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SPECI FI CATI ON METHOD AND APPARATUS FOR GLOBAL WARM NG PREVENTI ON

TECHNI CAL FI ELD This invention relates to a nethod for treating
a’'gas causi ng gl obal warm ng and an apparatus therefor. Mbore 5
particularly, it relates to a nethod for preventing gl obal war m ng by
exot hermal | y deconposing nitrous oxide (Nerr]O, whi ch causes gl oba
wargn ng, into nitrogen (N err]), oxygen (Jerr]) and optionally

ni trogen oxides (NO, N2, etc.) andSBECIFICAEBPNratus therefor. 10
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 atnosphere nitrous oxide forned as a

by- product jgrii8s ARHTRPPARAPUSATOR Grosird, WheMINee PREVENDtORAt i on of

cycl ohexanone and/ or cycl ohexanol with nitric aci d.

However, nitrous oxide has recently attracted public attention as one
of the gases causing gl obal warm ng, though it is not as well known as

car bon dioxiﬁ&HﬁEﬁﬁﬂ.ﬁﬁiﬁﬁfypiCal

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

apparatus therefor.

- 10 BACKGROUND ART

In the procéss of producing adipic acid, nitric acid.
is used as an oxidizing agant. 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

15 oxidation of cyclohexanone and/or cyclohexanol 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

20 gas causing global warming.



20 gas causing gl obal warm ng. Ni t rous oxide evol ves
nostly from natural soil or farm ands. Thus, the chem cal industry
causes only a small part of the nitrous oxide evolving on the earth.
However , it is considered that the anmount of nitrous oxide forned by

5 chem cal processes such as the adipic acid production process, which
aregartificial Nl err] O sources, can be controlled. Therefore, attenpts
have been made i nnieges YBélde terdBeiE @ostly frdmstnafurdl ,soil raws oxide
generated fromthese chem cal processes. 10 There have been

proposed vard Q4 fRiodsrHiy, natliciidnical IhduiSUsy 0xhEiee el at £dsihadn
chem cal processes. Many of t hese proposals relate to nethods for
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Therefore, attempts have been made in recent years to reduce,
'first of all, nitrous oxide generated from these chemical
proéesses.

10 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

15 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 carried out by using a
catélyst. Now, each type of these methods will be described.

20 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”

25 and the term “JP-W-A” as used herein means an “international'
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W t hout using any catal yst include those proposed in, for exanpl e,

U S. Patent 2,974,019, JP-A-61-257940, JP-A-5- 339003 and
JP-WA-9-508346 (the term"JP-A" as used herein means an "unexam ned
publ i shed Japanese patent application” 25 and the term"JP-WA" as used
herei n means an "international . 2
patent application published in the Japanese nati onal proceedi ng") .
However, theateptopppdlicatdicn suifldrshdd dm the Japwless @poldras as wil |
be described hereinafter. That is, no satisfactory nethod for

thermal |y desoweesiing”ni.t r eesvevdr ,0xiss dhasrdpeesy I opacste dsbf fdnes t Hrom
That is, US. Patent 2,974,019 proposes an appar at us by which N err]O

i's thermall yndeqo@eosedilent RHghiamMmey aldderibed hueeinetf eyl edripiesssy e
(to 1692[err]C, to 25.5 atn) to give NJerr]. However, a highly

reliable mapgr i?%ltifsq_’ractt@r%/ HUHA UoMsafbrrdl 1§ Ud@sisds 1A i @hous

tenperature and el evated pressure i s not readily avail abl e and makes

t he apparat ys, :hi_ghl R | : re, this nethod is used very
little iR pr%%éﬁe%@% G‘.‘p%%%"fﬁdA-}tllg}%?Egﬁb, whi ch has been applied by

15 di achar ged gas TEETt 451 Ny N SFEDY 27 HHene PP R R SR eI P
thernal-decggp%%h%kp%b8fiy[EBEL%giigr%%c%&p%Q%%ta%og[%EBth%%%erature
under elevated pressure (to 1692°C, to 25.5 atm) to give NO,.
However, a highly reliable material for this apparatus ﬁsed
.10 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
15 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
.20 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
25 above-mentioned JP-A-61-257940 for thermochemicaily
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N err] O can be thermal|ly deconposed at. 1000[err] C or above. In the
nmet hod of the thernmal deconposition of Nerr] O proposed in this
document, it is necessary to control the total content of NO 20 and

N err] to be 10% or less in the N20-containing gas to be treat ed.
Thus, there arises a problemthat an additional step i s needed for
conirolling t he di scharged gas conposi tion. JP- A-5- 339003
proposes andtaphpYeingeNimdvDMerat htam@5t abatreeneninohbd IRerm8l- 257940 for
t hermochem cal |y 3

deconposi nggMEEHPLLI WibA Acthate t meatkER! rothHdy ther sl deconposi tion
nmethod. In this nmethod, Nerr]Ois t hernochem cal |l y deconposed in the

presence of tg%mﬁgﬁgﬁ%@anged%mﬁ%%le@ ibpathOfpAdieddargs faleyr &hdt is

feared that rnmochem cal "reaction in thIS nmet hod shoul d .be

per f or med aEﬂ%bﬁglEil gepgglty o ¢ %r ft SRET Al 8- -4 ,0 1the s fefhuE U dON

heat of the ane cou wih t econp05|t|on heat of N[err]O I n
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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
10 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-
15 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
20 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 '
25 combustible gas, etc., thermally decomposing N,0 in the gas

4



amount of a conbustion gas is fornmed and, therefore, the NO and

NJ err] concentrations in the thernochem cally deconposed gas are

| ower ed, which brings about another fear that a |large- 15 scal ed device
(for exanple, an absorption tower) should be used to recover the NO
and NJerr]. JP- W A-9-508346 proposes a nethod wherein the
method of the thermal deconposition of N err]O as disclosed in the

above. descr Led ofg-¢- 61- 262940 Ladl WREAVediR1veopnEhGatieg ga20 thaxd | on to
t her eby produce ‘rom N errfCl That is, this docunent: proposes a

met hod for %gg%@ 1% NQHep Middd? 0.  In haat icusarniNEiid Gegmaj ni ng

gas to about to 700[err]C by using a heat exchanger, then heating

the gas to abou 50[sqr 11 C it oyt Hrat e angecoard insn ke ¢
combusti on %‘é)é?'tetvoe%’a 1%515 cnorgbust |tbﬂ ehegaatg, et CVY, ‘t her'mal on delcorrp@ggang °

N Oin th , , . .
1([)8{){ 13r ri ?: &eeéglf%\séé;,edarﬁ’ &R Cq B RS PGo SPen §OFRE SFAS™ %’Es a conPélrerlelé)]tegt

D e Mgy A e SR gy (IR bl vl
inavei dabl o o TR GPTRHEHBIRS - AGTOTHAEDNDUEH Bt YRS AREEFEF ngl .
S et hod e same "mras e 52015 7 80 S A0d " 8052807 BhoRosed by
339003 described above. In this method, fﬁrthermore, it is
feared that the temperature in the reactiop chamber is
10 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
15 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. Acéordingly, there arises a problem
that the temperature in the reaction system, where N,0 is
20 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

25 from the reactor (for example, a heat exchanger, a device
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339003 descri bed above. In this nethod, furthernore, it is feared that
the tenperature in the reaction chanber is 10 elevated to a considerably
high |l evel, since a | arge anount of deconposition heat is generated in
t he reacti on chanber fromthe N err]O hol ding the conbustion heat as
descri bed above. Regarding this point, it is described in the

speci fication of this application that the tenperature in the reaction
15 chanber fioghtebserdingmttde tthusb0Bmeed @as, pipes conmeching hchese
deconposition reaction of Nerr]Q the reaction by which Nlerr]Ois
deconposed idetvdddsgr ridtcand Jler rdddisttiaom, it Eexclws nieatredicthan. the
Accordingly, -there arises a problem that the tenperature in the

reaction sysiadmteneice Nt dduipheritheiatines deOOAMOSELL cli Bt Mem@r &epl v
el evated due to the - deconposition heat generated in a |arge anmount. As

the t enRe el IR riveitie L2 idyb saiss &8 '&eﬁﬁ\@é&dabd% € however,
expensive heat-resistant materials should be enployed in th e react or

and vari @us n%e\eoeﬁ,-ﬁeqra fo%ﬁtﬂay ﬁé&ﬁm Qs SENA 9etkpe TEPMELG M eact or

(for exanple, heat exc anger, evice

gev' ces, et gr)obllefm%r 3%%?:[5%1{1}'3{1{418 a%go 453&352%%602} I.E)%]ag@sofq\pz%qcti ng these

That is to say, no satisfactory method for thermally
decomposing nitrous oxide has been proposed hitherto.
As examples of the catalytic decomposition methods
10 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
15 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
20 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
25 temperature in the outlet side of the reactor is elevated
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mai nt enance of the equi pnent becones nore difficult thereby. In the
conventional proposals as described above, however, 5 no consideration
has. been given with respect to these probl ens acconpanyi ng t he
deconposition heat of Nerr]QO That is to say, no satisfactory
met hod for thermally deconposi ng nitrous oxi de has been proposed

hi t-hert o. As exanpl es of the catal ytic deconposition nethods 10
with the usduef ta ¢hicallpsige pre@miSalns Heame difedrhearads: dlyy thR: A-5- 4027,
JP- A-6- 277453, etc. However, these proposals each suffer from unsol ved

probl ens asdeicbmpbs idaser; Red that heleirvwidtaion Helt it the stislwciory
nmet hod for catal ytically deconposing nitrous oxi de has been proposed

15 hi t hert 0 gakBinlbdls 1tQ onhq € 3% dfe e At rie RO tdBD after MER&OdS.
For exanpl e, JP-A-5-4027, which has been applied by t he sanme applicant

as in the pE@ﬁt‘EJ'itet'l% e'?otf‘ Phe RIZMASAS @ decomgBEabd Yy GGyt apddy

deconposing an"N[err] O-containing “20 di scharged gas |nto N err] and gerr]
o TS R, SO b AR A
Soolr) O W08t kS cter, S0 SARRAATGE TR a%a'at e reaction to
ghe 25 tengeeizgtm%roglltnlotnhe ?-I%twleei\rters,l q:%eOftl:[ehcﬁ:n{eee{:Ct O{ | Se erleeavc tJ.cn heat
with the use of a heat exchanger or a diluent gas, as
proposed by this document, is accompanied by a problem,

10 since the catalytié decomposition heat of N,0 amounts to 19.5
kcal/mol. 1In 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

15 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.

20 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

25 as to maintain the whole N,0 decomposition zone at a
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due to the large reaction heat of the catalytic deconposi tion; and
that the reaction heat of the catalytic deconposition is recovered
fromthe gas as steamafter the conpletion of the catalytic
deconposition by using a heat 5- exchanger or the heat is elimnated by
diluting the gas with air, etc. after the conpletion of the catalytic
deconposition. However, the treatnent of the reaction heat with the
use of a heatmpschanger not aidhlewethagasheamaximumpredgesedlisy this
docunent, is acconpanied by a problem 10 'since the catalytic

deconposi t i eempeah tofreNrenak]. O aeRies ,t €hli® proposadcaVswlsuifexastraf,

for exanple, catalytically deconposing an Nerr] O containing gas with
an Nerr]O %ﬁ@cﬁ%b%mol&aused oy 3% rRdfien aSINigeferdaraimiosid ilnrdweat
I s generated so the ténperature is elevated by about 600[err]C
after the d%%o%&a%ﬁ%npﬁh%%y%m% RV itd ih NGBSt kORI 1Ee to
eI|n1nate t eat y the nethod as proposed above, it is necessary
use a.la nt__cof d|| I scal ed heat
exchange? &ﬁ C%g%;él r?(jfg J(}Ijl’;lout5 a%?tear fdgscarlb%rcg%ebatveer cost for the heat

elimnation . JP-A-6-277453 ro v rocess for the
catal ytic decorrporsr}"'?1 or‘rsoft N[S&yr’] a° | s%’lrg'rs1 q i n%t %Ip docunent
that the outflo g the out | et, of t ‘f qf05|t|on zonebls cool ed
and a porti GALELY ecomp(?&&”&d cg{sr SIS 135 RE&H BRI FE

deconposition zone so
hitherto.

The invention provides a method for decomposing N,O0 by

10 which the unsolved problems encountering in the
conventionally proposed methods for decomposing N,0, which
have been discussed above in detail, can be solved to
thereby prevent-global warming fhrough the decomposition of
N,O.

15 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
decomposed at a low temperature while efficiently

20 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

25 equioment oost and a low driving cost.
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25 as to maintain the whole N er] O deconposition zone at a

7 t enperature not higher than the nmaxi mum al | owabl e
tenperature Tmax. However, this proposal also suffers from t he probl em
caused by the reaction heat generated in a | arge anount in association
Wi th the deconposition Nerr]O simlar to 5 the case of JP-A-5-4027 as
descri bed above. : That is to say, no satisfactory nethod for
catal ytically deconposi ng nitrous oxide has been proposed hi t hert o.

The invention prOV|des a nethod for deconp03|ng Nerr]O by 10 which the
unsol ved prDDEENBSYR i GNVE conventional ly proposed methods
for deconposing N[err]O WhICh have been di scussed above in det ai

can be solved to The ihtehebysphaventogbokildvdhitiengitvier gtiglikleon a
deconposi tion of Nlerr]O 15 Accordingly, the object of the

i nvention igetRoAr %kdaecompoéla@aﬁtacaiﬁypalﬁei@hlaﬂ hgdmafHo@Nb @PRALahUS
for preventing gl obal warm ng 6 deconposing Nerr]O by which Nerr]O

contained | Phe ang8- NEEEE:%Q%&OEE%Q'&% 9485 als3RE altfiRAl $H 1EARMRE N0

efficiently econpose l'ow tenperature while e f|C|entI§ 20

control | 5ngdgesmyésaewndﬁggmaht ban Bedked.NugHaneAtAY, aad NO

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

10 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-

15 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

20 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. __



and N err] can be recovered, if necessary, and which apply only a
smal |l heat load to a device for deconposing Nerr]O and to ot her

i nstrunments, and need only an extrenely small|l anount of heat energy
supplied externally, and require only a low 25 equipnent cost and a | ow
driving cost.

DI SCLOSURE OF THE | NVENTI ON The i nventors have conduct ed

i ntensive studi es3on Bhe methetihddrf prreteadipgsigigbile walr@dinign aeaotidimaar ,

a met hod by which t he above-described problems in association with the
Nlerr]O 5¢gdecnapapbieOntBaab,Caheheisotned refd ithdeas Wt satifte divided

i nventors have found out a nethod for exothermally deconposing N err] O
which is co %e{:gl yediitarent ifrq 8ed 1nt%0 MHa 10 s iftdMdsS of @he
deconposi ng err] O as descri bed above made it possible to solve

the above- MpiLj,00edeBRiBR! odf <al Hie 3¢ W @n, L her eby conpl eting the

I nventi on. y, the present i1nvention provides:

hor ot 800, 1 P et b LA L P RO KA i RSB
N[err]C)con%glnhe g%etgt%%.5re%t%q’w efgfg(ggl ‘d@%éﬁﬁﬁgﬁtlon 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
10 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
15 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
20 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
.confact with a catalytic bed respectively._
9. The method for preventing global warming according

25 to the above item 7 or 8, wherein the gas stream,

10



15 containing gas streamto be treated in portions, preheating a
portion thereof so as to exothermally deconpose N err]Oin said gas
streamto forma hot gas stream and supplying the remai nder of the
di vided gas streamto be treated into said hot gas streamto thereby
continuously deconpose Nerr]O so that 20 global warm ng is prevented.
2. -The nethod for preventing gl obal warm ng according to the above

item 1, whehginBdsairé 19X dklfers ecotteies) tihen catalydfid\lexd,| Qs s perf or ned
by thermal deconposition w thout using any catal yst.

9 _ mixture with3a Blau®ithedd.or preventing global warm ng
accordi ng to the above item 2, wherein the renmai nder of said divided

gas to be treated;jps Sﬁﬁﬁlh%@hb@t@o&l%&@vdﬂ%ﬂﬁdfﬁﬁbbdltﬁ&imlng flow
direction of sald hot gas stream The met hod for preventing

gl obal war m_n ?;%%Eﬁgd t]%%the a]::teret rl%e@tp@’eyltéaf@l% Waih MRISE g dis

deconp05|t|on 0 t he gas 't e treated Is perforned in a

tate of . Ly, pl hod f
o1 cventi f GESbaFNEEmRS PELE TP i T3 vhorei n

said preheatin rfor r n m
OXIda?IVG aé%lf%lc deég%paél 1oén6fiﬁm ECt R%abhsg %etrggkghzlng an

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

10 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 formed by reacting

15 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

20 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

25 having means for supplying the gas to be treated, said

11



exot herm c reaction of a fuel. 6. The method for preventing

gl obal warm ng according to the above item5, wherein said fuel is
hydrogen or 15 net hanol . : 7. The nmethod for preventing gl oba
war m ng accordi ng to the above item 1, wherein said exothermc
deconposi tion of NJerr]Ois performed by catalytic deconposition

8. « The nethod for preventing gl obal warm ng according 20 to the above
item 7, whesepplyhegr sransddeinlg gaxicdidied ¢dd one omawune dsitiemtedin s

supplied into plural positions in the flow direction of said hot gas
stream and eaeh fibugitrecttion of aC@asacitrdanty amht al ytic bed .
respectively. 9. The nethod for preventing gl obal warm ng
according 25 to the¢ abavechhedihAgObodtiWiefRIm tHe gasallneaMecomposed
10 i mmedi ately before contacting the catalytic bed, is a

m xture with,a diluent gas. 10. The nethod for preventing gl oba
war m ng according to the above item9, wherein said diluent gas is 5

b A TR e
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
10 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
15 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
20 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
25 bringing'BQO in an N,0-containing gas into contact with a

12



11. The nmethod for preventing gl obal warm ng according to the above
item 9, wherein the gas having been subjected to the catalytic
deconposition of Nerr]Oin the gas to 10 be treated is cooled and then
used as the diluent gas. 12. The method for preventing gl oba
war m ng according to the above item?7, 8, 10 or 11, wherein said
preheating is perfornmed by m xing the gas to be treated and/ or the

di | uent gas caittah yatieampdd et Hyrdeactd gl y tiscadly odprompris@xfen using a
-nobl e netal catalyst. 13. An apparatus for preventing gl obal
war m ng by Compgﬂg%ﬂaqlly deconposing Njerr]Oin an N err] O containing gas,
conpri si ng: (a) an introduction portion for the

N[ err] O contai ni nqgagy %Qxafz%&?f‘cﬁird%ﬁt;ﬁﬂ:;tion for the (d¥s aPreheatéaged
portion for the thus introduced gas to be treated,; (c) a

t hermal decq i.t1.0n;. [ jacent to the preheating portion, said
BB DL

thermal dec I'tion por havi ng nmeans for supplying the gas to be

SPEET g mypnd SR AEPIEDA0 S g £

positioné in on of a gas stream

i schargin rtjaon f h h |1
di scha 9'-9é%ét&fiueé¥ éaé%t ermal | y deconposed

(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

10 apparatus:;

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

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

15 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

20 and/or a diluent gas;

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

(c). a cafalytic decomposition portion having a

' catalytic bed; and

13



gas. 5 14. The apparatus for preventing gl obal warm ng

according to the above item 13, wherei-n said preheating portion is
havi ng neans of fuel conbustion. ' 15. The apparatus for
preventing gl obal warm ng according to the above item 14, wherein the
tenperature of 10 the gas streamat the outlet of said discharging portion
IS - controlled to a constant |evel by controlling the anmount of

the fuel fed into(aa d Bisktheaghngt portieansor the catalytgcafl¢ appar at us
for preventing gl obal warm ng according to the above item 13, 14 or

15, mherelndéabﬁ otedt hesnrlandeconposi tion portion has a porous plate

and/ or a mul ti-pipe nozzle in front of and/or at the back of at |east

one feans for supghyl B hBPeuasvieeke cuctalbTdunich comprisks: The appar at us
for preventing global warm ng -according to the above item 13, 14 or

15, wherein said 2 Rr(?. $ Bl ’1055“ to'r"di'oﬁ’lef'&zﬁ:llﬁ NYHargdetgad the
gas to be treated are ocate a manner that the gas stream

flow ng towards the neans.far I 2835 L e gas dd ed-ddws as
a rotar ytss\tlv?‘@gﬂ’lng bedk Catal éﬁlé%al?ppar aq@s for gcrevenatsl ng gl obal war ni ng
lig 25 bri ngl ggolﬂ er rdll(fuentan s{ err]O-containing gas into contact with a

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

10 (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

15 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

20 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;

14



catalytic bed to thereby catalytically deconpose N err]O conpri si ng:

(a) an introduction portion for the gas to be treated and/ or a dil uent
gas; 5 (b) a mxing portion for the gas to be treated and/or

t he dil uent gas; (c) a mxing portion having one or nore neans
for supplying the gas to be treated and/or the diluent gas at

di fferent positions in the longitudinal direction of the 10 apparatus,
(d) a catal ytic dde¢nmposiittirdrc paritd aedrarsmy stttep in whdathalHNG,cibed; and

(e) a discharging portion for the catalytically deconposed gas. 15
19. An appzebwerdr fycavent iNJo-gbabalinwagnyag byused igathkyhitric
deconposition of Njerr]Oin an N err] O containing gas, . conpri si ng:

a devi ce whizgh COMIda%8%n step: (a) an introduction portion for the
gas to be treated 20 and/or a diluent gas; (b) a mxing portion
for the gas to be Gheal §oaldlohpositibAesBbpUSAl wHASh the remainih§) - @
catal yti c deconposition portion ﬁaV|ng a catal ytic bed; and

5 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

10 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
15 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
20 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.

15



13 _ (d) a discharging portion for the catalytically
deconposed gas; and one or nore devices each of which conprises:
(e). an introduction portion for the discharged gas 5 having been

catal yti.cally deconposed, the gas to be treated and/or a diluent gas;
(f) a mxing portion for the discharged gas having been catalytically
deconposed, thé gas to be treated and/or the diluent gas; 10

(g) a catal ytic dea@npdsiils eh moatdl onidvavdh@ra appawsted yid bed; and

(h) a discharging portion for the catalytically deconposed gas.

20. The appazatausyti®faIre \iddnish $i rap al,ongirsiviigiedl i tic pdudtiag ctadratlhye: igbove
Item 18 or 19, wherein said m xing portion for the gas to be treated

and/ or the giddientnh@ifendent WA 6Sach RS ER@Atd B0 POLTiG Ofo f tiie t hievgasion. be
treated and/ or the diluent gas. 21. A process for producing

adi pic acid with redyspde 20 figt&aseRin MgiddRdhadyiususasa gl ©hal war i ng,

conpri si ng:
5  following meaning:

1: an introduction portion for an N,0-containing gas;
2: a preheating portion;
3: a preheated gas-receiving portion;
4: a supplying portion for the N,0-containing gas;
10 5: an N,0 thermal decomposition portion;
6: a dischafging portion for the thermally decomposed
gas;
7: a wall of a thermal decomposition portion;
8: a thermal decomposition portion;
15 . 9: a porous plate;
| 10: a preheating portion;
11: a baffle plate;
12: a supplying portion for the N,0-containing gas;
13: a thermal decomposition portion;
20 14: a porous plate;
15: a preheating portion;
16: a supplying portion for the N,0-containing gas:;
17: an introduction portion for the gas to be treated;
18: an introduction portion for a diluent gas:;
25 ~19: a preheating portion;

16



(1) a nitric acid-oxidation step in which cycl ohexanol and/ or

cycl ohexanone are oxidized with nitric acid to form adi pi ¢ acid;

14 . (2) a nitric acid recovery step in which HNJO err]
S recovered froman N err] O containing gas caused in the nitric

aci d- oxi dati on step; (3) a NJerr] O deconposition step in which
t he: remai ni ng 5 Nerr]Ocontaining gas streamto be treated, from which
HNJ err] has 2been peedbeated, gas-diededednegn gearttiicon t hereof is

pr eheat ed to exothermally deconpose N[err]Oin the gas streamto form
a hot ~gas stpeany apdckhe remai nder of the divided gas streamto

be treated is supplied into said hot gas streamto thereby 10 continuously

deconpose Nerr] G, ng Catalytlc<j éﬁéﬂfydﬂ @gtaG@mosi tion heat
recovery step in iC N err] O deconposition heat emtted fromthe

N err] O deconposi tkon B c.overed BRI EF DESCRI PTI ON OF
THE DRAW NGS 15 Eb a mﬁﬁ&ibﬁ%or%h g%henatlc view of an apparatus for

5 24: a supplying portion for the gas to be treated;
25: a supplying portion for the diluent gas;
26: a discharging portion for the catalytically
decomposed gas; and |

27: a wall of the catalytic decomposition portion.

10 BEST MODE FOR CARRYING QUT THE INVENTION

Now, the invention will be desdribed in detail.

The invention aims at preventing glbbal warming by
exothermally decomposing N,0 in an N,0-containing gas and
thus considerably reducing the release of N,0 gas, which

15 cauées global warming, into the atmosphere. With respect to
the decomposition of N,0, there have been known reactions

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

N,O - N, + 1/2 0, (1)
N,0 - NO + 1/2 N, ' (2).
20 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 genérated by the reaction of the

17



thermal |y deconposing N err] O according to the invention. “Fig. 2
Is a schematic view of a thermal deconposition apparatus used in
Exampl e 1. Fig. 3 is a schematic view of a thernmal deconposition
20 apparatus used in Exanple 7. Fig. 4 is a nodel view of an
apparatus for catal ytically deconposing N err]O provided with plural
catal ytic beds according to the invention.

15 "~ formula (1) dEHapeds itha healelalvsevbed bm tppareactiéprof the
catal ytically deconposing N err] O provided with plural catalytic beds

i ndependent fgreieacts)ot heteracaes diligl ¢ orédietiowent i tile decomposition ofiese
figures, each numerical synbol has the 5 follow ng meaning: 1

an introducty 8“1905{1' QQOEB'érﬁl@.cNg‘échm %9.@1%%”' N§HdP%erm "decomposifiod

preheating pértio reheat ed gas-receiving portion;

4. a suppl ying nggﬂégrhé&g RPN ShLL: COR1 21 BLBUNGRRA c Mcompositish B2

N err] O t hernal *dec© I 'OR porti gl ng portion
for the %pe&ﬁally deconposed
2 -

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.

10 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 the divided gas
stream to be treated is supplied into the hot gas stream,
and thus N,0 is continuocusly decomposed.

15 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,

20 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

25 exothermally decomposing N,0 in an N,0-containing gas without

18



gas; 7: a wall of a thermal deconposition portion,;

8: a thermal deconposition portion; 15 9: a porous plate;

10:. a preheating portion; 11: a baffle plate; 12: a
supplying portion for the N err] O containing gas; 13: a thermm
deconposition portion; 20 14: a porous plate; 15: a
preheating portion; 16: a supplying portion for the

N err] O conhgiAgngngasatalyst. In the amventriedycttihen Njortbokafininghgagas
to be treated; _ 18: an introduction portion for a diluent gas;
25 19:raafr qheali NgnRoLEsORo be treated) is divided into plural 16
20: a preheated gas-receiving portion; 21: a space; 22:
a catal ytic,decQppashki QAP Hodtion thereof &¥ preHedmgrportion; 5

24: a supplying portion for the gas to be treated,; 25. a

?g?plzgnga?g{;i?ggﬁfghﬁges@gﬁyeﬁk 9@Spreferable tHt &H SHRAHNG PG i on
5 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

10 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

15 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.

20 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.

25 decomposed. Due to the decomposition heat of N,0, the

19



deconposed gas; and . 27: a wall of the catal ytic deconposition

portion. 10 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Now, the
inention will be described in detail. The invention ains at
preventing gl obal warm ng by exot hermal | y deconposing Nferr]O in an

N[ err] O-contai ni ng gas and t hus considerably reducing the rel ease of

N err] O gas, which 15 causes global warm ng, into the atnosphere. Wth
respect to tempkhatdeeosEoshe gasoktifearn [i6 furdhemhalevsdsd Knovhe
reactions represented by the following fornmulae (1) and (2). [err]

20 Thejppaghi-aetebnt BE abeVeub@IMdd dab) stream, exitdrasty dorming a
reaction by which 19.5 kcal/nmol of heat is generated, while t he

reaction reppesgnted by taBoyg ghofBitipd adures. an endot hermi c
reacti on consumng 1.96 kcal/nol of heat. In t he case where the heat

.?gpﬁLﬁge?1?ye;Egegga?hgoﬁgg%nggggfbggeiﬁ%ﬂ%gﬁgginﬂinfﬁﬁ ﬁﬁﬁided g‘.a]}s(?)rrmla
(2). theg tg%rgg%!%or%%FE&%gﬂgatﬂ§3§HEH¥§¥E”fﬂEH‘ﬁﬁis 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
10 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

15 invention, the decomposition heat generated by the self-
thermal decompoéition of N,0O 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 also

20 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
25 amount of the fuel to be fed thereinto can be lessened and,

20



Nferr]Ois an exotherm c deconposition. The term "deconposition of
N err] Q' as used herein neans this exotherm c deconposition of 5 Nerr]O

According to the invention, in a process of ‘deconposing N err] O by
thermal | y deconposing or catalytically deconposing Nerr]Oin an
N err] O containing gas to be treated, the N[ err] O cont ai ni ng gas

strreamto be treated is divided in 10 portions. Then a portion thereof is
preheat ed t ant Aéselyrn, thex@nrargyaldos tdesepiossl Njremrd i@ taiirtirey gdse SN,0eam

t hereby giving a hot gas stream Next, the remainder of the divided
gas st geadmpo she ibheateedti®rs apld ek fintiad hermdrgasrstdanme and
thus NJerr]Ois continuously deconposed. 15 It is preferable in the
i nvention thakuckag Nerr]O containing gas to be treated is a
feedstock gas fromthe process for producing adipic acid by the nitric
aci d- oxi dat irgn Rt Redrmla0WRR S o1 RUSRE Id¥ N é DAt theskldct ed

t heret o. Moreover, |t may contain, inaddition to Nerr]Q aif, 20
nitrogeng o (€14 ilaﬂ X8 SGRIBAN JPN gen
nonoxi de, nlétgrg%ggen txg% e, roggdéc(?r(rs and the It %%(dles Imefeﬂ:{]ﬂé)The

term "t her e | er
conver si onng#.1 %[ g?lr%)%,%r nt"o er %[O bé err E%%%ag{tfdr ]nCheet éon%ﬁg%‘gl
%ot her mal | \t/ieg:%%r%om 5 N errs ]le) |lrI11 %np [uegr rf]lCo}WcoS taq:enl ngrhgt1 V%h t hout

decomposition heat generated by the thermal decomposition of
N,0 in the gas stream to be treated can be more efficiently
10 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,
15 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
20 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 throﬁgh and is
25 externally heated, the gas heat medium heating method
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using any catalyst. In the invention, the N err] O containing gas

stream (i.e., the gas to be treated) is divided into plural gas _
streans and a portion thereof is preheated. - In this step, it is
preferable that the preheating is 5 perfornmed at such a tenperature as to
substantially allow the initiation of the thermal deconposition of
NNetrr]O In the I nvention, the preferred preheating tenperature is

from akbetreip0[tere @ G takent tPBWerodeatddiclasiadc. infem t he
preheati ng tenperature is |lower than about 750[err]C, it is feared

that N err] Qombdstaaplgaee driterimnlHaa tderormnes el victa Hyacincadysieans i on
speed when the preheated gas streamis supplied into the Njerr]O

thermal decQup@siid Qe Yas-t Wk dultft St iRfIL A d NG e MW dIbherein EXCRLESD
about 950[err]C, on the other hand, the substantial t her mal

deconpos 1 a0l N okeids (3l JdWS b B0 Dlted S he | nvention

of preheating cannot eved. I n on this preheating

t enper at yr e, e ret i on. ki .qf . the t ' '

i ntroducéd isrl#get teecfhr]:teor n%nﬁdﬁl%dlec%rgpo%rﬁ i%n zsl'i-)ﬁr)lreé]ag.ﬁl oécga%%d%%%%(%&lehiegti ng
zone can be rqQpriately determned. _.20 rg.l f

pr eheat ed ggfa&%‘gg&t eog:tqurgeaqeé’c?ra% eOF%ead:éscvlleoeh aatgior\% %%&Fen r%idgiged
into the Nlerr] O thermal deco ositionﬁégge adj acent to the pr&?eqﬁing

zone. In thitde Use QfedfaielfidmoSHitAF ol HeE M3V HisHgtng syste

deconposition .. of Nerr]O exothermally starts and thus Nlerr]Ois
thermal |y and the like.

Among the preheating methods as cited above, it is
10 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

15 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

20 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

25 of gas fuels, liquid fuels and solid fuels. Examples of the
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25 deconposed. Due to the deconposition heat of Nerr]Q the

19 tenperature of the gas streamis further elevated in the
flow direction of the supplied gas stream thereby formng a hot gas
stream at a hi gh tenperature. In the invention, the remainder of
the divided gas 5 streamto be treated is supplied into this hot gas

st rream Thus, the tenperature of the remai nder of the gas to be

treated i s ghevdtedst dnchedeheariairade gaspodivdmmrawraye rgasur @ethansf, NJerr] O
or above and the N err]O contained in the gas to be treated, which has
been suppl i pgopane,t bathok,gatcst)r,edipdricgyenl Gacontammeovis \artchdrydatd zine.
deconposed. : It is still preferable to supply the remai nder of

t he di zikdfig1@as oFt teaMitieial tfrdlsed ndl@eHirdadorydiPNEyasoline,
(preferably two to five positions) in the flow direction of t he

above- descr kRedshak, 033 ghit' 3T, /é%or)dla@m taqctd}elslﬁméﬂﬁﬁdlon,eﬁmol,

deconposi ti on heat generated by the sel f - t ernal deconp05|t|on of

N o] ts
Sl[JSF)H edsncgﬁgbga:u%!icnrgs \?rgl y an rsea % J'fsf |p§reer/¥H y ut| I |§z}§é| ne vaﬁsneg
the temperajyng, ntzg%sga% ce i¥ (SRR A SR

| at er. 58sSiIBIE 0 ¢ontT e tenper

in the free from the generation of carbon dioxide and little

affecting the environment. Among the liquid fuels, it is
particularly preferred in the invention to use methanol

10 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

15 illustreted.

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

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

20 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 .

25 having means for supplying thelgas to be treated, said
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N err] O thermal deconposition systemto an optinmum /|l evel ranging froma

relatively | ow tenperature zone (about 1000[err]C) to a noder at e
tenperature zone (about 1300[err]C). Wth an increase in the nunber of
the divided gas streans to be treated, the 25 anmobunt of the fuel to be fed
thereinto can be | essened and, 20

in~<ts turn, the energy cost required in maintaining the Nerr]O

deconposi t i enppeFthigomeain sa badign iprewielgueradt wree can Myere posireducedin

In the thermal deconposition of Nerr] in the Nerr]O 5 contai ni ng gas
accordi ng t-@hth&lionveitdeetion dfS Pplefersaddeam; and hat the gas streamto be

I ntroduced into the N err] O thernal deconposition zone is in a plug
flow state. Thus, (ghea dlscﬁ%%m@sw&&dﬂﬁ%xg&w atrRGhy W eiddiiiled
deconposi tion of [err]O in the gas streamto be treated can be nore
efficiently, 10 utlllzed |n el evating.the tenperature of the gas streamto

be treated gupplled into the NJerr] O thernal deconposition zone | at er.

Wien theggas Stre%g]ﬁe%ﬁfgﬁ%?odt%ﬁ% ﬁé)sq\‘éfl%tna Sriith is a RIRELHLY I‘pr bhe

hot gas strean1|n econposition zone can
exactly contro eref e, t he renalnder of the d|V|ded gas
streamto b qu d%c POSE '

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-

10 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

15 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

20 portiop 2 where it is uﬁiformly 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

25 gas (not shown). 1In this case, it is favorable that the
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treated can be supplied to desired positions of the hot gas streamin
the desired tenperature zone. When the gas streamto be treated -
is divided and a portion of the thus obtained gas streamis preheated
in the 20 invention, the preheating nmethod is not particularly
restricted and any well-known nethod for heating a gas is usabl e
therefor. For exanple, use may be nade of the I ndi rect heating
systens suchranddite iy piean N Whisseide® thereph peivhi £hfide gas stream
to be treated flow through and is 25 externally heated, the gas heat

medi um heat iRGHRINh means such as a combustion burner.?2l
wherein the gas streamto be treated is fed into a conbustion gas and

| s heated, the dineel deRl MRG0~ contBlindhiqt BAsPAL! gk eambMs! | On

heati ng met hod wherein a f or a portio e gas streamto be

et S ST et o RS et
an o1 oct 5 R, L% SO, DI UELEN aqeon A1 SeLon

preferred i the nvent| oo employ Lhe SLSChesng plSBLLR%, Sytem Since

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

10 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

15 gas-supplying portion 4. In the case of Fig. 1, three
portions 4 are provided for supplying the N,O0-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

20 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

25 example, one or more of the gas-supplying portions
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economcally heated to a desired tenperature thereby, as conpared to
ot her heating systens. Now, the direct heating systemw /|| be
described nore 15 particularly. The partial conbustion heating nethod can
be perfornmed by, for exanple, by reacting Nferr]Oin the gas stream

to be treated directly with a fuel and the gas.streamto be treated is
heated by the reaction heat thus generated. The gas heat nedi um heati ng

nmet hod can bgmpehEehgednky orf abre2foedrs by mniang tdiehdilogadlifrgatdd®rby t he
conmbustion of a fuel with the gas streamto be treated. The

above-descrihpgdshugh b# the Fﬁ‘ée%tﬂr@&:tﬁ&:@n%ea treatetllesimmnes adtercddied)
conbustion 1 n the presence o conbusti on-supporting gas. Use nay be

del d 5
Vénxaﬁp%'egaosB&thgtﬁ[iln% suth %aselng!,s trd ¢a-d gﬂi@a?m ad eoldrb sl , ;atshe

fuels incl ugggnat Er% +93%; ati)lﬁdr%%hré)%rf Qﬂﬁ&ﬁ%&@%een app¥diainge Iyt ane,

etc.), hydr Camionica an ydrazi ne. Exanpl es "of 'the liquid
ool 25 RS 4038 uces il P (MomBiertiatl
Dt e ot o and SR S S 5 Sl i e 1
| | the thermal decomposition zone can be controlled.

The above- descrlbed hot gas stream is comblned and
mixed with the gas supplied from a first gas-supplying

10 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

15 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

20 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

25 the thermal decomposition portion 5 is substantially in the
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affecting the environment. Anmong the liquid fuels, it is particularly
preferred in the invention to use nethanol 10 which is inexpensive and

easy to handl e. Exanpl es of the conbusti on-supporting gas include air,
oxygen and nitrous ~oxi de. Next, the apparatus of the

I nvention for preventing gl obal warm ng by thermal |y deconposing
Nerr]Ois now 15 illustrated. The apparatus of the invention
for preventimgnglohal plug FEsW NOLE Matgdsd e, tties nethediegdnposi tion of
Nlerr] O That is, - the N[err]O thermal deconposition apparatus
conprising: decompositid)pddtidh nedid hrHeIdé@wieh dhfeans for

N[ err]O containing gas 20 to be treated; (b) a preheating
portion for g s jPtenduced dip be drgatede baffle HEAtE,

t her mal deconpog%piongﬁoﬁﬁ?on-a Jacéﬁ% ?% t he preh%ht?ngapor%i%n, sai d

ther mal decoMONIL R, A pfox i) "BedPanee 9L SHRPLYLDG R g8 Lo be

treated, said . o . ~supplying
means being jprovided, An A%l GRSLPMLEMSod b ion pbPEEAOY gLrection of

a gas st eah™ A
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

10 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

15 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

20 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

25 definite level. Thus, the instruments can be continuously
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(d) a discharging portion for the thermally deconposed .gas. 5

The thernmal deconposition portion is a zone wherein Nerr]O S
thermal | y deconposed. Fig. 1 is a schematic view illustrating
the N[err] O t hermnal deconposi ti on apparatus according to the
invention. In Fig. 1, 1 stands for an introduction portion for the

N[err]O- 10 containing gas; 2 stands for a preheating portion for the
t hus introdupedagas o¥est andorfpper ipice hefatteithegas-Trecawikef tempgoation; 4
stands for a supplying portion for the Nerr] O contai ning gas; 5

stands for gahiek' HEJhIiFR ofeadasndeature qbriieonsuErsd dae to
reaction of thermally deconposing Nerr]Ois 15 carried out; 6 stands for

a dischargi pg RRLLIRR, f%et Rgo conctheraeliby dacempogad gageatNdo? bet ands
for the wall of the t herf mal deconposition reactor (furnace).

A t t t
P or | oyreAtedis t?té[’ (;%%;Bhe prehegﬁﬂr%qldzo por 4 brean {50 Hheedeed,

I ntroduction portldn lon 2 where it is

of N err b ehi SErt Ut Fed g C%Mﬁng : per&’?%q*’%?%% df Féct

heati bed .ab h b
or ovi ded i F mamt&lﬁb%%eg:éaof %%%ﬁ&ﬁ% el r‘%@%ﬂ%@% Ehe

conmbusti on- supportin as (not, shown In this case i s, favorable
t hat the outlet o the thermal decomp 51t%9p apparatus, 1

therefore needed to control these factors. In the invention,
it is breferable to maintain the gas stream at the outlet of
10 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
15 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
20 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 EQO—containing gas is
25 exothermally decomposed wifh the use of a catalyst (By
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preheating portion is provided therein with-a fuel conmbusti on neans
such as a conbustion burner. _ The thus preheated

N[ err] O-containing gas is introduced fromthe preheated gas reception
portion 3 into the thernal 5 deconposition portion 5. This thernma
deconposition portion 5 is located adjacent to-the preheating portion
2 or connected thereto via a preheated gas reception portion 3.

In the ther baliingdognpodio icontpertt Wwiitls a Madialysts itfer dal ppd O,. The
deconposed at the N err]O thermal deconposition tenperature or 10 above
and a hot gaaventdam pxovidesd adwe tthod M Npereve@ting gledmnip o tniong Heat
t hus generat ed. In the thernmal deconposition portion 5, the hot
gas st raaEliftisall QR dolnptisiedy \W,bhahtieaneappadeatuef thheefor. di vi ded
gas streamto be treated, which is supplied fromthe 15 gas-supplying

portion 4. tBmbheeceasatl®f thed thbrrdl &R compoBAidm e tthdd & Prdndcethbd@r

suppl yi ng the N20-containi ng gas. It is particularly preferable in the
inventiog tBghvklerfe cataAhR ilIRASRnPoE SiHP! M KPSt iz €., the
nunber o stageg §ﬁpp|}?ﬁg t he gég)strean1toqu treated) in the 20

porti on 5 f QG 1LRSLIRL) ¥ HPoauposig: e Nisld QA NifthgAitele, if

It is prefer e por for supplying t

N err] O contai ni s, hs. prayvided with.a for supplying the gas
by mhich_thg%?Yo§ﬁ@g%ﬁ%?ﬁ%nag¥ aﬁ%eﬁgﬁegagﬂgggégﬁ1in t he t her ma
deconposi tion porth%”d%s%%?b%%.%%%%%9”6%% N58£containing gas to be

treated in the invention may contain, in addition to N,0, air,
10 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
15 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
20 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
25 invention may be a gas.from which other components have been
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25 exanple, one or nore of the gas-supplyin portlons
25 conpri sing one or nore noz l%ﬁm awmmthmhhﬂ f|OMIdIreCtIO
and speed of the gas streamto be treated ca

provi di ng such a neans, the gas streamto be ﬂg flow
direction and speed of which have been approprlate y controlled, can be
| nt+ oduced into the thernmal deconposition portion and thus flow

condi tions @glhﬁganH_%@gdyéwgappyylng-thﬁnuhﬂgngb deconmposiition zone can
be controlle The above-descri bed hot gas streamis conbi ned and

m xed with ggg,e SRR i egofsr QMRidH iHa RS SR/ iwith MXhquorddsus A.

Thus, the te rature ther Is tenporarily | onered. The tenperature
of the combined gas streamis el evated as the thernmal deconposi.tion of
Nerr]O pro@ggﬁs and thus a hot gas strean1is formed again. This hot

gas stream onbi ned _an t t 15
supp! | eddf fom ﬁ s BT, gserxs%uﬁbalv?n%q.o\éﬂor is oic 49%]@1@%'[3 ]:Rﬂ e d nepi @bt
cont ai ne |n the gas stre b t t t

gas- suppl R W] %Ft ¥ rea eg%ﬁgppg ed b5 APt R8e ob eCtsiﬂ

SUCCESSIV Al
rati 8°”?L2“g§£ %Jez“%z&ﬂ&%wxf,r?;?ﬁ:ﬂ%“ﬁ Ry l%%ﬂﬂ%s‘?%igﬁi‘. on
appar at us _

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,
10 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
15 is still preferable to use a-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
20 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

25 of a metal catalyst and then baked.

N | FEIS SHEET HAS BEEN

- REPLACED ;




via the thermally deconposed gas-di schargi ng portion 6. It is
preferable in the invention that the thermal deconposition of Nerr]
stably proceeds as a chain reaction. To achieve this object, it is
preferable that the gas streamin 25 the thernmal deconposition portion 5
I's substantially in the 26 .
formof a plug flow |If necessary, the thernal deconposi tion portion
gﬁy be provided wht Bagal®ans sgstem whdeht e pang idvd agdy predammagtins a
arrier,
-preferabl e iRet RaventilcRvart icoe tHhatidder hgonehtdegeiposketbnpopattioan 5 is
provided with a porous plate and/or a nulti-pipe nozzle (not - shown)

front of andiabeghilie Bck Oy LR 425-60PR, YsRA1L morBOble?Bribly Exhb

make the ga
the i nvent
streamflo

gas flo

rotary s

with a neans for nt r ol
a poF@ﬂ‘?eﬁl Ure 511&3%5 H:g-l q—gsceft rteearlan:esrua uraéS as specbafféfrabc?vgaff

pl at e,

10

15

20

25

a baffle plate, a porous plate, a packing, etc. It is

into a plug Is also preferable in

Qsﬁathat7 %e gas 10 streanlls controlled so that the hot gas

®ard the neans for supplying t he N[err]C)containing

ream, théh o R 3o b o %tg&a@‘%t‘f R

the decomposition heat generated in association with the
catalytic decomposition 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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To control the hot gas streamthereby giving a rotary stream it is
preferabl e that the gas-supplying portion 4 is provided with a

gas- suppl yi ng neans conpri sing one or nore nozzl es by which the flow
direction and speed of the gas 20 streamto be treated can be controll ed.
In the invention, it is preferable that the tenperature of the gas
streamat the outlet of the thermal deconposi tion apparatus (the

outl et of the por tlitorn s6 gfrerferablediduiargiagrenminday il | Sheledi dIFAas)
is controlled at a 25 definite level. Thus, the instrunments can be

conti nuousl fto be treated is supplied to'pluralaﬁositions in the opkowt ed

over a long period of tinme. The outlet tenperature vari es dependi ng on
the tenper aigine@fi dihe U | Ssb@asddscribedend t egd£ds tiden N eThi¢ Ghus
concentration in the gas streamto be treated, the speed of supplying

the gas Str%%{lﬁrﬁﬁé% q;{seaﬁc?cbe Brd D@Dy 2Ed tHELE Uehe f 260voLQesbLibed
etc.

preheati ng po To maintain the gas streamat a constant

t t { | t (O
temperatye oty Uig serdill| A Ol Nor LR TRlufier gpest 1400 apRagatispelt 1S

0 contr hese factors. e I nventi on, it

f bl h I 1
Pt er ol e, b AL SA,GA SRS chER Bk Bt olng st ey Lle L%Q{ihe

amount of t E%Ja edf§¥iéﬂg(£ack of each supplying position. According

to the invention, therefore, N,0 in the gas to.be treated,
which has been formerly supplied, is catalytically

10 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

15 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

20 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

25 appropriately determined by taking into consideration the N,0
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t he preheating portion. Thus, the deconposition tenperature - can be

mai ntained in a nore stable state. It is preferable in the
invention to naintain the 15 supplying tenperature of the gas streamto be
treated at | ess than about 750[err]C. The tenperature of the gas

fl ow ng out fromthe thermal deconposition apparatus after the
conpletion of the reaction is not particularly restricted but can be
control I ed widndentaratiitm tienperatgae tarige fremted, 20he a4 idesiopposgtion
tenperature region (about 1000[err]C) to a noder at e tenperature region

(about 1300[tRmideDature RECagsargatal ys tissy stogm bempholpe df amd t ehpet aéat énof
1500[ err] C or hi gher. The term "catal yti c deconposition of

Nerr] 0 as 4shihilithdeithdeansaleic e rdfpisyad. N esrlibeont atneng gas
is 25 exothermally deconposed with the use of a catal yst (by

28 effectPTddMidid WP BFind the ag£at b Yse) tieheedl ear] and

Jerr]. The I nvent1 on provides a nethod for preventing gl obal warm ng

b t 4 aeCs q ' t

Chpar ed i HR XTSI ol eRoTod T o Tor hod B doeer e T USRS (e
talytic d It ' f : [

Tn ol s et R TS Sradie 1 e Rdea ynebChie At Y-LOK CEERELELY'®

ther eby. 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
10 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
15 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

20 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

25 into a combustion gaé and heated, the direct heating systems
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As descri bed above, the N err] O containing gas to be treated in the

I nvention may contain, in addition to Nerr]O air, 10 nitrogen, oxygen,
noi sture, carbon di oxi de, carbon nonoxi de, ni t rogen nonoxi de, nitrogen
di oxi de, hydrocarbons and the like. In the case where it is feared
that the catal yst m ght be poi soned by sonme conponents contained in
theegas to be treated under certain tenperature conditions or in the
15 case whesucht ass theapead ttiladt cominm sinifoay dresiling esdthiarh whigtdin a fuelcur,
it is preferable in the catalytic deconposition nmet hod to

prelimnari bydgbirmangbe tibase fc ameoned $thefan o be ttgytled nigs i nto the
catal ytic bed. When the N err] O containing gas al so contains nitrogen

nonoxi de angduBijbeeaan téi esndestaQnPAnsP RN @ P drdinRs Baldatal Gis for
exanple, it is preferable that these conponents are prelimnarily

oxidized neafBd BYSEHRCENLR %‘%n@%@e@ Q0% +C OB TR LRP Y sten RHSIHIT ©

Is elimnated before using as the gas to be treated i n the I nventi on.

qherefors, the €38 be OR LARALEdJ hulitced® (Y Hild AR MG AMPS IR,

whi ch ot conponent's ve been

|3g to t ﬁgb il} élr‘x}ito%l&éggﬁke' 1&t‘] e a%.%%o possiblee@omdg%t ead pq:eefhoera%i%ugD plying
Mposi tion . _

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

10 mixed with the gas to be treated. BAmong 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

15 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

20 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

25 contains N,0 only at a low concentration and thus there is no
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apparatus or a gas which has been m xed with other gases, etc.

The present invention is not restricted by the kind of 5 the catalyst for
deconposing Njerr]O  To achieve the objects of t he invention, however,
it is preferable to use those cont ai ni ng copper, nickel, iron, cobalt,
pal | adi um or oxi des or conpl ex oxides of these netals. It is

pref erabl e that the catalyst is carried on a carrier. As the carrier
10 those héfdang cap@roprirsdae gEHES iank edwe g théi gdmpead ture dgeabdl ity
may be sel ected. Preferred exanples of the catal yst carrier to be used

i n the i nveriheoyanadadtdeornd flahe deconsbciomprexhext defoofesdmpl @unthen
silicon, titanium nagnesium and zirconium As al um num oxi des anong

these carri ¢S dilftuenkd das Sitd IHeddd er afleéh igouse enthidledma®da high
[err]-alum na or [err]-al um na. As the silical/alum na conpl ex oxides,

it is still _o%rn@ce?lrﬂ%lﬁoln,proe GHSEARAdLE VRS Myt S §Pecdht ani um

oxides, it is st erable to use those of the anatase and rutile

types. i (PSSR Rl Ui COE @ LGl SRR, ha 200 QR bERL

i?r‘gl
. e [e)
resi st ance. ur ther nore, |1 IS prerera a carrier o al ned

by mi xing these carriers as cited ahaqve. I e Jlnv lon,.{he

catal yst ma %ﬁ?%ﬁ%ﬁ%ﬁﬁjﬁﬁ?qﬁkaééﬁQi%a 18 pr%ﬁﬁ%?%é&lﬁiﬁgﬁé Fre h%@?n%or

-exanpl e, the carrier i nat ed whth.aqﬂgg eous soj ution_of. a
t

wat of - ol UbIEE S 3525 PEEHR Al AR A LRI G (HEh TR Srure of the

gas stream after'the'decomposition or to control the
temperature of the gas stream within the specific range.

~10 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

15 1inhibitors. 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.

20 The catalytic decomposition of N,0, 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 pressﬁre of the

25 catalytic bed so as to increase the amount of the gas to be
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A catalytic systemwhich is particularly preferred in the invention is
one having an N err]O catal ytic deconposition tenperature of from 200
to 800[err]C, still nore preferably from 300 to 700[err]C. 5 In
a catalytic systemhaving a catal ytic deconposition t enper at ure hi gher
than the tenperature as specified above, t he deconposition heat
generated in association wth the catal ytic deconposition of Nerr]O

can be nor e tebhiteicenlddy redudd idhezettde tdle b sapuigrienN er rjdveatnl yitc
deconposition by 10 applying the nethod of catalytically deconposing

N err] O 1s2GeQ ittt %dﬂ?ﬁ N,B8V885i ABuld undergo ahn ek olsiventre@r:t ildne

gas to be treated S d|V|de Into gas streans. Then, a portion of the
di vided gas, ey %tf%aa@ . of il Al GASISE AR L4 55 REsheaded and
15 introducéd nto an alytic deconp03|t|on zone wherein

ﬁgsrrg;g !S?rétg%tg o Riffie! ﬁﬁé&?ﬁa' 3nCgkBn¥kh6Rl 5%3@%98?;0%%5 an  forma

€ renai gas to be treated

li,ed into this hot Th th
el hde o ERPHE I AR OGRS Y Tt BB AL d et
t ture high th t t t_whi ch th t al
doconposi {1 BFREUATT oM E 15 NI LR A b nUR Tt Gacta vURkTo

passed t hrou catalytic bed so as to catalytlcally deconpose
Nlerr]Oin tu%@ gpsration PiRs Ul Bxhteaptetyc e tatHF9Ric bed
serves as the

atmospheric pressure to 0.5 MPa, still more preferably from

atmospheric pressure to 0.3 MPa. The same épplies to the
10 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

15 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

20 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

25 ranées from 2 to 20% by volume, still more preferably from 5
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25 catal ytic deconposition zone of N20.

31 It is preferable that the remai nder of the divided
gas- to be treated is supplied to plural positions in the flow
direction of the above-described hot gas stream The thus suppl i ed gas
to be treated is mxed with the above-described 5 hot gas stream at each
of the plural positions as descri bed above and then brought into
contact wit kot h&scatyalytlivmened When Itheate@ abnthetbatkonf ofathesdppl pitng
position. According - to the invention, therefore, N20 in the gas to be
treated, thehiigh dtas thaer foartatti ol iled, ldss dataal VA% dat Iwolurge,
deconposed and the deconposition heat thus generated can be efficiently

and successicyel heldltd lgezrddte eIy aid¢dtha ytic tdomenadsirteiof ddre gasult
streamto be treated, which is "supplied thereafter. It is particularly

preferred that oy 5 si 1 HicHRNd HNTHOSHRAANE (e iy lsled gasor
f reate

streamto be as descri bed above are fornmed. Wth an increase in

the number %Enet Q:%t(yr%}tqe&g&ae% sty eans 4 q:%eedﬁléie@tieéj,f_ég}ged thaosgd of the

di luent gas 10 be enployed can be | essene Ini1ts turn, the energy
COPE 1o bl A ML S0% M pe EAIAEL P E I A vy
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
10 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.
15 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
20 invention is an apparatus wherein an N,0-containing gas to be
treated is brought into contact with a catalytic bed to
thereby catalytically decompose N,0. This apparatus
comprising: |
(a) a introduction portion for the gas to be treated

25 and/or a diluent gas:;
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In the invention, the gas streamto be treated is di vi ded and
introduced into the catalytic deconposition apparatus via plural inlets
as -descri bed above. In this step, the division ratio of the gas to be
treated nay be 25 appropriately determ ned by taking into consideration
the N20 . ' 32 concentration
inthe gas to be treated, the N err] O deconposition . tenperature of the
cat al yst system erfpl)opethisnigiat portrieant ifiog the gespdlsi ke yEnsfattde ayst/Adwtic
bed enpl oyed. To inprove the ef fect achi eved by supplying the gas to
be treated ithe B lpent @as; it is still preferable that, when Q NnB/H of

t he gas to be treated is introduced into the anterior catalytic

bed, then the anoyel ef mikan@apdirdilke haviedperek idH eddte means st eri or
catal ytic bed adjacent thereto is controlled to 1.1 to 3.0Q0 Nm{err]/H,

still pref ers@le_YLlylin% t&ﬁ g&Q N &fd ldrdatell tdhd Ak raspesildént heasadel ytic
en

bed volune, simlarly, catal yti c beds have the sane catal ytic

system amd B i3 S I -q:r{pﬁr urgs. aid dhe ofpyre of -
t he ant er@i otrdlﬁf% cé:t g’loftlitrt}ogltesd%iqg t%Hetrr[l?rnr%l, t erf]atli tﬁi s pr eéf efoa%l e that the
vol une ag%F%%%u%gsterior catalytic bed is controlled to 1.1 to 3.0 V

15 nferr], préferably form1.2 to 2.7 V nferr].

(d) a catalytic decomposition portion having the
catalytic bed; and
(e) a discharging portion for the catalytically
10 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:
15 . 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;
20 (c) a catalytic decomposition portion having a
catalytic bed; and
| (d) a dischafging portion for the catalyticaliy
decomposed gas; and

one or more devices each of which comprises:
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As descri bed above, the gas to be treated is divided ~ and a portion

thereof is preheated in the invention. The preheating nethod is not
particularly restricted in the catal yti c deconposition nethod too but
any well-known nethod 20 for heating a gas is usable therefor. For
exanpl e, use may be made of the indirect heating systens such as the
pi pe heating wherein a pipe through which the gas streamto be

treated flow is exter nalint iwdi@tion hsogesoheddr etk udti schardedt gag met hod
wherein the gas streamto be treated is fed 25 into a conmbustion gas and

heated, theylvyigrd heal i QocSYot£9B11y decomposed, the gas to be treatdd

such as the partial conbustion heating nmethod wherein a fuel and/or a
portion of thgi4as StdLARAPO treated is subj ected to conmbustion and
the gas streamto be treated ?%% heated by the thus generated heat, the

neat | ng syatem () 2 HIRHS e A SLEEHOAE AEDRIF00d N8l RGNS

heati ng system i's al so possi a preheating

eacted W PSR G T Do (FeroRhafii, Cis, Btn Gache “ERated, ahdon

catal yst and . the aobtained reaction mxture is 10 mxed with the gas to be.
treated. A tHe YheBR 5 hg met hods as cited above, it is

particularly preferred in the L ) )
: (g) a catalytic decomposition portion having a

catalytic bed; and
(h) a discharging portion for the cétalytically'
10 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
15 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
20 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
25 beds connected.to each other, as Fig. 5 shows.
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I nvention to enploy the nethod wherein hydrogen gas is reacted with

oxygen in the air with the use of a noble netal catal yst and then the
steam thus generated is used as a 15 preheat source, since preheating can
be started froma | ow tenperature and the preheating tenperature can
be controlled over a broad scope in this nethod. In the
nmet-hod of catalytically deconposing N err]O according to the
invention, a dilugnt F3as.can vl Wed i fstaiis nkededh infivcdulitimnt gas may
be used in the catalytic deconposition systemw thout being restricted
to any pdeftiiinl €d30%Hd Qhs o MY thecatsad; i 18 theaaserowese the
tenperature of the gas streamis to be controlled at a definite |evel

That is 10 e\t il fiAs ildh bt real ether?s g0 & NSseds | RPN Y at 2

| ow concentration and thus there i s no

Gonerati on O e aaeh SR T E R Y SRR S 20 standd ot gas

is needed. Wien N.ery]Q.is contained at jg@_ entration, . on,the
contrary > oP HeRERbIAAT & ST BAY Rl S T TR E W oy
speci i narfow jegollion o) PRSI AMS: OB &, 55 PLelesabls, o

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
10 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

15 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

20 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

25 generated. In the mixing portion 23, the hot gas stream
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gas so as to prevent an increase in the tenperature of the - gas stream
after the deconposition or to control the tenperature of the gas
streamwi thin the specific range. 10 - When a diluent gas is enpl oyed
in the invention, it is preferable that the diluent gas is supplied
fromthe sane position fromwhich the gas to be treated is supplied.
The- di luent gas may be selected fromthose which are free from

cat al yst - poifeoomiety atdusdt airec ensi xord NjErh | thel ecemgpisder onf reaet dbniddd gas
inhibitors. Particularly preferred exanples of the diluent gas to be
used in the tonwntiryatad, wideidh riansiimsl 1de Mfa@trtif® supplebng aporbbogas
after the catalytic deconposition of Nerr]Q since these gases are

i nexpensi ve rgreadid W=V aid Y ecrdiked, a@@Sthé cdhpnethe. gagP which iHe
catal yti c deconposition of NNerr]O, which is the subj ect of the

i nvention, isuigy idd eMes i til& g@ﬁﬁﬁ}ﬂf? BYortionMbse hu@étapg@@n@nﬁagxyesn
. are generated and thus the gas volunme is increased. It is therefore

ge . h - the 25
catal yti ¢ beprS L URAHITE ddr N ol cn PR B n g FRaLE R Bl
35

It is:5%%?%?%%5%%324@%§%§ﬁ%€§%§3§%ﬁﬁﬁﬁﬁégﬁﬁgggﬁﬁgﬁg1OS|&§“F5%E |gL
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

10 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

15 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

20 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

25 apparatus shown in Fig. 5.
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under el evated pressure._Thereforé, t he inventors consi der t hat
N err] O m ght undergo an expl osive reaction under an 5 excessively

el evat ed pressure even in-a mxed gas system . Accordingly, it is
preferable in the invention to control t he operation pressure of the
catalytic bed to from at nospheric pressure to 0.5 MPa, still nore
preferably from at nospheric pressure to 0.3 MPa. The sane applies to
the 10 pressure itp tShapiiepalfoiec anmeoidtiay st ietapaestidmaeaction
above. Ei t her the thermal deconposition nethod or the

catal ytic degoRpesyitantARt ied a¢cendi eatkayshe iitveat poefierable imprthe
appropriately aﬁplicable to an Nferr] O containing gas having 15 an

Nerr]O Congh%g{errﬁ]iieo(}ﬂ[%{a QRDYa R P, 913 & 85Fovidéd iwishidlporous Plete

preferable t rr] O concentration in the gas to be treated
ranges from % ) %%ﬁﬁi SETdY | SOPEERE I8t 1 ORa) Hrt he
gas to be tfég%gﬁgg§é%égég§gg?ﬂ@ 0 J%Q? hﬁ thé?%)a}ises a fear of the
expl osi ve. deconposi.tign b r€3§ . e N eLr 29 L
In the is?\/er?t% oq%e Cq?\l[oefr gth)lnxcenq fé%ﬁg%fy ? hseglggé to J s?r%a‘rﬁ%tofrﬁe
inlet of each catal ytic bed may be appropriately. erm s to
successfmlyﬂ%ﬁﬂﬁnﬁééq ter miying. s bf f%ea %eé%??%%gf%hégkfég?fg)g
concentration preferably 25 ranges from2 to 20%Db ol u still [e
B ¥fg fet CRLS
preferab|yvquﬁﬁq;ure.capable of mixing gases (a ba g blate, a pa d,

etc.) into the mixing portion 23. To make the hot gas

stream in the reactor a rotary stream, it is preferable that

10 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.

15 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 depenaing on the aﬁount of the catalyst packed

20 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 cén be controlled to the desired level.
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to 15% by volume. When the N err]O concentration of the gas at t he

inlet of the catalytic bed is |ess than 2% by vol une, t he heat

generated by the catalytic deconposition can result inonly a snall
increase in the tenperature at the outlet of 5 the catalytic bed. In this
case, it is feared that the obt ai ned gas stream cannot be efficiently
and successively utilized in elevating the tenperature of the gas
streamto be theghedinweinthons sheplgasd tichdreedinearteden die dgdrand
concentration of the gas at the inlet of each catalytic bed 10 exceeds 20%.

by vol ume, anpbheiehhehdiard isheuppliedatint & first tdetattist of the
catalytic bed is excessively el evated due to the heat generated by the

catal ytic dgeeuresishitadn ;ﬁbrtion thighasehd hmpdwpuait deitesiwriad i on of
the catalyst is accelerated and, furthernore, there arise a fear that

the 15 equh@%?ﬁ%d@fﬂhﬁ@%ﬂﬂ?tﬁ%ﬁ%@%%er (i.e., thd\edtalpnei@pparatus of
0

the i nvention preventi ng gl obal warmng by catalytically

decomos S REREER AR 4 pecond (R Gl At sysiicomast ther
Cecommos: 1 R IRRRE 85, Mg Yd LB AN TSNS phereln a0,
CLaN 0 DS e AU A AR A T
gas to be t&%%%?%he use of the heét obtained by mixing the gas to be
treated with the hot gas supplied from the prior catalytic
10 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
15 catalytic decomposition'portions to thereby control the
temperature over the whole catalytic decomposition zone.
Thus, the temperature of each catalytic bed can be easily
confrolled and the total amount of the diluent gas can be
reduced. As a result, a smaller device for feeding the
20 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
25 decompositionqapparatué after the completion of the reaction
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25 and/or a diluent gas; 37

(b) a mxing portion for the gas to be treated and/or t he diluent gas;
(c):a mxing portion having one or nore neans for supplying the gas to
be treated and/or the diluent gas at 5 different positions in the

| ongi tudi nal direction of the appar at us; : (d) a catalytic
deconposition portion having the catal ytic bed; and (e) a

- di schar gi ng porinorodeced hentatal yoitatrl yavifig decomporedtgasture and

I n anot her enbodi nent, the N err]O catal ytic deconposition appar at us

of the inventhonrésceioRPpaset us bycobbeb8dNaer 61@amn alt is also
N err]O-containing gas is catalytically deconposed. This appar at us

conprises: Jpsferable@tleVi fBeVWphsNr 60BN L888ted is subjeckt@8H @0 heat-
i ntroduction portion ?or the gas™to be treated and/or a diluent gas;

gg) a niXi?giﬁgﬁ%%§§J&ffhtgﬁeg §st9fpgrtﬁﬁ@t89mﬁgg£96n of thBerdibkwenh,gas;
ytic deconposition portion having a
| 5 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
10 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
15 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
20 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,
25 reaéting the discharged gas containing NO and NO, with NH; in
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catal ytic bed; and (d) a discharging portion for the

catal ytically deconposed gas; and one or nore devices each
of which conpri ses: 38

(e) a introduction portion for the discharged gas - havi ng been

catal ytically deconposed, the gas to be treated and/or a diluent gas;

(f)ra mxing portion for the discharged gas having 5 been catalytically
deconposed, thhepgasecheeche it keatatd land/ ao thereidye adinwesrit Ngasind NO, into
(g) a catalytic deconposition portion having a catal ytic bed; and

(h) a dischgrgndgmpor ti 9Aukpr theegaakal ¥oirpabl urtd@ dheonpapedtdasn. of
In each case, the catalytic bed serves as the above- mentioned N err]O

or T oA TS S e e o aheat (e gas
15 to be treated godigr GRGVE e 1939 onREGHANL irldi dates, the method
5 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.
10 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

15 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; |

20 (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

25 Dbeen recovered, is divided, a portion thereof is preheated
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preferable that the m xing 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 Nerr]O 20 catalytic deconposition
apparatus of the invention. As Fig. 4 shows, the catalytic
deconposi ti on appar at us according to the invention may have pl ural

catal yti c bedsekbthermadlyi dekemgesenigsi in othapgas asusearl ter farmval hott he
deconposition apparatus nmay conprise independent catalytic 25 beds

connected tg,8a88r8bA§r ands thedrehaihdes. of the divided gas stream to

39 In Figs. 4 and 5, 17 stands for an introduction
portion fOrbeh€r9§§eﬁolgesh§g§H%@ 1A% oS ANES ho¥ @R stream ooty
portion for a diluent gas stands for a preheating portion for the

i ntroduced Qgﬁtlﬁgoﬁ%deﬁeEBEP%sg ﬁwgregggted gas-receiving portion; 21
ands

stands for a space for a catal ytic deconposition portion;

the 8 g;grto it Bl b @#éfhpi&a%@%%l?t%@%ﬁp% é?‘ﬁe’?% Bpntponipan for
oot 02 bR A TS0 e P TRREL B REPY BohOppt o Mughabatiead |V

deconposed € catal

deconposition reacto
np step ?s recovered

E .PE
The present invention will be described in greater
10 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}—contaieing gas (a feedstock gas) to be
treated, which had been discharged ffom an adipic acid plant
15 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 decompositien reaction furnace (thermal
20 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 wall thickness
thereof was 300 mm. The inside of the furnace was divided
in series into four thermal decomposition chambers (N,0
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In Fig. 4, a portion of the gas to be treated and the di l uent gas are
I ntroduced, via the gas introducing portions 17 and 18, into the
preheating portion 19 where these gases 15 are uniformy preheated to the
initiation tenperature of the N err] O catal ytic deconposition reaction
with the use of the catal yst. The N err] O containi ng gas thus
préheated is transported to the preheated gas receiving portion 20 and
then to thedeabvapysitidacaopesit i haviagt iaosp2zZe Bife ald® stattdleytsiagme
deconposition portion 22 is |ocated adjacent to t he preheating portion

19 'or connegbedmbhenetd poaollseplatesphaiieaiofd gas- resdistand: [parifdken 20. In
this catalytic deconposition portion 22, Njerr]Ois catalytically

deconposed gﬂﬁicknesg :holbodam)st r eamt S s, 0riRd nnbdie Y altid QuigagRasi tion

heat thus 5 generated. In the mxing portion 23, the hot gas stream

40 stage ofOtHRAAROYE b kel dd Lhd uremaimdelyef dedi vided
gas to be“treated, which is supplied fromthe supplying portion

for the ﬁa.sti'ga}egdt r%ﬁ?%ﬁ’ P%eﬁd&}e:%% ﬁ'llvlgi%td *Gote] ﬁ%@t tedl was rPRIH& from

t he supplying portion uent gas, to ereby attain a definite

concent 1 al f geapd acIelinii8n cnankRIRCLALY ¥ RSN of il 1O T
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

10 the 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

15 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

20 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.

25 Then it was squected fo combustion in the preheating
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in the catal ytic deconposition 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 10 preferred that the
catal yti c deconposition portion 22 is + provided with two to four
portions of supplying the Nerr]O containing gas. In the case shown
inFig. 4, simlarly, two portions 25 of supplying the diluent gas are
provided. pBrtion bRE uMMERriUY nixdd widrt ithd ayds/ Yo dfertrrpies provi de
two 15 to four portions of supplying the diluent gas.

Subsequent |y tNLBHI@ GoRiRItIR] gritHd¥t igap paxthicor remted,9 Nm’/hwhi cfhleas
been supplied tfromthe supplying portion 24 for the gas to be treated,

3 Shocess! Helpederamosad ld ddifo pe oAU FasIed ey ssOrC.

catal yti cal P IEEIRRGeRiEd of thd BadStialh Pl o e descr i pti on
has, been JTade By ot bopdr S0 d GiEl i e W16 SAIT WRise: SWbsteseec 1y
To stably performthe catal ytic decoggﬁﬁjtion reaCtLO%_intoPHjﬁﬂ%ﬁ&Jé%dM th

the use of fihe G@asaltste itreated e & Mas papplie

third and fourth reaction chambers respectively at flow

~rates of 34.1 Nhﬁ/hr, 72.6 Nm3/hr and 155.4 Nm®’/hr. The
mixtures of the hot gas stream with the gas to be treated at
10 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
15 contained in the supplied gas to be treated had been thus

thermally decomposed at a ratio of 99% or more.

Example 2

~I\TZO contained in a gas to be treated discharged from an

adipic acid plant was thermally decomposed as in Example 1

20 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

25 Nm’/hr, 60.0 Nm*/hr, 72.9 Nm’/hr and 91.4 Nm'/hr.
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I nvention that the apparatus is provided with a porous plate and/or a
contraction portion (not shown) in front of and/or 5 at the back of the
m xi ng portion 23 so as to give a uniform gas streamafter mxing. It
Is al so possible to insert a structure capable of m xing gases (a
baffl e plate, a packing, etc.) into the mxing portion 23. To make the
hot* gas streamin the reactor a rotary stream it is preferable that
10 the portion 24Tat puppkyiregwtileiN d¢he] foomeaienivey Jadlarki/tdmé. The
portion 25 of supplying the diluent gas are provided each a means of

suppl yi ng ggasCerRebil hdx@need DG graamtting powhiah dre 44 dihe
direction and speed of the supplied gas can be controlled. 15

The met hods ;£,0ktG0RYE @hldl B@ AR, Iah iIdPUMNE@ash readttierctidiisets ed
used in the invention are not particularly restricted. However, it is

avorable Ut 1 i a e oe (R SUris sunblbatiLe gachiaLly | bed

epe ng - on unt of the catal’yst packed

20 into the _correspondin t hat ﬁﬁ&& -

subst ant T‘r’al Py *ERE ggﬁ%hﬂ[%é}r%ﬁj %%ﬁncre?:?i’ter tax{hf'eoﬁé@a;tn?{ e sagn%e/lgoans reaction
tenperature at the inlet of the respective catalytic bed, . . Thus, the
'inrgt ang oﬁPF@FCFehﬁér&p@ﬂég BPdegg% %éﬁéﬁﬁ??g'Ynlth%eﬁueghl%% %%ﬁtF%lled

to the desi %dtggg%gd had been thus thermally decomposed é@ a ratio of .

99% or more.
Example 3

10 N,0 contained in é gas to be treated was thermally
decomposed aé 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

15 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

20 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
25 - 99%.
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ior catalytic 10 deconposition portion. Accordingly, the size
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to each of the 15 catalytic deconposition portions to thereby
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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
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

50

can be easi control |l ed

Fog" FEP sl SincHE g e g xiae sRRER AR e

a



25 deconposition apparatus after the conpletion of the reaction

43 I's introduced into a boiler having a conmon structure -and
the reaction heat is recovered as steam It is also pr ef erabl e t hat
the gas to be treated is subjected to heat- exchange with the gas:
after the conpletion of the reaction, 5 whi ch has been cool ed by the
boiler, thereby heating the gas to be treated, which is supplied into

t he reaCtloﬁeéaﬁﬁbéédSas in @kahpeel NVeAL @he flow rate off hysiralgem
preferable that nitrogen oxides (NO NJerr]) contained in the gas

flow ng outsfppMitheineaCtBe Bredlaithtg Poreamel eldiony of. o Nen’yhef nahd
deconposition are brought into contact with water and air to thereby

recover r N Agueeu [ isthopAlidd At ATh
descri bed aggge%gkﬁ Fétéé Of th P%b geiﬁﬁ?t%ﬁfgﬁgg téﬁﬁé'treated |§ t he
I nvention (]

N f f
L he pr oooss? rggeapngoga%ukg” @ G Ay %) it hRedsliopk gas from

ucing adipi ¢ aci y the nitric acid-oxidation
met hod. ous oxi de di.scharged f PL C\yAL t is
to be thgrnﬁpﬁ9g8€ 6§gdrﬁfpfﬁ% ﬁ@gﬁ %bf { e/ﬁgvenklgﬁmﬁfﬂ¥r§éﬂ]
preferabl e igst the3 covered aqueous nitric acid solution as
descri bed a e |§m ed in the production of

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

-10 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
15 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
20 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
taﬁd'the second reaction chamber being respectively 96.6

25 Nm®/hr and 183.4 Nm®/hr.
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20 adipic acid. Wen it is unnecessary to reuse the NO and NJ err]

thus forned, it is preferable that NO and NJ err] contained in t he

di scharged gas flowi ng out fromthe above-descri bed boi | er or heat
exchanger are reduced in the presence of a catal yst. The reduction may
be carried out by, for exanple, 25 reacting the discharged gas contai ni ng
NOand NJerr] with NHerr] in 44

the presence of amgal Pnesisure tWisnelry tonvBuntnad® avms NO[25 rkgien’c  The
Nlerr] and Herr]O Thus, the gases fornmed after the conpletion of t he

thermal decROsitddin Gl 18- S BN COMS | PiEelia PDhG UpooBion and at thés the
above description clearly indicates, the nethod 5 for preventing gl obal

war m ng and | rﬁﬂé“%éé@ﬂ@ffgactlona&E&ﬁﬂéﬁghé@ &4€hi AveahpehaBlife
preferably app |ca e to an [err]C}contalnlng gas, in partlcular an

N O t ted f I f

e L L R e e o
10 T th d d t f

i T R IR o058, BHETEEOBY g

Accordlngly, the |n ntlo_gh ﬁ# Lgé%{Egrefe %gg%ﬁ%|ha&eﬁggnaERh cabl e

to a procesSIYr uced ease

of NJerr] O causin | obal war m ng
[ ] hermgaf decomposed at a ratlo of 899% or more.

Example 7
N,0 in an N,0-containing gas to be.tréated, which had

10 been discharged from an adipic acid plant and had the
composition and flow rate as given in Table 1 was thermally
decémposed.

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

15 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

20 in series into 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

25 chamber, while the remainder of the divided gas to be
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whi ch process I nvol ves: (1) a nitric acid-oxidation step in

whi ch cycl ohexanol and/ or cycl ohexanone are oxidized with nitric acid
to form adi pic acid; 20 (2) a nitric acid recovery step in
which HN err] is recovered froman N err] O containing gas caused in
the nitric aci d- oxi dati on step; (3) an Nerr]O
‘deconposition step in which the remaining N[ err] O cont ai ni ng gas

stream to berkaeatiedasf iamrediuckdiditer rthehaecafs,bedri nd e rishr tihs
di vided, a portion thereof is preheated

45 reactiohOcipblesmal ithedecempese tNiafd Jdad rfduretigasesstirieam t o
forma hot gas stream and the renmai nder of the divided gas streamto
be treated LA-aHapLi ol At RAAN It G URrely gas to be -
ﬁontlnuously 8econpose Nerr] QG and (4) an N[erfiC)deconp03|t|on
eat recove I ¢ Qﬁﬁpq99§g emtted
fromthe N[ ?Eﬁggeég'ﬁ%?é%elﬁ aftt}é% I}![h%r |H5Qr ecovered i s EXAVPLES

The presgnt hre‘\feé‘ltnlt%r] Witk 526 ;9834 %%d ¢k YHAUE 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

10 . 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

15 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

20 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.

25 The gas to be .treated at 550°C was supplied into the second,
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10 detail by reference to the follow ng Exanpl es, but the invention 

shoul d not be construed as being limted thereto. Exanple 1
Nferr]Oin an Nerr] O containing gas (a feedstock gas) to be treated,
whi ch had been discharged froman adipic acid plant 15 and had.the
conposition and flow rate as given in Table 1 was thermally
deconposed. Fig. 2 is a schematic view of the thernal

deconposi t i ahiappaiad UBourth reactiom ¢inambbats deespposivebyl akatiowdn
furnace (thermal 20 deconposition portion 8) enployed was one nade of heat

resi stant brigkss and $avi ngn@hey! i72dr7i ord’/shaprdwi 6B . 258mithr . Then i nner
di aneter and 4750 mmin length. The wall thickness t hereof was 300 mm

The inside qf; ixﬂﬁr% ISR dasotli Y glegtream WitBethesgast bofber trbetedl at
deconposition ¢ ers (N[err]O 46

decompost | Qg NeR)es 1By | el 258688, Okndtiivahal Bgubereroact 146 eMBubekLh

porous plates ma heat resistant bricks (thickness: 200 . That

Four The gdipd Fah = o ERRSAEET Gar B RE peck Bith et ‘%ﬂf‘eiﬁéd was

fed into fur£§éé'£§é {g?gtﬁopcqhﬁ@%ﬂde\gyésségg3renalnder of the

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
10 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
15 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
20 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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di vided gas to be treated was introduced into the second, third and
fourth reaction chanbers. The second, third and fourth reaction
chanbers were each provided with an inlet of 10 the gas to be treated

i medi ately after the hot gas stream was fed thereinto. Further, the
second, third and fourth chanbers are provided each with a baffle

pl at e made of heat resistant bricks (thickness: 200 nm height: 300
mM at the batk epteskaraberehdesthebemrindet wafs the gasyAam®he treated
15 at a distance of 150 nmfromthe porous plate fromwhich the hot
gas streamwas fegheAtempheatiutespeitt th Jay Gitrwrsn mixturesde iof dieat
resistant bricks simlar to the thernal deconposition portion, had a

cylindrical %@%%t%%;hp%x%%%e and atOftrROQAAMBH dfNale HABHE a0 POAY M

in | ength. Pt was 20 provided with an inlet of the gas to be treated at

one end bbe the other, gnd a8 conpectedelLoilige! B I gas stream
6% hi%s | 5r I-on, hy rggen

deconpOSitign portion.” " I'nto préheating p

correspondi t er, of .t t

i nt roducéd \%lgtsﬁ?lg%%eg %Jg Ognattéljeof r%lal% er‘%ﬁﬁ&% ﬁeeénéﬁ%r\ag%y@ﬁ cJ:eect ed
to combustion in _the preheating c , 47
portion and%gsi fdrdl G ARdel:Qi tntninedsin othe syRRligd gas to be

treated had been thus thermally decomposed at a ratio of 99%

or more.
Table 2 summarizes the conditions of the thermal
10 decomposition of N,0 and the résults in the abéve Examples 1
“to 8.
ive Ex
The thermal decomposition_reaction furnace as in
Example 1 was provided with neither porous plate made of
15 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
20 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

25 thermal decomposition portion was 830°C. The temperatdre of
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introduced into the preheating portion at 17.9 Nrerr]/hr. The

tenperature of the gas to be treated was adjusted to 550[err]C. The
tenperature of the gas streamintroduced fromthe 5 preheating portion to
the first reaction chanber was 830[err]C The gas to be treated at
550[err] C was supplied into the second, third and fourth reaction
chanbers respectively at flow rates of 34.1 Nnferr]/hr, 72.6

Nn{err]/hr amnd 4B% 4thder di/sthargbte from tHetihreammalf dewornymisakost ream

with the gas to'be treated at 10 the inlets of the second, third and

fourth rea?&%%%ﬂﬁﬁyﬂ%ﬁfiﬁpe wgyuiz§§a? %nhﬁgggrééﬂféiﬂed8§9[Ehé]Ehpﬁmﬁed

pressure w thint ur nace was 5 nerr] (gauge pressure).

The tenperatie of {he gas & rh%%“ﬂf%ggﬁ%ﬁfaﬂf@é&@nposedtéb@rémfatio

deconpositiéh reaction furnace was C and N err]O 15 contained in
the supplied to _be treated had been thus - thermal | y deconposed at a
rati o of 99§§%S®ﬁbP for'e” Exanple 2 N err] O contained in a gas

to be treated discharged f.com an di pi ¢ _aci ant t

decorrposgd as in ar?%sé:rfﬁoeg’)o PRV & he eeﬁ;peénrpaetfua?ce‘@o% Qﬁ\é@ieu glen%é %%%mto
be treated bein 300[err]C, the flow rate of, hydrogen squlied 'ﬁ%p
the preheat iafg the oyidrt @f i dhrernahglefomRaR: ff%ﬁ??%.é@a%flé as

to be treated supplied into the preheating portion and the second,
third and fdar dempadatiiore Freadrs Jeiviy ¥R SRR 1V §SRRRFINSS Nnferr]/ hr,
60.0 Nnferr]/hr, 72.9 Nnferr]/hr and 91.4 Nnferr]/hr.

48 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

10 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
hydrogen was supplied to ;hermally decompose the same amount
(i.e., 280 Nm®/hr) of the gas to be treated as in Comparative

15 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

20 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

25 product is diluted with the gas generated only at an
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The pressure within the furnace was 1.25 kg/cnferr]. The gas stream
m xtures in the preheating portion and at the inlets of the second,
t hisrd and fourth reaction chanbers had each a tenperature of
830[err] C. The tenperature of the gas 5 stream di scharged fromthe

t hermal deconposition reaction furnace was 1027[err]C and N err]O
cortained in the supplied gas to be treated had been thus thermally
deconposed alktaenailiyo lofw dilutdh aratnior eend thus¥hptan e Mecovered at
Nferr]O contained in a gas to be treated was thermal ly deconposed as

in Exanpl e 3 BulgH kerdcamaratige. of the supplied gas to be treated
being 700[err]C, the flow rate of hydr ogen supplied into the preheating

portion be'qbd%?k%ﬁ}—ﬂlﬂﬂéﬁ?ﬂélz; and the flow rates of the gas to be
treated suppli e into the preheating portion and the second, third and
fourth react ' B%‘éa' VISEYtﬁ Mﬁ{aﬂ ] GBEombd %d

N err]/hr, g@BGEﬁn?bgéf/ES g%dEg 4.4 Nnjerr] i 4 ombes

%;if;?‘éid.“fn hél LRG0 5 .#39 tfé“tﬁ%éa‘fz%y% o G ‘éf;‘?%“nd
830] or 1. BHETEIRr ik ¢ty A gaee of e %.%\%ﬁ%ﬁ%‘%ﬁnﬁ%%

Egﬁ{g?hegef%gp03|tLon &gggtlomﬁ?lng L &%ﬁ%/ﬁ%ﬁ 1263[err]C and N err] O

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

10 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

15 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

20 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.

25 E&amp.l.e_a -~
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be treated had been thus thermally deconposed at '‘a ratio of 25 99%

49 - Exanple 4 N err]O contained in a gas to be

treated was thermally deconposed as in Exanple 1 but the flow rate of

~hydrogen supplied into the preheating portion being 1.2 Nni{err]/hr;
and 5 the flowrates of the gas to be treated supplied into the
preheating portion and the second, third and fourth reaction chanbers
bei ng respectivel §,d %cantiieed] ihra S8s ltdnpertiéhted78:t4200°C, Nijich] / hr
and 150.8 Nmjerr]/hr. The pressure within the furnace was 1.25
kg/cnferr]. hddea tOmpasitticenmfrigOules.Dd bhempilehed; i (B P thymahd, at

t he inlets of the second, third and fourth reaction chanbers had

each a tenpgr at e 929fb§01%!?f[]§€) The, tememdur e Ng (hePasy mol) sdri¢am
di schar ged ffom the thernal deconp03|t|on reaction furnace was

1131ferr] C ﬁ@d k\lﬁeisé]@cxeai?' 88d wAst BeppuPRLi 8€ gag1be ribebertnsated had
been thus théfmal Iy detonposed at a ratio of 99% or nore. Exanpl e

S 10 e S AL oL EBLofistomony! Lotngeactailyat. furnace
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-
10 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
15 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
Zb 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 gas to be treated was divided 1nto

25 five gas streams. The preheated gas to be treated was fed
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20 second and third chanbers, having a space of al nost the sane

vol ume, wi-th 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 Exanple 1. The preheating portion had the sane
volume as in Exanple 1. 25 N err]O contained in a gas to be treated
was thermally - 50

51 Subghitbuthesfdetst 22abiipr? @ambede o dSetheas d Mmdixayygd estirdan t he
flowrate of hydrogen supplied into the preheating portion being 2.9

N err]/hr; agnéhet batfllegworattee &iddte gastiobeHamaired sl itwd i nto the
preheating portion and the second and third reaction chanbers being

respectivel %i49ng NEbebelshin HontNdertHd Weauid, 183.r4 NitrdH hind

The pressure within the furnace was 1.25 kg/cn[err] The gas stream m xture

in the preheatricRg rlé%'btt'l% @?ﬁn@eﬁé"e tHY Hehnbinddie sreand dRdiddd 'ghs to

reacti on chanbers had each
5 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
10 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
15 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

20 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 reaction chamber. 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

25 chamber was a hot gas at 632°C due to the N,O0 decomposition
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tenperature of 830[err]C. The tenperature of the gas stream di scharged
fromthe thermal deconposition reaction furnace was 1173[err]C and N err] O
contained in the supplied gas to be treated had been thus thernally
deconposed at a ratio of 99% or nore. Exanple 6 The inside of the
t hermal deconposition reaction furnace as in Exanple 1 was divided in
series into first and second chanbers, having a space of al nbst the sane
vol une, . Wwebh.a paeogasplat @emadeatfedheals reegipdiiand dir icksate (@hixkress:
200 mm). The inlets of the gas to be treated and the baffle plates were

arranged asyif/ EEX@dPtige ImixTHE chikhBBeaihngreptt benthadrbhetbafearlivhe as
in Exanple 1. Nerr]O contained in a gas to be treated was thermally

deconposed @ npkl EXamRee hmilihd NeHd g alwiid ingaeBoneBRtrad ibat 0
t he prehegt?ng.port?bnebeiﬁg 6?3 Nn[e?*ﬁ/hr; and thezfloa/rates o% t he

gas to be treated,s lied_into the pre ti j-on n he.s nd
reaction chgﬁbgrgﬁeﬁ&gwgsﬁgg{ i%&?p%&%%%%e%#gr’ aﬁaglg§%4g&n{ﬂ'§r%r] /hr.
The pressure within the furnace was 1..25 kg/cn®2. The as_strea o
mi xt ur esgi nol’w&eﬁr Bﬁez'a:?’iengro %?’i it %t Cﬁ’r?é[{gzer 13 & h(ﬂgt 97 & 0%1003 c
reaction chanber. h eac tenperature of Olerr] €. [The, tenperature
of the gas 3PFe591%g§cﬁé$ggﬁc?ﬁgﬂ§l lOFhEe?ﬁernﬁgedgéﬁngésp?iBﬁeggggtwgﬁ
furnace was 120Q[err]C and N err] QO 3 . .
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

10 of 426°C. The temperature of the decomposed gas at the

outlet of the fifth reaction'chamber'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

15 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.

20 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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contained in the supplied gas to be treated had been thus thermal |y

deconposed at a ratio of 99% or nore. Exanple 7 Nerr]Oin
an Nerr]O containing gas to be treated, which had 10 been di scharged from
an adipic acid plant and had the conposition and flowrate as given in
Table 1 was thermally deconposed. Fig. 3 is a schemtic
view of the thermal deconposition apparatus. 15 A t her mal
deconposi ti athd eaot cah ber @atelitienmly decompecmpasirttiouquely,orgs this
enpl oyed was one made of heat resi stant bricks and having a

cylindrical shags evdledO0s ¥hows. in inner dianeter and 4300 mmin |ength.

The wal | thickness t hereof was 300 mm The inside of the furnace was
di vided 204 | into four thermal deconposition chanbers (Nerr]O
deconposi tion zgnes; havi ng a space of al nost the sane vol une, mﬁth
porous plates nad f ant _hri gks esS rgg

8 Cgﬁﬁhaé\ggeetn 2 g% % e tregal ta e c?was fe |nto

gas to be treated, d VI preheate

the Tirsts Meaeil ol adta DA madhd ol céﬁgmg%nogn@h%lgmgeg gas to

i nt r oduced |éﬂ()tf§% gg{g 4t£%§dc§€ lygij

égfly decomposed by using a
| catalyst. The same catalyst as that of Example 9 was
employed.
The catalytic decomposition reactor employed was a
10 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
15 these reaction chambers. The first and second reaction
chambers had respectively 3.90 m®and 6.04 m® of the catalyst.
The preheated gaé 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
20 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

25 and 406.7 Nm’/H of a diluent gas at 230°C were mixed together -
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reacti on chanbers. The second, third and fourth reaction chanbers were
each provided with inlets of the gas to be treated i medi ately after
the hot gas streamwas fed 5 thereinto. These inlets of the gas to be
treated were formed at two positions in opposition to each other on

pl anes vertical to the major axis of the thermnal deconposition reaction
furnace in such a manner that the bl ow direction of the gas to be '
treat ed andihhe&heajfdrsaxireactlordicthamdteri ritcertdeotebsaciiwd gy .N,0 A
preheating portion, which was nmade of heat resistant bricks simlar to
t he t her mal concetie@arpe® Kifor? .[3& Hyomolhad FuriHemdriloal gahapectwitd) veaspace
of 200 mmin inner diameter and 500 . nmin length. It was provi ded with

an inlet of shBE edted @obe ndiericad nala tongc@idthgel WwiMH | tthd hautatdergand fas

connected to the thernal deconposition portion. Into this preheating

tion, | [ f th t

o' "t catB RAETRET SRS W B AR T & oo 6231 kol /.

Then it bi q 0 L On d et . :

uni form ¥ i xed wilh PR gac to Beer: ATt oy o pie i b &Y

or eheat i [ 17. 8. Lhr, . tLur ¢ t
be-trcat ad RRECaAtsorEdY: S LBofaE Fie of S Fod e B S aqieflss 1 °
t introd df th ti ti, the first ti
Chamher vasRASEER P Ler2gaHd MAS A el B "S80FEr FIE a8 SpbH ed
into the se%%ggted. : _ 53

The gas stream at the outlet of the first reaction
10 chamber was a hot gas at 680°C heated by the N, O
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

15 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
20 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
25 mm in length. The inside of the reactor was divided into
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third and fourth reaction chanbers respectively at flow rates of 34.3
Nm{err]/hr, 72.7 Nnjferr]/hr and 155.2 Nniferr]/hr. The m xtures of the
hot. gas streamwith the gas to be treated at the inlets of the second,
third and fourth reaction chanbers 5 had each a tenperature of 830[err]C
The pressure within the furnace was 1.25 kg/cnierr] (gauge pressure).
The tenperature of the gas streamdi scharged fromthe t her mal

deconposi t i @nreeaekiten yitdidakeoms sitfi2{remd«C @ineh Mreamijers in contained in
the supplied gas to be treated had been thus 10 thermally deconposed at a

rati o of 99YRbsiWi®n to tHXAIIW direction of thee hoisighs oftémnt her nal
deconposi tion reaction furnace as in Exanple 7 was divided in series

into first, uixing eoRRbanNGdird harherth guniuy rl Spes evafe aloosted he
same 15 volune, with porous plates nade of heat resistant bricks

(thickness: i(%lo%r'aﬁjlte e ddH Slen @i igaide. berkd eptesk, secovad eawdr anged

as i n Exanpl preheating portion had the sanme volune as in

I - ' .
as i Bxampitr bt St lfen ad oo CEYORy A ICLTR, O eased

preheati ng portijon bei n .0520 knol /hr; and the flow rates of the gas
to be ﬁrggiéb ngBPFeSa?ﬁggs he preheating portion and the second

and third charrber$I,1'1bee|pr31:gehreea e t&avseln}/ixsc%rQe N enr ] /gha{s ¢ 5% treated

with the diluent gas was fed into the first reaction chamber,
while the reﬁainder of the divided gas to be treated and the
10 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.-
15 | 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
20 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
25 treated.

63



Nnrferr]/hr and 163.1 Nnjerr]/hr. 54
The pressure within the furnace was 1.25 kg/cnferr]. The
temperatures of the gas stream m xtures in the preheating portion and
at the inlets of the second and third chanmbers were each 830[err]C
The tenperature of the gas stream 5 discharged fromthe thernal
deconposition reaction furnace was 1172[err]C and N err] O contained in
t he supplied gas thebeas stricheatadd thad ovddrett lnfs theerfiigldty tharsed at a
rati o of 99% or nore. Table 2 summarizes the conditions of

the thermal -, LQideCQEROS toth ffs MiergddOcandated bgstihiesN, 0 t he above
Exanples 1 to 8. Conparative Exanple 1 The t her nal

deconposi ti QR @Rl i¥ HARE. @B i3 Nn'/H BXakhkeghswas peotirdeted tind
nei t her porous plate nade of 15 heat resistant bricks nor baffle plate.

That is, the %Six\ﬂ]e/H of Af aingehbr pasewwas BRERIaCE AEIS foacki&inghanber
and the N[ err] O-containing gas to be treated was supplied as a whole

(i.e., nat divided) @xXF MGV (MY GddndraleatidlY AMBOR: 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

| 10 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

15 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.

20 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
25 divided into foﬁr catalytic decomposition reaction chambers
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Then N err]O contained in the gas to be treated was thermally 20
deconposed as in Exanple 1 but the flow rates of hydrogen and the gas
to~be treated supplied into the preheating portion being respectively
19.9 Nrerr]/hr and 280 Nnferr]/hr. The pressure within the
furnace was 1.25 kg/cnferr]. The tenperature of the gas stream m xture
at the inlet of the 25 thermal deconposition portion was 830[err]C. The
te”peraturelﬁfopp051tion to the flow direction of ®he hot gas streamhe gas
stream di scharged fromthe thermal deconposition reaction furnace was

1283[ err] C and;i NgeehbfEveenbairked iohcdhithpplorets pladas werke lomiell had
been thermally déconposed at a ratio of 99% or nore. 5 As

descri bed a?gv?rohleeo%e%ﬁ%?)atﬂé%pctqfoﬂ R GRe St 688 firstdt ddryt l1atif

the thermal deconposition tTurnace was 1283[err]C i n Conparative

Ex le 1, | d le 2
magnﬁog7[er%?é %ohg%hpgka%%ﬁgﬂ hﬁ%mbeerEﬁgggr d%fﬁ%l%h%bgggﬁngggﬁp e

280 Nf o] m% Wﬁbra{*ﬁe 159285 O‘Sige*{k%’i?aﬁgﬂr&y Ffor exampl o bxample 3
0TI oget R BB Y g g B B B0
(i.e.. 280 wg%/ hﬁ: eotiltlrlll%n a?;ratso w%% tfre%at1?1 o I e Corg%arraé[alcvt%.on chamber,
while the remainder of the divided gas to be treated and the
diluent gas were.introduced into the mixing chambers in
10 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
15 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
20 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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15 Exanple 1. Nerr]Oin the gas to be treated was thermally

deconposed at a ratio of 99% or nore in both of these Exanpl es, which
indicates that, in the invention, the heat generated in association
with the deconposition of NJerr]Oin the t her mal deconposition furnace
can be very efficiently 20 utilized by supplying the gas to be treated in
porti ons. Since the gas to be treated is preheated in the

i nvention, only aTheabhsastuebmobtatheebuitdeteedetheafirst rdastriioned
above. In case where NO forned by the thermnal deconposition of Nerr]O

i's recover edhbhihBECHRSARY hothgalOa 25 sRrednehtba B! vhedywot h the gas
generated only at an 56

extremely | ewceinbagh%ohameatan@st feum%caﬂ @ﬁereagvgé edeatreateddafbigh
concentrati on. Conpar at i ve Exanpl e Nferr]Oin a gas to be

treated was;hher gk )y @Exgn@%ffﬁgn% (?aw J«Qgg etryg;méaglﬁ@s gRe fcx?xjk.’ﬁlglt reat ed

as in Conparative t he ate of hydrogen supp
Lt s, enPREBRCThL RsRE Hotp S R P M Mmoo, el
the gas st reamllrlng),(t the %tast r%%olx/\lréld(atanml\l6hconcentratlon 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
10 treated and 20.5 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 Nzolconcentration 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
15 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.
Aftér 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
20 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 _employe‘d to the supplied gas to be treated was
0.70. |
25 Example 13
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10 thermal deconposition portion was 598[err]C. The tenperature of t he
gas stream di scharged fromthe thernmal deconposition furnace was

60k err]C and Nl err] O contained in the supplied gas to be: treated had
not been thermally deconposed. As descri bed above, hydrogen was
supplied at a flow 15 rate of 2.9 Nrerr]/hr in Conparative Exanple 2.
However, N err]Oin 280 NnB/ hr of the gas to be treated could not be
thermal |y deqorpesed sty halrageioyed st lExammed |9 arasinised n,

for exanple, Exanple 1 of the invention as described above, Nlerr]Oin

280 Nnferr] i %fattﬂ%%s derdipds pat @l £oattobeetpbs yed | was 20 deconposed
at a ratio of 99% or nore by using only 1.3 Nnferr]/hr of hydrogen.

Tabl e 3 summyyiszes e 4 nNs Of 3960 AR IRl inner EELOOPOSI 4nAN5000
N err] O and the results 1 n the above Conparative . Exanples 1 and 2. 25

Exanpl e 9 Th de of the redctor was divided into
N err]O contalned |n gas téaﬁgn?%e%t%d at 200[ err]C whi ch had a

P Lo B Ao s AL P on o
by st e el 85, 1 8Lt 4 4beln. WIBER) b
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’,
10 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

15 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

20 to 0.21 MPa. 23.7 Nm®/H of the gas to be treated at 30°C and
83.8 Nm*/H of a dilueﬁt gas at 230°C were mixed together in
the first reaction chamber to thereEy give an N,O
concentration of 7.5% by mol. Further, the gas mixture wés
subjected to indirect heat-exchange with the out;et gés of

25 the reactor to.attain a temperature of 500°C.
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The catal yst enpl oyed was a copper oxide/al um na catal yst. That is,
use was made of a catalyst carrying 3.7% of copper oxide and having a
surface area of 145 nferr]/g and a packi ng density of 758 kg/nferr]
prepared by inpregnating y- 10 alumna with a copper nitrate sol ution,
dryi ng under a hot air streamat 120[err]C for 6 hours and then baking
at "500[err] C for 3 hours. The catal yti c deconposition

reactor enpl oyed vaé above-déytinpedcadlilaoentagasr wak 27e€0obiraiinednibgr
di aneter and 5000 15 mmin length. The inside of the reactor was divided

into - Thysrcatabybk¢ deeampasi hikanofeacbodn egharbar $heN2z@action
deconposition zones) in opposition to the flow direction of t he hot

gas stream {i »Purel BrPRRPOSLELRDERA0RG h@@gh§%@HB@INﬁj indtrecyaoNtOfpbhe
reactor). Xl ng chanbers partitioned™with 20 porouS plates were | ocated
in front ang ggtége back of each reaction chanber. The first, second,
third, four R ) fifth reaction chanbers had respectively 0.25

el 8 0 T she guy (ReERRTETEhy, BpELeBLEE Lt But thesal (1

catal yst? as’to reate di vi ded

into 25 five gas streams, The preheated gas to be treated was fed
58 chambernpgst Behpitr 85 85c PBINC chapbed B¥dtPErMef a hot gas

streanj 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
10 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

15 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

20 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

25 by'the N, O decomposition heat. 102.0 Nm*/H of the gas to be
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at the outlet of the first reaction chanber. Into the m xi ng chanbers
in front of the second, third, fourth and fifth reaction chanbers, the
remai nder of the divided gas to 5 be treated was respectively introduced
each fromtwo di rections perpendicular to the hot gas streamfl ow
direction in such a manner as to forma rotary stream The
préssure at the inlet of the reactor was adjusted to 0.21 MPa. 12.5
NnB/ H of thergasedo diel r7eat emh’HSoBeat adludftt gad30keer EGpby ieddinot
heat - exchange with the outlet gas of the reactor and then supplied

into the fikgl HAGHEREABERCHN FfrontTE gafe atifthe mddetornfcididirst
reacti on chanber was a hot gas at 779[err]C due to the Nerr]O

deconposi t i g thdifed T8RN0 WBRcaHRPPhte¢dnabra . akey
10. 0 Nni err]%/&ﬁré?ghtlﬁ%% S%memgr?gs chanber in front (c):f t he se(r:lond reacti g’fn

hanmb %
by ol g bR R five Do Gesct PR ot LHSak & Eéf?l%m%il.tﬁ;c |
the t t t h t d 5 C Th { tl et
of the. S8colids EabiAtoRen aiode tahe ﬁa% 0 oRgatss & %reedlmmgﬁi‘?ﬂi

N Od h t b t t
rate of 18, PRI eatrﬁdx'h@g bRyt eoﬁf%rﬂecoqma TR
reaction chanber. ﬁlXIn t he gas

concentrati &R @éSE%%E%y o ™ a'rt%ﬁ@rfdt%rqeg] the %q:aﬁ ﬁ@%%oﬁh@%as

at the outlet of the third reactlon 25 chanber was a hot gas at 632[err]C
due to the REgUgdtoMssSsiampgipyed to the supplied gas t° be treatesd w

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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60 Substitute sheet - 12 June 2000 heat. The gas to be treated

was supplied at a rate of 32.6 Nmferr]/H to the m xing chanber in front
of -the fourth reaction chanber. After m xing, the gas showed an N err]O
concentration of 6.5% by nol and a tenperature of 443[err]C. The gas at

the 5 outlet of the fourth reaction chanber was a hot gas at 603[err]C
due to the N err] O deconposition heat. The gas to be treated was

suppl i ed atnhaatatiep9f thé. #, Brebnbdsti® idhe hdad .ng THhasybek,0i nontaingdont of

the fifth reaction chamber. After mxing, the gas showed an N err]O
concentrati 9 phebsafphy cBPhadndoapkeiRRbd fadlbeecdl ch2lgfrilG11yThe
tenperature of the deconposéd gas at the outlet of the fifth reaction

chamber vasa8ZkBbLEG alNYS rabh8l bECoos orCaBidl Nedy Rilie couphliaad was to
ﬁa en C

be treated at'al'yticall'y deconposed at a ratio of 99% or
: The t I t _aof the. - : [ ' 5
Eggﬁple annﬁﬁ?@p}8 ?302%%nng?fﬁﬂ§% §F%§5Q%§éaghgﬁ¥%&%%5?g%g%gg@}%2§}s
lied_i t 12.5 / H ' I I b / H
s br ehedt oAb/ o PREPFALAGIYE cHBEr SPOPRcOPS FaCe b tids cgpe,ct ¥

430[ err] C before suppl ying. Thus, the heat | oad on . the heat_ exchanger
requi red fol2pPERESPILRE NEaBOSKELARART With ﬂ%’écg’er]r&l &SRS AR VIS D‘g

gas to be treated can be supplied w thout preheating. Al though theiE
remai nder ofaphbe subjgg§edo the hepsaesFhrRIsuFR iCOFRR J%O&&% 5Pt the
I nl et

Example 6. '

Comparative Example 4
10 | The same catalyst and gas to be 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.
15 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
20 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

25 heat-recovery with the use of a boiler from the reaction

_—
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tenperature of each catalytic bed can be numintained at 430[err]C
(i.e., the initiation tenperature of the reaction) or higher

61 - Substitute sheet - 12 June 2000 and N err] O can be
catal ytically deconposed conti nuously, as this Exanpl e clearly shows.
Exanpl e 10 Nferr]O contained in a gas to be treated di scharged

froman 5 adipic acid plant having the conposition and flow rate as

gi ven i n Tahli&téreas atralagtaiatdicaddoo feasetdyingig an thecghal st be The
sane catal yst as that of Exanple 9 was enpl oyed. The

catal yti c degmpesi.tion reactor. enployed was a 10 - cylindrical container
of 2700 mmin inner dianeter and 5000 mmin length. The inside of the

reactor was di vi dgflal REQ strda¥l a4atdey it 18AC YW agid X dtaakt icandanber s
i n opposition to the flow direction of the hot gas stream A m xing

chanber partitian

reactiop chgﬁﬁePs?gﬁ¥&§4% %g{Qgﬁgegg%gﬁgﬁﬁgngﬁgaﬁgCp%ﬁﬁﬁﬁﬁggﬁgiﬁggﬁ%at.
br eheat of gfBUeg. Neo: FRaralTRde ebnrnrabbrieh Baftto be treprsd B8
be 1 oat ed RESH FE-IIEAE A Thb ASEIHSATHD Thit 1 45 o® o ROFS. ' °
" 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
10 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
15 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
20 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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20 of the second reaction chanber fromtwo positions per pendi cul ar to
the hot gas streamflow direction in such a manner as to forma rotary
st rream The pressure at the inlet of the reactor was adjusted

to 0.21 MPa. 114.8 Nnferr]/H of the gas to be treated at 30[err]C 25 and
406.7 NnB/H of a diluent gas at 230[err]C were m xed toget her '
in‘the first reaction chanber to thereby give an Nerr]O concentration
of 7.5% by nol. Fuabher 6§ shemgas zeisx ttivee comaslitionss ol eteedatta liytdia ect
heat - exchange with the outlet gas of the reactor to attain a

t enper at ur eqebon@Bketiba of W,0 and tibBerabavesdefcthbedbdirtueoinpgaatiae
one obtai ned by heat -recovery with the use of a boiler fromthe
reaction Exaﬁb&%uﬁq after catalytically deconposing NerrJ]Oin the gas to
be treat ed. The gas streamat the outlet of the first
reaction 10 chanber was a hot gas at 680[err]C heated by the N err]O
deconposi ti on heat. 165.2 Nmferr]/H of the gas to be treated and
44.1 Nni &rrradlef 1: Composidiilomentt dae-wentahhied gagetitias £a bhe mi xi ng
chanmber in treatkddnt of the second reaction chanber to thereby give an
N[err]O 15 concentration of 7.5%by nol and a gas tenperature of

- 500[err]C 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
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The tenperature of the deconposed gas at the outlet was 680[err]C.

Thus, N err]O contained in the supplied gas to be treated had been
catalytically deconposed at a ratio of 99% or nore. The ratio of the
total anmount of the diluent gas enployed to 20 the supplied gas to be
treated was 1.61. Exanpl e 11 The same catal yst as enpl oyed
I n Exanpl e 9 wasygsed-: The tatyte—gecorpostti9n reactor enpl oyed
was a cylindrlical contg ner| gf 2700, min i nfler| di ameter and 5000 25
nmin |ength. The ji nside pfuthe pHactor ogvaﬁod(i:véde[e\b into
62 I;aﬂthree aEydolcheco ogiltgaggqegtmn chanmbers in
opposition to the L ow gl r'e&t Ton|lf He Thdt gas sShire M xi ng chanber
partitioned with porous p| ates werle | ocat eg i firgnt of each reaction
chanber. The fir|St, second g1d [&| tRisq FHacti on |ghanbers had respectively
2.07 nferr], 3.0&|nferrBlan& ., V4. 20.d QEIS® F|BgSg¢at al yst .
The preheated gq&|mi xt urel loP the|—Has—to hel|Preaeed— |[A{ wth the diluent gas
was fed into the flirst refaction Fhanber whi I g tlhe remai nder of the
divided gas to Qejtreated and the | 10 4ilugnt gas fwere introduced into the
m xi ng chanbers'|i o leont _of Qhe &econcOadad t her|eh|r eacti on chanbers
% | . ™ . M m N O
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t wo positions'perpendicular to the hot gas stream f | ow

(i.e., the

| ongi t udi nal

direction of the reactor)

in such a manner

direction
as

to forma rotary stream 15 The pressure at the inlet of the
reactor was adj usted to 0.21 MPa. 62.0 Nnmferr]/H of the gas to be
treated at 30[err]C and 219. 2 Nn{err]/H of a diIuent gas at 230[err]C
were m xed to et he ., the fir reaction ch there? ive an
Nerr]O tr ??% 90%@65§°ﬁﬁlan¢u$?ﬁ8 ﬂg §8§pﬁf§ %V was 20
subj ect ed tcpﬁ -exchange with the outlet gas of t he reactor
to attain tenperattte—of—506fter+-€ o ;““ "vac-jescribed
di l uent gas was one obtalned by heat-re:gx@?yrt%gitpghe use of a boiler
fromthe regaet 'L HE e q;*%lyt Eaf!y ecoRpes| ng Nerr]Oin
the gas to |B: g 2 Strest arer iRs Es W Es 63
The gas strledm at the outlet of the first regaction chanper was .a hot
gas at 680[lerr] C heated by the N err]O -deggﬁposig n heat. 89.3 N8/ H
of the gas BPd Y P8 AE 98P -2 {dC) 23 8 Nnjerr of 1 ue gas were
suppl i ed i nNtRRmE Af xiyFogs e HEREET )i n front | 88-%he |$edond feaction
chanber. AfltRittto (kgpl{ M) rherepfedsmased an| MfArr] Q) concenfration of 7.5%
by nol 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

5 Dbe 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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and a tenperature of 500[err]C. The gas streamat the outlet of
second reaction chanber was a hot gas at 680[err] C heated by

N[ et r] O deconposition heat.
and 34.2 NnB/H of a diluent gas were supplied into

in front of the third reaction chanber.
an N[ err] O concentration of 7.5% by
500[ err] C. W@ StR&adt Bén tden@itiehs and masudthot gas at 680[err]C.

Afte
nol

128.7 Nnferr]/H of the gas to be

r m xing,
and a tenperature of

t he
t he

10 treated
t he m xi ng chanber
t he gas showed

Thus, Nerr]lOcaontained in the supplied 15 gas-to be tre bean—
catal yticaliLy dprnnnnqed at_a ratio Jogxadb, JERdle [BRIZ o0 jEEGP ¢
tot al ~ amountNeof ofhatages HEPI¥ANY g38S difpl oyed t o |tthe sup)ﬂied gassto be
treated was be tregtgg, 20 Exanple 12 The same cata) yst as
enpl oyed in Exanple 9 was used. The [cat al yti|c deconpggition égactor
enpl oyed wasswpplyingciémmdri®€al cont ai ner| havi ng inneg “di anet T~ of 2
nm and a length of 5000 mMm The insiFe of the react)r3gas ZgédIVIC
into four clapiluenitcgdecompasi(Pcpn reacti onz%(hanbé 0. 23 0
64 in opposition to the fljow dire ti%n of tge hot g@s
stream 1dflet Remphasbadadpakthgé orred wi 9P por g pl at €2 %er e %t ed
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 - 128.7 77.4 49.2
Stage 3 - - 111.4 |70.9
Stage 4 _ - _ 102.0
;tage 5. 280.0 |280.0 |280.0 [280.0
Feed of diluent gas (Nm®/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
\ | REPLACED
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in front of each reaction chanber. The first, second, third and fourth
reacti on chanbers had respectively 1.24 nferr], 1.81 5 nferr], 2.69

nMerr] and 4.07 nferr] of the catalyst. The preheated gas

m xture of the gas to be treated with the diluent gas was fed into the

first reaction chanber, while the remai nder of the divided gas to be

tréated and_th di | yent re_intraduced.intag ntX|n chanbers

in 10 fronEan %ﬁe Bga6 aOHtﬁ Gmiﬁanfoa ngg&FFOHftE§ &rs eac

fromtwo poSf 6erpend| cular to the hot gas stream fl ow di rection

(i.e:, thetengrtutinal—dtrecttonr—of—thereactor) iy {T,4 TEnmer) as

to forma rotary stream The pressure at the |di Féi'th

reactor wap-at gitsted—15 3 e “% WPa: %! ANferriFHof e gastobe
d{ﬁ-’ of a diluent gasfat 230[err]C were

treated at gbf arrigéaaﬁas Fee
e fi

m xed togefher in th act ion chamber to thereby give an
N err]O coné&ﬁtPatlon cﬁee? § By ) Further, the gas m xture was
subj ected fo indirect heat-exchange with the outlet gas of,;20 the reacfor
to attai n pPiB¥Yr sBgr Eewp- 506) err] C. The abovg-descri bed
di l uent gap was one obtai ned by heat -recovery with the,qse of a bojler
fromthe rpasléetoremp. (¥@)xture after catalytically deconppsing NNerr]Ojfn
t he gas to| be treated. - : 680
Outlet temp. (°C) '
' 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 APPL.ICABILITY
As the detailed description given above clearly
5 indicates, the pfesent invention provides a highly useful
method in praetice 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
10 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.
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The gas streamat the outlet of the first reaction chanber was a hot

gas at 680[err]C heated by the Nerr]O deconposition heat. 53.8
Nnmferr]/H of the gas to be treated and 14.3 Nrerr]/H of a diluent gas
were supplied into the mxing 5 chanber in front of the second reaction
chanmber. After m xi ng, the gas showed an N err] O concentration of 7.5%
by nol and a tenperature of 500[err]C. The gas streamat the outlet

of t he secondlr ebctéxerchandearkaisla éotehentt eB686ftsr @hebhat B0

the NJerr] O deconposition heat. 77.4 NnB/H of the gas to be 10 treated and

20. 5 Nni err]¢adh dbe atlétmedl ygascompessatpati edhighodecompbbhétioni ngtibaaber
in front of the third reaction chanber. After m xing, the gas showed

an Nerr] O coneed ¢ 86& 0P Débw 7t SfpE¥ature; Mhadn@ha tRUpPeratnea RO and NO,
500[err] C. The gas streamat the outlet of the third reaction chanber

was a hot gag, 8L+ 680001 §h CcHrabREradPonBYahhechhent] Qc%@ﬁﬁ!@@ihlﬁ_z'i on heat.
111.4 Nmferr]/H of the -gas to be treated and 29.6 Nnferr]/H of a

di luent gas f@%&v%ﬂ%@éifg ﬁ@é&igie?n&hEhQ£Xgﬂggcgaggfko§gaiiogkfﬁgt}g?

fourth reaction c m X1 ng, t gas s an err
ctroam a M0t PFTOB0 g mPRo e Agte et RBBOVer 11 ¢ Thus, N etr]O
contained 1 the PPk ety . enc 838 005 Sucateth hag beemctalatically
the — diluent; gas opl oyt Lo LS, SURR hed 928 12:P8." L8hods "Bving

a small reactor volume; the materials of the process

10 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.

15 | 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

20 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

25 as described above. Thus, the amount of the heat required
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25 Exanple 13 ' 66 _

The sane catal yst as enployed in Exanple 9 was used. The catal ytic
deconposition reactor enployed was a cylindrical container of 2700 mm
i n inner dianmeter and 5000 mmin |l ength. The inside of the reactor was
divided into 5 five catalytic deconposition reaction chanbers in

opposi tion to the flow direction of the hot gas stream M xi ng chanber
partitionedim preherdisiglcne deneron d igEatadrl ¥ nrdduwrdd ,ofcagmred witdacthen
chanmber.. The first, second, third, fourth and fifth reaction chanbers
had respect icasley whet&im ethrgd whbl4 ggsertd Jbe MYredteal i eprdhedkalB afdrr ]
and 3.73 nferr] of the catalyst. The preheated gas m xture of
the gas to haehr eaipgpdied. With the diluent gas was fed into the first
reacti on chanber, while the remai nder of the divided gas to be treated

and the di I uent, G2 reEoe o, NHHRA WM daHig ¢t %ﬁe@sng(ma@ea'npw ald
front of the second, third, fourth and fifth reaction chanbers each

f t iy.ection
rom t Wo 5pOgjihitORs %q@%&fi &l Yo tlf%etc{"%%}f) be c:roenasgi?ge%ﬂlﬁﬁsuc %‘9 ik

(i.e., the longitudi rection a nmanner as

to forma rgtl Y. S%%%mthe preheatln-ghq_sorcea%r & %tué rﬂﬁ/ '&n%uscglgrpeof a

react or was USt

fuel.supplled externally, the amount of the fuel can be
significantly reduced.
3. In the invention, it is also possible that the gas

10 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. |

15 _ - 4. According to fhe 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 catalyfic bed located

20 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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20 to 0.21 MPa. 23.7 Nmerr]/H of the gas to be treated at 30[err]C and
83.8 Nnferr]/H of a diluent gas at 230[err]C were m xed together in

the first reaction chanber to thereby give an N err] O concentration of
7.5% by nol. Further, the gas m xture was subj ected to indirect
-heat - exchange with the outlet gas of 25 the reactor to attain a
tenperature of 500[err]C 67

The above-describgd ghlidgntheasewpsrafarebbd reed bus to beeatppaaedery with
the use of a boiler fromthe reaction m xture after catalytically

deconposi ng; M-8 hEhi Bathe y#a% bedP@nd thel k@MRGFature in eachlhe gas
streamat the outlet of the first reaction chanber was a hot gas at

680[err]C thESQXQXCtB@dNE%hrkggefsilQE i fealy apbrogiilaaid 1/ H of

the gas to be treated and Nnferr]/H of a diluent gas were supplied

into the niihggl for %Hgng%%ikﬁgi%%%#%gﬁigh%#%ﬁggnd reacti on chanber. After

10 m xi ng, gasS showed an centration of 7.5% by nol and
Feact| onochanber fas BenBPPRAETHS BRoFarAEtncateroty st tlome gty o o
B/ 1 of o BPPRERLIGabousPE. SHSBHA0 APFSL13 Y ROSHLRLEy HEnBRERY, 10 ont
of the third reaction chanber. ~ )

above-described method for catalytically decomposing N,0 to

give the effedts as described above. Since the whole

apparatus can be molded in a smaller size, various costs'

10 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

15 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

20 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

25 practice as described above, it largely contributes to the
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After m xing, the gas showed an N err] O concentration of 7.5% by nol
and a tenperature of 500[err]C. The gas stream at the outl et of the
thi'rd reaction chanber was a hot gas at 680[err] C heated by the

N err] O deconposition heat. 70.9 NnB/H of the gas to be 20 treated and
18.9 NnB/H of a diluent gas were supplied into the m xi ng chanber in
front of the fourth reaction chanber. After m xing, the gas showed an
N[ err] O conpesteation off §loYelly warmingnl amd ssididriper.ativr eaof H00[ err] C
The gas stream at the outl et of the fourth reaction chanber was a hot
gas at 680[ eephbmieatied carrily e Miera 1Owlerpnpesint eodteat. 102. 0
NnB/ H of the gas to be 68

treated and 27.2 Nnmerr]/H of a diluent gas were supplied into t he

m xi ng chanmber in front of the fifth reaction chanber. After m xing,
the gas showed an N err] O concentration of 7.5% by nol and a
tenperature of 500[err]C. The gas streamat the outlet 5 was a hot gas at
680[err]C. Thus, N err]O contained in the supplied gas to be treated
had been catal ytically deconposed at a ratio of 99% or nore. The ratio
of the total anpbunt of the di l uent gas enployed to the supplied gas to
be treated was - 0.54. 10 Tabl e 5 sunmari zes the conditions of
the catalytic :

80



deconposition of . Nferr]O and the results in the above Exanples 10 to
13. . Conparative Exanple 3 The sane catal yst and gas to be
treated as enployed in 15 Exanple 9 were used. The catalytic deconposition
react or enpl oyed was a cylindrical container of 2700 nmmin inner

di aneter and 5000 mmin |length conposed of a single reaction chanber .
Thé reaction chanber had 2.60 nferr] of the catalyst. The
preheated gas to be treated was fed intgLRO®M 20 reaction chanber. The
pressure at the inlet of the reactor was adjusted to 0.21 MPa. 130.6
N8/ H of the gas to be treated was subjected to indirect heat-exchange
with the outlet gas of the reactor to attain a tenperature of

430[ err] angd thgn,svpphki ¢yl g%%%ﬂ%ih%a%tlio@&lc harRehg Heapadsislg,eam

25 at the outlet of the reaction anber was "a hot gas at 779[err]C
ggne 2006 @ p?°cﬁ83t8§ %9éfﬁgl&FéPF]8%£§%lﬁgiﬁ%¥%§H%§gFﬁﬂﬁ$ﬁﬁgﬁgkfgr%%O
Gecomposdd NOHRHITH RS 6998 ofo it ot LFRLERT <P Bomaat At dec e Wl e 3,
ng gﬁghﬁgoggnﬁggghégdghgs%%gg%%%kgghgpif%g%égsiéspdg%ﬁgﬂ%, ﬁ%é‘%éﬁfﬁ&y’
5 a portion thereof so as to exothermally decompose N,0 in said
6 gas stream to form a hot gas stream, and supplying the
. 7 remainder of the divided gas stream to be treated into said

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

9 global warming is prevented.

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

4 catalyst.

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

4 flow direction of said hot gas stream.

1 4. The method for preventing global warming as

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

|
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| ar ge-scal ed heat exchanger with which 11 tinmes as nuch heat can be
subj ected to heat-exchange as conpared to the case of Exanpl e 9.
Conparative Exanple 4 10 The sane catal yst and gas to be treated as
enpl oyed in Exanpl e 10 were used. The catal ytic deconposition reactor
enpl oyed was a cylindrical container of 2700 nmin inner " diameter and
5000 mMmmin |l ength conposed of a single reaction chanber. The reaction

chanber had tHa RsTtey e dfrddtedatflyatforddd in a sTdee pseheat ed ni xture
of the gas to be treated and the di luent gas was fed into the reaction

chanber. 4 TheHaesUA 1y plLf #iwvinlet of the reactor was adjusted to
0.21 MPa. 280.0 Nmferr]/H of the gas to be treated at 30[err] C and

989.8 Nnjferr]/H of the gas to be treated at 230[err]C were m xed
together to give an Nferr]O 20 concentration of 7.5%by nol. Further, the

gas mxtyre was 5 S SRl Gd PSR NEY @@Ag%\f%e;%@ e outl et

gas of the reactor to attalin a tenperature © O[ er owed by

| yi ng, : : h - ' . di bt ai ned b
25 haat & eERRIRPitth THEEeD G 4 BHTER T AR i RladPig e 0 2l et Y

mxture a3f t %rerc gr?t{eﬁ Ibcyala{ ydidreé:cot Oe'sé{]ﬂué\l[s%sr\lerh nu%{]fi zc.]flr?gtaon boexidative

4 exothermic reaction of a fuel.

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

3 methanol.

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

3 N,0 is performed by catalytic decomposition.

1 " 8. The method for preventing global warming as

2 claimed in claim 7, wherein the remainder of said divided

3 gas to be treated is supblied into plural positions in the
4 flow direction of said hot gas stream and each brought into

5 contact with a catalytic bed respectively.

1 9. The method for preventing global warming as

2 claimed in claim 7 or 8, wherein the gas stream, immediately

82
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treat ed. The gas stream at the outlet of the reaction chanber
was a hot gas at 680[err]C heated by the N err] O deconposition heat. 5
Thus, N err]O contained in the supplied gas to be treated had been
cat.al ytically deconposed at a ratio of 99% or nore. The ratio of the
total - anount of the diluent gas enployed to the supplied gas to be
tréated was 3.54. As descri bed above, 3.54 tinmes as nuch dil uent

gas was 310 Hespitia embrita i} Whee add tya Idecionpmsd Ngl 280 . 101 Nodr ¢ with he gas
to be treated by using a catal yst in Conparative Exanple 4. In
contrast 4 herigh@entoyas 0. 54 tines as nmuch diluent gas was required in
Exanpl e 13 according to the invention. In Conpar ati ve Exanpl e 4,
furthernore, the sumof the diluent 15 gas and the gas to be treated to
be heated at the inlet of the first stage anpbunted to 1269.8 NnB/H,

whi | the . e”f;)groesp%@ ﬁ%et?{rﬁﬁ”forofprté\ﬁerg?ﬁ?gg $ToEREW iy Wes as snal |

as 432.1 . ’Si nce O1n the gas to be treated could be

decorposed oty AR 10, OO A6 er JIRLE D E2ER ERRGont gds 120 PEVARFOL N

in the i he" heat gerfe association o

deconposi.ti of Nerr]O,in the catal ytic deconpositiop; reactor can be
more ef f i%i 32’[? )Fal#'i I"fl'L]eCd1 Bvas ejoeeréusp 1FHELINC g setagg%%ib??%ét ed in
portlonSA decomposition of N,0 in the gas to be %%eated.

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

4 1is cooled and then used as the diluent gas.

1 12. The method for preventing global warming as

2 claimed in claim 7, 8, 10 or 11, wherein said preheating is

3 pefformed by mixing the gas to be treated and/or the diluent
4 gas ﬁith steam formed by reacting hydrogen and oxygen u;ing

5 a noble metal catalyst.

1 13. An apparatus for preventing global warming by

2 thermally decomposing N,O in an §Qo—containing gas,

3 comprising:

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

5 to be treated;

_
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Table 6 summarizes the conditions of the catalytic deconposi tion of N20

anqhthe results in the above Conparative Exanpl e 4. 5 Table 1:
Corrposi tion of N20-contai ning gas (gas to be treat ed)

Di gcharged gas Di scharged gas fl ow conposition (nol%
rate (Nnferr]/H) Nerr]O 33.9 94.9 NO

0.3 | 0.8 NJ err] 0.4 1.1
CJderr] 6 2.4 (b) a preheating pdition fidrertle thus imtduced gas

11.8 N2 58.9 164.9 Tot al 100.0

280. 2 7 to be treated;
8 (c) a thermal decomposition portion adjacent to the
9 preheating portion, said thermal decompésition portion
10 having means for supplying the gas to be treatéd, said
11 supplying means being provided at one or more positions in

12 the flow direction of a gas stream; and

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

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

3 having means of fuel combustion.

1 15. The apparatus for'preventing global warming as

2 claimed in claim 14; wherein the temperature of the gas

3 stream at the outlet of said discharging portion is

4 controlled to a constant level by controlling the amount of

5 the fuel fed into said fuel—dombustion means. .

1 16. The apparatus for preventing global warming as

2 claimed in claim 13, 14 or 15, wherein said thermal

3 decomposition portion has a porous plate and/or a multi-pipe
4 nozzle in front of and/or ét the back of at leést one means

5 for supplying the gas to be treated.

-
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72 [err] Tabl e 3: Reaction conditions and
Results of Conparative Exanples 1 and 2

Coapa. Conpa. Ex. 1 Ex. 2

Nos of stages supplying gas to be 1 1 treated Suppl yi ng
tenp. ([err] Q) 550 550 Amount of Hydrogen (Nnferr]/hr)
1979 2.9 Ditto (kcal/ Nnferr])- treated gas 182 Reacti on
pressure (kg/cm : 1.25 1.25 Feed (Nnferr]/H) of gas to be
treated 280 280 Initiation tenp. ([err] O : 830

598 Fipnal outl ey temPe GEppal®us for prevehdidhg glebhl waRescig @ars
rati o(% 99 0 _
2 claimed in claim 13, 14 or 15, wherein said porous plate,
3 multi-pipe nozzle and/or inlet of the gas to be treated are
4 located in such a manner that the gas stream flowing towards

5 the means for supplying the gas to be treated flows as a

6 rotary stream.

1 18. An apparatus for preventing global warming by

2 bringing N,0 in an N,0-containing gas into contact with a

3 catalytic bed to thereby catalytically decompose N,O,

4 comprising:

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

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

9 | (c) a mixing portion having one or more means for

10 supplying the gas to be treated and/or the diluent gas at
11 different positions in the longitudinal direction of the

12 apparatus;

13 (d) a catalytic decompdsition portion having the
14 catalytic bed; and
15 (e} a discharging portion for the catalytically

16 decomposed gas.

—_
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Pressure is expressed in gauge pressure. Tabl e 4: Conposition and

flow rate of N20-containing gas to 5 be treated) Di scharged gas
Di scharged gas fl ow conposition (nol% rate (Nnmferr]/H)
Nerr]O 34.1 95.5 NO 0.1

0.3 NJ err] 0.1 0.3 CJerr] 2.4

6.7 Jerr] 4.0 11.2 N err] 59. 3

%26.0 1Tota| 160. 0An apparatus.for pre@dtdng global warming by
2 catalytic decomposition of N,0 in Zi N,0-containing ga#,
3 comprising:
4 a device which comprises:
5 (a) an introduction portion for the gas to be treated
6 and/or a diluent gas:;
7 (b) a mixing portion for the gas to be treated and/or
8 the diluent gas:
9 (c) a catalytic decomposition portion having a
10 catalytic bed; and
11 (d) a discharging portion for the catalytically
12 decomposed gas; and
13 one or more deviqes each of which comprises:
14 _ fe) an introduction portion for the discharged gas
15 having been catalytically decomposed, the gas to be treated
16 and/or a diluent gas:;
17 . (f) a mixing portion for the discharged gas having
18 been catalytically decomposed, the gas to be treated and/or
19 the diluent gas:
20 (g) a catalytic decomposition portion having a
21 catalytic bed; and
22 -(h) a discharging portion for the catalytically

23 decomposed gas.

(L
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Tabl e 5: Reaction conditions and results

Ex. 10 Ex. 11 Ex. 12 Ex. 13 No. of stages supplying gas to 2 3

4. 5 be treated Supplying tenp. ([err]C) Diluent gas tenp. ([err] QO

230 230 230 230 500

500 500 500 Inlet tenp. at each stage ([err] O 500

686 680 680 680 Qutlet tenp. at each stage ([err] QO

0.21  ,0.21 021 The a%%a?é%ﬁ%uE@rabrh&éﬁtahgl@ﬂebaqwﬂakmlﬁgedsof gas

to be treated (N er 1/ H) 114. 8 62.0 37. 4

23. 7 2 SL38¢fmdd in claim 18 or 19, w%@i'e%n s%g.cﬁmlxﬁn% Sortion For2

St age 2 49. 2 St age 3

i 30othe gas qs‘o be E:(%’e%ted an%/%ﬂ:e t‘he dlluent 0gas Zlélarolves28ao 0 -

280.0 Feed 0 dlluent N I 4 13k 6 83.8

Stage 1 Eeatlng pog‘%io(n ?o%r tll{%')gags to be qprgatec?]a%cg/or 5 age 5

- 4.2 . 13.1 St age 3

- 28. 6dlluf81.t9935- Stage 4 -

27. 2 _ Stage 5 450. 8 277. 2 196.0 152.1

[err] ? | uent gas/[err] gas to be 1.61 0. 99 0. 70 0.54

treated (nmolar ratio Catalytic bed vol une

1.24 Q.78 le%a@ep@oééss for produc1égﬂa4§dﬁp aci qgwﬁih qe%ﬁf 07

1.14 St age 2 4.70 2.69 1.67

Stage 3 2 release of N,0 that causes global warmgpg, coppxrdsing: St age 4
_ 3.73 Stage 5 9.93

9 85 39.82 (@)8@& nitric acid-oxidation step in which xgrlohexamypl

>99 >99 N err] O conversion (%

4 and/or cyclohexanone are oxidized with nitric acid to form

5 adipic acid;

6 "{2) a nitric acid recovery step in which HNO, is

7 recovered from an Ng}-containing gas caused in the nitric

8 acid-oxidation step:

9 ; (3) a N,0 decomposition step in which the remaining

10 N,0-containing gas stream to be treated, from which HNO, has
11 been recovered, is divided, a portion thereof is preheated
12 to exothermally decompose N,0 in the gas stream to form a hot
13 gas stream, and the remainder of the divided gas stream to
14 Dbe treated is supplied into said hot gas stream to thereby
15 continuously decompose N,0; and

16 (45 a N,0 decomposition heat recovery step in which the
17 N,0 decomposition heat emitted from the N,0 decomposition

18 step is recovered.

RAR A A
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76 Substitute sheet - 12 June 2000 Tabl e 6: Reaction conditions
and results of Conparative Exanpl e 4

Conpar a. . Exanple. 4
Di.gcharged gas: Feed Stage number _ 1 Ditto : Feed.
tenp. (O Di luent gas tenmp. ([err] QO 230 I nl et
tenp. ([err] O 500 .

680 Qutlet tenp. ([err] Q) ABSTRACT

0.21 Reactor inlet pressure (MPa)

989.8 . Diluent gas flowrate (NMerr]/H)

3.54 [err]Diluent gas/[err]gas to be treated (nolar ratio)

10. 18 Catalyt'9&bﬁﬁb{%ﬁéﬁn%ﬂdﬂ§¥&d9ically useful method for

>99 N20 conversion (9 I'NDUSTRI AL "APPLI CABI LI TY As the

det ai | ed dequé‘géﬂﬁq.l%:%ﬁbgf%ﬁ;ﬁiﬁ@rﬂ)%?écoﬁﬂgéﬁ%%ﬂ G R85 800

i nvention provi es a y usei . hod in practice for preventing
g obal v g LRl B, -SRI S T b Tk gecamp e N er ] O
SOt O o S S FTEPRELTLES 5B opotie! PURE LRy 001 BUES
S b ISR OF RLSVOTLL 9 BLEBRL or oS OBt BB ning
comprising, in a proéess of thermally or catalytically
decbmposing N,0 in an N,0-containing gas to be treated,
dividing the N,0-containing gas stream to be treated in
portions, preheating a portion thereof so as to exothermally
10 decompose N,0 in said gas stream to form a hot gas stream,
and supplying thé remainder of the divided gas stream to be
treated into said hot gas stream to thereby centinuously

decompose N,0, so that global warming is prevented; and an .

apparatus therefor.
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1. It exerts remarkably excellent effects such that Nerr]O can be
thermal | y deconposed at a hi gh deconposition ratio at arelatively | ow
tenperature; that the thus formed NO and NJerr] - exi st at high
concentrations and can be econonically 5 recovered, if needed; and that
only a very small anmount of heat energy is supplied externally.

2. The invention can provide an apparatus which is hi ghly useful in
practice and has the nerits such as having a small reactor volune; the
materials of the process 10 instrunents thereof being easily sel ected,
only a small heat | oad bei nggapplied on the process instrunents
thereof; a . snmaller heat exchanger being usable in heating the gas to
be treated; and making it possible to recover NO etc. at high
concentration. 15 On_the otYer hand, the invention for preventing
gl obal war m ngby catpl yti cal Heconpos| ng N err] O achieves the .
foll owi ng effects. 1. Ih the nmethofd of deconposing Nerr]O -
according to the - invthion he N err] O tontaining gas to be treated
is divided 20 and a portipn thE?tof is prehepted to the tenperature at

whi ch the catal ytic deconppsitijon of Nefr]O fan be initiated while
the remai nder of the divided gas to be tfeated is

\/\‘“
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supplied into an Nerr] O catal ytic deconposition bed at a tenperature
| ower than the tenperature of the preheated gas 25 as described above.

Thus, the amount of the heat required 77
in;preheating can be considerably reduced, conpared with the case
wherein the whole gas to be treated is preheated and t hen suppli ed.

2. Therefore, the preheating devices (for exanple, a 5 heat exchanger) to
be used can be considerably reduced in size. Wien the preheating is
carried out by conbustion of a fuel supplied externally, the anmount of
the fuel can be significantly reduced. 3. In the invention, .

it is also possible that the gas 10 to be treated is mxed wth a diluent

gas and supplied into t he bed. In this case, the amount of
t he dil uent gas to be used canlbe |argely reduced owing to the effects
achi eved by supplying the gas/to gelt eatrd in portions as descri bed
above:. 15 4. Accordi-fAg—tdt] = the invention, Nerr]Ois

catal ytically deconposed by using\algc i » Thus, t he heat
formed in a large anmount in asSociafi i = cauﬂyﬂc
deconposition of Nerr]Oin the catalytlc bed
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can be successively given to the catalytic bed |ocated 20 posterior in the

| ongi tudinal direction. That is, the heat formed in a | arge anount by
the- catal ytic deconposition of N err] O can be very efficiently
utifized in elevating the tenperature of the gas streamto be treated
sucne55|vely supplied in portions.

787 . 5. Thus, the tenperature of the gas to be supplied
into each catalytic bed and the tenperature in each catal ytic bed can
be easily controlled at an appropriate | evel for the desired catalytic
system - 5 6. The apparatus of catal ytic deconposition of N20

according to the invention nmakes it possible to enbody the

above- descri bed nethod for cat al yti cgHty|decqnposi ng N20 to gi ve the
effects as described above. Since the wh apparatus can be nolded in
a smal l er sjze, various cosss 10 thergbdf Ban -e reduced. Moreover, the

anount of a fuel or en : LY san be con3|derably
reduced. - 7. By ugﬁﬁg\fm the tenperature of the
catal yti c deconposition bed can be

control |l ed
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and a rapid increase in tenperature at the catalytic bed or 15 around the

sane due to the deconposition heat of N20 can be prevented w t hout
fais . 8. Thus, the N20 catal ytic deconposition apparatus of
theg invention can be operated easily and, noreover, has an excel | ent
duﬂablllty, t her eby being highly useful in 20 practice. 9. In
thé' process for producing adipic acid-according to the present
invention,- N20 is released into the atnosphere only in a very snall
anount . Since this process depends ong the N err] O deconposition
techni ques being highly useful in 25°bract|ce as descri bed above, it

| argely contributes to the 79

prevention of global warm ng. In additgon, it can be economcally carried
out at a | ow equi pment cost.
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1 1. °A nmethod for preventing global warm ng conprising, 2 a process
~of thermglly or. catalytically deconposing N20 in an 3 Nerr]O containing
gas t'o be treated, by dividing the N20- 4 containing gas streamto be
tvreated in portions, preheating 5 a po8®ion t8uabstituteshast t d 2Joh& Q@000 | v
deconpose N20 in said 6 gas streamto forma hot- gas stream and supplying
the 7 remainder of the divided gas streamto be treated into said 8 hot
.gas streamto thereby continuously deconpose N err]O so that 9 global~
-warmng is prevented. 1 2. The nethod for preventing gl obal

‘varmng agiigithicEddd el dupblyinhenaitd WL yotbesbesiesoaposition of
3 N20 i s- perfornmed by thermal decConposition w thout using any 4 catalyst.

1 . - 3appika il ed of asPheven! hag HehdmMaddividhothet|qddes, in claim
2, wherein the remainder of said divided 3 gas to be treated is supplied
~into plurgkepositions in the 4 flow direction of said hot gas stream 1
. 4. The method for preventing global warmng as - 2 clained in claim2 or 3,

wherein said deqeEpesiddedit QhviaR iioh is not restricted by the kind of 81
5 the catalyst for decomposing N,0. To achieve the objects 6f
the invention, however, it is preferable to use those
containing copper, nickel, iron, cobalt, palladium, or
W ox%des or complex oxides of thése metals. It is preferable
that the catalyst is carfied on é carrier. As the carrier,
10 those ﬁa#inq appropriate pores and. showing a2 high héat 3
stabilit§ may be sele;ted. ﬁrefgrred examples of the
ca;élyst carrier to be used in thg invention inclqde oxides
and cémplex oxides of aluminum,lfiééea, titanium, magnesium
and.zirconiuﬁ. As aluminum oxideé among these_;arriers, it
15 1is still preferable to use c—-alumina, B—aluﬁiné or y—a;umina;.
As the silica/aluminézéomplex oxides; it is still preferable
L to use zeolite such as ZSMS5. ‘A§'£he ;itanium oxides, it is
étill préferable fo use-those‘of the anatase and rutile
types. It is also preferable to use zirconia wﬁich has a
20 high heat resistance. Furthermore, it is-preferable to use
& carrier obtained by mixing these carriers as-cited:above.
In the invention, the catalyst may be carried on the carrier
by a well-known method. For example, the carrier is
impregnated with an agqueous solution of a water-soluble salt

25 of a metal catalyst and then baked.



3 the gas to be treated is perforned in a state of a 4 substantially plug
flow =+ *1 5. The nethod for preventing global warmng as 2 cl ai ned
in ckaim?2 or 3, wherein said preheating is 3 performed by a direct
heating systemutilizing an oxidative exot (farhstitutecsheston1 2fJunef 2000

1 6. The nethod.for preventin | abal _warji Loed in claim
5, wherein sai ?oﬁnglosfcsi syd]'r ogé‘ﬁm %e QIEIQ’rLrII%t Ea?]\(l)\el.om Qgﬁéscf %y‘a%.%_g;‘?'he met hod
for preventingsglohalh YWRES ¢k Sendati®) FREtich Wedhf 4.9 wWherIetn aadi d

exot herm ¢ deconposition of 3 N20 is perfornmed by catal ytic deconposition.
1 8. Theneetled rhoes perast gag g deakresred sgppdied igitai kel in claim
7, wherein the remainder of said divided. 3 gas to be treated is supplied
into plural popr¢hertsngnpotieiond ahbopheli yasondopndfthdghdreasti®Rs stream and
each brought into 5 contact with a catalytic d respectiyely. 1

9. The net hod“hP¥rPHi%ePEHRT Nt ReGHAVear 'ﬁ‘gNﬁgﬁ‘rz i?aq %ﬂyri‘rh ®faim 7 or 8,
‘wherein the ga§6§t{%m/h£ mredi atel y '

-

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 'tre.ated had been thus thermally’
\/- decomposed ‘at a ratio of_,99% or more..

The pressure-within'the furnace was 1.25 kg/cm®’. The gas

stream mixture in the preheating portion and at the inlets of

the second, third and fourth _reaction chambers had each a

' o 830°C, The temperature of the gas stream

discharged from the thermal decomposition reaction furnace was

1173°C and N0 contained in the supplied gas to be treated had
been thus thermally decomposed at a ratio of 99% or more.

‘Example 6
The inside of the thermal decomposition reaction
furnace as in Example 'l wﬁé.divided in.series.inpo.first an&
»: second chambers, haviné a space of almost the same voiumeh.
(O . with-a pordus plate made of heét resistant bricks
(thickness: 200 mm) . The inlets of the gas to be treated -
and the baffle plates were arrénged as in Example L. The
préheating portion had the same volume as in Example 1. N0
4 contained in a gas to be treated was.thermally decomposed as
in Exampie 1 but the flow. rate of hydrogen supplied into the
preheating portion beiﬁg 6.9 Nm*/hr; and the flow rates of
the gas to be treated supplied into the preheating portion
faﬁd the second reaction chamber being respéctively 96.6

Nm*/hr and 183.4 Nm’/hr.
——
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82 3 3 before contacti'ngthe catalytic bed, is a nmxture with a 4
di | uent :gas. 1 10. The nethod for preventing global - warmng as 2
clai.med*in claim9, wherein said diluent gas is.air and/or 3 the gas

- which has been subjected to the catal y@c 4 Substitvtesheeh- 42 Jume 2000
gas to be treated. 1 11. The method for preventing gl obal warm ng
as 2 clained in claim9, wherein the gas having been subjected to 3 the
catal ytic deconposition of N20°in the gas to be tr.eated 4 is cool ed and

t hen used as the.dil uent S, 12. _The.nethod_for preygniing
 gllobal WRFRGry e AT SURE (57 RS Fenpt bR 15t BnEFraSiard O o
"~ preheating i 3 rfornmed by.m xing.th as to btgbetr at and . t he
-~ di | uent Ngﬂ 6§st\?n Eﬁ‘esfné'%nlgo%ﬁga‘ﬁﬁf f‘@a?tri%ﬁ’} f?fdr- ent%a ﬁ:%oxﬁlegée%luésl?ng 5 a
nobl e n‘eth_lan%aetlaj yslg.fter mixing, the gas showed an N,0 concentration

of 6.5% by mol and a temperature of 443°C. The gas at the

5 outlet of the fourth reaction 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 reactiqn chamber. After mixing, the gas.
showed an N0 concentration:of 6.5% by mol and a temperature
ld _of 426°C. 'The temperature of the decomposed gas at the
Sutlet 5f the fifth réaction'ghambg;_wa55587°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
15 Example amounts to 130:6 ﬁP/H. Since the gas to be tréated
- is supplied in portions, a 12.5 ' /H portion alone in i30;6...
m*/H is preheated to the initiation temperature of the
reaction of 430°C before.suﬁplying; Thus, theTheat load on
the heat exXchanger rquired for’prebeating is 908 kcal/h. -
20 The remainder of the_divided gas to be treated can be
suppliéd without preheating. Although the remainder of the
gas to be treated is supplied without préheating, thedggéigi
temperatu;e-éf each catalytic bed can be maintained at 430°C

‘(i.e., the initiation temperature of the reaction) or higher



1 13.* An apparatus for preventing global warmng by 2 thermally
* deconposing N20 in-'an N20-contai ning gas,. 3 conprising: 4 (a) an,
cintroduction portion for the N20-containing gas 5 to be treated;

6 (b) a preheating portion for t@le thuSubstiteeushaetgat2 Juneo200
-~ treated; 8 (c) a thermal deconposition portion adjacent to the 9
preheating portion, said thermal deconposition portion 10 having neans
~for supplying the gas to be treated, said 11 supplying nmeans being

..provi ded and@dne.PlcaPe RAMLLYIITAINy Heddibds & bhechhOls 0, aagashis
- stream and 13 (d) a discharging portion for the thermally

. deconposeexadfp1 8a81learly shows.l4. The apparatus for preventing gl obal
~warmng as 2 clainmed in claim13, wherein said preheating portionis 3

? havi ng ”EQE%n&%LéEEQ conbusti on. 1 15. The apparatus for
- preventing global warmng as 2 clainmed in claim14, wherein the :
 Lemperature of 1D GheaArld W@MRlgdNeP B otrolcadl g §enshged BIoRORRI ON
: S adipic acid p;ant haviné the composition aﬁd flow rate as
given in Tablé'4 was catalytically decomposed by using a
catalyst. The same catalyst as.that of Example 9 was
employed. |
The Catalgtic decompbsition reactor employed was a
10._cylindrical container of 2700 mm in inner diameter and 5000
mm in léngth. The inside of the ;gactor was divided into
two ;atalytic decoﬁposition reaction chambers in opposition
to the flow direction of the hot gas stream. A mixing'
_chamber partitioned-with porous plates was located bétween
15 these reaction chamberé. The first and se;ond.reactiop_-
- Chambers had respectively 3.90 m’and 6.04 m® of thé catal?sti
The,preheatea gas to be treated was fed into the first
W ' together with a diluent gag | | 3
: reaction chambe{, while the remainder of the divided gas to
be treated was introduced into the mixing chamber in front
20 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 stfeam.
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

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



4 controlled to a constant |evel by controlling the anount of 5 the fuel
- fed into said fuel -conbusti on neans. 1- 16. The apparatus for
preventing global warming as 2 claimed in claim13, 14 or 15, wherein said
thermal 3 deconposition portion has a #brous SubstitUtenshest -a12une 2080 4. .
- nozzle in front of and/or at' the back of at |east one nmeans 5 for L
- supplying the gas to be treated. ' 84 . .
1 17. The apparatus for preventing global warming as 2 clainmed’in :.
- claim13, 14 or 15, wherein said porous plate, 3 nulti-pipe nozzle and/or: "~
inlet of hkatgas by the N eatdetonpesidiocdteatin Bush dN.fageatatimgd t he gas -
~streamflow ng towards 5 the neans for supplying the gas to be treated
flows as an &nedtsAippldldea@s to be treatldl hakh pyarcahal icpklwent i ng .
gl obal warmng by - 2 bringing N20 in an N20-containing gas into contact
S with a 3dekiciipdded kad & aatier Ty oo ajrytmazd | y Itecuhn}msmam[aagﬂre 4

_conpr|S|ng
anmple 3, the heat load required in preheating was 9—623
S kcal/h. Accordingly, use should be made in this case of a

large—ecaled heat exchangef with which 11 times as much heat

can be subjected to heat-exchange as compared to the case of
9

.Example 4\;
iy 4
10 The same catalyst and gas to be treated as emplOyed;in'
| ﬁxamplehéghere used. -'The catalytic decompositiqn reactor
employed'was a cylindrical container of 2700 mm in inner
dlameter and 5000 mm in length composed of a single reactlon'
chamber. The reaction chamber had 10.18 ’ of the- catalyst.
15 ' The preheated mlxture of the gas to be treated and ‘the
- - dlluent gas was fed 1nto the reactlon chamber. The pressure‘
at the inlet of the reactor was adjusted to 0.21 MPa. 286.0
Ni'/H of the gas to .be-treat_ed 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
20 concentration of 7.5% by mol. Further, the gas mixture was
subjected to indirect heat-exchange with the outlet gas of
the reactor to attaih a temperature_of 500°C followed by

supplying.

The above-described diluent gas was one obtained by -

25 heat-recovery.with the use of a boiler from the reaction



5 (a) an introduction pbrtion‘ for the gas to be treated 6 and/ or a

di | uent gas; 7 (b) a mxing portion for the gas to be treated

- and/or *-8 the diluent gas; 9 (c) a mxing,.portion hayi 0 r
.more means for 10 supplying the gas tg be t t!‘ﬁmﬁh%?t'tﬁé &%%Eﬁp%as
at 11 different positions in the IonZ| tudinal direction of the 12 :
apparatus; 13 (d) a catal ytic deconposition portion having the 14

.. catalytic bed; and 15 (e) a discharging portion for the © -

- catal yti Y 56 glecompase ggist- 19. An apparatus for
. preventi ?\%ﬂqlleobd war m né(}§b§° Cat Al V%l}% %Iee%o%r%%si tion of Nlerr]O in an

. Nlerr]Ojcontaining gas, 3 conprising: Ex410 Ex.3ldeVExel2hi [cBr d@nprii ses:

5 Nea) ofnstagenduppilyinpogds doe flor the ¢gas to bed4treated 6 and/or a
di | uent |dres;trezted (b) a mixing pdrtion fgr the gas to be| treated
and/or {8 the diluent gas; 9 - (lc) a.gatial ytic d¢ec osfti partion
havi ng q sutplyangl yeme- béd) and 5)’99‘3-& 3'5'351 35'%51) 3'34%]
Inlet temp. at each stage (°C) 500 500 s0o. 300
8 680
Outlet temp. at each stage (°C) ©80 680 680 8
.21 . . 0.
Pressure at reactor inlet (MPa) 0-2 0.21 @.21 21
o Feed of gas to be treated :
N~ 1 (/1) '
st 1 114.8 62.0 37.4 23.7
ctene 3 165.2 |89.3 53.8 32.2
st;ge 3 - 128.7 |77.4 |49.2
age - = - - l111.2 |70.9
Stage 4 .
st S . . = : . - - 102.0
sooe : 280.0 |280.0 |280.0 |280.0

Feed of diluent gas (Nm*/H)

406.7 219.2 131.86 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
Is:tage ° : . '] 450.8 277.2 196.0 }152.1
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 i.67
tage 3 - - 4.07 2.48
Stage ¢ - - - 3.73
Stage 3 9.93 9.85 $.82 9.80
=
>99 >89 >99 . >99

N,0 conversion (%)’




11 (d) a discharging portion for the catalytically 12 deconposed
~ gas; and * 13 one or nore devices each of which conprises: 14

-~ (e) an i'ntroduction portion for the discharged gas 15 haviqP been
catalytically deconposed, the gas to begg reat Substititgrahest -af 2iJunent0QQs;
17 (f) a mxing portion for the discharged gas having 18 been

;. catalytically deconposed, the gas to be treated and/or 19 the diluent gas;
.20 - (g) ‘a catal ytic deconposition portion havin 21 catalyti¢
i>ped; and 22ble 6: ReRFtios SORSL&IRGSHENG FEFHITR h’efg CA3RITRT Yy 23
- deconposedEyagple 4 ) 86 1

. 20. The 2—CchgERELd-Z T Cctarm 18
~or 19, wherein said mixing portion for 3 the gas to be fgg Sggang/or t he
- diluent gas—+hvelres—a—4—preReattag-poritonr—for—thegas {0 be tTeared
Cand/or theDIERFTIR 545 oo Stage PSS : :

gas.
Ditto : Feed.temp. (°C) %33
Diluent gas temp. (°c) 230
' o 500
Inlet temp. (°C)
680
outlet temp. (°C) _
0.21
Reactor inlet pressure (MPa). _
. : 989.8
T Diluent gas flow rate (Nm'/H)
' - - 3.54
IDiluent gas/Zgas to be treated (molar ratio)
. — | 10.18
Catalytic bed volume (m*)
>99

N,O conversion (%)

INDUSTRTAL APPLICABILITY
As ‘the S?tailed déscription given above qiearly'

5 indicates, - the presegt invention provides a highiy usefﬁl
nethod in practice for preventing global warming which makes
it possible to effiéiently décompbse N,0 at a low temperature
while externally supplying'only.an extrgmely small amount of
enerqgy, and an apparatus therefor. The”invention achieves

10 remarkab;e effecﬁs”as will be shown hereinafter.

Thét is to say, the invention for prevenﬁing global

warming by thermally decomposing N,0 achieves the following

effects.



: | L Léé@—ﬁg

1. - 21. A process for producing adipic acid WI?H)Q-Q] 2'rel ease
~of N[ err]O that causes gl obal warm ng, conprising: - (1) antric.
aci d-oxi dation step in which cycl ohexanol 4 and/or cycw fexanone are
oxidized with nitric acid-to form 5 ailpi c acBubstitate sheet - 27)Julyr?Q00 ¢
acid recovery step in which HNOQerr] is 7 recovered from an
N[ err] O containing gas caused in the nitric _ 8 aci,_de- %>§i ga(&ié)&nst ep; 9
(3) a N[ err]BGBEBAPIT *BnE8AP& 1 RAF cH Fd°F ehithing 10

N er r]0 cont 41104028 & e iUk £81 £tbe, beoR WIS Rt M,CER has 11
I ,

been kecovered, I's divide portion.thereof is preheated 12 to

exot her mal 1 yelecaposerdd &er ERd i gud e Bastséateanstppfiedniathothe 13 gas
stream and the remainder ‘of the divided gas streamto 14 be treated is
suppl i ed i ntprewdatingt poEtiont ppdnthe serepddnd £51E8NT$3AGEEI y deconpose

"Nerr]G and 16 . (4) a Nerr]O deco Lt heat ,.re ery step in
whi ch the 19°NRRSSS Beﬂ%%0¥$8§'r:[:?"6?f‘]‘he4§t'geﬁ¥’?g'éd ?ép'ém?’ h’é“Nﬁg‘\rir] o)
deconposi ti 0Rg318 y34EP. IS recovered.

87

temperatures of the gas stream discharged

cdecomposition resaction fur;: was 1173°C and N,0 contained

be treated had been thus thermally*

The pressure.within the furnace was 1.25 kg/cm?5 The gas
stream mixture in the preheating portion and at the inlets of
the second.n ﬁird. andmeﬁeueeh reaction chambers had each a
temperatﬁréh of 830'.C. The tempef:a‘l':.u,re of the gas stream
discharged from the thermal decoxﬁposition reaction furnace was
i1;13°c and N,O contained in the supplied gas to be treated had
_been thus thermally decomposed at a ratio of 99% or more.

Example § - S L
The inside of the thermal decomposition reaction
furnace as in Example 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

(thickness: 200 mm). The inlets of the gas to be treated
and the baiffle p;ates were arrangad as in Example 1. The
prenesating portion had the same volume as in Example 1. N0

» contazined in a gas to be treatsd 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 sacond reaction chamber being réspéctively $6.6

Nm'/hr and 183.4 Nm’/hr.
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