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SPECIFICATION
METHOD AND APPARATUS FOR GLOBAL WARMING PREVENTION

TECHNICAL FIELD

This invention relates to a method for treating a gas
causing global warming and an apparatus therefor. More
particularly, it relates to a method for preventing global
warming by exothermally decomposing nitrous oxide (N,0),
which causes gloﬁal warming, int§ nitrogen (N,), oxygen (0O,)
and optionally nitrogen oxides (NO, NO,, etc.) and an

apparatus therefor.

BACKGROUND ART
In the process of producing adipic acid, nitric acid.
is used as an oxidizing agent. It has been an accepted

practice to release into the atmosphere nitrous oxide formed

as a by-product in the formation of adipic acid from the

‘oxidation of cyclohexanone and/or cyclchexanol with nitric

acid.

However, nitrous oxide has recentiy attracted public
attention as one of the gasés causing global warming, though
it is not as well known as. carbon dioxide which is a typical

gas causing global warming.
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Nitrous oxide evolves mostly from natural soil or
farmlands. Thus, the chemical industry causes only a small
part of the nitrdus oxide evolving on the earth. However,
it is considered that the amqunt of nitrous oxide formed by
chemical processes such as the adipic acid production
process, which are artificial N,0 sources, can be controlled.

Therefore, attempts have been made in recent years to reduce,

'first of all, nitrous oxide generated from these chemical

processes.
There have been proposed variogs methods for reducing
nitrous oxide generated from cheﬁical processes. Many of
these proposals relate to methods for decomposing nitrous
oxide (N,0) into nitrogen (N,) and oxygen (O} and optionally
nitrogen oxides (NO, NO,). These methods involve two main
types for decomposing N,O, namely,.thermal decomposition.

methods wherein decomposition is carried out by heating

" without using any catalyst and catalytic decomposition

meﬁhods wherein decomposition is éarried out by using a
catélyst. Now, each type of these methods will be described.
Known examples of the thermal decomposition methods
without using any catalyst include those proposed in, for
example; U.S. Patent 2,974,019, JP—Ar61;257940, JP-A-5-
339003 and JP-W-A-9-508346 (the term "JP-A" as used herein
means an "unexamined published Japanese patent application”
and the term “JP-W-A” as.used herein means an “international
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patent application published in the Japanese national
proceeding”). However, these proposals each suffers from
unsolved problems as will be described hereinafter. That is,
no satisfactory method for thérmally decomposing nitrous
oxide has been proposed hitherto.

That is, U.S. Patent 2,974,019 proposes an apparatus
by which N,0 is thermaliy decomposed at a high temperature
under elevated pressure (to 1692°C, to 25.5 atm) to give NO,.
However, a highly reliable material for this apparatus ﬁsed
to resist the high temperature and elevated Pressure is not
readily available and makes the apparatus highly'expeﬁsive.
Therefore, this methéd is used very little in practice.

JP-A-61-257940, which has been applied by the same
applicant as in the present invention, discloses that when a
discharged gas containing N,0 is preheated and then heated,.
the thermal decomposition of N,0 starts at about 900°C and

N,0 can be thermally decomposed at 1000°C or above. 1In the

method of the thermal decomposition of N,0 proposed in this
document, it is necessarylto control the total content of NO
and NO, to be 10% or less in the N,0-containing gas to be
treated. Thus, there arises a problem that an additional
step is needed for controlling the discharged gas
composition. |

JP-A-5-339003 proposes an improved method over the
above-mentioned JP-A-61-257940 for thermochemicaily
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deconmposing N,0 with a flame ﬁreatmént in the thermal
decomposition method. In this method, N,O is
thermochemically decomposed in the presence of flame by the
combustion heat of the fléme. Therefore, it is fearea.that
the thermochemical reaction in this method should be
performed at a considerably higher temperature due to the

combustion heat of the flame coupled with the decomposition

~ heat of N,0. In this method wherein the flame is

continuously employed in the thermochemical decomposition of
N,0, it is unavoidable to use a considerably large amount of
fuel for the generation of the flame. As a result, a large
amount of a combustion gas is formed and, therefore, the NO
and NO, concentrations in the thermochemically decomposed gas
are lowered, which brings about another fear that a large-
scaled device (for example, an absorption tower) should be.
used to recover the NO and NO,.

JP-W-A-9-508346 proposes a method wherein the method
of the thermal decomposition of N,0 as disclosed in the
above-described JP-A-61-257940 is improved in the preheating
poftion to thereby produce NO from N,0. That is, this
document propbses a method for producing NO from N,0 by
heating an N,0-containing gas to about 400 to 700°C by using
a heat exchanger, then heating the gas to about 850°C without
a heat exchanger and usiﬁg the combustion heat of a '
combustible gas, etc., thermally decomposing N,0 in the gas
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at 1000°¢ or above, and then quickly cooling the.gas thus
formed to thereby recover NO. 1In the case of this method,
however, it is needed to heat the whole N,0-containing gas to
be treated to 850°C by using the combustion of a combustible
gas, etc. It is therefore unavoidable to use a large amount
of the combustible gas. Accordingly, this method sﬁffers
from the same problem as in the method proposed by JP—A—S—
339003 described above. In this method, fﬁrthermore, it is
feared that the temperature in the reaction chamber is
elevated to a considerably high level, since a large amount
ofldecomposition heat is generated in the reaction chambe;
from the N,0 holding the combustion heat as described above.
Regarding this point, it is described in the specification
of this application that the temperature in the reaction
chamber might be elevated to 1500°C.

| In the thermal decomposition reaction of N,0, the

reaction by which N,0 is decomposed into N, and O, is an

‘exothermic reaction. Accordingly, there arises a problem

that the temperature in the reaction system, where N,0 is
thermally decomposed, is remarkably elevated due to the
decomposition heat generated in a large amount. As the
temperature in the reaction system is elevated, more
expensive heat-resistant materials should be employed in the
reactor and various devices for treating the gas discharged
from the reactor (for example, a heat exchanger, a dévice
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for absorbing the thus.formed gas, pipes connecting these
devices, etc.). In addition, it is also feared that the
méintenancg of the equipment becomes.more difficult thereby.
In the conventional proposals as described above, however,
no consideration has been given with respect to these
probiems accompahying the decomposition heat of N,O.

That is to say, no satisfactory method for thermally
decomposing nitrous oxide has been proposed hitherto.

As examples of the catalytic decomposition methods
with the use of a catalyst, proposals have been made by JP-
A-5-4027, JP-A-6-277453, etc. Héwever, these proposals each
suffer from unsolved problems as will be described
hereinafter. That is, no satisfactofy method for
catalytically decomposing nitrous oxide has been proposed

hitherto similar to the case of the. thermal decomposition .

methods.

For example, JP-A-5-4027, which has been applied by
the same applicant as in the present invention, proposes a
method for catalytically decomposing an N,0-containing
discharged gas into N} and O, in the presence of a copper(II)
oxide catalyst. This document discloses that the reaction
temperature preferably ranges from 400 to 600°C; that if is
desirable in case of an adiabatic reaction to supply the gas
while diiuted with air, etc. into the reactor, sinqe thé
temperature in the outlet side of the reactor is elevated
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due to the large reaction heat of the catalytic |
decomposition; and that the reaction heat of the catalytic
decomposition is recovered from the gas as steam after the
completion of the catalytic decomposition by using a heat
exchanger or the heat is eliminated by diluting the gas with
air, etc. after the completion of the catalytic
decomposition. Howe#er, the treatment of the reaction heat
with the use of a heat exchanger or a diluent gas, as
proposed by this document, is accompanied by a problem,
since the catalytié decomposition heat of N,0 amounts to 19.5
kcal/mol. In case of, for example, catalytically
decomposing an N,0-containing gas with an N,0 concentration
of 34%, a large amount of decomposition heat is generated so
that the temperature is elevated by about 600°C_after the
completion of the catalytic decomposition reaction. To
eliminate this heat by the method as proposed above, it is
necessary to use a large amount of a diluent gas or a large-
scaled heat exchanger, which brings about a fear of a
greater cost for the heat eliminatién.

JP-A-6-277453 proposes an improved process for the
catalytic decomposition of B&O.‘ It is disclosed in this
document that the outflow gas at the outlet of the
decomposition zone is cooled and a portion of the thus
cooled gas stream is refluxed into the decomposition zone so
as to maintain the whole N,0 decomposition zone at a
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temperature not higher than the maximum allowable
temperature Tmax. However, this'prqposal also suffers from
the problem caused by the reaction heat generated in a large
amount in association with the decomposition N,0, similar to
the case of JP-A-5-4027 as described above.

That is to say, no satisfactory method for
catalytically.decomposing nit;ous oxide has been proposed
hitherto.

The invention provides a method for decompésing N,O0 by
which the unsolved problems encountering in the
conventionally proposed methods for decomposing N,0, which
havé been discussed above in detail, can be solved to
thereby prevent-global warming fhrough the decomposition of
N,O.

Accordingly, the object of the invention is to provide
a practically useful method and an apparatus for preventing |
global warming by decomposing N,0, by which N,0 contained in
an N,0-containing gas to be treated can be efficiently
decdmposed at a low temperature while efficiently
controlling the N,0 decomposition heat thus generated, and NO
and NO, can be recovered, if necessary, and which apply only
a sﬁall heat load to a device for decomposing N,0 and to
other instruments, and ﬁeed only an extremely small amount
of heat energy supplied externaily, and require only a low
equipment éost and a low driving cost.
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DISCLOSURE OF THE INVENTION

The inventors have conducted intensive studies on a
method for decomposing N,0, in particular, a method by which
the above-described problems in assdciation with the N,0
decomposition heat can be solved. As a result, the
inventors have found out a method for exothermally
decomposing N,0 which is completely different from the
conventional methods for decomposing N,0 as described above
and made it possible to solve the above-mentioned object of
the invention, thereby completing the invention.

Accordingly, the present invention provides:

1. A method for preventing global warming comprising,
a process of thermally or catalytically decomposing N,0 in an
N,0-containing gas to'be treated,'by dividing the N,O-
containing gas stream to be treated in portions, preheating
a portion thereof so és to exothermally decompose N,0 in said
gas stream to form a hot gas stream, and supplying the

remainder of the divided gas stream to be treated into said

- hot gas stream to thereby continuously decompose N,0, so that

global warming is prevented.

2. The method for preventing global warming according
to the above item 1, wherein said exothermic decomposition
of N,0 is performed by thermal decomposition without using

ahy catalyst. __
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3. The method for preventing global warming according
to the above item 2, wherein the remainder of said divided
gas to be treated is supplied into plural positions in the
flow direction of said hot gas stream.

4. The methoa for preventing global warming according
to the above item 2 or 3, wherein said decomposition of N,0
in the gas to be treated is performed in a state of a
substantially plug flow.

5. The method for_preventing global warming according
to the above item 2 or 3, wherein said preheating is
performed by a direct heatiﬁg system utilizing an oxidative
exothermic reaction of a fuel.

6. The method for preventing global warming according
to the above item 5, wherein said fuel is hydrogen or
methanol.

7. The method for preventing global warming according‘
to the above item 1, wherein said exothermic decompositioﬁ
of N,0 is performed by catalytic decomposition.

8. The method for preventing global warming according
to the above item 7, wherein the remainder of said divided
gas to be treated is supplied into plural positions in the

flow direction of said hot gas stream and each brought into

contact with a catalytic bed respectively.

9. The method for preventing global warming according
to the above item 7 or 8, wherein the gas stream,
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immediately before contacting the catalytic bed, 1s a
mixture with a diluent gas.

10. The method for preventing global warming
according to the above item 9,.wherein said diluent gas is
air and/or the gas, which has been subjected to the
catalytic decomposition of N,0 in the gas to be treated.

11. The method for preventing global warming
according to the above item 9, wherein the gas having been
subjected to the catalytic decomposition of N,0 in the gas to
be treated is cooled and then used as the diluent gas.

12. The method for preventing global warming
according to the above item 7, 8, 10 or 11, wherein said
preheating is performed by mixing the gas to be treated
and/or the diluent gas with steam forméd by reacting
hydrogen and oxygen using a noble metal catalyst.

13. An apparatus for preventing global warming by
thermally decomposing N,0 in an N,0-containing gas,
comprising:

(a) an introduction portion for the N,0-containing gas
to be treated;

(b) a preheating portion for the thgs-introduced gas
to be treated;

(c) a thermal decomposition portion adjacent to the
preheating portion, said thermal decomposition portion
having means for supplying the gas to be treated, said
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supplying means being provided at one or more positions in
the flow direction of a gas stream; and-

. (d) a discharging portion for the thermally decomposed
gas.

14. The apparatus for preventing global warming
according to the above item 13, wherein said preheating
portion is having means of fuel combustion.

15. The apparatus for preventing global warming’
according to the above item 14, wherein the temperature of
the gas stream at the outlet of said diécharging portion is
controlled to a constant levél by controlling the amount of
the fuel fed into said fuel-combustion means.

16. The apparatus for preventing global warming
according to the above item 13, 14 or 15, wherein said
thermal decomposition portion has a porous plate and/or a
multi-pipe nozzle in front of and/or at the back of at least
one means for supplying the gas to be treated.

17. The apparatus for preventing global warming
according to the above item 13, 14 or 15, wherein said
porous plate, multi-pipe nozzle and/or inlet of the gas to
be treated are located in such a manner that the gas stream
flowing towards the means for supplying the gas to be
treated flows as a rotary stream. |

lé. An apparatus.for preventing global warming by
bringing'BQO in an N,0-containing gas into contact with a
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catalytic bed to thereby catalytically decompose N,O,
comprising:

(a) an introduction portion for the gas to be treated
and/or a diluent gas:;

(b) a mixing portion for the gas to be treated and/or
the diluent gas:;

(c) a mixing portion ha&ing one or more means for
supplying the gas to be treated and/or the diluent gas at
different positions in the longitﬁdinal direction of the
apparatus;.

(d) a catalytic decomposition portion having the
catalytic bed; and

(e) a discharging portion for the catalytically
decomposed gas.

19. An apparatus for preventing global warming by
catalytic decomposition of N,0 in an N,0O-containing gas,
comprising:

a device which comprises:

(a) an introduction portion for the gas to be treated
and/or a diluent gas;

(b) a mixing portion for the gas to be treated and/or
the.diluent gas;

(c) . a catalytic decomposition portion having a

'_catalytic bed; and
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(d) a discharging portion for the catalytically
decomposed gas; and

one or more devices each of which comprises:

(e) an introduction portion for the discharged gas
having been catalytically decomposed, the gas to be treated
and/or a diluent gas;

(f) a mixing portion for the discharged gas having
been catalytically'decomposed, the gas to be freated and/or
the diluent gas;

(g) a catalytic decomposition portion having a
catalytic bed; and

(h) a discharging portion for the pétalytically
decomposed gas.

20L The apparatus for preventing global warming
accordiné to the above item 18 or 19, wherein said mixing
portion for the gas to be treated and/or the diluent gas
involves a preheating portion for the gas to be treated
and/or the diluent gas.

21. A process for producing adipic acid with reduced
release of N,0 that causes global warming, comprising:

(1) a nitric acid-oxidation step in which cyclohexanol
and/or cyclohexanone are oxidized with nitric acid to form

adipic acid;
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(2) a nitric acid recovery step in which HNO, is
recovered from an N,0-containing gas caused in the nitric
acid-oxidation step; |

(3) a N,0 decomposition step in which the remaining
N,0-containing gas stream to be treated, from which HNO, has
been recovered, is divided, a portion thereof is preheated_
to exothermally.decompose N,0 in the gas stream to form a hot
gas stream, and the remainder of the divided gas stream to
be tfeated is supplied into said hot gas stream to thereby
continuously decompose N,0; and

(4) a N,0 decomposition heat recovery step_in which the
N,0 decomposition heat emitted from the N,0 decomposition

step is recovered.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view of an apparatus for
thermally decomposing N,0 according to the invention.

Fig. 2 is a schematic view of a thermal decomposition
apparatus used in Example 1.

| Fig. 3 is a schematic view of a thermal decomposition

apparatus used in Eﬁample 7.

Fig. 4 is a model view of an apparatus for
catalytically decomposing N,0 provided with plural catalytic

beds. according to the invention.
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Fig. 5 is a model view of an apparatus for

catalytically decomposing N,0 provided with plural catalytic

beds independent from each other accofding to the invention.

In these figures, each numerical symbol has the

1:

2:

gas;

10:
11:
12:
l13:
14:
15:
16:
17:
18:

19:

- following meaning:

an introduction portion for an N,0-containing gas;

a

a

a

preheating portion;
preheated gas-receiving portion;

supplying portion for the N,0-containing gas;

an N,0 thermal decomposition portion;

a

a

a

dischafging portion for the thermally decomposed

wall of a thermal decomposition portion;
thermal decomposition portion;

porous plate;

preheating portion;

baffle plate:

supplying portion for the N,0-containing gas;

‘thermal decomposition portion;

porous plate;
preheating portion;

supplying portion for the N,0-containing gas:;

an introduction portion for the gas to be treated;

an introduction portion for a diluent gas:;

a

preheating portion;
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20:
21:
22:
.23:
24:
25:

26:

a

a

preheated gas-receiving portion;

space;

catalytic decomposition portion;

mixing portion;

supplying portion for the gas to be treéted{

supplying portion for the diluent gas;

discharging portion for the catalytically

decomposed gas; and

27:

BEST MODE FOR CARRYING OUT THE INVENTION

a wall of the catalytic decomposition portion.

Now, the invention will be described in detail.

The invention aims at preventing global warming by

exothermally decomposing N,0 in an N,0-containing gas and

thus considerably reducing the release of N,0 gas, which

causes global warming, into the atmosphere.

the decomposition of N,O,

With respect to

there have been known reactions

represented by the follcwing'formulae (1) and (2).

N,O - N, + 1/2 0,

N,0 - NO + 1/2 N,

(1)

(2).

The reaction of the above formula (1) is an exothermic

reaction by which 19.5 kcal/mol of heat is generated, while

the reaction represented by the above formula (2) is an

endothermic reaction consuming 1.96 kcal/mol of heat. 1In

the case where_the heat generated by the reaction of the
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formula (2), then the whole reaction of the decomposition of
N,0 is an exothermic décomposition. The term "decomposition
of N,0” as used herein means this exothermic decomposition of
N,O.

According to the invention, in a process of
decomposing N,0 by thermally decomposing or catalytically
decomposing N,0 in an N,0-containing gas to be treated, the
N,0-containing gas stream to be treated is divided in.
portions. Then a portion thereof is preheated to thereby
exothermally decompose N,0 in the gas stream thereby giving a
hot gas stream. Next, the remainder of thé divided gas
stream to be treated is supplied into the hot gas stream,
and thus N,0 is continuocusly decomposed.

It is preferable in the invention that the N,0-
containing gas to be treated is a feedstock gas from the
process for producing adipié'acid by the nitric acid-
oxidation method, though the invention is not restricted
thereto. Moreover, it may contain, in addition to N,0, air,
nitrogen, oxygen, moisture, carbon dioxide, carbon monoxide,
nitrogen monoxide, nitrogen dioxide, hydrocarbons and the
like. |

The term.”thermal decomposition of N,0” as used herein
means conversion of N,0 into N,, 0,, NO, NO,, etc. by
exothermally decomposing N,0 in an N,0-containing gas without
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using any catalyst. In the invention, the N,0-containing gas
stream (i.é., the gas to Ee.treated) is divided into plural
gas streams and a portion thereof is preheated.

In this step, it is preferable that the preheating is
performed at such a temperature as to substantially allow
the initiation of the thermal decomposition of N,0. 1In the
invention, the preferred preheating temperature is from
about 750°C to about 950°C, inclusive. When the preheating
temperature is lower than about 750°C, it is feared that N,0
cannot be thermally decomposed at a practical reaction speed
when the preheated gas stream is supplied into the N,0
thermal decomposition zone. When the preheating temperature
exceeds about 950°C, on the other hand, the substantial -
thermal decomposition'of N,0 starts and thus the advantage of
the invention of preheating cannot be achieved. Depending.
on fhis preheating temperature, the retention time of the
gas-to be treated, which is introduced into the thermal
decomposition zone close to the preheating zone can be
appropriately determined.

A portion of the preheated gas stream to be treated as
described above is introduced into the N,0 thermal

decomposition zone adjacent to the preheating zone. In this

- thermal decomposition zone, the self-thermal decomposition

of N,0 exothermally starts and thus N,0 is thermally
decomposed. Due to the decomposition heat of N,0, the
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temperature of the gas stream is further elevated in the
flow direction of the supplied gas stream, thereby forming a
hot gas stream at a high temperature.

In the invention, the remainder of the divided gas
stream to be treated is supplied into this hot gas stream.
Thus, the temperature of the'remainder of the gas'to be
treated is elevated to the thermal decomposition temperature
of N,0 or above and the N,0 contained in the gas to be
treated, which has been supplied into the hot gas stream, is
continuously thermally decomposed.

It is still preferable to supply the remainder of the
divided gas stream to be treated into plﬁral positions
(preferably two to five positions) in the flow direction of
the above—deéc:ibed hot gas stream. According to the
invention, the decomposition heat generated by the self-
thermal decompoéition of N,0 in the gas stream to be treated,‘
which has been formerly supplied, can be successively and
efficiently utilized in elevating the temperature of the gas
stream to be treated which is supplied later. It is alsq
possible to control the temperature of the atmosphere in the
N,0 thermal dééomposition system to an optimum level ranging
from a relatively low temperature zone (about 1000°C) to a
moderate température zone (about 1300°C). With an increase
in the number of the divided gas streams to be treated, the
amount of the fuel to be fed thereinto can be lessened and,
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in its turn, the energy cost required in maintaining the N,0 .
decomposition reaction at a definite temperature can be
reduced.

In the thermal decomposition of N,0 in the N,0-
containing gas according to the invention, it is preferable
that the gas stream to be introduced into the N0 thermal
decomposition zone is in a plug flow state. Thus, the
decomposition heat generated by the thermal decomposition of
N,0 in the gas stream to be treated can be more efficiently
utilized in elevating the temperature of the gas stream to
be treated supplied into the N,0 thermal decomposition zone
later. When the gas stream is in the plug flow state, the
temperature of the hot gas stream in the N,0 thermal
decomposition zone can be more exactly controlled and,
therefore, the remainder of the divided gas stream to be

treated can be supplied to desired positions of the hot gas

- stream in the desired temperature zone.

When the gas stream to be treated is divided and a
portion of the thus obtained gas stream is preheated in the
inventidn, the preheating method is not particularly
festricted and any well-known method for heating a gas is
usable therefor. For example, use may be made of the
indirect heafing systems such as the pipe heating wherein a
pipe which the gas stream to be treated flow throngh and is
externally heated, the gas heat medium heating method
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wherein the gas stream to be treated is fed into a
combustion gas and is heated, the direct heating systems
such as the partial combustion heating method wherein a fuel
and/or a.portion of the gas stream to be treated.is
subjected to combustion and the gas stream to be treated is
heated by the thus generated heat, the heating system with
the use of an electric furhace, the microwave heating system,
and the like.

Among the preheating methods as cited above, it is
particularly preferred in the invention to employ the direct
heéting system, since the gas stream can be easily and
economically heated to a desired temperature thereby, as -
compared to other heating systems.

Now, the direct heating system will be described more
particularly. The partial combustion heating method can be
performed by, for example, by reacting N,0 in the gas stream ‘
to be treated directly with a fuel and the gas stream to be
treated is heated by the reaction heat thus generated. The
gas heat medium heating method can be performed by, for
example, mixing a hot gas formed by the.combustion of a fuel
with the gas stream to be treated.

The above-described fuel in the invention means a
substénce undergoing combustion in the presence of a
combustion-supporting gas. Use may be widely made therefor
of gas fuels, liquid fuels and solid fuels. Examples of the
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gas fuels include natural gas, hydrocarbon gas (methane,
propane, butane, etc.), hydrogen gas, ammonia and hydrazine.
Exaﬁples of the liquid fuels include hydrocarbons (gasoline,
kerosine, light oil, etc.) and alcohols (methanol, ethanol,
etc.). BAmong gas fuels, it is particularly preferred to use
hydrogen gas, since it is éuperior to other fuels in being
free from the generation 6f carbon dioxide and little
affecting the environment. Among the liquid fuels, it is
particularly preferred in the invention to use methanol
which is inexpensive and easy to handle. Examples of the
combustion-supporting gas include air, oxygen and nitrous
oxide.

Next, the apparatus of the invention for preventing
global warming by thermally decomposing N,0 is now
illustréted.

The apparatus of.the'invéntion for preventihg global
warming through the thermal decompositién of N,0, That is,
the E&O thermal decomposition apparatus comprising:

(a) an introduction portion for the N,0-containing gas

" to be treated;

(b) a preheating portion for the thus introduced gas
to be treated;

(c) a thermal decomposition portion adjacent to the'
preheating portion, said thermal decomposition portion .
having means for supplying thelgas to be treated, said
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supplying means being provided at one or more positions in

‘the flow direction of a gas stream; and

(a) é discharging portion for the thermally decomposed
gas.

The thermal decomposition.portion is a zone wherein N,0O
is thermally decomposed.

Fig. 1 is a schematic view illustrating the N,0 thermal
decomposition apparatus according to the invention. In Fig.
1, 1 stands for an introduction portion for the N,0-
containing gas; 2 stands for a preheating portion for the
thus introduced gas; 3 stands for a preheatéd gas-receiving
portion; 4 stands for a supplying portion for the N,0-
containing gas; 5 stands for a N,0 thermal decomposition’
portion wherein the reaction of thermally decomposing N,O is
carried out; 6 stands for a discharging poftion for the
thermally decoﬁposed gas; and 7 stands for the wall of the
thermal decomposition reactor (furnace).

A portion of the gas stream to be treated is supplied

from the gas introduction portion 1 to the preheating

portion 2 where it is uniformly heated to a temperature at

which the thermal decomposition of N,0 can start. When the
preheating is performed by the direct heating system as
described above, the preheating portion may be provided with
a portion of introducing a fuel and a combustion-supporting
gas (not shown). 1In this case, it is favorable that the
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preheating portion is provided therein with a fuel
combustion means such as a combustion burner.

The thus preheated N,0-containing gas is introduced
from the preheated gas reception portion 3 into the thermal
decomposition portion 5. This thermal decomposition portion
5 is located adjacent to the preheating portion 2 or
connected thereto via a preheated gas reception portion 3.
In thé thermal decomposition portion 5, N,0 is thermally
decpmposed at the N,0 thermél decomposition temperature or
above and a hot gas stream is formed due td the N,0
decomposition heat thus generated.

In the thermal decomposition portion 5, the hot gas
stream thus formed is mixed with the remainder of the
divided gas stream to be treated, which is supplied ffom the
gas—-supplying portion 4. 1In the case of Fig. 1, three
portions 4 are provided for supplying the N,0-containing gas.
It is particularly preferable in the invention that there
are two to five supplying portions (i.e., the number of
stages supplying the gas stream to be treated) in the
porfion 5 for thermally decomposing the N,0-containing gas.

It is preferable that the portion 4 for supplying the
N,O0-containing gas is provided with a means for supplying the
Qas by which the flow condition of the hot gas stream in the
thermal decomposition portion 5 can be controlled. For
example, one or more of the gas-supplying portions
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comprising one or more nozzles by which the flow direction
and speed of the gas stream to be treated can be controlled.
By providing such a means, the gas stream to be treated, the
flow direction and speed of which have been appropriately
controlled, can be introduced into the thermal decomposition
portion and thus flow conditions of the hot gas_stream in
the thermal decomposition zone can be controlled.

| The ébove—deécribed hot gas stream is combiped and
mixed with the gas supplied from a first gas-supplying
portion 4. Thus, the temperature thereqf is-temporarily
lowered. The temperature of the combined gas stream is
elevated as the thermal decomposition of Ngfproceeds énd
thus a hot gas stream is formed again. This hot'gas stream
is combined and mixed with the gas stream to be treated
supplied from a second gas-supplying portion 4. Thus, N,O .
contained in the gas stream to be treated supplied from the
gas-supplying portions 4 is thermally decomposed

successively. After the completion of the thermal

decomposition at a high conversion ratio, the gas is

discharged from the thermal decomposition reaction apparatus
via the thermally decoﬁposed gas—discharging portion 6.

It is preferable in the invention that the thermal
decomposition of N,0 stably proceeds as a chain reaction. To
achieve this object, it is preferable that the gas stream in
the thermal decomposition portion 5 is substantially in the
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form of a plug flow. If necessary, the thermal
decomposition portion may be provided with a means for
controlling the gas stream such as a barrier, a baffle plate,
a porous plate, a packing, etc. It is preferable in the
invention that the thermal decomposition portion 5 is
provided with a porous plate and/or a multi-pipe nozzle.(not
shown) in front of and/or at the back.of the gas-supplying
portion 4 so as to make the gas stream into a plug flow.

It is also preferable in the invention that the gas
stream is controlled so that the hot gas stream flowing
toward the means for supplying the N,0-containing gas flows
as a rotary stream. To make the hot gas stream into a
rotary stream, the thermal decomposition portion 5 may be
provided with a means for controlling the gas stream such .as
a barrier, a baffle plate, a porous plate, a packing, etc..
To control the hot gas stream thereby giving a rotary stréam/
it is preferable that the gas-supplying portion 4 is
provided with a gas-supplying means comprising one or more
nozzles by which the flow direction and speed of the gas
stream to be treated can be controlled.

In the invention, it is preferable that the
temperature of the gas stream at the outlet of the thefmal
decomposition apparatos (the outlet of the portion 6 for
discharging the thérmally decomposed gas) is controlled at a
definite level. Thus, the instruments can be continuously
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operated over a long period of time. The outlet temperature
varies depending on the temperature of the supplied gas to
be.treated, the N,0 concentration in the gas stream to be
treated, the speed of supplying the gas stream to be treated,
the amount of the fuel fed ihto the preheating portion, etc.
To maintain the gas stream at a constant témperature at the
outlet of the thermal decompésition apparatus, it is
therefore needed to control these factors. In the invention,
it is breferable to maintain the gas stream at the outlet of
the thermal decomposition apparatus at a constant
tempefature by regqgulating the amount of the fuel fed into
the.preheating portion. Thus, the decomposition temperature
can be maintained in a more stable state.

It is preferéble in the invention to maintain the
supplying temperature of the gas stream to be treated at

less than about 750°C. The temperature of the gas flowing

out from the thermal decomposition apparatus after the

‘completion of the reaction is not particularly restricted

but can be controlled within a wide temperature range from a
relatively low temperature regiqn (about 1000°C) to a
moderate temperature region (about 1300°C). If necessary,
use may be made of a temperature of 1500°C or hiéher.

The term "catalytic decomposition of N,0" as used

herein means that N,0 in an N,0-containing gas is
exothermally decomposed with the use of a catalyst (By
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bringing into contact with a catalyst) into N; and 0,. The
invention provides a method for preventing global warming by
catalytically decomposing NgD'and an apparatus therefor.
Compared with the thermal decomposition method as described
above, the catalytic decomposition is performed at a
reiatively low temperéture in this method. Thus, little, if
any, NO and NO, are generated thereby.

As described above, thelﬁo—containing gas to be
treated in the invention may contain, in addition to N,0, air,
nitrogen, oxygen, moisture, carbon dioxide, carbon monoxide,
nitrogen monoxide, nitrogen dioxide, hydrocarbons and the

like. In the case where it is feared that the catalyst

-might be poisoned by some components contained in the gas to

be treated under certain temperature conditions of in the
case where it is feared that some unfavorable reaction might
occur, it_is preferable iﬁ the catalytic decomposition
method to preliminarily eliminate these components pefore
supplying into the catalytic bed. When the Ngkcontaining
gas also contains nitrogen monoxide and nitrogen dioxide
poisoning a palladium catalyst, etc., for example, it is
preferable that these components are preliminarily oxidized
and absorbed in an absorption column and the mist moisture
is eliminated before using as the gas to be treated in the
invention. Therefore, thé gas to be treated in the
invenfion may be a gas.from which other components have been
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This Sheet Hag Been Repl

i

eliminated before supplying into the N,0 decomposition

apparatus or a gas which has been mixed with other gases)
etc.

The present inventioﬁ is not restricted by the kind of
thé catalyst for decomposing N,0. _To achieve the objects of
the invention, however, it is preferable to use those
containing copper, nickel, ironm, cobalt, palladium, or
oxides or complex oxides of these metals. It is preferable
that the catalyst is carried on a carrier. As the carrier,
those having appropriate pores and showing a high heat
stability may be selected. Preferred examples of the
catélyst carrier to be used in the invention include oxides
and complex oxides of aluminum, silica, titanium, magnesium
and zirconium. As aluminum oxides among these carriers, it

is still preferable to use o-alumina, B-aluminé or y-alumina.

" As the silica/alumina complex oxides, it is still preferable‘

to use zeolite such as ZSM5. As the titanium oxides, it is
still preferable to use those of the anafase and rutile
types. It is also preferable to use zirconialwﬁich has a
high heat resistance. _Furthermbre, it is preferable to.use
a carrier obtained by mixing these carriers as.cited above.
In the invention, the catalyst may be cafried on the carrier
by a well-known method. For example, the carrier is

impregnated with an aqueous solution of a water-soluble salt

SHEET HAS BEEN

of a metal catalyst and then baked.
THIS SHEET +
. REPLACED j
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A catalytic system which is particularly preferred in
the invention is one having an N,0 catalytic decomposition
temperature of from 200 to 800°C,'still more preferabiy from
300 to 700°C.

In a catalytic system having a catalytic decomposition
temperature higher than the temperature as specified above,
the decomposition heat generated in association with the
catalytic décomposition of N,0 can be more efficiently
utilized in the subsequent N,0 catalytic decomposition by

applying the method of catalytically decomposing N,0

according to the invention.

In the invention, the gas to be treated is divided
into gas streams. Then, a portién of the divided gas.
streams (i.e., one of plural gas streams) is preheated and
introduced into an N,0 catalytic decomposition zone wherein

N,0 in the gas to be treated is catalytically decomposed to

“form a hot gas stream. Next, the remainder of the divided

gas to be treated is supplied into this hot gas stream.

Thus, the temperature of the remainder of the gas stfeams to
be treated caﬁ be elevated to a temperature higher than the
temperature at which the catalytic decomposition reaction of
N,0 starts. Then thelgas stream is passed through a
catalytic bed so as to catalytically decompose N,0 in the gas

to be treated continuously. The catalytic bed serves as the

- catalytic decomposition zone of N,O.
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It is preferable that the remainder of the divided gas
to be treated is supplied to plural positions in the flqw
direction of tﬁe above-described hot gas stream. The thus
supplied gas to be treated is mixed with the above-described
hot gas stream at each of the plural positions as described
above and then brought into contact with the catalytic bed
located at the back of each supplying position. According
to the invention, therefore, N,0 in the gas to.be treated,
which has been formerly supplied, is catalytically
decomposed and the decomposition heat thus generated can be
efficiently and successively utilized in élevating the
temperature of the gas stream to be treated, which is
supplied thereafter. It is particularly preferred that two
to four positions for supplying the divided gas stream to be
treated as described above are formed. With an_increase in
the number of the divided gas streams to be treated, the.
amount of the diluent gas to be employed can be lessened énd,
in its turn, the energy cost required in maintaining the N,0
decomposition reaction at a definite temperature can be
reduced.

In the invention, the gas stream to be treated is

.divided and introduced into the catalytic decomposition

appératus via plural inlets as described above. In this
step, the division ratio of the gas to be treated may be
appropriately determined by taking into consideration the N,0
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concentrationlin the gas to be treated, the N,0 decomposition
temperature of the catalyst system employed and the treating
capability of the catalytic bed employed. To improve the
effect achieved by supplying the gas to be treated in
portions, it is still preferable that, when Q Nm*/H of the
gas to be treated is introduced into the anterior catalytic
bed, then the amount of the gas to be introduced into the
posterior catalytic bed adjacent thereto is controlled to
1.1 to 3.0Q Nm*/H, still preferably 1.2 to 2.7Q Nm’/H. With
respect to the catalytic bed volume, similarly, when
catalytic beds have the same catalytic system and the same
inlet and outlet temperatures and the volume of the anterior
catalytic bed is V m?, then it is_preferable that the volume
of the posterior catalytic bed is controlled to 1.1 to 3.0V
ﬁ?, still preferably form 1.2 to 2.7 V m’.

As described above, the gas to be treated is divided
and a portion thereof is preheated in the invention. The
preheating ﬁethod is not particularly restricted in the
catalytic decomposition method too but any well-known method
for heating a gas is usable therefor. For example, use may
be ﬁade of the indirect heating systems such as the pipe
heating wherein a pipe through which the gas stream to be
treated flow is externally heated, the gas heat medium
heating method wherein the gas stream to be treated is fed
into a combustion gaé and heated, the direct heating systems
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such as the partial combustion heating method wherein a fuel
and/or a portion of the gas stream to be treated is
subjected to combustion and the gas stream to be treated is
heated by the thus generated heat, the heating system with
the.use of an electric furnace, the microwave heating system,
and the like. It is also possible to use a prehgating
method wherein a combustible gas (for example, hydrogen.gas)
is reacted with an oxidative gas (for exampie, oxygen gas)
by using a catalyst and the obtained reaction mixture is

mixed with the gas to be treated. Among the preheating

. methods as cited above, it is particularly preferred in the

invention to employ the method wherein hydrogen gas is
reacted with oxygen in the air with the use of a noble metal
catalyst and then the steam thus generated is used as a
preheat soufce, since preheating can be started from a low.
temperature and the preheating temperature can be controlled
over a broad scope in this method.

_In the method of catalytically decomposing N,O
according to the invention, a diluent gas can be used if
needed. This diluent gas may be used in the catalytic
decomposition system without being restricted to any
definite position. It may be used in the case where the
temperature of the gas stream is to be controlled at a
definite level. That_is to.say, when the gas to be treated
contains N,0 only at a low concentration and thus there is no
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fear of an unnecessary increase in the temperature due to
the generation of the decomposition heat, for example, then
no diluent gas is needed. When N,0 is contained at a high
concentration, on the contrary, or the catalytic system
employed is available within only a specific narrow reaction
temperature range, then it is preferable to use a diluent
gas so as to prevent an increase in the temperature of the
gas stream after'the'decomposition or to control the
temperature of the gas stream within the specific range.

When a diluent gas is employed in the invention, it is
preferable that the diluent gas is.supplied from the same
position from which the gas to be treated is supplied. The
diluent gas may be selected from those whiéh are free from
catalyst-poisoning substances or N,0 decomposition reaction
inhibitors. Particularly preferred examples of the diiuent
gas to be used in the invention include air and/or the N,0-
containing gas after the catalytic decomposition of N,0,
since these gases are inexpénsive, readily available and -
easy to handle.

The catalytic decomposition of FQO( which is the
subject of the invention, is an irreversible reaction by
which nitrogen and oxygen are generated and thus the gas
volume is increased. It is therefore considered
advantageous to elevate the operation pressnre of the
catalytic bed so as to increase the amount of the gas to be
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treated and reduce the scale of the equipment. However, it
is said that pure N,0 gas would undergo an explosive reaction
under elevated pressure. Therefore, the inventors consider
that N,0 might undergo an explosive reaction under an
excessively elevated pressure even in a mixed gas system.
Accordingly, it is preferable in the invention to control
thé operation pressure of the catalytic bed to from
atmospheric pressure to 0.5 MPa, still more preferably from
atmospheric pressure to 0.3 MPa. The same épplies to the
pressure in the thermal decomposition method as described
above.

Either the thermal decomposition mefhod or the
catalytic decomposition method according to the invention is
more appropriately applicable to an N,0-containing gas having
an N,0 concentration of 60% by volume or less. It is still
more preferable that the N,0 concehtration in the gas to be
treated ranges from 2 to 50% by volume. When the N,0
concentration in the gas to be treated exceeds 60% by volume,
there arises a fear of the explosive decompositibn behavior
sown by pure N,0 gas.

In the iﬁvention, the N,0 concentration of the gas
stream at the inlet of each catalytic bed may be
appropriately determined so as to successfully achieve the
objects of the invention. The N,0 concentration preferably
ranées from 2 to 20% by volume, still more preferably from 5
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to 15% by volume. When the N,0 concentration of the gas at
the inlet.of the catalytic bed is less than 2% by volume,
the heat generated by the catalytic decomposition can result
in only a émall increase in the temperature at the outlet of
the catalytic bed. 1In this.case, it is feared that the
obtained gas stream cannot be efficiently and successively

utilized in elevating the temperature of the gas stream to

be treated, which is supplied thereafter. When the N,0

concentration of the gas at the inlet of each cataljtic bed
exceeds 20% by volume, on the other hand, the temperature at
the outlet of the catalytic bed is excessively elevated due
to the heat generated by the catalytic decomposition. In
this case, the thermal deterioration of the catalyst is
accelerated and, furthermore, there arise a fear that the.
equipment will become damaged.

Next, the apparatus of the invention for preventing
global warming by catalytically decnmposing N,0, that is, an
N,0 catalytic decomposition apparatus will become illustrated.

The N,0 catalytic decomposition apparatus of the
invention is an apparatus wherein an N,0-containing gas to be
treated is brought into contact with a catalytic ned to
thereby catalytically decompose N,0. This apparatus
comprising: |

(a) a introduction portion for the gas to be treated
and/or a diluent gas:; |
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(b) a mixing portion for the gas to be treated and/or
the diluent gas;

‘(c) a mixing portion having one or more means for
supplying the gas to be treated and/or the diluent gas at
different positions in the longitudinal direction of the
apparatus;

(d) a catalytic decomposition portion having the
catalytic bed; and

(e) a discharging portion for the catalytically
decomposed gas.

| In another embodiment, the N,0 catalytic decomposition
apparatus of the invention is an apparatus by which N,0 in an
N,0-containing gas is catalytically decomposed. This
apparatus comprises:

a device which comprises:

(a) a introduction portion for the gas to be treated

and/or a diluent gas;

(b) a mixing portion for the gas to be treated and/or
the diluent gas;
(c) a catalytic decomposition portion having a
catalytic bed; and
| (d) a dischafging portion for the catalytically
decomposed gas; and

one or more devices each of which comprises:
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(e) a introduction portion for the discharged gas
having been catalytically decomposed, the gas to be treated
and/or a diluent gas; |

(f) a mixing portion for the discharged gas having
been catalytically decomposed, the gas to be treated and/or
the diluent gas:

(g) a catalytic decomposition pbrtion having a
catalytic bed; and

(h) a discharging portion for the cétalytically'
deqomposed gas.

In each case, the catalytic bed serves as the above-
mentioned N,0 decomposition zone.

In the invention, it is an effectiﬁe means for
regulating the N,0 decomposition reaction, to preheat the gas
to be treated and/or the diluent gas. Therefore, it is
preferable that the mixing portion for the gas to be treated‘
and/or the diluent gas is also provided with a part in which
the gas to be treated and/or the diluent gas are preheated.

Figs. - 4 and 5 are schematic views illustrating the N,0
catalytic decomposition apparatus of the invention.

As Fig. 4 shows, the catalytic decomposition apparatus
according to the invention may have plural catalytic beds in
a single decomposition apparatus. Alternatively, the
decomposition apparatus may comprise independent catalytic
beds connected.to each other, as Fig. 5 shows.
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In Figs. 4 and 5, 17 stands for an introduction
portion for the gas to be treated; 18 stands for an
introduction portion for a diluent gas; 19 stands for a
preheating portion for the introduced gas; 20 stands for a
preheated Qas—receiving portion; 21 stands for a space; 22
stands for a catalytic decomposition portion; 23 stands for
a mixing portion; 24 stands fof a supplying portion for the
gas to be treated; 25 stands for a supplying portion for the
diluent gas; 26 stands for a discharging portion for the

catalytically decomposed gas; and 27 stand for the wall of

the catalytic decomposition reactor.

In Fig. 4, a portion of the gas to be treated and the
diluent gas are introduced, via the gas introducing portions
17 and 18, into the preheating portion 19 where these gases

are uniformly preheated to the initiation temperature of the

'Ego_catalytic decomposition reaction with the use of the

catalyst. The N,0-containing gas thus preheated is
transported to the preheated gas receiving portion 20 and
then to the catalytic decomposition portion 22. The
catalytic decomposition portion 22 is located adjacent to
the preheating portion 19 or connected thereto via the
preheated gas-receiving portion 20. In this catalytic
decomposition portion 22, N,0 is catalytically decomposed and
a hot gas stream is formed by the N,0 decomposition heat thus
generated. 1In the mixing portion 23, the hot gas stream
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formed above is mixed with the remainder of the divided gas
to be treated, which is supplied from the supplying portion
for.the gas to be treated, and the diluent gas, which is
supplied from the supplying portion fo; the diluent gas, to
thereby attain a definite concentration and a definite
temperature. Subsequently, N,0 is catalytically decomposed
in the catalytic decomposition portion 22.  In the case as
shown in Fig. 4, two supplying portions 24 for the gas to be
treated are provided. In the invention, it is particularly
preferred that the catalytic decomposition portion 22 is
provided with two to four portions of supplying the N,0-
containing gas. In the case shown in Fig. 4, similarly, two
portions 25 of supplying the diluent gas are provided. In
the invention, it is particularly preferred to provide two
to four portions of supplying the diluent gas.

Subsequently, N,0 contained in the gas to be treated,
whiéh has been supplied from the supplying portion 24 fér
the gas to be treated, is successively decomposed with the
catalyst. Finally, the catalytically.decomposed gas is
discharged from the catalytic decomposition apparétus via
the portion 26 for discharging the catalytically decomposed
gas.

Although the above description has been made by
reference to Fig. 4, the same applies substantially to the
apparatus shown in Fig. 5.

41



10

15

20

To stably perform the catalytic decomposition reaction
of N,0 with the use of the catalyst, it is preferable in the
invention that the apparatus is provided with a porous plate
and/or a contraction porﬁion (not shown) in front of and/or
at the back of the mixing portion 23 so as to give a uniform
gas stream after mixing. It is also possible to insert a
structure. capable of mixing gases (a baffle plate, a packing,
etc.) into the mixing portion 23. To make the hot gas
stream in the reactor a rotary stream, it is preferable that
the portion 24 of supplying the N,0-containing gas énd the
portion 25 of supplying the diluent gas ére provided each a
means of supplying gas comprising one or more nozzles by
which the flow direction and speed of the supplied gas can
be controlled.

The methods for controlling the gas flow and gas
temperature to be used in the invention are not particularly‘
restricted. However, it is favorable that the gas to be
treated is supplied to each catalytic bed in an amount
determined depending on the aﬁount of the catalyst packed
into the corresponding bed so that the gas streams have
substantially the same N,0 concentration.and the same gas
temperature at the inlet of the respective catalytic bed.
Thus, the inlet and outlet températures of each catalytic

bed can be controlled to the desired level.
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In the invention, the gas to be treated is divided and
a portion thereof is supplied into a first catalytic
decbmposition pbrtion. Thus, the subsequent catalytic
decomposition and thereafter (i.e., the catalytic
decomposition at the secoﬁd stage and thereafter) can be
performed by heating the gas to be treated up to the
reaction initiation temperature, either totally or partly,
with the use of the heét obtained by mixing the gas to be
treated with the hot gas supplied from the prior catalytic
decomposition portion. Accordingly, the size of a heat
exchanger of the gas to be treated required in the reaction
system can be reduced. According to the invention, the
diluent gas may be supplied; preferably in the form of a gas
mixture with the gas to be treated, into each of the |
catalytic decomposition portions to thereby control the
temperature over the whole catalytic decomposition zone.
Thus, the temperature of each catalytic bed can be easily
controlled and the total amount of the diluent gas can be
reduced. As a result, a smaller device for feeding the
diluent gas can be used and thus the operation cost and the
investment in equipment can be remarkably reduced.

From the viewpoint of efficiently utilizing the heaﬁ
maintained by the decomposed gas stream, it is preferable in
the invention that the gas flowing out from the N,0
decomposition apparatus after the completion of the reaction
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is introduced into a boiler having a common structure and
the reaction heat is recovered as steam. It is also
preferable that the gas to be treated is subjected to heat-
exchange with the gas after the completion of the reaction,
which has been cooled by the boiler, thereby heating the gas
to be treated, which is supplied into the reaction apparatus
of the invention.

It is also preferable that nitrogen oxides (NO, NO,)
contained in the gas flowing out from the reactor after the
completion of the thermal decomposition are brought into
contact with watér and air to thereby recover NO and sz as
an aqueous nitric acid solution. As described above, it is
preferable that the gas to be treated in the invention (i.é.,
the N,0-containing gas) is é feedstock gas from the process
of producing adipic acid by the nitric acid-oxidation method.
When nitrous oxide discharged from an adipic acid plant is -
to be thermally decomposed by the method of the invenfion,
it is preferable that the recovered aqueous nitric acid
solution as described above is reused in the production of
adipic acid. When it is unnecessary to reuse the NO and NO,
thus fprmed, it is preferable that NO and NO, contained in
the discharged gas'flowing out from the above-described
boiler or heat exchanger are reduced in the presence of a
catalyst. The reduction may be carried out by, for example,
reaéting the discharged gas containing NO and NO, with NH; in

44



10

15

20

25

the presénce of a catalyst to thereby convert NO and NO, into

N, and H,0. Thus, the gaseé formed after the completion of

the thermal decomposition can be made causing no pollution.

As the above description clearly indicates, the method
for preventing global warming and the apparatus therefor
according to the invention are preferably applicable to an
N,0-containing gas, in particular, an N,0-containing gas
generated from a chemical plant with the use of nitric acid
as an oxidizing agent and-an N,0-containing feedstock gas.
The method and apparatus of fhe invention are preferably
usable, in particular, in the process for producing adipic
acid.

Accordingly, the invention is particularly preferred
to be applicable to a process for producing adipic acid with
extremely reduced release of N,0 causing global warming, .
which prdcess involves:

(1) a nitric acid-oxidation step in which cyclohexanol
and/or cyclohexanone are oxidized with nitric acid to form
adipic acid; |

(2) a nitric acid récovery step in which HNO,; is

‘recovered from an N,0-containing gas caused in the nitric

acid-oxidation step;

(3) an N,0 decomposition step in which the remaining
N,0-containing gas'stream to be treated, from which HNO,; has
been recovered, is divided, a portion thereof is preheated
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to exothermally.decomPOSe N,0 in the gas stream to form a hot
gas stream, and the remainder of the divided gas stream to
be treated is supplied into said hot gas stream to thereby
continuously decompose Ngn‘and-

(4) an N,0 decomposition heat recovery step in which
the N,0 decomposition heat emitted from the N,0 decomposition

step is recovered.

E .P E

The present invention will be described in greater
detail by reference to the following Examples, but the
invention should not be construed as being limited thereto.
Example 1

N,0 in an Ng}—contaiﬁing gas (a feedstock gas) to be
treated, which had been discharged ffom an adipic acid plant

and had the composition and flow rate as given in Table 1

‘was thermally decomposed.

Fig. 2 is a schematic.view of the thermal
decomposition apparatus.

A thermal decompositidn reaction furnace (thermal
decomposition portion 8) employed was one made of heat
resistant bricks and having a cylindrical shape with 450 mm
in inner diameter and 4750 mm in length. The wéll thickness
thereof was 300 mm. The inside of the furnace was divided
in series into four thermal decomposition chambers (N,0

46



10

15

20

25

decomposition zones), having a space of almost the same
volume, with porous plates made of heat resistant bricks
(thickness: 200 mm). That is, the number of the supplying
stage of the gas to be treated was four. The gas.to be
treated, which had been divided and preheated was fed into
the first reaction chamber, while the remainder of the
divided gas to be treated was introduced into the second,
third and fourth reaction chambers. The second, third and
fourth reaction chambers were each provided with an inlet of
thé gas to be treated immediately after the hot gas stream
was fed thereinto. Further, the second, third and fourth
chambers are provided each with a baffle plate made of heat
resistant bricks (thi;kness: 200 mm, height: 300 mm) at the
back of the above-described inlet of the gas to be treated
at a distance of 150 mm from the porous plate from which the
hot gas Stream was fed. A preheating portion, which was
made of heat resistant bricks similar to the thermal
decomposition portion, had a cylindrical shape with a space
of 200 mm in inner diameter and 500 mm in length. It was
provided with an inlet of the gas to be treated at one end
while the other end was connected to the thermal
decomposiﬁion portion. Into this preheating portion,
hydrogen corresponding to 12 kcal per 1 Nm® of the gas to be
treated was introduced with air at a rate of 1.3 Nm'/hr.
Then it was squected fo combustion in the preheating
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portion and uniformly mixed with the gas to be treated
introduced into the preheating portion at 17.9 Nm*/hr. The

temperature of the gas to be treated was adjusted_tb 550°C.

The temperature of the gas stream introduced from the

preheating portion to the first reaction chamber was 830°C.

The gas to be treated at 550°C was supplied into the second,

third and fourth reaction chambers respectively at flow

~rates of 34.1 Nm3/hr, 72.6 Nm*/hr and 155.4 Nm’/hr. The

mixtures of the hot gas stream with the gas to be treated at
the.inlets of the second, third and fourth reaction chambers
had each a temperature éf 830°C. The pressure within the
furnace was 1.25 kg/cm® (gauge pressure).

. The temperature of the gas stream discharged from the
thermal decomposition reaction furnace was 1163°C and N,0
contained in the supplied gas to be treated had been thus
thermally decomposed at a ratio of 99% or more.

Example 2

N0 contained in a gas to be treated discharged from an
adipic acid plant was thermally decomposed as in Example 1
but the temperature of the supplied gas to be treated beiné
300°C; the flow rate of hydrogen supplied into thé preheating
portion being 7.2 Nm’/hr; and the flow rates of the gas to be
treated supplied into the preheating portion and the second,

third and fourth reaction chambers being respectively 55.7

Nm*/hr, 60.0 Nm®/hr, 72.9 Nm’/hr and 91.4 Nm’/hr.
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The pressure within the furnace was 1.25 kg/cm®. The
gaé stream mixtures in the preheating portion and at the
inlets of the secbnd, third and fourth reaction chambers had
each a temperature of 830°C. The temperature of the gas
stream discharged from the thermal decomposition reaction
furnace was 1027°C and N,0 contained in the supplied gas to
be treated had been thus thermally decomposed at a ratio of .
99% or more.

Example 3

N,0 contained in a gas to be treated was thermally

decomposed as in Example 1 but the temperature of the

supplied gas to be treated being 700°C; the flow rate of
hydrogén supplied info the preheating portion being 0.1
Nm®/hr; and the flow rates of the gas to be treated supplied
into the preheating portion and the second, third and fourth
reaction chambers being respectively 3 Nm*/hr, 12.0 Nm®/hr,
50.6 Nm'/hr and 214.4 Nm’/hr.

The pressure within the furnace was 1.25 kg/cm’. The
gas stream mixtures in the preheating portion and at the
inlets of the second, third aﬁd fourth reaction chambers had
each a temperature of 830°C. The temperature of the gas
stream discharged from the thermal decompositién reaction
furnace was 1263°C and N,0 contained in the supplied gas to
be treated had been thus thermally decomposed at a ratio of
99%.

pEC.
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Exagmple 4

N,0 contained in a gas to be treated was thermally

decomposed as in'Example 1 but the flow rate of hydrogen

supplied into the preheating portion being 1.2 Nm’/hr; and

the flow rates of the gas to be treated supplied into the
preheating portion and the second, third and fourth reaction
chambers being respectively 19.7 Nm*/hr, 36.1 Nm’/hr, 73.4
Nm®/hr and 150.8 Nm‘/hr.

The pressure within the furnace was 1.25 kg/cm’. The
gas stream mixtures in the preheating portion and at the
inlets of the second, third and fourth réaction chambers had
each a temperature of 800°C. The temperature of the gas
stream discharged from the thermal decomposition reaction
furnace was 1131°C and N,0 contained in the supplied gas to
be treated had been thus thermally decomposed at a ratio of
99% or more. |
Example 5

The inside of the thermal decomposition reaction
furnace as in Example 1 was divided in series into first,
second and third chambers, having a space of almost the same
volume, with porous plates made of heat resistant bricks
(thickness: 200 mm). The inlets of the gas to be treated
and the baffle plates were arranged as in Example 1. The
preheating pértion had the same volume as in'Example 1.

N,0 contained in a gas to be treated was thermally
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decomposed as in Example 1 but the flow rate of hydrogen
supplied into the preheating portion being 2.9 Nm’/hr; and
the flow rates of the gas to be treated supplied into the
preheating portion and the second and third reaction

chambers being respectively 40.4 Nm’/hr, 76.5 Nm'/hr and

163.1 Nm’/hr.

The pressure within the furnace was 1.25 kg/cm®*. The
temperature of the gas stream discharged from the thermal
decomposition reaction furnace was 1173°C and N,0 contained
in the supplied gas to be tréated had been thus thermally

decomposed at a ratio of 99% or more.

‘Example 6

The inside of the thermal.décomposition reaction
furnace as in Exémple 1 was divided in series into first and
second chambers}_having a space of almost the same volume, .
with-a porous plate made of heat resistant bricks
kthickness: 200 mm). The inlets of the gas to be treated
and the baffle plates were arranged as in Example 1. The
préheafing portion had the same volume as in Example 1. N,0
contained in a gas to be treated was thermally decomposed as
in Example 1 but the flow. rate of hydrogen supplied into the
preheating portion being 6.9 Nm*/hr; and the flow rates of

the gas to be treated supplied into the preheating portion

~and the second reaction chamber being respectively 96.6

Nm*/hr and 183.4 Nm/hr.
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The pressure within the furnace was 1.25 kg/cm’. The
gas stream mixtures in the preheating portion and at the

inlet of the second reaction chamber had each a temperature

of 830°C. The temperature of the gas stream discharged from
the thermal decomposition reaction furnace was 1200°C and N,O
contained in the supplied gas to be treated had been thus
thermally decomposed at a ratiq of 899% or more.

Example 7

N,0 in an N,0-containing gas to be.tréated, which had
been discharged from an adipic acid plant and had the
composition and flow rate as given in Table 1 was thermally
decomposed.

Fig. 3 is a schematic view of the thermal
decompositioﬁ apparatus.

A thermal decomposition reaction furnace (thermal
decomposition portion) eﬁployed was one made of heat
resistant bricks and having a cylindrical shape with 400 mm
in inner diameter and 4300 mm in length. The wall thickness
thereof was 300 mm. The inside of the furnace was divided
in series intq four thermal decomposition chambers (N,0
decomposition zones), having a space of almost the same
volﬁme, with porous plates made of heat resistant bricks

(thickness: 200 mm). The gas to be treated, which had been

~divided and preheated was fed into the first reaction

chamber, while the remainder of the divided gas to be
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treated was introduced into the second,'third and fourth
reaction chambers. The second, third and fourth reaction

chambers were each provided with inlets of the gas to be

- treated immediately after the hot gas stream was fed

thereinto. These inlets of the gas to be treated were
formed at two poéitions in opposition to each other on
planes vertical to the major axis of the thermal
decomposition reaction furnace in such a manner that the
blow direction of the gas to be treated and the major axis
did not intersect each other.. A preheating portion, which
was madé of heat resistant bricks similar to the thermal
decomposition portidn, had a cylindrical shape with a space
of 200 mm in inner diameter and 500 mm in length. It wés-
provided with an inlet of the gas to be treated at one end
while the other end was connected to the thermal
decomposition portion. 1Into this preheating portion,
methanol corresponding to 13'kcal per 1 Nm® of the gas to be
treated was introduced with air at a rate of 0.0231 kmol/hr.
Then it was subjected to combustion in the preheating
portion and uniformly mixed with the gas to be treated
introduced into the preheating portion at 17.8 Nm®/hr. The
temperature of.the gas to be treated was adjusted to 550°C.
The temperature of the gas stream introduced from the
prehéating portion to the first reaction chamber was 830°C.

The gas to be .treated at 550°C was supplied into the second,
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third and fourth reaction chambers ;espectively at flow
rates of 34.3 Eﬁf/hr, 72.7 Nm}/hr and 155.2 Nm’/hr. The
mixtures of the hot gas stream with the gas to be treated at
the inlets of. the second, third and fourth reaction chambers
had each a temperature 6f 830°C. The pressureﬁwithin the
furnace was 1.25 kg/cm® (gauge pressure).

The temperature of the gas stream discharged from the
thermal decomposition reaction furnace was 1162°C and N,0
contained in the supplied gas to be treated had been thus
thermally decomposed at a ratio of 99% or more.

Example 8

The inside of the thermal decomposition reaction
furnace as in Example 7 was divided in series into first,
second and third chambers, having a space of almost the same
volume, with porous plates made of heat resistant bricks
(thickness: 200 mm). The inlets of the gas to be treated
were arranged as in Example 7. The preheating portion had
the same volume as in Example 7. N,0 in the gas to be
treated was thermally decomposed'as in Example 7 but the
flow rate of methanol supplied into the preheating portion
being 0.0520 kﬁol/hr; and the flow rates of the gas to be
treated supplied into the preheating portion and the second
and'third chambers being respectively 39.9 Nm*/hr, 77.0

Nm*/hr and 163.1 Nm®/hr.
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The pressure within the furnace was 1.25 kg/cm®.

The temperatures of the gas stream mixtures in the
preheating portion and at the inlets of the second and third
chambers were each 830°C. The temperature of the gas stream
discharged from the thermal decomposition reaction furnace
was 1172°C and N,0 contained in the supplied gas to be
treated had been thus thermally decomposed at a ratio of 99%
or more. |

Table 2 summarizes the conditions of the thermal

decomposition of N,0 and the results in the above Examples 1

“to 8.

ive Ex

The thermal decomposition_reaction furnace as in
Example 1 was provided with neither porous plate made of
heat resistant bricks nor baffle plate. That is, the inside
of the furnace was made a single reaction chamber and the
N,0-containing gas to be treated was supplied as a whole
(i.e., not divided) exclusively into the preheating portion.
Then N,0 contained in the gas to be treated was thermally
decomposed as in Example 1 but the flow rates of hydrogen
and the gas to be treated supplied into the preheating
portion being respectively 19.9 Nm’/hr and 280 Nm®/hr.

The pressure within the furnace was 1.25 kg/cm®*. The
temperature of the gas stream mixture at the inlet of the

thermal decomposition portion was 830°C. The temperatdre of
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the gas stream discharged from the thermal decomposition
reaction furnace was 1283°C and N,0 contained in the supplied
gas to be treated had been thermally decomposed at a ratio
of 99% or more.

As described above, the temperature of the gas stream
at the outlet of the thermal decomposition furnace was 1283°C
in Comparative Example 1, while the corresponding
temperature in the above Example 2 was 1027°C, i.e., much
lower (by 256°C). In Comparative Example i, 19.9 Nm®’/hr of
hydrogen was employed to thermally decompose 280 Nm®*/hr of
the gas to be treated; In, for example, Example 3 according
to the invention, in contrast.thereto, only 0.1 Nm’/hr of
hyd;ogen was supplied to ;hermally decompose the same amount
(i.e., 280 Nm®/hr) of the gas to be treated as in Comparative
Example 1. N,0 in the gas to be treated was thermally
decomposed at a ratio of 99% or more in both of these
Examples, which indicates that, in the invention, the heat
generated in association with the decomposition of N,0 in.fhe
thermal decomposition furnace can be very efficiently
utilized by supplying the gas to be treated in portions.

| Since the gas to be treated is preheated in the
invention, only a small amount of a fuel is needed, as
described above. In case where NO formed by the thermal
decemposition of N,0 is recovered if necessary, the NO
product is diluted with the gas generated only at an
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extremely low dilution ratio and thus NO can be recovered at
a high cdncgntration.

N,0 in a gas to be treated was thermally decomposed
without dividing the gas to be treated as in Comparative
Example 1 but the flow rate of hydrogen supplied into the
preheating portion being 2.9 Nm'/hr.

The pressure within the furnace was 1.25 kg/cm?. The
temperatures of the gas stream mixture at the inlet of the

thermal decomposition portion was 598°C. The temperature of

the gas stream discharged from the thermal decomposition
furnace was 601°C aﬁd.ﬁgo contained in the supplied gas to be
treated had not been thermally decomposed.

As described above, hydrogen was supplied at a flow
rate of 2.9 Nm’/hr in Comparativé Example 2. However, N,0 in
280 Nm’/hr of the gas to be treated could not be thermally
decomposed_by using hydrogen in such a small amount. - In,
for example7 Example 1 of the invention as described above,
N,0 in 280 Nm*/hr of the gas to be treatéd could be thermally
decomposed at a ratio of 99% or more by using only 1.3 Nm’/hr
of hydrogen.

Table 3 summarizes the conditions of the thermal
decompqsition of N,0 and the results in the above Comparative
Examples 1 and 2.

Example 9 -
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N,0 contained in a gas to be treated at 200°C, which
had a composition of N,0 (15.0% by mol), O, (13.5% by mol),
N, (70.2% by mol), CO, (1.1% by mol), NO (0.1% by.mol) and
NO, (0.1% by mol) and was supplied at a flow rate of 130.6
m*/H, was catalytically decomposed by using a catalyst.

The catalyst employed was a copper oxide/alumina
catalyst. That is, use was made of a catalyst carrying 3.7%
of copper oxide and having a surface area of 145 m’/g and a
packing density of 758 kg/né prepared by impregnating y-
alumina with a copper nitrate solution, drying under a hot
air stream at 120°C for 6 hours and then baking at 500°C for
3 hours. |

The catalytic decomposition reactor employed was a
cylindrical container of 2700.mm in inner diameter and 5000
mm in length. The inside of the reactor was divided into
five catalytic decomposition reaction chambers (N,O
decomposition zones) in opposition.to the flow direction of
the hot gas stream (i.e., in opposition to the longitudinal
direction of the reactor). Mixing chambers partitioned with
porous plates were located in front and at the back of each
reaction chamber. The first, second, third, fourth and
fifth reaction chambers had respectively 0.25 m®, 0.14 m?,
0.63 m?, 2.27 @ and 6.61 ® of the catalyst.

130.6 Nm’/H of the gaé to be treated was difided into.
five gas streams. The preheated gas to be treated was fed
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into the firsf'reaction chamber and formed a hot gas stream
at the outlet of the first reaction chamber. Into the
mixing chambers in front of the second, third, fourth and
fifth reaction chambers, the remainder of the divided gas to
be treated was respectively introduced each from two
directions perpendicular to the hot gas stream flow
direction in such a manner as to form a rotary stream.

The pressure at the inlet of the reactor was adjusted
to 0.21 MPa. 12.5 Nm*/H of the gas to be treated was heated
to 430°C by indirect heat-exchange with the outlet gas of the
reactor and then supplied'into the first reaction chamber.
The gas at the outlet of the first reaction chamber was a
hot gas at 779°C due to the N,0 decomposition heat. The gas
to be treated was supplied at a rate of 10.0 Nm’/H to the

mixing chamber in front of the second reaction chamber in .

'such a manner as to give an N,0 concentration of 6.5% by mol '

after mixing with the above-described hot gas. After mixing,
the temperature of the gas attained 528°C. The gas at the

outlet of the second reaction chamber was a hot gas at 685°C

due to the N,0 decomposition heat. The gas to be treated was
supplied at a rate of 18.1 Nm*/H to the mixing chamber in
front of the third réaction qhamber. After mixiﬁg, the gas
showed an N,0 concentration of 6.5% by mol and a temperature
of 473°C. The gas at the outlet of the third reaction

chamber was a hot gas at 632°C due to the N,0 decomposition
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heat. The gas to be treated was supplied at a rate of 32.6
Nm’/H to the mixing chamber in front of the fourth reaction
chamber. After mixing, the gas showed én N,0 concentration
of 6.5% by mol and a temperéture of 443°C. The gas at the
outlet of the fourth rgaction chamber was a hot gas at 603°C
due to the N,0 decomposition heat. The gas to be treated was
supplied at a rate of 57.4 Nm®*/H to the mixing chamber in
front of the fifth reaction chamber. After mixing,.the gas

showed an N,0 concentration of 6.5% by mol and a temperature

of 426°C. The temperature of the decomposed gas at the
outlet of the fifth reaction'chambe;'was 587°C. Thus, N,0
contained in the supplied gas to be treated had been
catalytically decomposed at a ratio of 99% or more.'

The total amount of the gas to be treated in this
Example amounts to 130.6 m®*/H. Since the gas to be treated
is supplied in portions, a 12.5 m’/H portion alone in 130.6
m’/H is preheated to the initiation temperature of the
reaction of 430°C before subplying; Thus, the heat load on
the heat exchanger required for preheating is 908 kcal/h.
The remainder of the divided gas to be treated can be
supplied without preheating.. Although the remainder of the
gas to be treated is supplied without preheating, the outlet
temperature of each catalyfic bed can be maintained at 430°C -

(i.e., the initiation temperature of the reaction) or higher
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and N,0 can be catalytically decomposed continuously, as this
Example clearly shows. |
Example 10

N,0 contained in a gas to be freated discharged from an
adipic acid plant having the composition and flow rate as

given in Table 4 was catalytically decomposed by using a

| catalyst. The same catalyst as that of Example 9 was

employed.

The catalytic decomposition reactor employed was a
cylindrical container of 2700 mm in inner diameter and 5000
mm in length. The inside of the reactor was divided into
two catalytic decomposition reaction chambers in oppositioﬁ
to the flow direction of the hot gas stream.' A mixing
chamber partitioned with porous plates was located between

these reaction chambers. The first and second reaction

chambers had respectively 3.90 m®and 6.04 m® of the catalyst.

The preheated gas to be treated was fed into the first
reaction chamber, while the remainder of the divided gas to
be treated was introduced into the mixing chamber in front
of the second reaction chamber from two positions
perpendicular to the hot gas stream flow direction in such a
manner as to form a rotary stream.

The pressure at the inlet of the reactor was adjusted

to 0.21 MPa. 114.8 Nm’/H of the gas to be treated at 30°C

and 406.7 Nm’/H of a diluent gas at 230°C were mixed together -

REPLACED
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in the first reaction chamber to thereby give an N,0
concentration of 7.5% by mol. Further, the gas mixture was
subjected to indirect heét—exchange with the outlet gas of
the reactor to attain a temperature of 500°C. |

The above-described diluent gas was'one.obtained by
heat-recovery with the use of a boiler from thé reaction
mixture after catalytically decomposing N,0 in the gas to be
treated.

The gas stream at the outlet of the first reaction
chamber was a hot gas at 680°C heated by the N, 0
decomposition heat.

165.2 Nm®/H of the gas to be treated and 44.1 Nm’/H of
thé diluent gas were mixed together in the mixing chamber in
front of the second reaction chamber to thereby give an N,0O
concentration of 7.5% by mol and a gas temperature of 500°C.

The temperature of the decomposed gas at the outlet was 680°C.

Thus, N,0 contained in the supplied gas to be treated had

been catalytically decomposed_at a ratio of 99% or more.
Ihe ratio of the total amount of the diluent gas employed to
the supplied gés'to be treated was 1.61.
Example 1]

The same catalyst as employed in Example 9 was used.
The catalytic decomposition reactor employed was a
cylindrical container of 2700 mm in inner diameter and 5000
mm in length. The inside of the reactor was divided into
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three catalytic decomposition reaction chambers in
opposition to the flow direction of the hot gas stream.
Mixing chamber partitioned with porous plates were located

in front of each reaction chamber. The first, second and

third reaction chambers had respectively 2.07 m®, 3.08 n® and

4.70 m* of the catalyst.

The preheated gas mixture of the gas to be treated
with the diluent gas was fed into the first reaction chamber,
while the reﬁainder of the divided gas to be treated and the
diluent.gas were introduced into the mixing chambers: in
front of the second and third reaction chambers each from
two positions perpendicular to the hotlgas stream flow
direction (i.e., the longitudinal direction of the reactor)
in such a manner as to form a rotary stream.-

| The pressure at the inlet of the reactor was adjusted
to Q.Zl MPa. 62.0 Nm®*/H of the gas to be treated at 30°C and‘

219.2 Nm®*/H of a diluent gas at 230°C were mixed together in

the first reaction chamber to thereby give an N,0
concentration of 7.5% by mol. Further, the gas mixtufe was
subjected to indirect heat-exchange with the outlet gas of
the reactor to attain a temperature of SOOfC.

The above-described diluent_gas was one obtained by
heat-recovery with the use of a boiler from the reaction
mixture after catalytically decomposing N,0 in the gas to bé
treated.
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The gas stream at the outlet of the first reaction
chamber was a hot gas at 680°C heated by the N, O
decomposition heat. 89.3 Nm’/H of the gas to be treated and
23.8 Nm®/H of a diluent gas were supplied into the mixing
chamber in front of the second reaction chamber. After
mixing, the gas showed an N,0 concentration of 7.5% by mol
and a temperature of 500°C. The gas stream at the outlet of
the second reaction chamber was a hot gas at 680°C heated by
the N,0 decomposition heat. 128.7 Nm’/H of the gas to be
treated and 34.2 Bmf/Hlof a diluent gas were supplied inté
the mixing chamber in front of the third reaction chamber.
After mixing, the gas showed an N,0 concentration.of 7.5% by
mol and a temperature of 500°C. The gas stream at the outlet
was a hot gas at 680°C. Thus, N,0 contained in the supplied
gas to be treated had been catalytically.decomposed at a
ratio of 99% or more. The ratio of the total amount of the
diluent gas employed to the supplied gas to be treated was

0.99.

Example 12

The same catalyst as employed in Example 9 was used.

~ The catalytic decomposition reactor employed was a

cylindrical container having an inner diameter of 2700 mm
and a length of 5000 mm. The inside of the reactor was
divided into four catalytic decomposition reaction chambers

64



10

15

20

in opposition to the flow direction of the hot gas stream.
Mixing chamber partitioned with porous plates were located
in f:ont of each reaction chamber. The first, second, third
aﬁd fourth reaction chambers had respectively 1.24 m’, 1.81
m®, 2.69 m® and 4.07 m’ of the catalyst.

| The preheated gas mixture of.the gas to be treated
with the diluent gas was fed into the first reaction éhamber,
while the remainder of the divided gas to be treated and the
diluent gas were.introduced into the mixing chambers in

front of the second, third and'fourth reaction chambers each

" from two positions perpendicular to the hot gas stream flow

diréction (i.e., the longitudinal direction of the reactor)
in such a manner as to form a rotary Stream.

The pressure at the inlet of the reactor was adjusted
to 0.21 MPa. 37.4 Nm’/H of the gas to be treated at 30°C and
131.6 Nm*/H of a diluent gas at 230°C were mixed together in ‘
thelfirst reac;ion chamber to thereby give an N,0O
concentration of 7.5% by mol. Further, the gas mixture was
subjected to indirect heat-exchange with the outlet gas of
the.reactor to attain a temperature of 500°C.

The above-described diluent gas was one obtained by
heat-recovery with the use of a boiler from the reaction
mixture after cataiytically decomposing N,0 in the gas to be

treated.
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The gas stream at the outlet of the first reaction
chamber was a hot gas at 680°C heated by the N, 0O
decomposition heat. 53.8 Nm’/H of the gas to be treated and
14.3 Nm*/H of a diluent gas were supplied into the mixing
chamber in front of the second reaction chamber. After
mixing, the gas showed an N,0 concentration of 7.5% by mol
and a temperature of 500°C. The gas stream at the outlet of

the second reaction chamber was a hot gas at 680°C heated by

the N,0 decomposition heat. 77.4 Nm’/H of the gas to be
treated and 20.5 Nm®/H of a diluent Qas were supplied into
thehmixing chamber in front of the third reaction chamber.
After mixing, the gas showed an Nngconcentration of 7.5% by
mol and a temperature of 500°C. The gas stream at the outlet
of the third reaction chamber was a hot gas at 680°C heated
by the N, O decomposition heat. 111.4 Nm‘/H of the gas to be
treated and 29.6 Nm}/H of a diluent gas were supblied into
the mixing chamber in front of the fourth reaction chamber.

After mixing, the gas showed an N,0O concentration of 7.5% by

‘mol and a temperature of 500°C. The gas stream at the outlet

was a hot gas at 680°C. Thus, N,0 contained in the supplied
gas to be treated had been catalytically decomposed at a
ratio of 99% or more. The ratio of the total amount of the
diluent gas employed to the supplied gas to be treated was
0.70. |
Example 13
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The same cataiyst as employed in Example 9 was used.
The catalytic decomposition reactor employed was a
cylindrical container of 2700 mm in inner diameter and 5000
mm in length. The inside of the reactér was divided into
five catalytic decoméosition reaction chambers in opposit;on
to the flow direction of the hot gas stream. Miﬁing chamber
partitioned with porous plates were located in front of each
reaction chamber. The first, seéond, third, fourth and
fifth reaction chambers had respectively 0.78 m®, 1.14 m’,
1.67 m°, 2.48 m® and 3.73 m® of the catalyst.

The preheated gas mixture of the gas to be treated
with the diluent gas was fed into the first reaction chamber,
while the remainder of the divided gas to be treated and the
diluent gas were introduced into the mixing chambers in
front of the second, third, fourth and fifth reactibn
chambers each from two positions perpendicular to the hot
gas stream flow direction (i.e., the longitudinal direction
of the reactor) in such a manner as to form a rétary stream.

The pressure at the inlet of the reactor was adjusted
to 0.21 MPa. 23.7 Nm®/H of the gas to be treated at 30°C and

83.8 Nm®’/H of a diluent gas at 230°C were mixed together in

the first reaction chamber to thereby give an N,O

concentration of 7.5% by mol. Further, the gas mixture was
subjected to indirect heat-exchange with the outlet gas of

the reactor to.attain a temperature of 500°C.
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The above-described diluent gas was one obtained by
heat-recovery with the use of a boiler from the reaction
mixture after catalytically decomposing N,0 in the gas to be
treated. |

The gas stream at the outlet of the first reaction
chamber was a hot gas at 680°C heated by the N, O
decomposition heat. 34.2 Nm’/H of the gas to be treated and
9.1 Nm’/H of a diluent gas were supplied into the mixing
chaﬁber.in front of the second reaction chamber. After
mixing, the gas showed an'KQO.concentration of 7.5% by mol
and a temperature of 500°C. The gas stream at the outlet of

the second reaction chamber was a hot gas at 680°C heated by

the N,0 decomposition heat. 49.2 Nm*/H of the gas to be
treated and 13.1 Nm’/H of a diluent gas were supplied into
the mixing chamber in front of the third reaction chamber. .
After mixing, the gas showed an N,0 concentration of 7.5% by
mol and a temperature of 500°C. The gas stream at the outlet
of the third reaction chamber was a hot gas at 680°C heated
by the N, O decomposition heat. 70.9 Nm*/H of the gas to be
treated and 18.9 Nm?/H of a diluent gas were supplied into
the mixing chamber in front of the foﬁrth reaction chamber.
After mixing, the gas showed an N,0 concentration of 7.5% by
mbl and a temperature of 500°C. The gas stream at the outlet
of the fourth reaction chamber was a hot gas at 680°C heated
by'the N, O decomposition heat. 102.0 Nm*/H of the gas to be
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treated and 27.2 Nm’/H of a diluent gas were supplied into
the mixing chamber in front of the fifth reaction chamber;
After mixing, the gas showed an N;0 concentration of 7.5% by
mol and a temperature of-500°C. The gas stream at the outlet
5 was a hot gas at 680°C. Thus, N,0 contained in the supplied
gas to be treated had been catalytically decomposed at a
ratio of 99% or more. The ratio of the total amount of the
diluent gas employed to the supplied gas to be treated was
0.54. |
10 Table 5 summarizes thé conditions of the catalytié
decomposition of N,0 and the results in the above Examples 10
to 13.
Comparative Fxample 3
The same catalyst and gas to be treated as employed in
15 Example 9 were used. The catalytic decomposition reactor
employed was a cylindriéal container of 2700 mm in inner
diameter and 5000 mm in length composed of a single reaction
chamber. The reaction chamber had 2.60 m’®of the catalyst.
The preheated gas to be treated Was-fed into the
20 reaction chamber. The pressure at the inlet of the reactor
was adjusted to 0.21 MPa. 130.6 Nm’/H of the gas to be
treated was subjected to indirect heat-exchange with the
outlet gas of the reactor to attain a temperature of 430°C
and-then supplied'into the reaction chamber. The gas stream
25 at the outlet of the reaction chamber was a hot gas at 779°C
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heated by the N, O decomposition heat. Thus, N,0 contained
in the supplied gas to be treated had been catalytically
decomposed at a ratio of 99% or more. In this Comparative
Example 3, the heat load required in preheating was 9.623
kcal/h. Accordingly, use should be made in this case of a
large-scaled heat-exchahger with which 11 times as much heat
can be subjected to heat—exchange as compared to the case of
Example 6.
Comparative Example 4

| The same catalyst and gas to bé treated as employed in
Example 9 were used. The catalytic decomposition reactor

employed was a cylindrical container of 2700 mm in inner

- diameter and 5000 mm-in'length Composed of a single reaction

chamber. The reaction chamber had 10.18 m®of the catalyst.

The preheated mikture of the gas to be treated and the
diluent gas was fed into the reaction chamber. The pressure‘
at the inlet of the reactor was adjusted to 0.21 MPa. 280.0
Nm®/H of the gas to be treated at 30°C and 989.8 Nm’/H of the
gas to be treated at 230°C were mixed together to give an N,0
concentration of 7.5% by mol. Further, the gas mixture was
subjected to indirect heat—exchange with the outlet gas of
the reactor to attain a temperature of 500°C follbwed by
supplying.

The above-described diluent gas was one obtained by

heat-recovery with the use of a boiler from the reaction
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mixture after catalytically decomposing Ngiin the gas to be
treated.

The gas stream at the outlet of the reaction chamber
was a hot gas at 680°C heated by the N, O decomposition heat.
Thus, N,0 contained in the supplied gas to be treated had

been catalytically decomposed at a ratio of 99% or more.

" The ratio of the total amount of the diluent gas employed to

the supplied gas to be treated was 3.54.

As described above, 3.54 times as much diluent gas was
iequired in catalytically decomposing 280.0 Nm®’/H of the gas
to be treated by using a catalysf in Comparative Example 4.
In contrast thereto, only 0.54 times as much diluent gas was
required in Example 13 according to the invention. 1In
Comparative Example 4, furthermore, the sum of the diluent
gas apd the-gas to be treated to be heated at the inlet of.
the first stage amounted to 1269.8 Nm’/H, while the
corresponding amount of the gases in Example 12 was as small
as 432.1 Nm*/H. Since BQO in the gas to be treated could be
decomposed at a ratio of 99% or more in each case, it is
obvious that, in the invention, the heat generated in
association of the decomposition of N,0 in the catalytic
decomposition reactor can be more efficiently utilized by

supplying the gas to be treated in portions.
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Table 6 summarizes the conditions of the catalytic

decomposition of N,0 and the results in the above Comparative

Example 4.

Table 1: Composition of N,0-containing gas (gas to be
treated)

Discharged gas Discharged gas flow
composition (mol%) rate (Nm®/H)

N,0 33.9 94.9

NO 0.3 0.8

NO, 0.4 1.1

CO, 2.4 6.7

0, 4.2 11.8

N, 58.9 164.9

Total 100.0 280.2

P
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Table 2: Reaction conditions and results
Ex. 1 Ex. Ex. 3 Ex. 4 Ex. 5 Ex. 6 Bx. 7 Ex. 8
No. of stages supplying gas to be 4 4 4 4 3 2 4 3
treated '
Supplying temp. (°C) 550 300 700 550 550 550 550 550
Amount of Hydrogen (Nm’/hr) 1.3 7.2 0.1 1.2 2.9 6.9 -~ -
Amount of Methanol (kmol/hr) - - - - - - 0.0231 {0.0520
H, or MeOH (kcal) 12 66 0.9 11 26. 63 13 28
(per 1 Nm® of gas to be treated)
Pressure (kg/cm?) 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
Feed (Nm’/H) Preheating
of gas to be portion 17.9 55.7 3 19.7 40.4 96.6 17.8 39.9
treated Chamber 2 34.1 60.0 12.0 36.1 76.5 183.4 34.3 77.0
Chamber 3 72.6 72.9 50.6 73.4 163. - 72.7 163.1
Chamber 4 155.4 91.4 214.4 150.8 - - 155.2 -
Inlet temp. Chamber 1 830 830 830 800 830 830 830 830
(°c) Chamber 2 830 830 830 800 830 830 830 830
Chamber 3 830 830 830 800 830 - 830 830
Chamber 4 830 830 830 800 - - 830 -
Final outlet temp. (°C) 1163 1027 1263 1131 1173 1200 1162 1172
N,0 decomposition ratio (%) >99 >99 >99 >99 >99 >99 >99 >99

Note: 1. Pressure is expressed in gauge pressure.

2. Preheating portion is referred to as the first stage.
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Table 3: Reaction conditions and
Examples 1 and 2

Results of Comparative

Compa. |Compa.

. Ex. 1 Ex. 2
No. of stages supplying gas to be 1 1
treated
Supplying temp. (°C) 550 3350
Amount of Hydrogen (Nm’/hr) 19.9 2.9
Ditto (kcal/ Nm®)- treated gas 182
Reaction pressure (kg/cm®) 1.25 1.25
Feed (Nm’/H) of gas to be treated | 280 280
Initiation temp. (°C) 830 598
Final outlet temp. (°C) 1283 601
Reaction ratio(%) 99 0

‘Pressure is expressed in gauge pressure.

Table 4: Composition and flow rate of N,0-containing gas to

be treated)

Discharged gas Discharged gas flow
composition (mol%) rate (Nm’/H)

N,O 34.1 95.5

NO 0.1 0.3

NO, 0.1 0.3

Co, 2.4 1 6.7

0, 4.0 {11.2

N, 59.3 166.0

Total 100.0 280.0
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Table 5: Reaction conditions and results

I /nm/ i~

Ex.10 Ex.11 Ex.12 Ex.13

No. of stages supplying gas to |2 3 4 5

be treated :

Supplying temp. (°C) 500 35 35. 35-

Diluent gas temp. (°C) 230 230 . 230 230

. 00. 50

Inlet temp. at each stage (°C) 200 500 500 0

680 680 680 680

Outlet temp. at each stage (°C)

. 0.21 0.21 0.21 0.21

Pressure at reactor inlet (MPa)

Feed of gas to be treated

) N .

(Nm”/H) 114.8 |62.0 37.4 23.7
Stage 1 165.2 |89.3 [53.8 [34.2
Stage 2 - 1i28.7 77.4 49.2
Stage 3 - - 111.4 |70.9
Stage 4 _ - _ 102.0
;tage 3. 280.0 |280.0 |280.0 |280.0

Feed of diluent gas (Nms/H) 406.7 219.2 131.6 83.8
Stage 1 44.1 23.8 14.3 9.1
Stage 2 - 34.2 20.5 13.1
Stage 3 - - 29.6 18.9
Stage 4 - - - 27.2 .
Stage 5 450.8 277.2 196.0 152.1
z

T Diluent gas/I gas to be 1.61 [0.99 0.70 0.54

treated (molar ratio)

Catalytic bed volume (m®) 3.90 2.07 1.24 0.78
Stage 1 6.04 3.08 1.81 1.14
Stage 2 - 4.70 2.69 1.67
Stage 3 - - 4.07 2.48
Stage 4 - - - 3.73
Stage 5 9.93 9.85 9.82 9.80
z

>99 >99 >99 >99
N, 0 conversion (%)
. THIS SHEET HAS BEEN
T REPLACED
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Table 6: Reaction conditions and results of Comparative
Example 4

Compara.
Example. 4
Discharged gas: Feed Stage number 1
Ditto : Feed temp. (°C) : 35
Diluent gas temp. (°C) ' 230
500
Inlet temp. (°C)
680
Outlet temp. (°C)
B 0.21
Reactor inlet pressure (MPa)
989.8
Diluent gas flow rate (Nm /H)
: 3.54
ZDiluent gas/Zgas to be treated (molar ratio)
. . 10.18
Catalytic bed volume (m’)
>99
N,0 conversion (%)

INDUSTRIAL APPLICABILITY

As the detailed description given above clearly
indicates, the pfesent invention provides a highly useful
method in praétice for preventing global warming which makes
it possible to efficiently decompose N,0 at a low temperature
while externally supplying only an extremely small amount of
energy, and an apparatus therefor. The invention achieves
remarkab;e effects as will be shown hereinafter.

That is to say, the invention for preventing global

warming'by thermally decomposing N,0 achieves the following

effects.

THIS SHEET HAS BEEM
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1. It exerts remarkably excellent effects such that N,0

‘can be thermally decomposed at a high decomposition ratio at

a relatively low temperature; that the thus formed NO and NO,
exist at high concentrations and can be economically
recovered, if needed; and that only a very small amount of
heat energy is supplied externally.

2. The invention can provide an apparatus which is
highly useful in practice and has the merits such as having
a small reactor volume; the materials of the process
instruments thereof being easily selected; only a small heat
load being applied on the process inétruments thefeof; a
smaller heat exchangef being usable in heating the gas to be
treated; and making it possible to recover NO, etc. at high
concentration.

| On the other hand, the invention for preventing global
warmiﬁg by catalytically decomposing N,0 achieves the
foilowing effects.

1. In the method of decomposing N,0 according to the
invention, the ﬁ&o—containing gas to be treated is divided
and a portion thereof is preheated to the temperature at
which the catalytic decomposition of N,0 can be initiated
while the remainder of the divided gas to be treated is
supplied iﬂto an.BQO,caﬁalytic decomposition bed at a
temperature lower than éhe temperéture of the preheated gas
as described above. Thus, the amouné'of the heat required
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in preheating can be considerably reduced, compared with the
case wherein the whole gas to be treated is preheated and
then supplied.

2. Therefore, thé preheating devices (for example, a
heat exchanger) to be used can be considerably reduced in
size. When the preheating is carried out by combustion of a
fuel.supplied externally, the amount of the fuel can be
significantly reduced.

3. In the invention, it is also possible that the gas
to be.treated is mixed with a diluent gas and supplied into
the catalytic bed. 1In this case, the amount of the diluent
gas to be used can be largely feduced owing to the effects
aqhieved by supplying the gas to be treated in portions as
deséribed above. |

- 4. According to the method of the invention, N,0 is
catalytically decomposed by using a catalytic bed. Thus,
the heat formed in a large amount in association with the
catalytic decomposition of N,0 in the former catalytic.bed'

can be successivély given to the catalytic bed located

- posterior in the longitudinal direction. That is, the heat

formed in a large amount by the catalytic decomposition of
N,0 can be very effiéiently utilized in elevating the
temperature of the gas stream to be treated successively

supplied in portions.
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5. Thus, the temperature of the gas to be supplied
into each catalytic bed and the temperature in each
catalytic bed can be easily controlled at an appropriate
level for the desired catalytic system.

6. The apparatus of.catalytic decomposition of N,O
according to the invention makes it possible to embody the
above-described method for catalytically deéomposing N,0 to
give the effedts as described above. Since the whole
apparatus can be molded in a smaller size, various costs'
thereof can be reduced. Moreover, the amount of a fuel or
energy supplied externélly éan be considerably reduced.

7. By using this apparatus, the temperature of the
catalytic decomposition bed can be very easily controlled
and.a rapid increase in temperature at the catalytic bed or
around the same due to the decomposition heat of N,0 can be
prevented without fail.

8. Thus, the N,0 catalytic decompositipn apparatus of
the invention can be operated easily and, moreover, has an
excellent durability, thereby béing highly useful in
practice. |

9. In the process for p;oducing adipic acid according
to the present invention, N,0 is released into the atmosphere
only in a very small amount. Since this process depends on
the N,0-decomposition techniques being highly useful in
practice as described above, it largely contributes.to the
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prevention of global warming. In addition, it can be

economically carried out at a low equipment cost.
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CLAIM

1. A method for preventing global warming comprising,
a process of thermally or catalytically decomposing N,0 in ah
NQO—contéining gas to be treated, by dividing the N,0-
containing gas stream to be treated in portions, preheating
a portion thereof so as to exothermally decompose N,0 in said
gas stream to form a hot gas stream, and supplying the
remainder of the divided gas stream to be treated into said
hot gas stream to thereby continuously decompose N,0, so that

global warming is prevented.

2. The method for preventing global warming as
claimed in claim 1, wherein said exothermic decomposition of
N,0 is performed by thermal decomposition without using any

catalyst.

3. The method for preventing global warming as
claimed in claim 2, wherein the remainder of said divided
gas to be treated is supplied into blural positions in the

flow direction of said hot gas stream.

4. The method for preventing global warming as

claimed in claim 2 or 3, wherein said decomposition of N,0 in

|
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the gas to be treated is performed in a state of a

subétantially plug flow.

5. The method for preventing global warming as
claimed in claim 2 or 3, wherein said preheating is
performed by a direct heating system utilizing an oxidative

exothermic reaction of a fuel.

6. The method for preventing global warming as
claimed in claim 5, wherein said fuel is hydrogen or

methanol.

7. The method for preventing global warming as
. claimed in claim 1, wherein said exothermic decomposition of

N,0 is performed by catalytic decomposition.

8. The method for preventing global warming as
claimed in claim 7, wherein the remainder of said divided
gas to be treated is supblied into plural positions in the
flow direction of said hot gas stream and each brought into

contact with a catalytic bed respectively.

9. The method for preventing global warming as

claimed in claim 7 or 8, wherein the gas stream, immediately
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before contacting the catalytic bed, is a mixture with a

diluent gas.

10. The method for preventing global warming as
claimed in claim 9, wherein said diluent gas is air and/or
the gas; which has been subjected to the catalytic

decomposition of N,0 in the gas to be treated.

11. The method for preventing global warmihg as
claimed in claim 9, wherein the gas having been subjected to
the catalytic decomposition of N,0 in the gas to be treated

is cooled and then used as the diluent gas.

12. The method for preventing global warming as
claimed in claim 7, 8, 10 or 11, wherein said preheating is
performed by mixing the gas to be treated and/or the diluent
gas ﬁith steam formed by reacting hydrogen and oxygen using

a noble metal catalyst.

13. An apparatus for preventing global warming by
thermally decomposing N,0 in an §Qo—containing gas,
comprising:

(a) an introduction portion for the N,0-containing gas

to be treated;

_
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(b) a preheating portion for the thus introduced gas
to be treated;

(c) a thermal decomposition portion adjacent to the
preheating portion, said thermal decompésition portion
having means for supplying the gas to be treatéd, said
supplying means being provided at one or more positions in
the flow direction of a gas stream; and

(d) a discharging portion for the thermally decomposed

gas.

14. The apparatus for preventing global warming as
claimed in claim 13, wherein said preheating portion is

having means of fuel combustion.

15. The apparatus for'preventing global warming as

claimed in claim 14, wherein the temperature of the gas

‘stream at the outlet of said discharging portion is

controlled to a constant level by controlling the amount of

the fuel fed into said fuel—dombustion means. .

16. The apparatus for preventing global warming as
claimed in claim 13, 14 or 15, wherein said thermal
decomposition portion has a porous plate and/or a multi-pipe
nozzle in front of and/or ét the back of at leést one means

for supplying .the gas to be treated.

-
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17. The apparatus for preventing globél warming as
claimed in claim 13, 14 or 15, wherein said porous plate,
multi-pipe nozzle and/or inlet of the gas to be treated are
located in sﬁch a ménner that the gas stream flowing towards
the means for supplying the gas to be treated flows as a

rotary stream.

18. An apparatus for preventing global warming by
bringing N,0 in an N,0-containing gas into contact with a
catalytic bed to thereby catalytically decompose N,O,
comprising:

(é) an introduction portion for the gas to be treated
and/or a diluent gas:; |

(b) a mixing portién for the gas to be treated and/or
the diluent éas;

(c) a mixing portion having one or more means for
supplying the gas to be treated and/or the diluent gas at
different positions in the longitudinal direction of the
apparatus;

(d) a catalytic decompbsition portion having the
catalytic bed; and

(e} a discharging portion for the catalytically

decomposed gas.

Ny Mm



-

[

10

11

12

13

14

15

16

17

18

19

20

21

22

23

19. An apparatus.for preventing global warming by
catalytic decomposition of N,0 in an N,0-containing ga#,
comprising:

a device which comprises:

(a) an introduction portion for the gas to be treated
and/or a diluent gas;

(b) a mixing portion for the gas to be treated and/or
the diluent gas:;

(c) a catalytic decomposition portion having a
catalytic bed; and

(d) a discharging portion for the catalytically
decomposed gas; and

one Or more deviqes each of which comprises:

(e} an introduction portion for the discharged gas
having been catalytically decomposed, the gas to be treated
and/or a diluent gas;

(f) a mixing portion for the discharged gas having
been catalytically decomposed, the gas to be treated and/or
the diluent gas:;

(g) a catalytic decomposition portion having a
catalytic bed; and

-(h) a discharging portion for the catalytically

decomposed gas.

(L
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20. The aﬁparatus for preventing global warming as
claimed in claim 18 6r 19, wherein said mixing portion for
the gas to be treated and/or the diluent gas involves a
preheating portion for the gas to be treated and/or the

diluent gas.

21. A proéess for producing adipic acid with reduced
release of N,0 that causes global warming, comprising:

(1) a nitric acid-oxidation step in which cyclohexanol
and/or cyclohexanone are oxidized with nitric acid to form
adipic acid;

"(2) a nitric acid recovery step in which HNO, is
recovered from an Ng}-containing gas caused in the nitric
acid-oxidation step:

(3) a N,0 decomposition step in which the remaining
N,0-containing gas stream to be treated, from which HNO, has
been recovered, is divided, a portion thereof is preheated
to éxothermally decompose N,0 in the gas stream to form a hot
gas stream, and the remainder of the divided gas stream to
be treated is supplied into said hot gas stream to thereby
continuously decompose N,0; and

(45 a N,0 decomposition heat recovéry step in which the
N,0 decomposition heat emitted from the N,0 decomposition

step is recovered.

- (T
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