as originally filed Renmoval of nitrogen oxides froma gas stream5

contai ning sane The present invention relates to a process for renobving
nitrogen oxides such as NO NJerr] and Njerr]O froma gas stream
containing sane. 10 N trogen oxides are.fornmed as by-products in many
processes in which HNerr] is used as oxidizing agent in |iquid phase.
Especially the conver- sion of alcohols, aldehydes and ketones, for exanple
t he conversion of cycl ohexanol and cycl ohexanone into adipic acid, of
acet al dehyde into gl yoxal or of glyoxal into glyoxylic acid, and al so the

- production of ds origimablyi filed aci d and hydroxyl amines |iberate for exanple
appreci abl e anounts of Nerr]O as well as other nitrogen oxides. In Science
251 (1991), 932, Thienens and Trogler show that N20 has a certain
destructive potential for the Earth's atnosphere. N20 serves as the major
stratospheric source of NO which in turn has an 20 essential influence on
the depletion of ozone iRemdwal sifr nitrogehcoxides fromici gasstreaperr] O i s

consi dered a greenhouse gas whose gl obal, warm ng potential is said to be
about 290 tfnes greater than that of¢® ]*“@gcent years have witnessed
the publication of a nultiplicity of patent and non-patent docunents
concerned with reducing the Nerr]O 25 em ssions due to ant hropogenic

sour ces.

The present invention relates to a process for removing nitrogen
oxides such as NO, NO, and N,O from a gas stream containing same.
10 Nitrogen oxides are formed as by-products in many processes in which
HNO; is used as oxidizing agent in liquid phase. Especially the conver-
sion of alcohols, aldehydes and ketones, for example the conversion of
cyclohexanol and cyclohexanone into adipic acid, of acetaldehyde into
glyoxal or of glyoxal into glyoxylic acid, and also the production of
1s nicotinic acid and hydroxylamines liberate for example appreciable
amounts of N,O as well as other nitrogen oxides.
In Science 251 (1991), 932, Thiemens and Trogler show that
N,O has a certain destructive potential for the Earth’s atmosphere. N,O
serves as the major stratospheric source of NO, which in turn has an
20 essential influence on the depletion of ozone in the stratosphere. In
addition, N,O is considered a greenhouse gas whose global warming
potential is said to be about 290 times greater than that of CO,.
Recent years have witnessed the publication of a multiplicity of
patent and non-patent documents concerned with reducing the N,O
2s emissions due to anthropogenic sources.
A multiplicity of patents describe catalysts for reducing or
decomposing N,O, for example DE 43 01 470, DE 42 24 881,
DE 41 28 629, WO093/15824, EP 625369, W094/27709, US 5,171,553.
US 5 200 162 discloses that the exothermic reaction of the
3 decomposition of N,O into nitrogen and oxygen can lead to a multiplicity



A mltiplicity of patents describe catalysts for reducing or deconposing
Nlerr]O for exanple DE 43 01 470, DE 42 24 881, DE 41 28 629, W03/ 15824,
EP 625369, W4/27709, US 5,171,553. US 5 200 162 di scl oses that the
exotherm c reaction of the 30 deconpositien of Nferr]Ointo nitrogen and
oxygen can lead to a nultiplicity -2 - of process problens associ ated
with high process tenperatures. It de- scribes a process for deconposing
N20 in a gas stream by contacting an N20-cont ai ni ng gas stream under N20
deconposition conditions with a catalyst for deconposing N20 into nitrogen

and oxygen by &f psdcessoptdbiems assoaiatedowithhBigh Xxprocess temporaturd Oltcdsat ent i s
reduced and then_recycling it into the N20 deconposition zone. In the case
of N20- cont ai n$SEpCHs PEOCESs fort decamposingt Ny (i inga La8i stieamaby NORECHNE jan | s

T 0,oe, (KouSainySa¥ SR B, K0 TEhRBhab SoBos] WAL o, o
NJ err] with agaalpstaforndécbmpdsing N0 dmoenidfogens e Noxygen Ayatiestectoliaf N20
em ssions produced in the adipic acid industry, Environnental Progress 13
(1994), No.5 2, Pavh\pf thg,exitzgas whose N,O content is reduced and then recycling it
into the N,O decomposition zone. In the case of N,O-containing waste
gas streams containing additional NO, it is stated to be frequently very
desirable to pretreat the gas stream to remove NO, upstream of the N,O
decomposition zone by selective reduction of NO, with- ammonia in the
10 presence of oxygen.
In Abatement of N,O emissions produced in the adipic acid
industry, Environmental Progress 13 (1994), No. 2, May, 134-137,
Reimer, Slaten, Seapan, Lower and Tomlinson describe a boiler gas
reburn system coupled with selective non-catalytic reduction (SNCR) for
15 destroying N,O. A flow. diagram of the catalytic decomposition of N,O
shows an N,O decomposition catalyst stagé coupled with an NO,
abatement SCR catalyst stage.
Ullmann’s Encyclopedia of Industrial Chemistry, Sth edition,
volume Al7, 1991, pages 293-339, describes the production of HNO; by
20 burning ammonia and absorbing the combustion products in water.
Nonselective catalytic reduction (NSCR) and selective catalytic reduction
(SCR) processes can be used for treating the waste gases from the HNO;
production process.
It is an object of the present invention to provide a process for
25 removing nitrogen oxides from a gas stream containing same,
It is a further object of the present invention to provide a
process for removing nitrogen oxides from a gas stream containing major
quantities of N;O as well as other nitrogen oxides.
It is a further object of the present invention to provide a
30 process for removing nitrogen oxides from a gas stream containing same



Rei‘mer, Slaten, Seapan, Lower and Tonlinson describe a boiler gas reburn
syStem coupl ed with selective non-catalytic reduction (SNCR) for 15
destroying N20. A flow diagram of the catal ytic deconposition of N20 shows
an N20 deconposition catal yst stage coupled with an NJ err] abatement SCR
catal yst stage. Ul mnn's Encycl opedia of Industrial Chem stry, 5th
edition, volunme Al7, 1991, pages 293-339, describes the production of

HNO err] by 20 burning amoni a and absorbi ng the conbustion products in
wat er. Nonsel ective catalytic reduction (NSCR) and sel ective catal ytic
reducti on ( SCRyo pfmwmccmt(ﬂmgd for treating the waste gases fromthe
HNJ err] production process IS an Obj ect of the present invention to
provi de a process forltds a ﬁermmgeqﬁ.q r@@eﬁeﬁﬁﬂtdégefﬂoénﬁoapﬁ%@esﬁream

contai ning sa f e E"EI&E e Provi de
a process fornslgﬁ%% f°3 %ﬂ[ %r{ ﬁftr %P}c'i érgot;rnznlzgtl g%a@ ream@é@E al F%\‘ig? maj or
quantities of ﬁ&ﬁraﬁmpw boﬁu@isher nitrogen oxides. It is a further object

of the present invention to provide a 30 process for removing nitrogen
oxi des froma gas st riédmna &ertharnebiectsefthe present invention to provide an

apparatus for the aforementioned processes.

We have found that these objects are achieved by the processes
and apparatus claimed in the claims.
The term "nitrogen oxides” as used in the description and the
10 claims designates the oxides of nitrogen, especially dinitrogen oxide
(N,0), nitrogen monoxide (NO), dinitrogen trioxide (N,0j3), nitrogen
dioxide (NO,), dinitrogen tetroxide (N,O,), dinitrogen pentoxide (N,0s),
nitrogen peroxide (NO;).
The present invention provides in particular a process for
1s removing nitrogen oxides from gas streams as obtained for example as
waste gas streams in processes for producing adipic acid, nitric acid,
hydroxylamine derivatives, caprolactam, glyoxal, methylglyoxal, glyoxylic
acid or in processes for burning nitrogenous materials.
The aforementioned processes as well as other processes for
20 oxidizing organic compounds with nitric acid give rise to reaction
products containing nitrogen oxides. For instance, the production of adipic
acid by oxidation of a cyclohexanone/cyclohexanol mixture gives rise to a

waste gas having, for example, the following composition:

NO, 20% by volume
s NyO 23% by volume

| 0, 10% by volume

CO+CO, 2% by volume

N,+Ar 45% by volume
According to the present invention, the removal of nitrogen
30 oxides as present for example in the aforementioned composition is



- 3 - to produce nitric acid (HN(err]). It is a further object of the
present invention to provide a process for renoving nitrogen oxi des froma
gas. stream cont ai ni ng sanme under sinple conditions. 5 It is a
further object of the present invention t@_provide an apparatus for the

af orenenti oned processes. W have found that these objects are achi eved by
the processes and apparatus clained in the clains. The term "nitrogen

oxi des" as used in the description and the 10 clains designates the oxides
of nitrogen, especially dinitrogen oxide (N20), nitrogen nonoxide (NO,

di nitrogen tri effected (bY[ passingl eer gas, sthdaii ogen di oxi de (N err]), dinitrogen
tetroxide (N204), dinitrogen pentoxide (Nerr](Qerr]), nitrogen peroxide
(NJ err]). TheAdr dbwughia sage fon absarbingethe; pitiggen joxides rotherpthenelNsOfisr 15

Gas straams i n-pr dbsaeBtent BF S35k 1B HiroRfn SHdth ier fan GG Yo ©

hydr oxyl am ne der iapsdrbests .andapr ol act am gl yoxal , net hyl gl yoxal , glyoxylic
acid or in processes for burning nitrogenous nmaterials. The aforenentioned
processes a§ wB)| thepugh Hestage for gedueingo N6  oxi di zi ng or gani ¢ conpounds

With nitric acid gi VePlrek‘&gblSr,o tﬁee%% is?r@ém passes first through stage A and then
through stage B.
Stage A
The absorption of the nitrogen oxides other than N,O in an
10 absorbent and the reaction of the nitrogen oxides other than N,O with an
absorbent, as the case may be, can be carried out with any desired

suitable absorbents. The preferred absorbent is water or an aqueous

solution, e.g. of nitric acid, in which case the absorption is preferably

carried out in the presence of free oxygen and the nitrogen oxides other
15 than N,O are preferably converted into HNO;.

In particular, for example, nitrogen monoxide is oxidized to
nitrogen dioxide and nitrogen dioxide is absorbed in water to form
HNO;. Such a process is described in Ullmann’s Encyclopedia of
Industrial Chemistry, Sth edition, volume A17, 1991, pages 293-339.

20 The process for the conversion into nitric acid can be
characterized by two exothermic reaction steps:
oxidation of nitrogen monoxide with atmospheric oxygen to nitrogen
dioxide according to:

2  2NO+0,42NO, (@

absorption of nitrogen dioxide in water and reaction according to:

. 3NO,+H,0-2HNO,+NO  (II)



products containing nitrogen oxides. For instance, the production of adipic
acid by oxidation of a cyclohexanone/cycl ohexanol mxture gives rise to a
wast e gas having, for exanple, the follow ng conmposition: NJ err]

20% by volume 25 Nerr]O 23% by volume (err] 10% by

vol ume CO+CJ err] 2% by volume N err]+Ar 45% by vol une

According to the present invention, the renoval of nitrogen 30 oxides as
. present for exanple in the aforenenti oned conposition is -4 - effected

by passing the gas stream A) through a stage for absorbing the nitrogen

- oxi des other tfgd rdigtlohd) ai p?&ﬁ@ﬁg@e%; high pRaGirés dnd NEwNielipepfiredXi des ot her

than N20 wi th an absorbent, "and ough a stage for ‘reduci ng N20.
Pref erably, t hRregsusessof dadntpa2; dar,f preferablyir tvomh3 stoat bar,apartichlerlyt hr ough

stage B preferably from 5 to 10 bar are employed.
The gas inlet temperature on entry into stage A is preferably
5 from 10 to 100°C, particularly preferably 20-60°C, in particular from 30
to 40°C.

The gas streams from the oxidation of alcohols, aldehydes and
ketones often contain NO, in a concentration of more than 1% by
volume, so that the NO, can be considered not an impurity but a

10 material of value and therefore can be converted into nitric acid by
reaction with water.

The reaction can take place in absorption columns and is
described for example in Ullmann’s, loc. cit.

The heat produced in the exothermic reaction can be utilized for

15  generating process steam and/or for heating the gas streams containing
nitrogen oxides, for example in a gas/gas heat exchanger.
Stage B .
Stage B is a stage for reducing the amount of N,O.
The reduction of the amount of N,O can be effected by
20 thermal and/or catalytic decomposition. The process can be carried out
adiabatically or isothermally, preferably employing the pressure level of
process step A.

The removal of N,O can be carried out in various ways, for

example by heterogeneous catalysis. In the adiabatic reaction regime,

2s where the heat evolved by the exotherm of the decomposition reaction is
utilized for heating the catalyst bed, the gas inlet temperature on entry
into stage B is 200-700°C, preferably 300-600°C, preferably 400-550°C,
particularly preferably 430-550°C, in particular 450-500°C. The gas inlet
temperature can depend on the activity of the catalyst.



Stage A The absorption of the nitrogen oxides other than N20 in an 10
absorbent and the reaction of the nitrogen oxides other than N20 with an
absorbent, as the case may be, can be carried out with any desired suitable
absorbents. The preferred absorbent is watgr or an aqueous solution, e.g.

of nitric acid, in which case the absorption is preferably carried out in
the presence of free oxygen and the nitrogen oxides other 15 than Nerr]O
are preferably converted into HNJerr]. In particular, for exanple,
nitrogen nonoxide is oxidized to nitrogen dioxide and nitrogen dioxide is

absorbed in water To niifinizéih ahierinal SohatdonPsO NS ahd t6 OsrotecP @k i N
U I mann's Encycl opedi a of Industrial Chem stry, 5th edition, volume Al7,

1991, pages 298atalyst used from destructipn dueotoeexcessive tieraperativasr é5.@nbynto nitric

acid can be ch I ged e erm ctiaqn..steps, oxidation of
ni trogen mnox?f&gegkﬁi’hﬁlgttr?o 6&%&@&@)( géig ?#ﬁt%%@ﬁ tﬁﬁ"ﬁxﬁh&ere br di ng to:
25 (stage B) should not siphifichmly bxceed#08°C] This Chh RDEEHiINdOFforof

nitrogen dioxide in water and reaction accaording to: .
3NQ[ er r] +H[ ér r Pampleny de pongentratiqn pf Ny© in the gas stream entering step B

not being more than 40% by volume, preferably within the range from

0.1 to 20% by volume, particularly preferably within the range from 0.5

to 15% by volume, in particular within the range from 1 to 13% by

volume. Gas streams often contain N,O-contents of more than 20% by
10 volume.

This reduction of the N,O concentration can be achieved for
example by admixing the gas stream with an essentially N,O-free gas
stream upstream of stage B. The admixing can also be carried out
upstream of stage A, if the gas stream first passes through stage A. The

15 essentially N,O-free gas stream can be the gas stream leaving stage B or,
as explained below, optionally the gas stream leaving stage C and/or a
gas stream containing free oxygen and/or a process gas.

The N,O removal can also be carried out isothermally. This is
possible for example in a tube bundle reactor with salt bath or metal

20 bath cooling. This process is characterized in that the temperature of the
gas stream on exit from the reactor (stage B) corresponds to the
temperature of the salt or metal bath and the molten salt or metal
absorbs the heat released by the N,O decomposition reaction. The salt or
metal bath temperature is preferably 400-650°C or corresponds to the

25 temperature of the adiabatic reaction regime. The gas stream can be
heated up either upstream of stage B by a heat exchanger, such as a
gas/gas heat exchanger, or directly in the salt or metal bath reactor of
stage B.

Another possibility is the removal of N,O (decomposition) in a

30 fluidized bed.



-5~ The reactions are pronoted by high pressures and | ow t enper at ures.
Pressures of 1,5 to 20 bar, preferably from3 to 12 bar, particularly
preferably from5 to 10 bar are enployed. The gas inlet tenperature on
entry into stage Ais preferably 5 from40 to 100[err]C, particularly
preferably 20-60[err]C, in particular from30 to 40[err]C. The gas streans
fromthe oxidation of alcohols, aldehydes and ketones often contain NJ err]
in a concentration of nore than 1% by volunme, so that the NJerr] can be
considered not an inpurity but a 10 material of value and therefore can be
converted intocgthfysC acid by reaction with water. The reaction can take

. place in absorptron colums and is described for exanple in Ulmann's, |oc.
cit. The heat producdixampleshef eatalystsr siieblecfort Ngd removale byitqafalyliey for 15

i T ogen ox| dGEeomBpSIG i dof rasbst ABLHBAL 1Y DEFLIFRTS, aoe B Stage &
i's a stage forpgegycigngsi hDERRARUZE 629, WE93/16824, EP 625369, W094/27709,
s US 5,171,553. Suitable catalysts may consist for example of CuO, ZnO
and Al,O; or additionally include Ag. It is possible to use catalysts with
Ag as active component applied to a gamma-ALO; support. Further
examples of usable catalysts are those having CoO and/or NiO on a ZrO,
support. The use of zeolitic catalysts, for example mordenites, which are
0 present in the H* or NH,* form and may be exchanged with V, Cr,
Fe, Co, Ni, Cu and/or Bi is likewise possible.
Also suitable are catalysts consisting of zeolites having an
Si0,/AL,0; ratio of at least 550, for example beta zeolite, ZSM-5,
4 zeolite, mordenite or chabazite and are present in the H* or NH,"
1s form and optionally exchanged with alkali, alkaline earth, transition metals
or rare earth elements, in which case cobalt can be preferred as
particularly suitable.
Likewise usable are catalysts based on zeolite which have been
exchanged with Cu, Co, Rh, Pd or Ir, for example.
20 Other catalysts which make possible the reduction or
decomposition of N,O are likewise usable.
As well as catalytic reduction or decomposition of N,O, thermal
- decomposition is also possible, for example in a regenerative heat
exchanger (thermoreactor).
25 Stage C
In a preferred embodiment of the present invention, the gas
stream from stages A and B can be passed through a stage C for
reducing nitrogen oxides other than N,O.
The decomposition of N,O in stage B may in certain
3 circumstances lead to the formation of nitrogen oxides NO,. These newly



The reduction of the ampunt of Nerr]O can be effected by 20 thermal and/or
catal ytic deconposition. The process can be carried out adiabatically or

i sothermal |y, preferably enploying the pressure |evel of process step A
The renoval of Nerr]O can be carried outgin various ways, for exanple by
het er ogeneous catalysis. In the adiabatic reaction regine, 25 where the
heat evol ved by the exotherm of the deconposition reaction is utilized for

heating the catal yst bed, the gas inlet tenperature on entry into stage B
i's 200-700C, preferably 300-600[err]C, preferably 400-550[err]C,

particularly pf&ﬁl@&%ﬁég&ﬁ%’éﬁég’[&ﬁrﬂr&ﬂdﬂh MRS tenfoved’ indsfged@l err] C. The gas

inlet tenperature can pend on the activity of the catalyst. 30 -6 - To
mni mi ze the thernal Stagend iio Mo theN@dacti¢n afichitroggwr oxides othes thar N3t used

tenperatr o of the gl SBGAmils e HERRCHY Fo IRt BY PEtHgE SISRSLI d not
concent rat1 on SHERFE PRI (SCR), Tof ckifiple” [ATSER W Hifogen Exigewae B 1he

s reacted with ammonia as reducing agent over catalysts. DENOX catalysts
can be used for example; The products are nitrogen and water.

Stage C may also be run as a nonselective catalytic reduction
(NSCR). NSCR involves the use of hydrocarbons to reduce the nitrogen
oxides and catalysts containing noble metals.

10 SCR and NSCR processes are described for example in
Ullmann’s Encyclopedia of Chemical Technology, loc. cit.

The catalysts used in this process can be any desired suitable
catalysts. For example, catalysts for nonselective reduction processes can
be based on platinum, vanadium pentoxide, iron oxide or titanium. Selec-

1s tive catalytic reduction catalysts may contain for example noble metals,
such as Pt, Rh, Ru, Pd and/or metals of the iron group, such as Fe,
Co, Ni. It is also possible to use, for example, vanadium pentoxide,
tungsten oxide or molybdenum oxide. A further suitable catalyst is
vanadium pentoxide on an alumina support.

20 The nonselective reduction process may involve the use of
suitable hydrocarbons, such as natural gas, propane, butane, naphtha, but
also hydrogen.

The temperature of the gas stream on entry into stage C can be
for example 150-500°C, preferably 200-350°C, particularly preferably 260-

25 300°C.

It was found according to the present invention that the reactions
of stages A, B and, if employed, C can preferably be carried out on one
pressure level. This means that the pressure of the gas stream is not
additionally significantly increased or reduced between the individual

3 stages. The pressure is at least 3 bar, preferably within the range from 3



not” being nore than 40% by volune, preferably within the range from0.1 to
20% by volune, particularly preferably within the range fromO0.5 to 15% by
volune, in particular within the range from1 to 13% by vol unme. Gas streans
often contain Nferr] O contents of nore than 20% by 10 volune. This
reduction of the Nerr]O concentration can be achi eved for exanple by

adm xi ng the gas streamwith an essentially Njerr]Ofree gas stream
upstream of stage B. The adm xing can al so be carried out upstfeam of stage
A if the gas streamfirst passes through stage A. The 15 essentially
N20-free gas stor 2@rbaeaprdferablye 3gtes 12 tbaeapatticalarly gprefexaidy Brithin the ®wpgé ai ned
bel ow, optionally the (lgas stream | eaving stage C and/or a gas stream

cont ai ni ng fre@°@x§g‘9n Qleror a process gas. The N20 renoval can al so be
carried out isother hig . .' f pr | ga i gdgedypd! e
reactor with salt bg?ﬁé rs%’et]itlahgb@pgg‘?@yg%’oﬁ ﬁgi( T ige ;?P%@gl?s I's i
characterized am ihtbgdatedhpresstng expparatus cuinsisting @disthe ttweaor dhreexias the om t he
reactor (stage B) corresponds tQ the te erathre, of tgle-s |t or metal bath
and the nol § encasg|may, be,deaptorsyder 8% ap @ Baft IR W OHyta"f’h%"“sI\Ifté"’ra\“TO

deconposition je LN : h a [ rably
400-650[err] C %r%&?@e?p@%ggaﬁg&gt Eges%é aér}aor?pa{gr gtﬁgﬁﬂgf Blﬁ]gfatg? %b t i§’c

reaction regi nfor dlampledystompressiom) drd betsicen! the individeal stpgesr dwre afe st age B
by a heat exchgg r ers&%gnsa%vh%reby the pressure of the gas stream is significantly

increased or reduced. As the gas stream passes through the stages, the

10 pressure in the gas can vary as a function of the stages used. Preferably,
however, the pressure of the gas stream is not varied beyond that. On
exit from the last stage the gas stream can be brought to atmospheric
pressure, for example by means of a decompression turbine.

Conducting the entire process at one pressure level allows simple

15 process control and a simplified construction of the entire apparatus for
removing nitrogen oxides. Process control can be greatly simplified as a
result.

In a preferred embodiment, the gas stream passes through
stages A, B, C, preferably in that order, and before entry into stage A

20 is admixed with air and/or a gas stream leaving B or C and/or a process

gas so that the N,O content is preferably not more than 20% by volume.

The gas stream is contacted in stage A with water or aqueous
solutions e.g. of nitric acid, in an absorption column in countercurrent to
form HNO; and the product HNO; is removed at the base of the

25 column,

then the remaining gas' stream is brought to a temperature of
200-700°C, preferably 450-500°C and contacted in stage B in a fixed bed
with a catalyst for catalytic decomposition of N,O,
the remaining gas stream is then brought to a temperature of
30 150-500°C, preferably 260-300°C and subjected in stage C to a catalytic



gas] gas heat exchanger, or directly in the salt or netal bath reactor of

stage B. Another possibility is the renoval of N20 (deconposition) in a 30

flu di zed bed.

-7 - Catalysts Exanpl es of catalysts suitable for N20

renoval by catal ytic deconposition are thecatal ysts described in DE 43 01
470, DE 42 24 881, DE 41 28 629, W03/15824, EP 625369, W4/27709, 5 US
5,171,553. Suitable catalysts may consist for exanple of CuQ ZnO and A1203

or additionally include Ag. It is possible to use catalysts with Ag as
active conmponent applied to a gamma- A1203 support.
usabl e cat al ystajuatien.t hose havi ng CoO and/ or

use-of zeoliti
the Herr] or
and/or Bi is |

NH[ err]

Furt her exanpl es of
NiOon a Zr(Jerr] support.
c cat alﬁts, for exanple pordenites, which are 10 present

& Meata Al reaciion cvelved aingthe individual stages gan by N |

The
in
Cu

zeol ites havi ﬁ@#“%ﬁ“&?@?ﬁ%ﬁ[ %%r?al@lrj.r ra |agr°§vgg§’ﬁ+%§ts?mgg&§hﬁ%i? " of

exanpl e beta zdwl pise strédmdican be brought upstream of stage A to a pressure of from

5

10

15

20

30

1,5 to 20 bar absolute by means of a compressor (V1) and downstream
of stage C to ambient pressure by means of an expansion turbine (T1),
in which case the energy released in the expansion turbine (T1), as can
be provided for example by a motor or engine, is supplied to the
compressor (V1) with or without further energy (M).

The energy released in the individual reaction stages can also be
used for preheating the gas stream.

For example, the gas stream, before entry into stage A, can be
cooled in a heat exchanger (WT1) with the gas stream emerging from
stage A. Similarly, the gas stream, before entry into stage B, can be
heated in a heat exchanger (WT3) with the gas stream emerging from
stage B. In addition, the gas stream, downstream of the heat
exchanger (WT1) and before entry into stage A, can be additionally
further cooled to the desired temperature with a further heat
exchanger (WT2). Furthermore, the gas stream, downstream of the heat
exchanger (WT3) and before entry into stage C, can be additionally
further cooled with a heat exchanger (WT4).

As well as the process for removing nitrogen oxides from a gas
stream containing same, the present invention also provides an apparatus
therefor. The apparatus comprises the above-describéd stages. A, B and
preferably the above-described stages A, B and C, preferably in that
order. According to one embodiment of the invention other orders of the
steps, e.g. BAC, ACB and the like are possible.

The individual stages in the apparatus are preferably
interconnected using suitable lines in such a way that the gas stream can
pass through the stages in succession.



4 Zeolite, nordenite or chabazite and are present in the Herr] or NH err]
15 formand optionally exchanged with alkali, alkaline earth, transition
nmetals or rare earth elenents, in which case cobalt can be preferred as
particularly suitable. Likew se usable arg_catalysts based on zeolite which
have been exchanged with Cu, Co, Rh, Pd or Ir, for exanple. 20

O her catal ysts which nake possible the reduction or deconposition of N20
are |likewi se usable. As well as catalytic reduction or deconposition of
N20, thermal deconposition is also possible, for exanple in a regenerative
heat exchanger (ther mRERAMIPS the spparabisi@6r femhdvifg Mitedgenr Sxideyripoeh nent of
the present invention, the gas streamfrom stages A and B can be passed

t hrough a st aggasGtfeam ceontaining) same ringjudeso updeeany tof cthet fiesh stage, amhe

docomost 1o Shabhal W) 008 G ad 50N, 5 AT ARERS | 220 10

and no further apparatus for additionally significantly increasing or

s reducing the pressure of the gas stream between the individual stages.

In a preferred embodiment, the apparatus comprises the above-
described compressor (V1) and expansion turbine (T1) and also a
motor/engine (M), as described above.

In a further preferred embodiment of the apparatus, it comprises

10 the heat exchangers (WT1) and (WT3) arranged as described above.

In a further preferred embodiment of the apparatus, it comprises
the heat exchangers (WT2) and (WT4) arranged as described above.

The present invention also relates to the use of the above-
described apparatus for removing nitrogen oxides from a gas stream

15 containing same. The gas stream in question preferably comprises a waste
gas stream from processes for producing adipic acid, nitric acid, hydrox-
ylamine derivatives or caprolactam or from processes for burning
nitrogenous materials.

The present invention further provides for the use of the above-

20 described apparatus for producing HNO;.

A preferred apparatus according to the present invention and a
preferred process according to the present invention will now be described
with reference to the drawing which is a diagram of an apparatus
according to the present invention.

25 The reference symbols in the drawing have the following
meanings:
K1: absorption column (stage A)
C1: N,O-cracking reactor (stage B)
C2: reactor for catalytic NO, reduction (stage C)

30 WTI: heat exchanger 1



formed nitrogen oxides can preferably be renoved in stage C. Stage Cis for
the reduction of nitrogen oxides other than NJerr]Q In stage C the gas
stream can be reacted by neans of selective catalytic reduction (SCR), for
exanple. In SCR, the nitrogen oxides are_?_ reacted with anmoni a as

reduci ng agent over catalysts. DENOX catalysts can be used for exanple. The
products are nitrogen and water. Stage C may al so be run as a nonsel ective
catal ytic reduction (NSCR). NSCR involves the use of hydrocarbons to reduce
the nitrogen oxi.des and catal ysts containing noble netals. 10 SCR
and NSCR procepsgr are dpést'dxeRshgePr2 exanple in Ul mann's Encycl opedi a of
Chem cal Technol ogy, loc. cit. The catalysts used in this process can be
any desired suMEll e cat bé¢apsaxchanger 3exanpl e, catal ysts for nonsel ective
reduction proc >s can pe based on plati num vanadi um pent oxi de, iron

oxi de or ti tanm Sel ecﬁeai\r)excmi:‘\qggr &talytic reduction catal ysts rmay
contain for exyypl e nobl godipesdof, such as Pt, Rh, Ru, Pd and/or metals of
the iron group, such as Fe, Co, Ni. It is also possible to use, for

exanpl e, vahadllm perexpansien turbingst en oxi de or nol ybdenum oxi de. A further
suitable catal yst is v n?]di um pent oxi de on an al um na support. 20

The nonsel ecti redu‘B&l‘) ﬁngpf’)cess may involve the use of suitable

hydrocarbons, such asTAbifmetald 3fenifp’ e ARGividedl 3aE strBaRflt ha, but

Example

10 In an apparatus constructed according to the accompanying
drawing, process and waste gases containing nitrogen oxides (line 1) are
mixed via line 2 with air and/or via line 3 with N,O-lean or NO- and
NO,-containing process gases. The admixture of air and N,O-lean or -free
process gas limits the temperature increase due to the adiabatically

15 operated N,O decomposition in the downstream reactor Cl1 to maximum
350°C. In addition, air is admitted to support the oxidation of NO
according to the above-recited equation (I) and thus the formation of
nitric acid according to equation (II) in the absorption column K1. The
production of nitric acid (HNO;) in the absorption column K1 can be

20 additionally increased by the addition of NO- and/or NO,-containing
gases. In a preferred embodiment, process gases from ammonia oxidation
reactors can be fed in via line 3.

The gas mixture (the gas stream containing nitrogen oxides) is

then compressed by means of the compressor (V). The resulting increased

2s pressure of the gas mixture considerably improves the effectiveness of the
downstream absorption column K1 (stage A) of the N,O-cracking
reactor C1 (stage B) and of the reactor for catalytic NO, reduction C2
(stage C) in a preferred embodiment. The evolved heat of compression
and the simultaneous oxidation of NO to NO, increases the temperature

30 of the gas stream in line 4 to 250-350°C. The gas stream is cooled



al so hydrogen. The tenperature of the gas streamon entry into stage C can
be' for exanple 150-500[err]C, preferably 200-350[err]C, particularly
preferably 260- 25 300[err]C It was found according to the present
invention that the reactions of stages Ay3B and, if enployed, C can
preferably be carried out on one pressure level. This neans that the
pressure of the gas streamis not additionally significantly increased or
reduced between the individual 30 stages. The pressure is at |east 3 bar,
preferably wthin the range from3 -9 - to 20 bar, preferably 3 to 12
bar, particul addwn Ré6 €30°4GET Yin Vi ghd/Bast Béat I exaBager QWP ¥ithOcddd@rgas St ages A, B
and, if enployed, C can thus be accommodated in an integrated pressure
appar at us conss$tesaim§rost the, @bsorptien subseauentlysin: the Beat gxs I be, reactors,

Star g pr os<UPBeR (W2 vl ySkple EoglR BEIRsheh, B WP oBubgT 1,

conpr essi on, awgiepet ween the individual stages there are no further neans

whereby the pressure of the gas streamis significantl . ]
5 The NO, absorption and reaction with water fo form nitric acid

is carried out in the downstream absorption column K1 (stage A), where
the gas stream and the absorbent (e.g. water or aqueous nitric acid) are
passed countercurrently over suitable internal fitments and the resulting
nitric acid is withdrawn from the base of the column.

10 The gas stream (line 6) freed from the bulk of the NO, and
NO is then heated in a gas/gas heat exchanger (WT1) to 200-300°C
(line 7) and in the downstream gas/gas heat exchanger (WT3) to 450- .
500°C (line 8). The removal of the N,O takes place in reactor C1
(stage B), the temperature rising to up to 825°C (line 9). The gas stream

15 is then cooled down in gas/gas heat exchanger (WT3) and subsequently in
the steam generator (heat exchanger WT4) to 260-300°C (line 10). Then
the gas stream is freed by catalytic reduction from remaining nitrogen
oxide traces in reactor C2 (stage C) by catalytic reduction. In the case of
NO, contents of the waste gas of 1000 ppm the adiabatic temperature

20 increase is about 10°C. The gas stream is then fed via line 11 at a
temperature of 265-310°C to an expansion turbine (T1), where it is
decompressed to atmospheric pressure and released into the atmosphere at
about 100°C via line 12.

2s The drive energy generated in turbine (T1) can be utilized, via a
common shaft, for driving the compressor (V1). The missing drive energy
is then additionally supplied via an additional motor/engine (M).



I ncreased or reduced. As the gas stream passes through the stages, the 10
pressure in the gas can vary as a function of the stages used. Preferably,
however, e gas streamis not varied beyond that. On exit
fromthe Ilm!)nﬁm;mﬂ“ "mp stream can be;prought to atnospheric pressure,
for exanpl ex nmeans a deconpressi on turb| ne. Conducting the entire
process at one pressure level allows sinple 15 process control and a
sinplified construction of the entire apparatus for renoving nitrogen

oxi des. Process control can be greatly sinplified
preferred enmbodi mpipinally ¢il@PS Stream passes throu H@tS@%T RAS B
preferably in That order, and before entry into s‘ L age REPDACE,_-}S a
air and/or a gas stream | eavi ng B or C and/or a process—yas—se-Lhal
content is preferably not nore than 201& vol une. The gas streami s
contacted in stage Awith water or aqu (fugagarutlons e.g. of nitric acid,
in an absorption colum in countercurrent to formHN(err] and the product
HNJ err] is renoved at the base of the 25 colum, then the remaining gas

streamis bsoudht to A pmmr&rmwingznmdgem[cmdqsdromr af gasastream
450-500[err] C anﬂ cont act ed ed begreW'th a catal yst for
catal ytic deco NP@P Eﬁ‘?& Raésﬁ% %&aﬁaf MW eamis then
brought to a teﬂp%@hghea @fage for absorbmg the nitrogen oxides other than N,O in

an absorbent or reacting the nitrogen oxides other than N,O with an

ifxed with
t he N20

absorbent at a pressure of from 1,5 to 20 bar, and
10 (B) through a stage for reducing the amount of N,O, preferably
employing the pressure level of step A.

2, A process as claimed in claim 1, wherein the gas stream passes
first through stage A and then through stage B.
3. A process as claimed in claim 1 or 2, wherein, in stage A, the

15 absorbent used is water or an aqueous solution of nitric acid and the
nitrogen oxides other than N,O are converted into HNO; in the presence
or absence of free oxygen.

4, A process as claimed in any of claims 1 to 3, wherein, in
stage B, the reduction of the amount of N,O is effected by thermal

20 and/or catalytic decomposition.

5. A process as claimed in any of claims 1 to 4, wherein, after
stages A and B, the gas stream passes through a stage C for reducing
nitrogen oxides other than N,O.

6. A process as claimed in claim 5, wherein the gas stream is

25 brought upstream of stage A to a pressure of from 1,5 to 20 bar
absolute by means of a compressor (V1) and downstream of stage C to
ambient pressure by means of an expansion turbine (T1) and the energy
released in the expansion turbine (T1) is supplied to the compressor (V1)
with or without further energy (M), wherein preferably the gas stream

30 before entry into stage A is cooled in a heat exchanger (WT1) with the

—_—
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30 ~150- 500[err] C, preferably 260-300[err]C and subjected in stage Cto a

catal ytic gpn. The heat of reaction evolved in the

i ndi vi dual Hmmml'[’"l"}mm | ized for generating steam and nmechanical drive
energy. For e&xafiplte, mthe gas stream can bg brought upstream of stage Ato a
pressure of from5 1,5 to 20 bar absolute by nmeans of a conpressor (V1)
and downstream of stage C to anbient pressure by nmeans of an expansi on
turbine (T1), in which case the energy released in the expansion turbine

(T1), as can be provided for exanple by a notor or engine, is supplied to

t he conpressor g4sVitream temengingi fromustagei A had, deforeentry) i-ntol@tage B, heatedhe
energy released in the individual reaction stages can al so be used for
preheating t heilgasheat exghanget (Wd) nwith the rgas jirsany emerging drom staget By i nt o

L eoe v o0 CERERM ek U slanotbutiiEly W e W 0% St eT
B, can be 15 &xchangeri (WTlhand teforboerysyr intdVsthgeZAt is additiomdlysfurthern ener gi ng
fromstage B fold with 3 heat cxchanger (W1%)' and the gas_ sirdam, downsbream of
- the heat exchanger (WT3) and before entry into stage C, is additionally
further cooled with a heat exchanger (WT4).
7.  Apparatus for removing nitrogen oxides from a gas stream
containing same, comprising
10 (a) an absorption unit for absorbing the nitrogen oxides other than N,O
in an absorbent or for reacting the nitrogen oxides other than N,O
with an absorbent, |
(b) a process unit for reducing the amount of N,O and optionally
(c) a reducing unit for reducing nitrogen oxides other than N,O.
15 8. Apparatus as claimed in claim 7 having units a, b and
optionally ¢ in accordance with any of the claims directed to stages A, B
and optionally C. '
9. Apparatus as claimed in claim 8 further comprising the apparatus
of claim 6.
2 10. The use of the apparatus of claim 7, 8 or 9 for removing
nitrogen oxides from a gas stream containing same or for producing

HNO,.
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exchanger (W1) and before entry into stage:A, can be additionally further
cooled to the desired tenperature w th a fufther heat exchanger (W2).
Furthernore, the gas stream downstream of the heat 20 exchanger (W3) and
before entry into stage C, can be additiopally further cooled with a heat
exchanger (WI4). As well as the process for renoving nitrogen oxides froma
gas stream contai ning sane, the present invention also provides an
apparatus therefor. The apparatus conprises the above-descri bed stages A B
and 25 preferably the above-described stages A, B and C, preferably in
that order. According to one enbodi nentpspirddge | nventi on ot her orders of
the steps, e.g. BAC, ACB and the |ike are possible. The individual stages
in the apparatus are preferably interconnected using suitable lines in such
a way that the gas strgamcan 30 ss, t hrough the stages i succession.
Preferably, the appariﬁ%éﬂ‘feﬁmp Snip Ai RPEGR oﬁﬁﬂggmgrmoﬁe’bé’é‘l ream
contai ni ng sanron Gl Y4ke Stredtd onfidih® 'saBE WHidls CompAS®: pARIngPRR gdsus Wher eby
the gas stream can be brought to a desired pressure and no further
apparatus for awedmionally significantly increasing or

(A) through a stage for absorbing the nitrogen oxides other than N,O in
an absorbent or reacting the nitrogen oxides other than N,O with an
absorbent at a pressure of from 1,5 to 20 bar, and

(B) through a stage for reducing the amount of N,O, preferably

10 employing the pressure level of step A, and to apparatus therefor and

the use thereof.



5 “reducing the pressure of the gas strgam between the individual stages.
In a preferred enbodi ment, the apparatus conprises the above- descri bed
conpressor (V1) and expansion turbine (T1l) and also a notor/engine (M,
descri bed above. In a further preferred enbodi nent of {he apparatus, it
conprises 10 the heat exchangers (W1) and (W3) arranged as descri bed

above. In a further preferred enbodi nent of the apparat uy, pri ses

heat exchangers (W2) and_ng4) arr
invention also relates tofhe u€e o
renovi ng nitrogen oxi des froma gz
streamin question preferablly conpr

escri bed abqdyve.ZTh¢ present
e+ descri bed\apparptus for
cont al ni ng’ sane.

te gas stream from processe

for producing adipic acid, njtric acid, hydrox- ylam ne derivatives or
caprol actam or from processep forqburniﬁb ni trogenous naterials. The

present invention further pravideEiﬂw the use of the above-:i20 descri bed-
apparatus for producing HNJ err] preferred apparatus according to the

present invention and a pref
invention will now be descr
di agram of an apparatus accordi
reference synbols in the drawin

eng
DI €9

cess according to the piiesent

€ 10 drawi ng which is a
ent i nv8nt i on. 25

C1

WT1

WT2

as

t he

S

The
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meani hgs K1: abserpt+on colum (stage A) CI: _
N err] O-cracking reactor (stage B) C2: reactor for catalytic

N err] redum mlullﬁ 0 V\7I'1 . heat exchanger 1 - 12 - WI2:
heat exchang ll I“HJHEIIH”I heat exchangé4 -3 WI4: heat exchanger 4
V1: corrpressor 5° 71 expansi on turbine M not or/ engi ne The

nunerals signify the individual gas streans. Exanple 10 In an

apparatus constructed according to the acconpanying draw ng, process and
wast e gases co#@eﬁ@%&*ﬂ(—%@n oxides (line 1) are mixed via line 2 with
air and/or via line 3 with Nferr]Glean or NGO and err]-containing
process gases. The adm xture of air and Nerr]Ole T|Q|IS SHEETeHAS BEEN

We claim: REPLACED

s L. A process for removing nitrogen oxides from a gas stream contai-
ning same, which comprises passing -the gas stream .
(A) through a stage for absorbing the nitrogen oxides other than N,O in an
absorbent or reacting the nitrogen oxides other than N,O with an
absorbent at a pressure of from 1,5 to 20 bar, and
10 (B) through a stage for reducing the amount of N,O, preferably employing
the pressure level of step A, and, after stages A and B,
(C) through a stage C for reducing nitrogen oxides other than N,O.

2. A process as claimed in claim 1, wherein the gas stream passes
first through stage A and then through stage B.
15 3. A process as claimed in claim 1 or 2, wherein, in stage A, the

absorbent used is water or an aqueous solution of nitric acid and the
nitrogen oxides other than N,O are converted into HNO; in the presence or
absence of free oxygen.
4, A process as claimed in any of claims 1 to 3, wherein, in sta-
20 ge B, the reduction of the amount of N,O is effected by thermal and/or
catalytic decomposition.
5. A process as claimed in any of claims 1 to 4, wherein the gas
stream is brought upstream of stage A to a pressure of from 1,5 to 20 bar
absolute by means of a compressor (V1) and downstream of stage C to
2s ambient pressure by means of an expansion turbine (T1) and the energy
released in the expansion turbine (T1) is supplied to the compressor (V1)
with or without further energy (M), wherein preferably the gas stream
before entry into stage A is cooled in a heat exchanger (WT1) with the gas
stream emerging from stage A and, before entry into stage B, heated in a
30 heat exchanger (WT3) with the gas stream emerging from stage B, wherein

REPLACEENT $ie7,
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process gas limits tumﬂ crease due to the adiabatically 15
operated N err] O dec ' Emmﬁﬂﬂum downstream reactor Cl to maxi mum
350[err]C. In additioh, @irri4 alimtted to support the oxidation of NO

accordi n()t o ameabsbrptienr anit t forl gBoBin® thé | Nitrdpéh (dXidest H@ef CRARINGD & an
nitric acid according to equation (I I%) I n the absorption col um K1. “the

producti on of abforhent of fof reagting the mitrogen: oxideshetber thanrNsQ| with alabsarbeh 20

additionglly i . geaddi £0.0 d/ of err]-containing
gases. | A p?%?%gﬁﬂg%%%%gﬁg %llf:o;{c}% stﬁs@f?ﬁn"g ¥a oxi dati on
react or s(®an beretiecing runit forl tedacidg drogen Oxidex (dikid (H?aHeNgis wheféifi 'the gas
containing nitrogen oxides) is then conpressed by neans ©f the corrpregssor

(V). The resuP¥$aHy nages ubieguemly, threugh stages (de (Ghsand feur e consi der abl y

I nprovesgt he ef f ectyl Sac0 0 r bsarption ,.colu Kl (stage A
of the Ng'o- cr acki n%\lp}%g@?oars @T&E@t g’gtvém%} Sgﬁ@eg?mt‘ﬂes‘? ally otb’e %Forbﬁéta‘ll iC
NJ err] isevatet iornarCaqienusgelufioni of fitdic atid’ skl R HivfcEER Uxided NRb&V a4, B eat

of conpressi on ggg . he | taneous oxidation of NOto NJ err] increaSes
t he t enpiCafverted 1gto i the pEasencenor jahsenge tof fre o3¥gENer 1| C. The gas

streamig cool ed Apparathsas claimed in claim 5 or 6, wherein in stage B, the reduction
of the amount of N,O is effected by thermal and/or catalytic decomposition.
8. Apparatus as claimed in any one of claims 5 to 7, further comprising
the apparatus of claim 4.
9. The use of the apparatus of any onme of claims 5 to 8 for removing
nitrogen oxides from a gas stream containing same or for producing HNO,.

| THIS SHEET HAS BEEN
REPLACED
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down to 30- 40[err]C I n a gas/gas heat-élEH vMth cold gas stream
from_the absorption subseguentty in tjh bMEMENd‘hsm@[m (cool Wit h
FEpACh

$2L¥?b2338?ﬁ|||ﬂﬁ|||ﬂm!|ﬂgga ﬂiw ?'hrWE[ ex gt i 0 acid s geastiog!
out in the dowms a on col m] K (@%@Q@BA) phere t he gggsiél’za?—n
ol

and the absorbent (e.g. water or aqu . hr e passed
countercurrently over suitable intergal fitnents.and the resulting nitric
acid is withdrawmn fromthe base of the corum—16 The gas stream

(line 6) freed fromthe bulk of the e'éH‘ and NOis then heated in a
gas/ gas heat exchanger (WI1) to 200- 860of@fPiC (line 7) and in the

downstream gas/ gas heat exchanger (W3) to 450- 500[err]C (line 8). The
removal of the N err]O takes place in reactor Cl1 (stage B), the tenperature
rising td.up to 82% mroqe@‘s (for rem@Yying Thitroges oxidesadiroh®d a igas tstreamc gohtethimwn

I n gas/gas hea chan nd subsequently in the steam generator
(heat ex&BHg¥hi gmp 6&5 é@Frﬁaéiq?ﬂ’e 10). Then the gas streamis

freed by g%?t akirbigh "L YAGE P iUsOIBine Th %t'i‘&géﬁ' bkidg® orher! fifant k%@ei‘n lah ab-

react or (stage”C) by catalytic reduction. In the case of err|
contents of t kerbertsoe rmmfmeoﬁ&ommxides othexbthan N3 @ npith ;anuabsoft@nt at a

terpor at r o oPFREAOMER i3 15 2hPBXHHG on turbine (T1). where 1t 15
(B) through a stage for reducing the amount of N,O, preferably employing the
pressure level of step A, and, after stages A and B,
< thrbugh a stage C for reducing nitrogen oxides other than N,O, wherein the
gas stream passes first through stage A and then through stage B.

2. A process as claimed in claim 1, wherein, in stage A, the absorbent

used is water or an aqueous solution of nitric acid and the nitrogen oxides other than
N,O are converted into HNO; in the presence or absence of free oxygen.

3. A process as claimed in claims 1 or 2, wherein, in stage B, the reduc-
tion of the amount of N,O is effected by thermal and/or catalytic decomposition.

4, A process as claimed in any of claims 1 to 3, wherein the gas stream
is brought upstream of stage A to a préssute of from 1,5 to 20 bar absolute by
means of a compressor (V1) and downstream of stage C to ambient pressure by
means of an expansion turbine (T1) and the emergy released in the expansion turbi-
ne (T1) is supplied to the compressor (V1) with or without further energy o),
wherein preferably the gas stream before entry into stage A is cooled in a heat
exchanger (WT1) with the gas stream emerging from stage A and, before entry into
stage B, heated in a heat exchanger (WI3) with the gas stream emerging from
stage B, wherein preferably the gas stream, downstream of the heat exchanger (WT1)
and before entry into stage A is additionally further cooled with a heat exchan-
ger (WT2) and the gas stream, downstream of the heat exchanger (WT3) and before
entry into stage C, is additionally further cooled with a heat exchanger (WT4).

5. Apparatus for removing nitrogen oxides from a gas stream containing

same, comprising

14



d 6rrpres'séd'to at mospheri c eased into the her e at
‘aggut 100[err]C via line 12[|mﬂmeIIﬁﬂmumnergy gener at edaﬁéﬁo J!ﬁNTeSHEE])
can be utilized, via a commoh shaf't, "fof dfiving the conpressor (V1). The

m ssing @y Vaaxerabm:)tmﬁ ﬁdierfoﬁdtbsbnbmgaltlw niuogﬂnl odlides cother ahidi tNyain an
rmtor/engl ne W claim process f 2rgreg‘gw ng nitrogen

oxi des from a8 a@egt o6 dpF £eacting rﬁh‘h@ltg%ﬁﬁ OW‘I’FC‘W“?FO Ri SQIbENty o
stream (( g{) 3 it Ed?gf‘ed{laﬁ ég’irﬁ]dﬁg Jehg @lﬁdo%es gdes ot her than

Nerr]O EntC or reagtin gen 0 t her than

Nl err] Ot h @rremhﬁng uaitt fort reauangsauogembxﬁes) rulierSt}m:n 1940 b swhereim cth¢ Bas
t hrough a stage for reducing the anmount of N err §;erabl y enpl oyi ng
the pressure $eeam pg;segtsgbseguetglydmrglpg}b,stagg% (O t hrough a

st age C for reduci e d r e) r S
tream pétsses fi I‘S?QP#EOUS% &?gﬁég CIQ ? ﬁe&mﬂ}lyhg#és N Vt’ﬂg a%%&b&ﬁleuﬁa

pr ocess @swatefioiegh amdbhﬂlsmwonvwfenmm acidnarst d@enﬁogeme)xmsmthemﬂmnsﬁgoi s
wat er or an aqueous so| ution of nitric aCIag and th&g‘gi t ro%fn oxi des ot her
than N[ eite] @mnyeed dntpFNQy imthe DRgspRAS; Pr jahsenge qf, Hee PX¥8TY absence of free

oxygen. g, Apparatus as claimed in claim 5 or 6, wherein in stage B, the reduction
of the amount of N,O is effected by thermal and/or catalytic decomposition.
8.. Apparatus as claimed in any one of claims 5 to 7, further comprising
the apparatus of claim 4.
9. " The use of the apparatus of any one of claims 5 to 8 for removing
nitrogen oxides from a gas stream containing same or for producing HNO;.

REPLACEMENT SHEET

12 MAR 1998

15



3.- A process as claimed in clainms 1 or 2, wherein, 34 spageske the
reduc- tion of the anmount of N20 is effected by thermal and/grocatal ytic

deconposition. 4. A process as clained in any of clgdﬁb““llﬁol&oa_
wherein the gas streamis brought upstreamof stage Ato a ﬁn&s-we@dc&m

1,5to b means of a conpressor (V1) and dowgsi f
st age sz%ﬁgsﬂ%wne by nmeans of an expansion turbi n%‘lﬁ&:ﬁ&ﬁw
energy released in the expansion turbi- ne (T1l) is suppli edto .
conpressor (V1) with or without further energy (M, V\herein*ﬁ?eﬁf@\"a%r?"t’ﬁe‘cml_
gas stream before entry into stage AVe<CldBE ed in a heat exchanger (WI1) 24
with the gas streamenerging fromstage A and, before entry into stage B, 7"2&
heated in a heat exchanger (WI3) with the gas stream energi ng from stage B,

wher ei n pref er abl yAt pfocgss for renovinglovindger axides frbia begis suednangmrainingl)
and before entry into stage Ais additionally further cooled with a heat
exchan- Spme, (Whish comprises Rssing the £a$ SH&MAst r eam of the heat exchanger

(A3 el iyl Yok e o6 k" oid OO Yakb bl NEORE ! @
froma gas stgdbent 6ondasting rtbe Hiddgencoxies oihep thah N,O( &jith amrabsdrbentpai an
unit for absorbing the nitrogen oxldes qther than Nfo in an
pressure of from 1,5 to 20 bar,
(B) through a stage for reducing the amount of N,O, preferably employing the
pressure level of step A, and, after stages A and B,
(C) through a stage C for reducing nitrogen oxides other than N,O, wherein the
gas stream passes first through stage A and then through stage B.
2, : A process as claimed in claim 1, wherein, in stage A, the absorbent
used is water or an aqueous solution of nitric acid and the nitrogen oxides other than
N,O are converted into HNO; in the presence or absence of free oxygen.
3. A process as claimed in claims 1 or 2, wherein, in stage B, the reduc-
tion of the amount of N,O is effected by thermal and/or catalytic decomposition.
4. A process as claimed in any of claims 1 to 3, wherein the gas stream
is brought upstream of stage A to a pressure of from 1,5 to 20 bar absolute by
means of a compressor (V1) and downstream of stage C to ambient pressure by
means of an expansion turbine (T1) and the energy released in the expansion turbi-
ne (T1) is supplied to the compressor (V1) with or without further enefgy ™M),
wherein preferably the gas stream before entry into stage A is cooled in a heat
exchanger (WT1) with the gas stream emerging from stage A and, before entry into
stage B, heated in a heat exchanger (WT3) with the gas stream emerging from
stage B, wherein preferably the gas stream, downstream of the heat exchanger (WT1)
and before entry into stage A is additionally further cooled with a heat exchan-
ger (WT2) and the gas stream, downstream of the heat exchanger (WT3) and before
entry into stage C, is additionally further cooled with a heat exchanger (WT4).
S. Apparatus for removing nitrogen oxides from a gas stream containing

same, comprising



absorbent or for reacting the nitrogen oxides other than Nferr]Ow th an
absorbent, (b) a process unit for reducing the anmount of N20 and
optlonally (c) a reducing unit for reducing nitrogen oxides other than
N20, wherein the gas stream passes subseqﬁently t hrough stages (a), (b),
and (c). 6. Apparatus as clained in claim5, wherein in stage A
t he absorbent used is water or an aqueous solution of nitric acid and the

ni trogen oxi des han :N20Q are onverted 0 ence
or absence of ?'iggeéar@ ¥y g&n 8as; stream, wm%r%ﬁ@ée NqF bﬁbéér w&p
6, wherein in gdfg@e eliry! fifo rstsbecil G§ ﬂﬁlﬁdﬁﬁllﬁnﬁiﬁﬁér QboRidOwith &f heat ed by

thermal and/or catal ytic deconposition. 8. Apparatus as clained in
any one of cl athepgs (WT2) andt ther mnpwm,nglmtraq;paroﬁtd@ dieat | excham. 9.

oxi dos. from a B BTAL AN dfie ognte,aaed, O s, adghichally Ty ERCAIRY Wi 20°"
5 a heat exchanger (WT4).
6. Apparatus for removing nitrogen oxides from a gas stream contai-
ning same, comprising
(a) an absorption unit for absorbing the nitrogen oxides other than N,O in
an absorbent or for reacting the nitrogen oxides other than N,O with
10 an absorbent,
(b) a process unit for reducing the amount of N,O and optionally
(c) a reducing unit for reducing nitrogen oxides other than N,O.
7. Apparatus as claimed in claim 6, wherein in stage A, the ab-
sorbent used is water or an aqueous solution of nitric acid and the nitrogen
15 oxides other than N,O are converted into HNO; in the presence or absence
of free oxygen.
8. Apparatus as claimed in claim 6 or 7, wherein in stage B, the
reduction of the amount of N,O is effected by thermal and/or catalytic
decomposition. |
20 9. Apparatus as claimed in any one of claims 6 to 8, further com-
prising the apparatus of claim 5.
10. The use of the apparatus of any one of claims 6 to 9 for remo-
ving nitrogen oxides from a gas stream containing same or for producing

HNO;.



