O Z. 0050/ 42637 . - 1- 10600962 The invention
relates tao a process for the selective catalytic deconposition of-

ni trous oxi de, @3hct050/4RF3F form or presknt in gas mixtures, 0§00§6Rhe
silver-contai ning supported catalyst. 5 ~ The catal ytic

deconposi tion of nitroup@Xideredraeahi paidasy Nes heen ki f @2 Lang
time and i s descrjbed in nunerous, publications.,in the context of kinetic

studi es. As eariSteRtivme catprldiEq ndaMPOFtifDy Qfor gAkFoMFenoxAds e,
Stickstoff, 8theifthés dmn gmgaefa:ﬂm ob /Brésent him dReO I Irey) albifigt EAES

oxide in a quartzltvesse int he prese rg__ie(g q:b ci:te of various catalysts -
such-as [err] pﬁ’a‘f%’ﬁrﬁ?rb’ﬁ ’tr’rSIasnurriﬁﬁ TxiFe §13'Ia i num bl ack, [err] wood
charcoal - or5 t hori um di dfiele cadalytdd- dedompogitions Qiénm’b;tcmaesoxli{deet ic

studi es over PUf£a nﬁ GYES . hQ\éerbééAVﬁﬁoGH| %oaﬂdasubﬁg tqalec' }!soys
are descri bed K. ye na . Chem 37 1959) 583. In ta ysi s

Today 4, (1989)3/%?5“}3%11an‘1%‘%‘§{#1 BPPéécaﬁ’-%érv’r’bth\e tFRALRSRY vaEi on

energies for nlﬁiml@xgdedﬂe@onn%bhrw QerLIPe dl:EnCGinah.S(ﬁESHandbuch
particularly ov [

20 m xed oxi d s ] ndugt te
deconposi tion n?‘[‘?’&%%nwlbeeut TR n$ %lg%‘ﬁ éﬁd égéggf’f"\?&égngeﬁégﬁt ed
by NASA wiitch, Slaarffngtheoﬁeannpnsmuiant odt amitirausaumhide nin gasquasnized to

utilize the deqaupos) tignchll! G-bABAZS orf HERMCE (e wgggﬁﬁsbegggpyaefa”

for astronauts froma co IS easy to andl e
1481 (1965)). GHhyaesSi zcrpmﬂél%s%‘?i]aedth*éa%%lﬂ‘aﬁllexaﬂev platinum on

Vari pus i nor gam e &P oL tog,, woed aﬁheeoahum_»nuﬁbemﬂeaaashabc%ab seqqal t
and nol ybdenum oxj des. A further_.indystrial  fiel

of
application is %9 &Fi NPH&PP’ﬁn tsmParatures; o Kjnakde f%"r“%’x%‘?rp?‘ée? nPure
oper at i ng ISheatseiBredhedeer S silyveri-golal ahdpaidenadsidiumpealboys apg t 0

this applicati % i’f)%b?é)lge‘f)\% r*tgﬁ_)(i%ty% tcﬁ%%i erss @i%mmer%l oqggggzbghgat ed

carbon (in JP i nafi
with rare eart Fmelatalyais R/ 37) (1|9I8:9r)| ﬁ@ﬁ] -paﬁﬂ-adﬁumlaarlﬁeenugﬁ-veﬁdl um

and/ or rutheni g ﬁeéﬂé&%ﬁ)twi&%&%oaxbﬂ% g&w%%e&@asoex@aum num
oxi de (JP 61/ 50650) Ni trous oxide is general osed in a nitrous
~oxi de/air decomposition over ox:.d:.c catalysts, part:.cularly over

20 mixed oxides.

' . h Industrial :.nterest in the. decompos:.t:.on of
n:.trous oxide to give n:Ltrogen and oxygen was generated
by NASA which, start:Lng from ammonium n:Ltrate via laugh-
ing gas, wanted to utilize the decomposition into the

25 elements to produce breath:.ng air for astronauts from a

' compound which is .easy to handle (Chem. Abstract 6 1481
(1965)) . Catalysts which were described as suitable are:
platinum on various inorganic supports, rhodium on

- aluminum oxide and nickel, cobalt and molybdenum oxides.

30 A further industrial field of application is the
elimination of anesthesis gases, for example in operating
theaters. There is a series of Japanese patents pertain-

ing to this application. The following catalyst systems

are mentioned: activated carbon (in JP 54/11090), ele-

35 ments of the iron group in combination with rare earth
metals (JP 61/45487)," platinum, palladium, rhodium,
indium and/or ruthenium (JP 55/31463) and copper oxide,
chromium oxide on .aluminuni oxide (JP 61/50650). Nitrous
oxide is generally decomposed in a nitrous oxide/aif



O Z. 0050/ 42637 . - 2 - mxture (1:1). JP 61/53142 describes the -
renoval of nitrous oxide fromwaste gases over cobalt, copper and ' .
manganese oxi d@sZen0§&Rv&28BAm num oxi de. 2DE- A 3 543 640 di scl oses

pal | adi um containing 5 catalysts for the deconposition of nitrous oxide. JP

63/ 07826 descrPpEsuffe  fbrblal T THIIMA2 odeseribem whlee Femeel| mr

alia over pall adepBuer c3ARRErEXD8 GPadFe JgHEBSs AbVELNEBbRURYOdopper i
exanmpl e, the N20_concentrati.on in the gas.is.26 p Finally,

m .10 -
SU 1 011 238 (B2PPPBEES REIAEELABT ﬁaaT’mﬁf’P?'o&l‘aﬁrde'over car bi des on
[err] .as support. In abDE-Rh8 &K3vedONt idimed omes | qedllenbi umH dortusiroitigle/ ai r
or Mt r.ous oxi Xt S c | t - A 3 543 640,
m Xt ures _cgnt alg%(:%g&ggg g‘f)’réﬁ Sfjég d%?:grg?}?fﬂ:g%g A)%?gfmg?%r&f%eséous) are
al so reacted over pal | d8i 63/ 8383Fysdescrrbemn thsl remevah 40f 2qiggous

which i's not acRiher MM iwabten gl | Rtesi la19a CAA gmmaasaaﬂoraﬁd
catal ysts on [er~rL, wth _the [err-! hayi ng a BET surface 2 area of fromb5
to 25 n2/g. |tCSPEPER BEFEEt OBf IRNLALRLUBARURFRARPETS t -hr'RA R¥AF R ®ycess
for the catal ythe Hgoocpnsehtpatbénnihrohe gasdbs 26 tgymi. i n pure form or

present in,gas m Xxtures, f o nhi | t X] ALY, Jn 25
the pr ese%ge of relati %&ng%%ﬁé@o%c%#rfaﬁ owﬁgc%#ir#t Jf-'lgg dg;een ﬁsg'er}'sl"é’hd _
ot her gases whpfhnitzonet ozidgecaver aarbides, onnCpdlj iaslsupperte gases

whi ch are formed in thenpLgRandld Ubdifeniditidndf iFhb1i¥a VAP G itrous
oxi dation of cycl ghexanol and cycl ohexanone using nitric aC|d) be 30

degopposed i nt BXEA8/BEENLR RIHTOUSH SFILR, BHREFD BiXTUFESh &) RS Ad 0 be
sol ved here isatberaghgCctbVvbEROBa588i 6800 miktlifes dontiiniind @H0 Paer
ni trogen E?I _deg bﬁjong d%lc)or%osted igto ghg el enfnts. V‘ﬁ gaveef ug‘? otvhazt.,
this obj el is®ichPav8RYh/RLE YRERE (PF2EFPUR!_ 23Rt ALRPnG ?&8:6 BF*
catal ysts conppa3ladifimoma@alysts40% by wei ght of silver, based on the
total _ ' . German Application 40 29 061.1, which is not a
p_rior publication, describes. si'lve;:-c_dntaining supported
catalysts on Al,0,, with the Al,0, having a BET surface
20 _area of from 5 to 25 m?/g. | '
. It is an object of the p':.res'er;t _invention to
provide a"j'pro.ce_s_s for the catalytic decomposition of |
nitrous oxide, either in pure form or present in - ga-s-'-
mixﬁures, by means of which nitrous oxide can, -even in
25 Ehe presence of relatively high concentrations of nitro-
(N ‘gen oxides and other gases which are ‘mot oxygen or
nitrogen, in particular waste gases which are formed in
the preparation of adipic acid, for example by oxidatiomn
.of cyclohexanol and cyclchexanone using nitric acid) be
30 decomposed into the elements nitrogen and oxygen. 2
further problem to be solved here is the selective
degradation of nitrous oxide wit:hout other nitrogen
oxides being decomposged into the elements.
We have found that this object is achieved by
35 means of silver-containing supported catalysts comprising
from 0.1 to 40% by weight of silver, based on the total
catalyst, and an aluminum oxide support having mesopores
and macropores and a BET surface area of from 26 to
350 m2/g. '



cat al yst and an al um num oxi de support havi ng mesopores and macropores and
a BET surface area of from26 to 350 [err]/g. O Z. 0050/ 42637

"3 - The preseiz. ross0 /42637 ovi des a proxess for the selective catal ytic |
decorrp03|t|on of nitrous oxide, either in pure f orm or present in gas
m Xt ures, at from 200 t'rhé(lﬁ&{mt] zmm@dmpn:owdﬂt-si Bi pgoseppofbedthe

catal ysts, WA 4 NG 31 e4Q8PT bECSLLEORE- 1okeadD % bY

wei ght of si I ver cata and -an al um num oxi _
suppor t. havi ng emdlﬁmr-t;s nme nﬁmﬂbp@? eer%ﬁﬁp"a Broagrpixtuseea at from 26

to 350 [err]/g.0o@c29 900t edsves &ilvellQafiSSinithd Bﬁbpatcttsauaaéglysegl de,
elt\J:].er in very pure-form in mxtures wth ox en or IE roaemxtures

with air céntaivherpinithe FEPPOrseiecahdtnet HTRERRSS F&t #leby
| arge amounts oy Méigxgerbmm:ds&z( Nibalsege onTehex toealnicatadestdi axddan, can

be sel ectively e osed L to the ele n
w t hout the hi o@%ﬁ Sxﬂfggc’ﬁgl %"d’% rzi&é s%%}eg%ea%éoggggggﬁpe rous
oxi de in m xt uragsd czonBEiI‘ nsunfaderarsa gl Eraxp 260 OGBS IIhl/gr-ogen di oxi de

([err]) and/or 20% of WHEr2G48nE é')bfbeaﬂfscgﬁ?aésdslatso thst ehewpBha. 20
. Suitable nmethods for producing the supported catal %/:sts are |g principle
u

al | et hodd whikidew 2 HEher Giib YoXyd PUr e Formi i dRaPirEUrse WikhuoxrKgen
si | ver-cont ai n-of N@isupper iad nﬁﬁih’ﬂrﬂﬁ Swi€h. aﬁ-orcammimg) IrelHludkﬁatrl

Sel ective Oxidations of dro deni Pr es n (1 74
page 6).. For i]aﬁﬁﬁ gﬁro?n‘gi‘égrﬁ ativedy é'atr§ %‘m"%nwgl 24
\ggi_)h/ed Ei I velrzlu.t;_jmgéhe bEEstlZ(nM:r&@é}n owormixids, cm:l;tomea gisxAde) 043
can be rol]ed,o lyv.er ; '
subsequent | y thear’!?ral? df%%érr%gsé}d %%e?erl\ﬂ% %?%ng%qleﬁ%gr ?ggrmgte od is
i npregnat i¥y a awdr mswyhguppd?he whdghepe %b\:’é‘ﬁgeﬂ stxideg | beingy) t
such as silver gidr8h€a id U%h@ 3p535e§§8) Nitfbus didel in hiktakes( DE- B

12 11 607) or acgrlnlzalfrrugg,. for gxg.mpi‘e u\pert-oarg&e_of n:.trogen dioxide
(NO,) and/or 20% of water can .eas:.ly be decomposed into
its elements. - L '

20 Su:.table methods for produc:.ng the supported

) catalysts are in pr:.nc:l.ple all methods which have been
-'Iproposed in the 11terature for produc:.ng silver- conta:.n--

.:Lng supported catalysts (c£., for example D.I. Hucknall,

~ Selective Oxidations of  Hydrocarbons, Academic Press,

- 25 ‘London (1974), 'page 6). For.example', a suspension of
\ freshly precipitated, well washed silvér oxide
(DE-B 12 11 607) or silver carbonate (US-A 3 043 854) can '

be rolled onto a support and the silver .compound can be
subsequently thermally decomposed into silver. A pre-

30 ferred method is impregnating a coarse-porosity support
with the solution of a silver salt, such as silver
nitrate (us-a 3 575.888) or: silver lactate

(DE-B 12 11 607) or a silver oomplex (eg. a silver-amine-
carboxylate complex (DE-A 21 59 346)) and subsequently

35 decomposing the silver compound into elemental silver by

treatment with .a reducing agent or by heat treatment.

For the production of the supported catalysts

using silver-amine complexes, reference is made, in
particular, to German Application 4 029 061.1, where this"



carboxyl ate conplex (DE-A 21 59 346)) and subsequently 35 deconposi ng the
silver conpound into elenental silver by treatnent with a reduci ng agent or
by heat treatmamiz. Foos5d 23 pducti on of -t ge~supported catal ysts using

si l ver-am ne conpl exes, reference is made, in particular, to German
Application 4 (£%dEds lis vdacer:tﬂséct in nore DOEHNU2637

process is described | T S roces
the present invention co ai né%efﬂ %ﬁ%%%%%e E’v%é’:ég%g °?n¥:§5r$ ?’a
from2 to 25% binventyien eontainy dramdbd de 4t0f%eb;'{ wedghght iof pahemut-al

catalyst. The sidyeerpartd ctg %'535‘3 w megneusedﬂf cal physt bh§ehr%n0tﬂ'1
200~am preferably fromi1.to 1 artlcular from?2 Re

silver part? cl &'etght of, the &é‘Fé‘llnFﬁEGlYFBr Tra i en paghdcde gige in
diffraction). lfhe unused cHtal¥stn IWNMESSNA@ . LUMWOr260 Uak ﬁeéf&babmirocess

of the present jinven n a BET_surf r f fr m26 350 rr]/g.
(For the preparéa]f‘?%nio% sﬂﬁx&aﬁm AUmMESK d‘é’s‘ﬁsee TP xa n&ﬁ

Encycl opedi a ofsnlrm;stpalaitlmm:sz¢yQaEtheEdetemﬁ-neN for 688!@96, HﬁH 15 -

1985) . The BET 4§ f gee- f&é&’ﬁfcﬁ{gamy from40 to 300 n2/g, in_
particular from50 to 250 n%/g. The BET surface areas were neasured using a

comerci al}§ avail- abl®e ahgHaEyawidepErPRATLS et for Bheaprpcess
from Strohl ei n)of |thd rdsagitoiifedticge Huvd apm-r %h&&h&!éﬁh'é@a oexvzﬁlemcan

b t t I k t del t
aﬁd."{ Con the 48 nipt 2R00de B osHRI BR: RESBRERGAERp RO ITE BUSBABRE. The
ort used cadx:nd:ém ssee),f (Ao sxamplien oXldmann’af Ennyuleped/u.hh ofher
' The d° éi{;f Al Z8., Y4 AT gX Qﬁgzhﬁyﬁpoﬁhﬁ

theforrratlon mxe OXI d'sto anlncreaselnthe
resi st ancel®of tm%)u-pp'éhe @é"&' m@aq%am 57 prefersaby Agpm 4t &p. 7,

(1983) 211-220,36h %4 . 1AZZ>a:(tL%%h)az59§r§B4)so | fo 298l WdPg. ! Nt d Oﬁﬁt'gn

ions can contribute to the cat al Zt i.C act|V|t¥ of the ]c_i\tal
pl ng can be C%‘P'?#w (ﬁﬁeas wer measured using .a ommercia a a..'.L -

able s1ng1e—p01nt BET instrument .(“Areamat .1"  from _
Strdhlein). In the region of these surfaces, 'aluminum '_
20 oxide can be presenf in the alpha, kappa, beﬁa, delta,.
.theta or gamma phase. In addition, the simultaneous
presence of two or more phases is possible. The support
used can consist of pure aluminum oxide or of mixtures
with other oxides. The doping of high. surface area .
25 aluminum .oxide supports, ie. the formation of mixed -
et ' oxides, leads to an increase in the thermal resistance of
the support (eg. DE 3 403 328, DT 2 500 548, Appl. Catal.
7, (1983) 211-220, J. Catal. 127, (1991) 595-604). In
addition, the foreign ions can contribute to the catalyt-
30 ic activity of the catalyst. Doping can be carried out
using, in general, the following elements: alkali metals,
alkaline earth metals, metals of the rare earths, Sc, Ti,
Vv, Cr, Mn, Fe, Co, Ni, 2n, ¥, Zr, B, Si, Ge, Sn, Pb, P,
Bi. The degree of substitution of aluminum oxide can be,
35 for example, from 0.01 to 50% by weight. Calcination of
the doped supporf can lead to formation of a spinel
phase. |
The porosity of the support is such that meso-
pores and macropores are present in the aluminum oxide



using, in general,, the following el enents: alkali metals, alkaline earth
nmetals, metals of the rare earths, Sc, Ti, V, G, M, Fe, Co, N, Zn, Y,
Zr; B, Si, Ce,oSB. BbsoPa2BB7 The degree @&f -substitution of alum num oxide
can be,” 35 for exanple, from0.01 to 50% by wei ght. Calcination of the
doped support sappbead (Thd oprepovkiai afspomels Heasing Taedpmnamety af the

support 1S SUCRrbRY: ESOrad3hR ﬁénﬂeﬁé‘:{:{’gﬁéf%fx}ef%ﬁs%t ﬁ]on 8ddl€ 3

al um num oxi de e pro OI‘I%I on
of pores havi ngaatdpuﬂrstrerfrom 30orkol 7103 -1 3@ mﬂqlé:lr‘?@rre é)rltﬁn 20

to 80% in pargcuhatr Ho@s3dnt he0%any Fddit 007, tquroe ;&h@ﬂdj i}e gru t her
pores in the range fromO0.1 to 10 err ndrnthe ‘?%n‘?efr m1l10 to
f

1000 um The pFBBEEt FEGHmofLopGPeéoﬂ vy ‘Eh%"r‘fé?%’r‘t’ocfn Fas RAYEPLm
shoul d be in taedrlaméﬂc&ﬁ Of#¢im 60% atd 10amobhbhddebeadinglee diamgs er

oot Tone ot L Regl BIE8 80R°ahd L ' IRl Of0shg d0dalb Ll PRI 16 O o

| east one of t por ranges 1 resent 1n addition
to the pores h&ei APod mmneh@rltbfbﬂem 1‘-hteo menrﬁrqﬂhe ditet 303ut iwktf t he

pores in the tya Langesnlat 1edfe WREME thenel 48 ﬂ&é@i&ﬂe@&%@ﬁgé@at it

Is narrow in the range of the smaller pores and broader jn the_ran of the

| arger ond8. | hegélﬁeP&'leseFﬁelESaddﬂanﬁErF?oﬂ‘%fp%?%é?\‘ruﬁear ??Bm' 0.1
to 10 umis-hi geerbian t6aioo rhﬁheruamtfmwa@nt of18A8 poresl inrthe

natively, one of the t I

activity of th&weat’gﬁ%é\fpsb r#rg r Jﬁ‘gg‘g‘{?ﬂeigupslﬁgp {Lﬁl gh?%g'ggr?\gtg?#

bi gdal and 20thattr iitnda neEormowliist ribsu trange c:sfn thes smallgre pryes \@adine of
Lo support ( dplelReded ntnl 322080 F,Et t8E) 1h508E Ced: >é%eﬁé9£1_35tﬁ9 80

m /g, which corresponds appr oxi a value o
nmeasured B$ I-lgpp‘omtl%W@/ P%@%abpe@ﬁpm aﬁ@%o%r&PaI]ﬂ/ ’E'!/a"r abl e.

25 | R33! itPan ehsit sar thet behgaCtiyg TONPSNEING Rl GNDEEEsS), in
part icular Cu, AU, Pd, Pt, can esemi in the tallgés i n._anmount s, of up
to 40% by wei gﬁiat:.vely, one of t:h two last- name groups can sbe

missing without the activity of the catalyst being
reduced thereby. For this reason, both .bimodal and
20 trimodal pore distributions can result. The pore volume
- of the support (determined by H,0 absorption) is prefera-
bly from 35 to 80 ml/g, th.ch corresponds approx:r.mately"
to a value of from 30 to 75 ml/g: measured by 'Hg poros:.-
metry. Su:.table supports are commercially available.
25 . In 'addition to silver, other active compone.nts'
\Nﬁ (promoters), in particular Cu, Au, Pd, Pt, can be present
in the catalyst in amounts of up to 40% by weight,
preferably up to 20% by weight, based on the total amount
of the active component. The supported catalysts of the
30 present invention can be in the form of pellets, honey-
combs, rings, chippings, solid and hollow extrudates or
other geometric shapes ("shaped catalysts", see, for
example, US 2 408 164, GB 2 193 907, US 4 233 187). .
For certain applications it is important that
35 shape and size be selected so that a very small pressure
drop results.
In the process of the present invention, nitrous
oxide or a nitrous ox_ide-containing gas mixture is passed
at from 200 to 1000°C over the supported catalyst and is



preferably up .to 20% by wei ght, based on the total anmount of the active
conponent. The supported catal ysts of the 30 .present invention can be in
the formof pel®ets, 00BNA262Dbs, ringsy 6hippings, solid and hol | ow
extrudates or other geonetric _shapes ("shaped catal ysts", see, for exanple,
US 2 408 164, dihys 133%0?98@@ 4nko3 nigrogeryrandr oxyeenpprheatienpera- | s

i nportant that @fres SHape pratesiabyoorssh 8600 t2P $6c 2 Y&T $as®ibhiar

pressure drop results. Inthe process of theadfresent i nventi on, nitrous

oxi de or a nitrEERRAIYLER ARG 'ir%egé%e%%& ures; ak &g repctesnindett o
1000[err] over dhe Ewpmor2ond eat abPst,anhile inOtke WRHUA3bed the -
6 -*t+hus deconposed into nitrogen and _oxygen. The {e ras tures.are,
preferably ¥ront 0" 15900 E77] ,J'nlcﬁeﬁgftlg ulaarr??%#ﬁ Zgg ?Be8§6f PeFRie e

t enper at ur es atdedrmpesition | pifetthe eNfOomTIE) EBSVO([Casr |Howhily e Spackhe

catal.yst bed thgefoeidPPEARINECELSR 506" 885202908 keaHhhral 11 BE gégt/germ' c
deconposition of _the [err]. The GHSV &Gas I—&Jrl y .Space Vel ocity)_ Can be _
C

from 500 to 10,9b0cataRdarRraterakis/ From b3, o 50U tSandand 15005t o
6000 standard lg£d/past |cotelgat. h. 10 The process of the present

I nventi onxi'r@ general ly garried out tgreheati ng :gxt}(:lre t-f‘j t rqus _oxi de gr
nitrous oxt%e-cont ai ni MPYRFINSHLPEs 8P RFEPEEE TXTREITheE APRETRES¥e gas
to t he necessargareiad oout cbhpecprébeating. puneanfiitrousconidbcar mitiranger,

and then passi i de LA0UEH, fhd Gras H3AEHEAR of W AAGKEH1 e Bontas sl vor

catal yst. The prehea reaction gas can e carried ou
di gectly in thevaetgtgam tuihepereseany reacken temperasurennegri &r Bed.

In addition to #iend&édr Hdift EAEcHEngdY S fifi thetl paslkitgl ¢¢ Rurblighphocess
of the present inveniion can al so_cqntain, in partjcular, NO_and/or [err]
in an ano of FEIOTHP 0 FURS 5BRCEP oWEAE, Bﬁgeos’c;nvﬁlﬁe ?&P&Vsé‘as._'rg‘ﬁe
[err] content qgiréleatinsg NoRt the reaptdibar sy dammlkd lbéocadieyd wvakune,
In particul ar fci:‘.)znégt]}ytgns(%%_ebyrevaocltlin& tube by means of. an upstream
' inert material bed. L '
In addition to the'Nzo, the gas mixture being
20 treated by the process of the present invention can also
_contain, in particular, NO and/or NO, in an amount of
from 0.01 to 50% by volume, baséd_én ‘the total gas. The
N,0O content of the gas mixture is preferably from 0.01 to -
50% by volume, in particular from 0.1 to 30% by volume.
25 apart from N,0 and NO/NO, (NO,), the gas mixture can also
- % contain N,, 0,, CO, CO,, H,O and noble gases.

The pressure range in which the process is
generally carried out is from 0.1 to 20 bar, ie. sub-
atmospheric or superatmospheric pressure can be used.

30 Preference is givemn to carrying out the process at
atmospheric pressure.

The catalyst of the present invention. and the
process of the present invention are particularly suit-
able for decomposing N,0 in the waste gases which are

35 formed in the preparation of adipic acid, for example in
the oxidation of cyclohexanol' and/or cyclohexanone using .
nitric acid. _ |

A particular advantage of the process is that N,0
is selectively decomposed, ie. decomposition oi_f Ndx as



.25 Apart from[err] and NONO2 ([err]), the gas mxture can also contain
[err], [err], Co, [err],[err] and noble gases. The pressure range in
which the process. 065@M4263T |y carried-odt-is fromO0.1 to 20 bar, ie.
sub- at nospheric or superatnospheric pressure can be used. 30 Preference -
is given to cardesimpdprodrechprdees notittaka®#®®i c pressure. The catal yst
of the present inventi eaggotcagspr&cea%O{Dragsnerq%ﬂi%erﬁamha&e
particularly suit- able for~ deconposing [err] in the st e gasges, whi.ch are
35 forned in RORSHPID LS | SATHY QéFitpi'&h%lcF&FaEXF"ﬁx @HIRIEOCR x Phat i on
of cycl ohexanolp b SsHrdeedetiandnipuprg Hoihicr ddi gasAmixtuiresl.alhe
advagpt age of the process is that [err] .is.selecti o] '
deconposi tidn. ot %'?"Hmésrepr%f?‘[‘%(ﬂi(ﬁl BI7ean \i%pé? q(;ﬁgggeggggdkgﬁ%duct
does not take pamcecohbmipr greigst 0dft Ndepr @aagntin nveapeoh mfkethet PE&ssi bl e

to carry out t t 0, j$son of nitrous oxide either in pure
"EoLplaly o CREOEROSITLO

formor in gas mXxtures. I nventi on .represents a significant

i nprovenent both from an econom ¢ point of view and in- respect of the per-
formance of theggatgi¥st. Exanpl es Deconposition of nitrous. oxide: 10

The test apparatus co Cnidl ong reaction tube of Hastel oy

rised _an 80 [
C, divided int @ﬁ%%ﬁ?ﬂ@lggﬁnrggcﬁ‘gﬁmﬁn %he internal diameter is 18 mm
So as to beppable to neathee téstt cappardatus mappdisedd) wame BFbem adongner

tube having an ex LBIetsE gL B, gl vhAed WHD RebbERgDGEIPD! €
can .easily be %e%?gék/ésilh%s%gr edﬁ ge%gn%ro(/e_dtihe%ﬁeqt transfer, ?ﬁe ,
reactor was packesdictioh repes.niherinternalk diamsten ighd &M 7P Afh&O
TeSt's were carrjgdap9ut toOheatBrd thel tefpelatadbapyskilecChnprheytubdy - 2
mm) at atnospheric pressure. 20 Typical egrar;s coJyposi.tion: [err7] . 23
% by vol une; an inner tube having external 1amgter of 3.17 mm, in
15 which a thermocouple can easily be moved, was inserted.
To improve the heat transfer, the reactor was pac_ked with
inert 'materiél' (steatite) in the heating zone. Tests were
carried out on 40 ml of each catalyst (chippings

1.5 - 2 mm) at atmo_spherié pressure.

20° Typiéé.l gas composition:

N,O: 23 % by volume;
NO+NO,: . 17 - % by volume;
. N,: - ' 47 % by volume;
>~ ' 0,: 7.5 % by volume;
25 H,O: 3 % by volume:
CO,: 2.5 % by volume;

GHSV: 4000 standa.rd 1 of gas/1l of cateh.

The N,0 conversions were calculated according to

the following formula:

Conc. of N,0 at the gas inlet

- Conc. of N,0 at the gas outlet

i = x 100
Convexsion in % Conc. of N,0 at the gas inlet

30 - The concentration of the N,0 was in each case



[err] 17 . % by volune; [err] 47 % by volume; [err] 7.5
% by vol une; 25 [err] 3  %by volune; CO2: 2.5 % by
vol ume; GHSV: 0.z. 0860@436amdard 1 of ga®/ |- of cat.h. The [err]
conversions were cal cul ated according to the following fornmula: Conc. of
[err] at the gdeteminéned BpngasoEhfematography.gas outl et Conversion in %=
‘Conc. of [err] at the gas inlet 30 The concentration of the [err]
was in each case O Z. 0050/ 42637 - 8 - determ ned by gas

chr omat ogr aphyExgmadgl & 1 Production of the catalyst: 80 g of comerci al

al um num oxi de SUDportpéB&@EtDoﬁookl)tﬁé?»EJasﬂfaee sbeg of c’)&n&éi?a;sal wat er
absgrption 65.

9% corres of . 65.9 nR/
the pore.dist ngH'F‘¥BHm| x%ﬂ&vﬁupﬁ°gfgg3bggf) wmre@ﬁ%&‘ﬁaﬁ? gof
an aﬂueousssol lnoonzjtgﬂtvaamm@h%bz%tl@m’ss[ okr bytweiglat , dqmaa:bnmzdsik@d for
one hour mte T g 2995 r :
constant wei gh? % ?%%r[eerwﬁ %mgng’effl nal I y c:%dq} éoturs at %g'[ errj.
The catal yst t Bhowsbtin nEdgusst dinewass. mm%t WéFhSﬁQ/é'Fl aff B a

BET surface ar s&uaBu;G%diﬁiaonT%:mﬁaﬁig ofis apki § ahaagn@t, tftaeaumort was
gamma- al umi num oxi de. The sil ver rticl e Size nm Over
operating timeleWedsdofFand; er e%ﬂ:? og°}1ﬁ| at tﬁm%érﬁf'ugg(ﬂ é‘il}ﬁ

tEe cat a: yot ﬁ hepedghatel sepyefsum d‘ﬁ:.e‘d Qﬁa%coﬂbtantthen.ghtl aof 1230°a est,
Cryst al |ogr aphRBenfABRIeY FRAATRSoFP ol ARNE AL ATE GO aratyay
gama- al um nuthosi dbtafihedsconveaiped tdd 2k @Yzevamwefnm-hvemaud]éﬁ@est
a BET surface area of 163 nF/g. The _crystallograph;c
phase of the support was gamma-aluminum oxide. The silver
15 particle size was 27 nm. |
Over an operating-time of 550 hours at a reactor
inlet teﬁperature of 550°C, the catalyst showed 'Néb
conversions of > 99%. . -
_ After the end of the test, the catalyst had a BET
20 surface area of 130 m /g. The sole crystallograph;c phase
-' of the support at the end of the test was still gamma ”
aluminum oxlde, the silver partlcle size was 32 nm after
the test.

— Example 2

25 Production of the catalyst. 126.75 g of commer-
cial aluminum oxide support (BET surface area 157 m?/g;
water absorption 61.3% by weight, for pore distribution
see Figure 2) was impregnated with 94 ml of an aqueous
solution containing 35.22 g of AgNO,, then allowed to
30 stand for one hour at room temperature. The impregnated
support was dried to constant weight at 120°C and finally
calcined for 4 hours at 700°C. The catalyst thus obtained
contained 14.2% by weight of silver and had a BET surface
area of 128‘n3/g. The crystallographic phase of the

35 support was gamma-aluminum oxide.
Over an dperating time of 280 hours at. a reactor
inlet temperature of 532°C, the catalyst showed N,0



Exarrpl e‘2 25 - Production of the catalyst: 126.75 g of conmer- ci aI'
al um num oxi de: support (BET surface area 157 [err]/g; water absorption B

-61. 3% by wei ghp, zf, OboBOy22@Byt ri buti on see@ Eigure 2) was inpregnated with
94 m of an aqueous solution containing 35.22 g of [err] then allowed to 30

'tsga(rzrghfsg)r ?ne beﬁ?e&{sibﬁeﬁbtfelspeaa;t.?re The i npregnated support was dried
ant weig a er an

700[ err]. The catal ystk%(r%‘%§ (E):%)‘Fal %%dJ’gg‘lF#%lt%? 1§ﬁ%}g£a§ggglﬁ{'§%$sﬁ ':F/er
and had a BET surface area off 1000 ne¥/g. The @Wﬁﬂl@@%ﬂhl@ mhase ?£t he

357 support Wage r;ggo%uwa@umagxb@%or@egaaaaoamam bk{®e0f 280 hours
ats_a reactor enperat ure of 532 err] the catal yst -showed [err]

O Z. 0050/ 42637 - 9 - conversions of > 99% After the end of the
tﬁst t]tre ﬁat akxaimphadsa BET surface area of 109 er/g, the crystal | ographic
phase of the support befor mra-.al.um Ju %% le 3

Production of the cat\zﬁ Fd6 0P ef %‘e cran'q aI um%um oxXI ggsupport

(BET surfage abﬁallﬁz.m{mun] /cgudmtmpmsorf:ﬂE'ert&Sfa?@/e areri 302)mbhis

i mpregnated w ol C | 10
[err] then all %’m %t cz)aﬂgt I%ICF% a%%e ? ?oggn ?}étﬁp?érmlﬂ%gﬁ%et%T%ﬁh

i npregnat ed su@edt Masofr iaxd Pgueeﬁgtml%%htc%ﬁtim%ﬁr]‘ afd 8 nefiy

calcined et 4aBheLs Shed0R] Sbpba TS nes ohunonk! at necomobkmp eed

14. 5% by wei ght “of “silver gnd had a BET surface area,of 82 5
The crystal | ogP&sFc phage IPTIE oPEPRIEL J¥Pfa- d’é’rffﬁ\ Fdm T oxr%lgan%)/er

an operating t weaghit 259 h@o°C abnd rfHacildy | cab¢isedpdoant uﬁeh@fuﬁz%brr]

t he~cat al yst s &%g:[ ?é% E}:\/“::\I.ryS ONgny ob%%.:{%e%.o cof:]tarlﬁned ﬁ %Els tgﬁ end

of the test, surface area of g
crystall ographmlrgih@@ﬁ)fsztheenslmpbrhadva% BEE guriaee e a© %Huﬁ?oxr de.

15 The crystallographic phase of the support was delta-
aluminum oxide. '
. Over an opera'ti;ng time of 250 hours at a reactor
inlet temperature of 529°C, the catalyst showed N,0
conversions of > 99%. '
20 - - - After the end of the test; the catalyst had a BET.
" . surface area of 77 m /g, the crystallographic phase o:E -
the support was, as before, _ delta-aluminum oxide.

' Example 4

\,,, Production of the catalyst° 225 g of AlO(OH)
25 (Pural SB from Condea) were compounded with 25 g of

Ce, (CO3); and 12.5 g of formic acid for 5 hours, extruded,
dried and calcined. 45.3 g of this material (BET surface
area 185 m2/g; water absorption 76% by weight) were
impregnated with 36.7 ml of an aqueous solution contain-
30 ing 13.43 g of AgNO,, then allowed to stand for one hour
at roém'temperature. The impregnated support was dried to
constant ﬁeight at 120°C and finally calcined for 4 hours
at 700°C to decompose the AgNO, to Ag. The catalyst thus
obtained contained 14.3% by weight of silver and had a
35 BET surface area of 157 m?/g.
Over an operating time of 350 hours at a reactor
temperature of 524°C, the catalyst showed N,0 conversions



Exanpl e 4 Production of the catalyst: 225 g of AIQUOH) 25 (Pural SB from :
Condea) were conpounded with 25 g of Ce2 (CCB)3 and 12.5 g of formc acid
for 5 hours, .ex@rade@N5@42887nd cal ci ned10645.3 g of this material (BET
surface area 185 n2/g; water absorption 76% by weight) were inpregnated- _
with 36.7 m ofofar> &Rfeous solution contain- 30 ing 13.43 g of [err] then

allowed to stand for ongehoureyat ehgogftgﬁpeg@ggrq:heﬂyaearwsqg ?heg Sieppor t

was dried to constant weight at 120[err] and fi hal | y cal ci'ned ours
at _700[err] to SIEHARRSFINLT &3 Wd9ag. The catal yst thus obtained :
cont ai ned 14. 3% by wei ght of silver and had a 35 BET surface area of 157
n2/*g< Over an %ra ngstl me of 350 hours at a reactor. tenperature of
524[err], the %lié showed [err] conversions, O Z. 0050/ 42637 _
10 - of 599% After Rivslugtdasf ctmaheesataﬂlvstcaﬂaﬁyst offadila (BEN 6asface

area of 139 [ery. gﬂ;j u No@f 4t t t: 549
of AlQ(OH) (as |I%1 %a L€ 1 Sweze Egmrr%%ﬂﬁagé Gitﬁ 38'g %% E‘%( 7iiakg 9

g of formc acikPf fdr9 ?ﬁoﬁ?Eml%xPFbﬂe§°rdr3l RPULRY C%PF’E,F‘-F‘FEQ# & andf -

this materi alt c(al‘eTuSéaJ‘asc 3003 6. ﬁﬁis ﬂ@dﬁ;ﬁbSQBﬁ?l @hﬂﬁc’st»éoyai‘\eégfig )é
were | regha ueous utlr on ¢ontal nin
0 of [err] e AR sE ek er, aheeTRrSone FE Y He ekh MRSl BPEPERATT

| npr egnat dd suppbvitinSalrd ed tof annaguesos welgbioat cédGadnihgab®.8ignal |y

cal cined for 4 t 7 rr, cat a t o) i
14.5% by 15 JP g?' Q%ér Cos (?q%%d %BB gisltc}r ;}gi%e %&%aﬂ% %ﬁ afgg’?/ g.
Over, an oper at |t®nne=rﬁatlme -28#1momsr%snat¢@aevspor§rrp@ﬁatdm@d)ft053g<[>m r],

the catal yst shawggt Wil &Qﬁviéﬁbénﬁn&fffnﬁﬁf? e‘ﬁltearné&eo%nd fbukBeatest
the catal yst had a BET 20 surf area of 13 n[errL gtlve Exa le 1
700°C. The catalyst thus obtained onta .
15 weight of silver and had a BET surface area of 156 m?/g.
Over an operating time of 280 hours at a reactor
temperature of 530°C, the catalyst showed N,O conversions
of > 99%. . '
After the end of the test, the catalyst had a BET

20 surface area of 136 mz_/g.

Cdniparative Ekample 1 _
Product:Lon of the catalyst. 150 g of commercial
alum:.num ox:.de support (BET surface area 1.7 m /g; water
N absorption 29.2% by weight) was impregnated with 100 ml
25 of an aqueous solution containing 41.7 'g of AgNO,, then
allowed to stand for one hour at room temperature. The
impregnated support was dried to constant weight at 120°C
and finally calcined for 4 hours at 700°C. The catalyst
thus obtained contained 14.6% by weight of silver and had
30 a BET surface area of 1.12 m /g. The crystallographic
phase of the support was alpha-aluminum oxide.
The catalyst first showed N,0 conversions of
97.5% over an operating time of 150 hours at a reactor
temperature of 610°C. The conversion then dropped further

35 to 86.5% despite a temperature increase to 630°C..



Production of, the.catalyst: 150 g of conmercial al um num oxi de support (BET
surface area 1.7 nR/g; water. absorption 29.2% by wei ght) was inpregnated
with 100 m 25¢.z0f ogBo#queaus sol ution-coptaining 41.7 g of [err], then

-al l owed to stand for one hour at roomtenperature. The inpregnated support
was dried to coempapatiwegBkample2@[err] and finally calcined for 4 hours

at 700[err]. The catal yst .t.hus _obtai ped contained 14. 6% by. wei ght_.of silver
and had 30 a BET- sur%ggguglréégnof’%lgﬁﬁ ﬁ%?agfyﬁﬁ'e acr%th{Eaﬁc%l’budtf af%;ﬁa(,lygﬁﬁse of
- the support wasnalgdphaaivminumxddide The clasdnidied,i rfor skeamplE20 in
corver si ons of pR7a5%650%8r 680 WA ébPidd eEg Of 24504 NQYr S L
t enperature ofDGﬁ)‘[errk. The conver_%?%ﬁééfﬁ%?lz drégp%dgguﬁlﬁahré?iﬁ%’t_o 6. 5%
despi te a Penperifar éBERcFunface assd[dPr? /) Mexpogmpragpated with
11 _I C(r)]rrpalr ati Neoﬁxaﬁgi ed:?iega oducgiztcjmc?f THs ca?pb‘yﬁt: wasPanprighaved al yst
on al pha-al um num oxjpde,as_.describe or .exanple, i.n DE-A.35 43 640 was
replicated. Zoﬂlgkoﬁkaﬂﬁh?iga?ﬁn?ﬁ'ﬁﬁ?‘%s s.%%}."(% cs}{}'ﬁrzf@ea lé'raedaa?"ﬁ)(.dignrriz/. 9)
wer e i npregnat edlutibnNgOntadning dd 28t gl 2@ &d,] them aldomeds ttovestand |
i npregnated wi 9 0 ague sadi chipro 4_@_(1%{ d.]s
sol ution cont a?ﬁfngh%ﬁgﬁsagf I%g QF’ E’?n%?‘#%?f?g s?g%dp or t r%éeut?ﬂs at
room t enpdPat uPEPPIRE (B |Exeafind Wike bydragippote wesuceodihel Rith
hmira_ZI ne tg &QHHEQ?EQHEQ{W&? %‘Aﬁ‘ﬂ’fﬂf’ ?mgsﬁaﬁeaflahwasmf ddge of
chlorine an r.ied.tq constan i rr.1.C. e catalys us -
obt ai ned cont aiiﬁéﬁdO-.té’.A}O/(?B?sﬁEPgﬁt“g?fg”gﬁl ?‘gdi]%ﬂl ]f:Theﬁt%t ﬁf‘ggi&ﬁ:rs Whowed
[eé%] conver si ohsabhed5Sconéadifédolef4&nbygpwedghtigof i pelbddidR. hours at a
reattor inlet tenperat 0 r'Nes i Sj e np. . 6 err]
enabl ed the conversi on’f%‘g b%a?%%%sg&xjtg? GEH%/%& Ntzg Zg&g%%ﬁhél&?%%
- 12 - WelB| ai #8.3% over an operating time of 112 hours at a reactor
inlet temperature of 600°C. Raising the temperature to

. 640°C enabled the conversion to be increa;ed to 66.5%.



1. A progess for the selective catal ytic deco'rrposi - Et' 'mﬂﬂ m's -
Nt

oxide, either in pure formor present in gas m xtures, at ﬂ'
1000[ err] over @i%ZveP0EBAEEEB7 5 ing suppdkZ ed catal ysts, erel
supported catal yst conprises fromO0.1 to 40 % by weight of silver, based on
the total catalWst¢la#8:an al um num oxi de support havi ng nmesopores and-

macropores and g, BET SUAfgg6caéfaEH tHOBARIAvROQaltaNtitl decdmposi- A
process for the selective cat al.%/t,l ¢ deconposi,- tion of nitrous oxide,

ei ther In pure FtPM BF PHEERRE PF-dfrs HHOHSF I8 PITs|fommen Pressnt in
V\A‘lg_zfj n }he BETgasirhiktureen oHf f£iuen 007 HUMODO °de oVl @il viex -oatadd -t O
300~f-err 3. A_prqces Qr.the selecti catalytic .dec 0si. -
tion of ni '[1‘?5 ous i ﬁ‘é?pgf:?ﬁgr claﬁajﬁ%‘?%sf OV'meﬁ?g%r \el‘g‘gnts “PR%§§§%°>&%§B-X§F as
clai ned in cl ai epeprikes cfromh@. hltaiduh Gy ceightpoft sidverssbasednoa

crystal | ographi gl | ¥oRalf CcRbEBFs®) ddll AdliRMIMES xide subport ha®iREOCESS
for the selective catalytic_deconposi- tion of _nitrous oxidée, either In

pure form or pr®EPROFHS 24 FREFPRRres and 2 BET; Furfars 2regnefeifromne
pore distributize t6 s35e a*Lgi num oxi de support is binodal or trinpdal. 25
5. A process for the selectiye talytic deconpqsi,- t.ion of nitrous
oxi de, eit ér i%' pure fOrRTOFeHT e‘ésloﬁfﬁ’f%% Shive, FRFalyEis SeoRPRRis| ai m
1, wherein the tlomi ofinpbiroes soixbe,t eidihen s’asgn:reeﬁwlmnqxumsleda dn
mxtures of al ygguitidRell dl Obigingd! 45 cihn 9, wherdlP! CRESBRTCT
the selective catalytic deconposi- tion of nitrous oxide, elther 1n pure
form or presentsertaas arqe Pesthealyminum axids AuUpPST e &rem #O seher
oxi de(s) is or sg¢ R¥Apent in amounts of from0.01 to 50 % by weight, based
on the weight of the support, and_ 35 t he .ot her oxi deg ar.e those of ,the

al kal i rret%]s, {he al kaf'i PECSSRT H Hetthss SRS T -Yi% CALAN THs: desomBesiT v,
Cr, M, Fe, Co,tdbn &, nitrdis dkidss, dSthd inPpulie fortd @r Presént in A

process for theg§§ lxﬁfﬁévxﬁeg,até”g )étllag.mgﬁcgﬂpgféiﬁoﬂ wherein the aluminum
oxide support is present in a crystallographically pure
phase or in a mixed phase. ' L

20 4. A process for the selective catalytic decomposi-
tion of nitrous oxide, either in pure form or present in
gas 'miﬁttures,' as claimed in claim 1, wherein the pore
distribution in the aluminum oxide support is bimodal -or,
trimodal. o _

25 5.. A process for the selective catalytic decomposi-

: \,/ tion of nitrous oxide, either in pure form or pﬁ:esent in
gas mixtures, as claimed in claim 1, wherein the aluminum .
oxide support comprises pure aluminum oxide or mixtures
of aluminum oxide with other oxides.

30 - 6. A process for the selective catalytic decomposi-
tion of nitrous oxide, either in pure form or present in
gas mixtures, as claimed in claim 5, wherein the other
oxide(s) is or are present in amounts of from 0.01 to
50 % by weight, based on the weight of the support, and

35 the other oxides are those of the alkali metals, the
alkaline earth ﬁtetals, the rare earth metals, Sc¢, Ti, V,
Cr, Mn, PFe, Co, Ni, 2Zn, ¥, 2Zr, B, Ge, Sn, Pb, P, Bi,
and/or Si.

7. A process for the selective catalytic decomposition




0. Z. 0050/ 42637 - - 13 - of nitrous oxide, either i

present in gas mxtures, as clainmed in claims5, wher ei n Jmﬂnmﬂulmmmum
present in the0ddpedoS0)$pd687 8. A-ptdcess for the sel ective tatalytic
deconposi - 5 tion of nitrous oxi de either in pure formor present in gas

m xtures, as cPhi pbrpuschEider 6itheruiar surendoranior pregenthin gam

further actlvemisaeaeasnt as bﬂ.aﬁ.ﬁx&ﬁ' G ¥1aGh 55U wHREeand/z0lspine1ah a%%ol i ed
to the support, 10 ocefsls for the selective catal ytlc

deconposi - tloﬁsoPrﬁFFFﬁuénoiEPﬂed°EF hBFPPATEare form or present in gas
m.xtures, as cbBai med i A protasd, fohectke Nsélec tibed tafaisitiicodcompygil-ed out

i ni-the preg:rslcg Of f n:.grg&itgx?.ge% ¥tﬂg| ur@s%\FrMOazqg/%ﬁr Je]rit based on

t he total proceés ective c
deconposi - ti ogasf miptuges.oxdaieclainedr inn cdadm florewr ob. pwbse‘#tl-nl mafas

m xtures, as clgygedsiy&laigpd, éme'fﬂzitﬁi%r[ ea&heent&mpa{eﬁ&e 98%

mxturelsfromo 01 to 50 % by vol une. A rocessfor t he
sel ective cat aPPFEECHEREMIIYi - Aty 0P bf aﬂf"t’PGusP'iym gee é'tRH"]é'teq ntBurtd™® or m

or present in gapgpBr¥tures, as clained in claim9, wherein the gas m-xture

d_NO / h
comb sesaoL 8117 [ §luSideld Buk, AhsoalEhoksuClnltich MRS,

of nitrous oxi dkpneof heitroupuesides nrebther ctwrpure fowgn mmmntasm
claimed in cl agggl 1WRGEEEN LRe 925 plaX il Sylain? MARARAR RN ddtom-

preparation of i'C acrd’using nitric aci
U position is carried out in the presence of from 0.01 to

50 % by volume of NO and/or NO,, based on the total gas.

15 10. A process for the selective catalytic decomposi-
tion of nitrous oxide, either in pure form or present in
gas mixtures, as claimed in claim 1, wherein the N,0
content of the gas mixture is from 0.01 to 50 % by
volume.

20 1.1. A process for the selective catalytic decomposi-
tion of nitrous oxide, either in pure form or present in
gas -mixtures, as claimed in claim .9, wherein the Qas
mixture comprises not only N,0 and NO but also N,, 0,, CO;
coz, H,0 and/or noble gases. _

25  12. A process for the selective catalytic decomposi-

L tion of nitrous oxide, either in pure form or present in
gas mixtures, as claimed in claim 1, wherein the gé.s
mixture is a waste gas from the preparation of adipic

acid using nitric acid.



