogen
for any use where the presence of oxides of nitro-
gen would be detrimental. Other objects of the
invention will be apparent as set forth hzrein.

Now in accordance with the present invention,
these objects are accomplished by a combination
of the following steps: maintaining a mixture of
gaseous hydrocarbon and steam at a tempera-
ture below the thermal decomposition tempera-
ture of the hydrocarbon; passing the mixture into
contact with cracking catalyst to obtain a hydro-
gen-carbon monoxide mixture substantially free
of detrimental carbon; intermixing the hydro-
gen-carbon monoxide mixture with combustion
products during or after catalytic cracking to
convert nitrogen oxide in the combustion prod-
ucts to nitrogen by reaction with the hydrogen
to thereby obtain hydrogen and nitrogen sub-
stantially free of nitrogen oxide; and cooling the
resulting mixture.

The nature and purpose of the invention have
been indicated in general. A more detailed
description follows in which the examples are
illustrative of the method of carrying out the
process.

Example 1

An admixture of nitrogen and hydrogen sub-
stantially free of nitrogen cxide was produced in
the following manner. Hydrogen gas produced
by cracking hydrocarbon gas in a furnace such as
is described in my U. S. Reissue Patent No. 21,521,
and nitrogen produced by burhing hydrocaibon
gas with air in a suitable furnace such as a
mmarine boiler and containing an undesirably high
percentage of nitrogen oxide were admixed and
passed over a suitable catalyst such as iron oxide
cointaining chromium oxide. The hydrogen tak-
en from the cracking furnace at approximately
850° C. was admixed with fhe nitrogen, which
was at approximately 350° C. and at a pressure of
about 1 lb. and an excess of sieam ovar that re-

uired for reaction. The mixing tock riace at the
cntrance of a converter coniaining a hed of the
catalyst. The admixture was passed through the
catalyst bed at a space veloeity of 150G and a tem-
perature of 400° C. The admixture upon exit
contained less than 2 parts per million nitrogen
oxide and was suitable for immediate use in am-
monia synthesis.

Ezample 2

£ mixture of nitrogen and hydrogen substan-
tially free of nitrogen oxide was produced in the
following manner. Hydrogen gas was produced
by cracking hydrocarbon gas in a furnace such
as is described in my U. S. Reissue Patent No.
21,621, Nitrogen gas was cbtained from the flue
gas of the same furnace. This flue gas was cooled
down to about room temperature and was then
compressed by a low pressure compressor. The
compressed gas at a pressure of about 10 1bs. was
again heated and mixed with the hydrozen gas
and steam and passed through a CO converter.
The CO converter removed about 95% of the car-

‘bon monoxide present and reduced the nitrogen

oxide content to about 1 part per million.

The mixture of gaseous hydrocarbon and steam
should be maintained at a temperature below the
thermal decomposition temperature of the hydro-
carbon prior to contacting the cracking catalyst.
It has been found when using a furnace of the
type referred to in the exzmpies that a tempera-
ture between about 200° and 400° C. is satisfac-
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‘tory even. for liquid hydrocarbons in the vapor
phase and that this temperature will prevent the
formation of detrimental carbon. The mixture is
then immediately passed into contact with a

-.cracking catalyst having a maximum temperature -

zone hetween about 750° and 1300° C. For nor-
mally gaseous hydrocarbons the lower range of
catalyst temperature may be used; however, for
hydrocarbons and particularly normally liguid hy-
drocarbons containing appreciable amounts of
sulfur the upper range of catalyst temperature is
preferred to effect improved cracking efficiency.

The combustion gas is gas rich in nitrogen and
‘may contain some oxygsn although the amount

-of oxygen should be kept as low as possible and :

-yet permit good combustion efficiency. It hasbeen

found that satisfactory results are obtained when
there is not more than about 6% and preferably
from 0 to 4% of oxygen in the resulting nitrogen
containing gas.. The nitrogen containing gas may
Jbe produced in separate apparatus or it may be
produced in the cracking furnace. In either
event, it is intermized with the hydrcgen-carbon
monoxide mixture produced as a result of the
cracking step of the process.
of introducing the nitrogen containing gas, when
produced in separate apparatus, is at the entrance
to the converter at which point excess steam is
also added to cool the entire mixture. The com-
bustion gas is preferably obtained by burning nat-
ural gas in air. Since natural gas or other gas
substantially comprising methane is preferred as
the source of hydrocarbon for the cracking step,
it is likewise preferred as the source of hydrocar-
bon for the combustion step and may constitute
the flue gas utilized in the cracking step. How-
ever, other gaseous hydrocarbons may ke used as
a source for the hydrocarbon and the nitrogen
including normally ligquid hydrocarbons such as
those containing more than two carbon atoms per
molecule,

The optimum temperature for efficient conver-
sion of carbon monoxide and nitrogen oxide is
about 350° to 450° C. for which the space veloeity
should be preferably below 3000. Steam should
be supplied in substantial amounts for the pur-
pose of cooling gases to produce said temperature
and to provide excess steam required for the con-
version. This excess should be substantial, pref-

erably from about 600% to about 1200% of the 5

amount required for conversion of the carbon
monoxide.

Wherever the specification refers to removal of
nitrogen oxide from the factor gases, it need not

mean the complete removal of the nifrogen oxide. ;

In the manufacture of nitrogen from flue gas, for
example, the content of nitrogen oxide may be 250
parts per million or more, and this is reduced by
the present process to about 1 part per million or
less. A content of less than 2 parts per million
of nitrogen oxide can be considered removal of
nitrogen oxide for purposes of substantial corro-
sion of the compressing apparatus.

Similarly, the reference to the removal of car~
bon monoxide does not necessarily mean the com-
plete removal of the carbon monoxide but only
a very substantial reduction in carbon monoxide
content. Reductions in the nature of 80 to 85%
of the carbon monoxide content may be consid-
ered to be removal of the carbon monoxzide.

The preferred cracking catalyst for use with
this invention is a nickel catalyst containing more
than 10% nickel by weight. Suitable catalysts
of this type ineclude nickel-zirconium silicate-
magnesia, nickel-aluminum oxide-magnesia,

A preferred point.
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nickel-zirconium silicate, riickel-aluminum oxide,
nickel-diaspore, nickel-magnesia, nickel-pumice,
nickel-titanium oxide, ete. These catalysts may
be made by any of the methods of the prior art
and are desirably given a preliminary tempering
treatment with heat priocr to use.

The preferred conversion catalyst for use with
this invention is a chrome oxide-iron cxide cata-

lyst. Other suitable conversion catalysts inciude

iron oxide and the promoted iron oxide catalysts
in general.

The advantages of the process of this invention
are multifold. The cracking step is conducted
without formation of detrimental carbon which
would impair the yield of hydrogen and necessi-
tate pericdic removal of carben and even new
catalyst. The cracking step may be conducted
with a wide range of hydrocarbons including sul-
fur containing hydrocarbons. - The combustion
produects may be passed in part or in toto into the
hydrogen stream during or after the cracking siep
therevy affording a very flexible and extiremely
efficient process. 'The nitrogen oxide and the car-
bon monoxide are substantially removed in the
process, and the nitrogen oxide is reduced ky a
medium already in the system, namely, the hy-
drogen. The process provides for a mixture of
hydrogen and nitrogen economically produced
and suitable for ammonia synthesis operations,
other operations, or direct use requiring gases
substantially free of nitrcgen oxide.

The term “space velocity” as used in the specifi-
cation and claims is defined as the volume of
steam-hydrocarbon mixture per volume of cata~
lyst per hour. i

This application is a continuation-in-part of
my application Serial No. 467,823 filed December
4, 1942, now abandoned which in turn is a con-
tinuation~-in-part of my application Serial No.
370,747 filed December 19, 1940 which is now U. S.
Patent No. 2,381,696.

What I claim and desire to protect by Letters
Patent is:

1. In the process of producing hydrcgen and
nitrogen by the dissociation of hydrocarion gases
and vapors, the improvement which comprises
in combination maintaining a mixture of gaseous
hydrocarbon and steam at a temperature below
the thermal decomposition temperature of the
hydrocarbon; passing the mixture into contact
with nickel catalyst at a temperature above the

thermal decomposition temperature of the hy-

drocarben in the presence. of nickel catalyst to
obtain a hydrogen-carbon monoxide mixture
substantially free of detrimental carbon; inter-
mixing the hydrogen-carbon monoxide mixture
with hydrocarbon combustion products contain~
ing nitrogen oxide to convert the nitrogen oxide
to nitrogen by reaction with hydrogen in the
presence of iron catalyst to thereby obtain a
mixture comprising hydrogen and nitrogen sub-
stantially free of nitrogen oxide; and cooling
the mixture thus formed.

2. In the process of producing hydrogen and
nitrogen by the dissociation of hydrocarbon gases
and vapors, the improvement which comprises
in combination maintaining a mixture of gaseous
hydrocarbon and steam at a temperature below
the thermal decomposition temperature of the
hydrocarbon; passing the mixture into contact
with nickel cracking catalyst at a temperature
above the thermal decomposition temperature
of the hydrocarbon in the presence of nickel
catalyst to obtain a hydrogen-carbon monoxide
mixture substantially. free of detrimental car-
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bon; intermixing the hydrogen-carbon monoxide
mixture with hydrocarbon combustion products
containing nitrogen oxide in the presence of the
cracking catalyst to convert the nitrogen oxide
to nitrogen by reaction with hydrogen to thereby
obtain a mixture comprising hydrogen and ni-
trogen substantially free of nitrogen oxide; and
cooling the mixture thus formed.

3. In the process of producing hydrogen and
nitrogen by the dissociation of hydrocarbon gases
and vapors, the improvement which comprises
in combination maintaining a mixture of gaseous
hydrocarbon and steam at a temperature below
the thermal decomposition temperature of the
hydrocarbon; passing the mixture into contact
with nickel cracking catalyst at a temperature
above the thermal decomposition temperature
of the hydrocarbon in the presence of nickel
catalyst to obtain a hydrogen-carbon monoxide
mixture substantially free of detrimental car-
bon; intermixing the hydrogen-carbon monoxide
mixture with hydrocarbon combustion products
containing nitrogen oxide in the presence of
the cracking catalyst to convert nitrogen oxide
to nitrogen by reaction with hydrogen; cooling
the mixture thus formed; and passing the cooled
mixture into contact with iron conversion cata-
lyst to convert any remaining nitrogen oxide
to nitrogen by reaction with hydrogen to thereby
obtain a mixture comprising hydrogen and ni-
trogen substantially free of nitrogen oxide.

4. In the process of producing hydrogen and
nitrogen by the dissociation of hydrocarbon gases
and vapors, the improvement which comprises
in combination maintaining a mixture of gaseous
hydrocarbon and steam at a temperature below
the thermal decomposition  temperature of the
hydrocarbon; passing the mixture into contact
with nickel cracking catalyst at a temperature
above the thermal decomposition temperature
of the hydrocarbon in the presence of nickel
-catalyst to obtain a hydrogen-carbon monoxide
mixture substantially free of detrimental car-
bon; intermixing the hydrogen-carbon monoxide
mixture with hydrocarbon combustion products
containing nitrogen oxide in the presence of
the cracking catalyst to convert nitrogen -oxide
to nitrogen by reaction with hydrogen; cooling
the mixture thus formed; and passing the cooled
mixture and additional combustion products
containing nitrogen oxide into contact with iron
conversion catalyst to convert nitrogen oxide to
nitrogen by reaction with hydrogen to thereby
obtain a mixture comprising hydrogen and ni-
trogen substantially free of nitrogen oxide.

5. In the process of producing hydrogen and
nitrogen by the dissociation of hydrocarbon gases
and vapors, the improvement which comprises
in combination maintaining a mixture of gaseous
hydrocarbon and steam at a temperature bhelow
the thermal decomposition temperature of the
hydrecarbon; passing the mixture into .contact
with nickel cracking catalyst at-a temperature
above the thermal decomposition temperature
©f the hydrocarbon in the presence of nickel
catalyst to obtain a hydrogen-carbon monoxide
mixture substantially free of detrimental car-
bon; intermixing the hydrogen-~carkon monoxide
mixture with hydrocarbon combustion products
containing nitrogen oxide; cooling the mixture
thus formed with steam; and passing the ccoled
‘mixture into contact with iron conversion cata-
lyst to convert the carbon monoxide to carbon
dioxide and to convert nitrogen oxide to nitrogen
by reaction with the hydrogen ‘to thereby ob-
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tain a mixture comprising hydrogen and nitrogen
substantially free of nitrogen oxide.

6. In the process of producing hydrogen and
nitrogen by the dissociation of hydrocarbon gases
and vapors, the improvement which comprises
in combination maintaining a mixture of gaseous
hydrocarbon and steam at a temperature below
the thermal decomposition temperature of the
hydrocarbon; passing the mixture into contact
with nickel cracking catalyst at a temperature
above the thermal decomposition temperature
of the hydrocarbon to obtain a hydrogen-carbon
monoxide mixture substantially free of - detri-
mental carbon; intermixing the hydrogen-car-
bon monoxide mixture with hydrocarbon com-
bustion products, said combustion products con-
taining nitrogen and more than two parts per
million by volume of nitrogen oxide; cooling the
mixture thus formed with excess steam; and
passing the cooled mixture into contact with
iron conversion catalyst to convert the carbon
monoxide to carbon dioxzide and to convert the
nitrogen oxide to nitrogen by reaction with the
hydrogen to thereby obtain a mixture comprising
hydrogen and nitrogen substantially free of
nitrogen oxide.

7. In the process of producing hydrogen and
nitrogen by the dissceiation of hydrocarbon gases
and vapors, the improvement which comprises
in combination maintaining a mixture of gaseous
hydrocarbon and steam at a temperature below
the thermal decemposition temperature of the
hydrocarbon; passing the mixture into contact
with nickel ecracking catalyst at a temperature
above the thermal decomposition temperature
of the hydrocarbon to obtain a- hydrogen-car-
bon monoxide mixture substantially free of
detrimentai carbon;”intermixing the hydrogen-
carbon monoxide mixture with hydrocarbon
combustion products, said combustion products
containing nitrogen and more than two parts
per miilion by volume of nitrogen oxide; cooling
the mixture thus formed with excess steam;
and passing the cooled mixture into contact with
iron conversion catalyst having a maximum tem-
perature zone between about 350° and 450° C.
to convert the carbon monoxide to carbon di-
oxide and to convert the nitrogen oxide to ni-
trogen by reaciion with the hydrogen to there-
by obtain a mixture comprising hydrogen and
nitrogen substantially free of nitrogen oxide.

8. In the process of producing hydrogen and
nitrogen by the dissociation of hydrocarbon gases
and vapors, the improvement which comprises
in combination maintaining a mixture of gaseous
hydrocarbon and steam at a temperature below
the thermal decomposition temperature of the
hydrocarbon; passing the mixture into contact
with nickel cracking catalyst at a temperature
above the thermal decomposition temperature
of the hydrocarbon to obtain a hydrogen-carbon
monoxide mixture substantially free of detri-
mental carbon; intermixing the hydrogen-car-
bon monoxide mixture with hydrocarbon com-
bustion products, said combustion products con-
taining nitrogen and more than two parts per
million by volume of nitrogen oxide; cooling
the mixture thus formed with excess steam to
a temperature between about 350° and 450° C.;
and passing the cooled mixture into contact
with iron conversion catalyst to convert the
carbon monoxide to carbon dioxide and to con-
vert the nitrogen oxide to nitrogen by reaction
with the hydrogen to thereby obtain hydrogen
and nitrogen substantially free of nitrogen oxide.
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9. In the process of producing hydrogen and
nitrogen by the dissociation of hydrocarbon gases
and vapors, the improvement which comprises
in combination maintaining a mixture of gaseous
hydrocarbon and steam at a temperature below
the thermal decomposition temperature of the
hydrocarbon; passing the mixture into contact
with nickel cracking catalyst at a temperature
above the thermal decomposition temperature
of the hydrocarbon to obtain a hydrogen-carbon
monoxide mixture substantially free of detri-
mental carbon; intermixing the hydrogen-car-
bon monoxide mixture with hydrocarbon com-
bustion products, said combustion products
containing nitrogen and more than two parts
per million by volume of nitrogen oxide and
containing from 0 to not more than 6% of
oxygen; cooling the mixture thus formed with
excess steam to a temuverature between about
350° and 450° C.; and passing the cooled mixture
into contact with iron conversion catalyst to
convert the carbon monoxide to carbon dioxide
and to convert the nitrogen oxide to nitrogen
by reaction with the hydrogen to thereby obtain
a mixture comprising hydrogen and nitrogen
substantially free of nitrogen oxide.

10. In the process of producing hydrogen and
nitrogen by the dissociation of hydrocarbon gases
and vapors, the improvement which comprises

in combination maintaining a mixture of gaseous

hydrocarbon and steam at a temperature below
the thermal decomposition temperature of the
hydrocarbon; passing the mixture into contact
with nickel cracking catalyst at a temperature
above the thermal decomposition temperature
of the hydrocarbon to obtain a hydregen-carbon
monoxide mixture substantially free of detri-
mental carbon; intermixing the hydrogen-car-
bon monoxide mixture with hydrocarbon com-
bustion products, said combustion products
containing nitrogen and more than two parts
per million by volume of nitrogen oxide; cooling
the mixture thus formed with excess steam to
a temperature between about 350° and 450° C.,
said excess steam being present in amount from
about 600 to 1200% of the amount required for
conversion of the carbon monoxide; and passing
the cooled mixture into contact with iron con-

version catalyst to convert the carbon monoxide

to carbon dioxide and to convert the nitrogen
oxide to nitrogen by reaction with the hydrogen
to thereby obtain a mixture comprising hydrogen
and nitrogen substantially free of nitrogen oxide.

11. In the process of producing hydrogen and
nitrogen by the dissociation of hydrocarbon gases
and vapors, the improvement which comprises
in combination maintaining a mixture of gaseous
hydrocarbon and steam at a temperature helow
the thermal decomposition temperature of the
hydrocarbon; passing the mixture into contact
with nickel cracking catalyst at a temperature
above the thermal decomposition temperature
of the hydrocarbon to obtain a hydrogen-carbon
monoxide mixture substantially free of detri-

10

mental carbon; intermixing the hydrogen-car-
bon monoxide mixture with hydrocarbon com-
bustion products, said combustion products
containing nitrogen and more than two parts
per million by volume of nitrogen oxide; cooling
the mixture thus formed with excess steam to
2 temperature between about 356° and 450° C.,
said excess steam being present in amount from
about 600 to 1200% of the amount required for
conversion of the carbon monoxide; and passing
the cooled mixture into contact with iron con-
version catalyst at a space velocity not more
than 3000 and at a temperature between 350°
and 450° C. to convert the carbon monoxide to
carbon dioxide and to ecnvert the nitrogen oxide
to nitrogen by reaction with the hydrogen to
thereby obtain g mixture comprising hydrogen
and nitrogen substantially free of nitrogen oxide.

12. In the process of zroducing hydrogen and
nitrogen by the disscciation of hydrocarbon gases
and vapors, the improvement which comprises in
combination maintaining a mixture of gaseous
hydrocarbon and steam at a temperature between

3 about 200° and 400° C.; passing the mixture into

contact with nickel cracking catalyst having a
maximum temperature zone between about 750°
and 1300° C.; intermixing the hydrogen-carbon
monoxide mixture with hydrocarbon combustion
products, said combustion products containing ni-
trogen and more than two parts per million by

.veolume of nitrogen oxide; cooling the mixture
© thus formed with excess steam to a temperature
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. between about 350° and 450° C., said excess steam

being present in amount from about 600 to
12009 of the amount required for conversion
of the carbon monoxide; and passing the cooled
mixture into contact with iron conversion cata-
lyst at a space velocity not more than 3000 and
at a temperature between 350° and 450° C. to
convert the carbon monoxide to carbon dioxide
and to convert the nitrogen oxide to nitrogen
by reaction with the hydrogen to thereby ob-
tain g mixture comprising hydrogen and nitro-
gen substantially free of nitrogen oxide.
JAMES H. SHAPLEIGH.
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