Process for purifying dinitrogen nonoxi de Description 5 The present
invention relates to a process for purifying a gas m xture conprising
di nitrogen nonoxi de, at |east conprising the at |east partial
condensation of a gas mxture G| corrprl'kl ng di nitrogen nonoxide to
obt ai n a | i qerocessdonasifirigatmitgeknaampkidei ng di ni trogen nonoxi de, and
the contacting of the conposition C1 with a gas mxture M1 to
obtain a conposition C2 and a gas mxture M2. 10 The prior art
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is also ggscri bed in detail in a scientific study (Noskov et al.,
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nonoxi de is prepared by reducing 25 a gas stream conpri si ng NO and
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Cycl opentengm%%é'dﬂaré oggﬁ%xr‘:éoe}r(l%%%React Kinet. Cate!. Lett. Vol. 77,
No. 1 (2002) p. 197-205 likew se describe oxidations of olefinic
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Phase Ox23lata gas stfead doempeisingNICR alll kiniesiaOxi de to Car bonyl Conpounds”
by E.V. Starokon et al. in Adv. Synth. Cate!. 2004 346, 40 268 274
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US 2,636,898, Both documents quite generally disclose that the oxidation can in
30 principle be effected in the presence of a suitable oxidation catalyst,

The more recent scientific articles of G. |. Panov et al., "Non-Catalytic Liquid Phase
Oxidation of Alkenes with Nitrous Oxide. 1. Oxidation of Cyclohexene to
Cyclohexanone”, React. Kinet. Catal. Lett. Vol. 76, No. 2 (2002) p. 401-405, and

36 K.A.Dubkov et al, "Non-Catalytic Liquid Phase Oxidation of Alkenes with Nitrous
Oxide. 2. Oxidation of Cyclopentene to Cyclopentanone’, React, Kinet. Catal. Lett. Vol.
77, No. 1 (2002) p. 197-205 likewise describe oxidations of olefinic compounds with
dinitrogen monoxide. A scientific arlicle “Liquid Phase Oxidation of Alkenes with Nitrous
Oxide to Carbonyl Compounds” by E.V. Starokon et al. in Adv. Synth. Catal. 2004, 346,

40  268-274 also includes a mechanistic study of the oxidation of alkenes with dinitrogen
monoxide in the liquid phase.



described in various international patent applications. For instance,
WD 03/ 078370 di scl oses a process for preparing carbonyl conpounds
fromaliphatic al kenes with 5 dinitrogen nonoxi de. The reaction is
carried out at tenperatures in the rangezfrom 20 to 350C and
pressures of from0.01 to 100 atm WD 03/078374 di scl oses a
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organic acids. 3 For specitic applications, it is necessary to
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15 with NH3. A high depletion of oxygen is possible only when a | o0ss
of N20 is accepted (of, for exanple, from3 to 5% of the anmount
originally present). For specific applications, it may be necessary
al so to renove the inert conpounds, since they can slow the desired
reacti on wi tierNpecitiy agiilicaitonsrit is Tleeedsaryrto 'burifgtte daifdgeramoléxidesesdd ibefore
t he ;:lont ex: 186 rédtBoR RS eRdmplB VB QURe of BhRbSert &oﬁoﬂ@efaéf/% shdiBRbAYESR, it
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di ni trogen nonoxi de from offgas streams which |ikew se conprises a
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US 4,177,645 discloses a process for removing dinitrogen monoxide from offgas

streams which likewise comprises a prepurification and a low temperature distillation.

The application EP 1 076 217 A1 likewise describes a method for removing low-boiling
40  impurities from N,O by low temperature distiliation.



20 It is possible with the process disclosed in DE 20 40 219 to
separate the different nitrogen oxides, but the process entails the
use of |arge amounts of sol vent and/or h&gh pressures for the
absorption. At the sane tinme, a further Wash tower is needed for the
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absorption of 'the gas mixture in an organic solvent and subsequent

desorption of the gas m xture fromthe | aden organic solvent, and
al so t he @ad)staventasaf reshié of tetlégit pebsned andew tompdaturdOa inwttheperatire

mxture to adistdioi0shtalls 396 ppaLNEEIOASEE, Ahidihedket b ¥HreaRNOLs e

gas m xture. W 0 gz so di scl oses that the prgces .
Qorpr | s o SRy Shegpaap il 0 € RioGES oPBevahieE: B8 gy hruieny
2006/ 032502 {AUSEFYaR SN dRbycanteyhrf dhes oy ditshadnaling apiglorbNe@ratnidendard
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G 0 conpig sigiksdresdi Ni trogen nonoxi de, at |east conprising the
absorption of the gas mxture GO in an organi c solvent, subsequent
desorption of a gas mxture G1 fromthe |aden organic solvent,
absor ption dfE ?—@.30 ga2 difcleses @ reeraratipnyproesss piddisiBgen Nonexidr sWisnein de
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m xtures at 958P% RrBdiIcarceptating biegbsorptiqpwndar highirresstiiee Woitovil followed by a
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exanpl e to tRe PRt e R0y PHR, AL MESaMBHIMS, 2 duiney {ERh Ui Iq Beeged for the
bl ockage of Arefess disclesed iplicdldfi AP Prompeniehes dissptive companefigs an
object df5 the present invention to provide a 15 process with which

t he cont ent T aTra ey i~ i-0i . .
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steps, WO 2006/032502 discloses only organic solvents as the absorption medium.
DE 10 2005 055588.5 relates to a process for purifying a gas mixture G-0 comprising
35  dinitrogen monoxide, at least comprising the absorption of the gas mixture G-0 in an
organic solvent, subsequent desorption of a gas mixture G-1 from the laden organic
solvent, absorption of the gas mixture G-1 in water and subsequent desorption of a gas
mixture G-2 from the laden water, and to the use of a purified gas mixture comprising
dinitrogen monoxide obtainable by such a process as an oxidizing agent for olefins.
40
EP 06 125 807.5 relates to a process for purifying a gas mixture comprising dinitrogen



(I'l) contacting the conposition CG1 with a gas m xture M1 to obtain
a conposition C2 and a gas m xture M 2. One advant age of the
process according to the invention is that small traces of oxygen
30in particular can be renoved fromthe gas m xture conpri sing

di ni trogen ndAoXidtewhamsia abspmpiicyand desetplive areffeated ih aquephesaemt awdured
the present atpseRUEopHKEL&s to a m xture of two or nore conpounds
which are in the gaseous state at anbi ent pressure and anbi ent

tenperature. At altere erature or altered pressure, the gas
Ml Sl o A g e A e o R e TR
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the present gy epivewt, leddiol iMeesiRAtS HrofictstinSutRegsR M teacigNt i on, the
conposi tion of the gas mixtures or of the liquefied gas m xtures,

unl ess explicitl ated otherwi se, is specified in % by volune. 40
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i nvention i

nventi on TLARISRONID e diehe sl st B Ahsealdy B SRR
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al so be determ ned by nmeans of UV spectroscopy, |R spectroscopy or by
wet cheni cal pigBédup@dSirorh Mhié Bﬂorc@rﬂtlﬁ‘)@és ah obfé%t @Ftﬁé%ﬂésehmﬁ%ﬁtabﬁ% ?owde a
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possi bl e f oris aavuired espedeintheas pootidiong &gerhe obt ai ned, i.e. a gas
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gas mixture comprising dm[trogen monoxide, at least comprising the steps of:

() at least partiailly condensing a gas mixture G-I comprising dinitrogen
monoxide to obtain a liquid composition C-1 comprising dinitrogen
monoxide,

25

(1) contacting the composition C-1 with a gas mixture M-1 to obtain a

composition C-2 and a gas mixture M-2,

One advantage of the process according to the invention is that small traces of oxygen
30  in particular can be removed from the gas mixture comprising dinitrogen monoxide.

The term “gas mixiure” as used in the context of the present invention refers to a
mixture of two or more compounds which are in the gaseous state at ambient pressure
and ambient temperature. At altered temperature or altered pressure, the gas mixture

35 may also be present in another state of matter, for example liquid, and is still referred to
as a gas mixture in the context of the present invention.

In the context of the present invention, the composition of the gas mixtures or of the
liquefied gas mixtures, unless explicitly stated otherwise, is specified in % by volume.

40 The data relate fo the composition of the gas mixtures at ambient pressure and
ambient temperature.



The gas m xture G1 may in principle originate fromany desired
source. For instance, it 20may be the product of a dinitrogen
:nponoxi de synthesis or an offgas stream of another process, which has
been concentrated if appropriate. The cohdensation in step (1) of the
process according to the invention can in principle be effected by
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further enbogH dblrescbPeortyans BherhibM@theR, therefore relates to a
process for 30purifying a gas m xture conprising dinitrogen nonoxide
as descri bed above, wherein from20 to 90% bg wei ght of the gas i
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mixtare &1 Tk eRaRk o NAfic ERbobROL EEF oMbt QRERE Bt i, I toast
especi al | 'y sRATeR! caeresgeipnimaler &)l it ediienafiy ressibirsior aih Hegpagensegmprtien to
t he undesi r etk dyaistd,ti.aengss okiuthé-1gas m xture G |1 are condensed only
to a mnor degree, if at all. 40 7 obtained which, as well as

dinitrog 0X] i,se.f e onents such xyge
ni t rogenféjcgﬁ%oﬁb _?%Sx ggéér&w%ﬁﬁeognvgétﬁngf?r@gﬂgw%@ss&égelp dﬁﬁd&{%g? H%e
i nvention, tRPRPSEEHGsT ﬁi"?‘f'tég‘@d itk agefpiixtdedv-1ite phlaingnssmposiipn Fr2randsa
to 90% by vodasmeixtufe MiZii t r ogen nonoxi de, especially from75 to 85% by
vol ume, nore preferably from78 to 82% by volunme. According to the

i nvention, t i r. . - 1. ises, for exanple, .
from4 to 18&%%;?@?%&%%?5@% gt rERkoBRR s o sy
by vol unt’ anf@2yBe @“epcr‘fé@@ﬁ ah? 9'”!”198?\’? B‘OP%X"ieZ%“BVS\%F@ﬁ@ﬁ@% ggam qftpmother
gaseous m xtprreese: Whitluhdshmencongenirsted |f dppropeatanpl e, from 0.01 to 5%

by 10 vol une of oxygen, especially from0.5 to 3% by vol unme and nore

preferably f . 0] v, e r._exanmple
From 0 o’ 158 Batualon st B o G LGPt a BRI Bplvedip il Bitipe
t he gaseous ffi Xfastes Ry 0VayHab’e processLigowEy thase skiled inghe artelndhg gontext of
step (1)25¢ _hfbe gessent invantien, Bid gasmbdurs G- Cis rmp lastedtistin dotdeassd dateding to
pref erabl é It e iWBntInAB6H 20 TH 0B RF WEigH, é&e@bﬂy flofn %ﬁﬁ%@gr/ﬁﬂf\%iﬁﬁtgan? most
conpr esse r Of ~o , ar.. prefera r.om o}
bar, nore pr%ﬁ%@ﬁﬁ?@?ﬂ@%%ﬁ%éﬁﬁt e(%%lrp'ﬁtéjpﬁ é’ibsr(:@f]g%/'}fﬁij effected
in two stages, in which case cooled to from1 to 25C, preferably to
from8 to 12w, a ifurtheheenfiodmtenst thy epraseht rieedtiony trecefdenstdidse t2@ process for
ool e, T TRENAD & pebdiine YorBHARY L RPN D30 B GESTRRA bB R
, ) i -
preferably f rognmﬁﬁgo %A’ f’éﬁ%‘,%hgg&ecgaﬁ rF‘ff%fef' %an's- ?np%ns-egglfteﬁ'ﬂé liquid
conposition C-1, as well as dinitrogen nonoxi de, advantageously al so
25 conpri sesTreairdeimenti io)stape(l) GCGRe lpasces @ctdrdingife et ineantian dfferis une Squid
saf e oper at i @poBitibheCAOW SehidH thY 9FESHIdH RNGlsBFRRC sétdnialyn cbifonents,
course og stor gic:leE aor%d fuijt hgre use OB trgfe I(ly&;l)n dd %%ggom tl? g—l. It
has been qoun& ﬁﬁ’t YR (AR RN EF &1 ERYEPESP 435 RYTR Gt gas
in conmpositions conprising N20, significantly smaller anmounts of
car bon di oxiAkzoaiiey toethe investioaptipasoaditibs athepedidigrsblegRE &bich thad® HRRfogb®
prevent the g§gldxide condenses, while the undesired constituents of the gas mixture G-l are
condensed only to a minor degree, if at all.
40

At the same time, in the case of partial condensation, a gaseous mixture G-K is



30deconposition capability of dinitrogen nonoxi de. Small anounts of
CO2 are therefore sufficient for inertization of the liquid
conposition G 1. According to the inventjon, the process for
purifying a gas m xture conprising dinitrogen nonoxide, as well as
steps (1) amebigirdd whichyaaweb asofipirogee manedrisy nstyepsnprise fuBBr msmaomssfs

it is al so paghiabbrydeRadirddtd, MIreESSKidDBRoh e arbthi BB, eps af ter
step (1) and before step (I1). For exanple, in the process according

to the invention, the conposition C-1 can be treated further. In the
context of tHEORINGdbe Invsriiehi bR 9apeousdNivEreChartMRiisF R Py e5aPE. fre 70
40t hat t Her ei%%by wldrheof diigpgenononpaide pedpeeiiloioro 75 tdh85% dypokits| orre
C-1. In pringbitly fdnh 78w 829015 VBREROASCIHNOMD the itVBRRR, H6l Jok&slisi Rixtuhe
art for further f&@@?%&%érﬁ%&?%r%&@% fr§mC£PgB°1%'v/§ 'fb%oﬁ‘m]e ﬁ{ cdBEn dioxide,
removal of inpuritres, for exanpl e of residues of“solvent, are
possi bl e. AcRSHEERIYGT4® St'd dSTerkierplungmand Rerepprsteetyy Easriplid% by volume of
especi al | y a&COuritheegassouspmixiurg G-Brfudher enmpasesofori expuplet fres 0.00i 6%eby
conposi ti®N feiuke &Y B&gERREYecidl] rokeRs Eté h%{rb WUkO BRPFiokd ﬂ'@{e@ib?y from 1.0
conprising di e | s_.cont ac m xt ur e o]
obtain a co?rtﬁonis'(?l%ﬁ%n\’%&@en §?r(18%§eléja%ndm %(rted(?@ ﬁwﬁ%g @t(%glf’n%yaﬁ%!u%? 034 Resom
treat nent i V&g sy ohthe sEnponerie 98 thecaaseaih BitigetFE 3des sirttp 590% by
i s 10possi blwlume.r enrove further inpurities which mght be disruptive
in a further reaction, for exanple oxygen, fromthe liquid
conposi tj.on - ' r | <dn_principle be all
subst anciaﬁg mﬁ?ﬂeﬁa%&%gﬁ m&gbﬂgﬁs%%ﬂéﬁﬁﬁ %ﬁﬁséncoc%{pﬁﬁs?ggaéﬂ ﬁ’gﬂo%?f)@g'
or m xtures RFBIEFEEHE IN ioctiagasn dbei w@sgnivbie (ol Fsrdigntegeqslesonpieessdde a
not react wpresstirenpt irogeintondiniea preferdbty fremairul 80 bart roge prefdially éromn 3 to
neon, ar gon, 27KEa¢PE&king Xepefbratly SHR88NA 1eREREEs, TPRAKA d8sc FRALAB oA to
tetraf | uor onebRang.ro BRL HoCHLAT 8 RESTRUSE Snd Frdl Y85 1PatRERY BAJE085Hk
g 20 constituents such as water or organic solvents are remaved, and then cooled, in the
second stage, preferably to from 0O fo -70°C, more preferably from -1 to -30°C,
aspecially from -2 {o -25°C,

The liguid composition C-1, as well as dinifrogen monoxide, advantageously alsc

25  comprises carbon dioxide. CO; has inertizing action and ensures safe operation in the
course of processing and especially In the course of storage and further use of the
liquid composition C-1. 1t has been found thai, in the case of presence of CO, as an
inert gas in compositions comprising N,O, significantly smaller amounts of carbon
dioxide are required compared to other inert gases in order to prevent the seif-

30 decomposition capability of dinitrogen monoxide. Small amcunts of CO, are therefore
sufficient for inertization of the liquid composition C-1.

According to the invention, the process for purifying a gas mixture comprising
dinitrogen monoxide, as well as steps (1) and (II), may also comprise further steps. For

35 instance, it is also possible that the process comprises further steps after step (1) and
before step (If).

For example, in the process according to the invention, the composition C-1 can be
treated further. In the context of the present invention, it is more particularly possible
40  that there is a further step for concentration of the composition C-1. In principle, all
suitable methods known to those skilled in the art for further concentration of the



20l n a further enbodi ment, the present invention therefore also
relates to a process as described above for purifying a gas m xture
conprising dinitrogen nonoxi de, wherein %he gas mxture M1 is
selected fromthe group consisting of nitrogen, helium neon, argon,
krypt on, xenermpdsifiondgérnr foraetioval rob roirties, foeetaarde ahcsidues of solvent, are
tetrafl uor onpsdzmne. 25For the treatnment in step (I1), in the context

of the present invention, is possible to use any appar at us
sui table for C%H%actl ases and liquids with one another,
exanpl es her& 04 U M?réloeom?nwgcesrsoqowa?ﬁppépe@ﬁéy at@&h?rnstep () for

cocur r ent 5 or recmyal driropuritien fromie onoposition Bel tPrefamrstiy ninsésgk{l 1h dheocomposition
fst ructur efl pacidigprising dlrﬁltr@d@nan@rﬁoxtdqulc?r;]@&?& EmmﬁTi s @%lttdré @EM tt@?iﬁ%m a
or exanple e like e reatment in
step (I1) ca(\él}gr%ﬁeb pﬁcg%&%j gb%gh lﬁa{\’fg%w se or continuously.
Preference is given to performng it continuously. In a further
enbodi nent, Bheepneséiie tramreertimetephi) ef tbe prazesoacwetdie® the imveptions &9s
as desﬁ r n@aﬁ @Qméetofr@rho‘ﬁéufruhﬁélﬂnﬂgurﬂlegﬁﬁucﬁ‘rﬁﬁéh{rb%t@s‘?@ﬂ}ﬁ/él%i nglrfi%bﬂ'ﬁhét%geﬂ%r
nonoxi de 014 onti nuously n
cont ext of t%gea%p%g)gﬁ r?Prrc\)\&le#rrf%“%ad Bgr@éos;t{(ge%'?l s especial ly perfornmed
in a bubble colum, in which case the bubble colum is nore
preferably opes aa%miiztnreckﬂtﬂntlwcbmavennpnamﬂeiba dbk passtamlcty whichfravald jower
provi ded W t BoihgSioird aar ddtrRfkehdHdxidd Or m&t@%ﬁn’é?é&?@ré‘@%ﬁ@e fsQ;ﬁven to using
Pur 1YLt ® B8 Dtk Voot BB Sl BOET, APLOK eydlhe Lol el
present i nveHEPHANRIY XpranabEoges. earpe @wd&sma%@ AR s iugresenans:
purifying a gas m xture conpri sing d| ni trogen nonoxi de, wherein the

bubbl e col unpartisuiAesfatente isyiveRYNLAREHirbRMtasaRd rigudNig. preferably
provided with a struct ured packing. e process is especially

conducted in such g that, in the countercurrent bubble 10col um,

the conpb3i t'f‘(fhfL@hir pabediperdiieciesant iventiop helpfare Aleo ERlaiE® e & iPErveEs g5

i s w t hdr awndescritadeativye tfompuriiire @ geaimimure compgsieg difltbpen snopoedie valeren

perforned atiha da@rmﬁthﬂst MEeishedavenrord Me gty t3dSating @ hargbh Yheﬁ@maneon
ot

t enper at uren%}(a ton ?%o?lng{opoggenpéa%ﬁ{ I%E'r? Sided mggx\c(iﬁ%] cg ?ﬂLg §°"ﬂ‘°’

the treatne pfressure WhiCh
t he vapor pressure of the Iiquid conposition C1 at the sel ected
t enper at & e grdhatreaioentioseptain thdorthart of the pmsdntrigvention, tds possibletto ase

the anmount ofnygappdrhst UsiRabk 1foH&,%qta6Mfgt g%ssaiﬂcf l]ﬁhﬁ@td«&ﬁ %Qegér%%rt Phe
achi eve the %ﬂgfe dhg?éy %%mdge&[lt?otlé Oc%mﬁ%}'{-,t fgr %%rﬁ%]%[ %@?? dlg coc:urrent lolr

as possible in
Typical Iy be‘t‘%@ﬁc%reahd’mi‘o@r Wishoud fragposn rﬁ‘??&ﬂ@r ar M“icﬁéﬂa@ Re&kiag. partriglg er
of oxygen i niquitepHaisgunaiec strpakiankg forGexbmptr eftie sphigingbeitraseior e ked TBO

nol of gas niredtive® iMslepd@) cAPbE Rbcted KRS Hafthii@ dr @HicLoEaYPESiddRE is

C1 given to performing it continuously.

In & further embodiment, the present inventlon therefore also relates to a process as
described above for purifying a gas mixture comprising dinitrogen monoxide, wherein
35  step () is performed continuously.

[n the context of the present invention, step (I} is especially performed in a bubble
column, in which case the bubble column is more preferably operated in countercurrent
and is especially preferably provided with a structured packing.

40
The present invention therefore relates, in a further embodiment, also to a process as



25 In step (Il), a liquid conposition C2 is obtained, whose oxygen
content has been reduced further conpared to the liquid conposition
‘C-1. According to the invention, the conposition C2 conprises, for
exanple, from75 to 30 95% by vol une of dinitrogen nonoxi de,

especi al |y fadesmil3@ above @86 duyifvirgd aiges midure cpmefign@binjirofien mo8axide wB8e4in
by vol urme. Aggpnfididibinddi8 & BIv8RILRMN. t he conposition C2 further
conprises, for exanple, from4 to 18% by vol une of carbon di oxi de,
especially from6 to 16% by volunme and nore preferably from8 to 12%
by vol ume of INERrhaENRAsiFRISI Q‘P(E’F?S@Utzn‘f%“ﬁ@%égoé@ﬁﬁ?ﬁif%é§!°q9é$ aggasapbed
from 0. 015 t catbyv®YrlpyprifyoigungesomixBbe oxygiaing ¢sipegEnahbioxidepwhé&edZhse dubble
0. 5% by vol uggd @@fa%&h%%@ﬁt@%b%f%ﬁtraﬂH‘iQn&re}p?ef@r gpﬂ?éfvid’éal WithPa Sructured

oxygen, and, fgr exanple, from 1% by volume of 'nitrogen, ere
the sum of tHe 'E%Trponents of the composition C-2 adds up to 100% by
volune. 10 According to the invention, the gas m xture M2

conpri ses, fTle gresyplie esfac@lly ¢onduotc8sboh ¥ olayiEatoh tié BoUMEgEtent bubble
monoxi dejg espRehRl hy bRpakich 1 %Vm@xﬁe&! e BT hdPhE! &hiRbiod s
77 to 82(3/0 by val . A@COI‘dI ng to the invention, the gas m xture
M 2 additi on¥MY Wé‘o%g'%f‘%‘jé M- or exanple, from4 to 18% by vol une of
carbon dioxide, 5 especially from6 to 16% by vol une and nore
preferably fTrenréathentr2¢epyliMepraf@an§ peEmedlae adas parbXtalidwea @Ol G asd

o 16% by, voL e A et 3Fa WO oBbicoh S B g Lk o ST o
0 . . 0

ot ogent® TR ARt ARl 5t 68 TGt = o e lich T 3tbes! B bicE St tapor
0.01 to 5% byesasraifethefliagidyepsiposiieandéci at the seleptsDiemperi@goang aldlolmere
and nore preher&@dyarfrom 1.0 10 to 2.0% by vol une of oxygen, and, for
exanple, fromO to 1% by volume of argon, where the sum of the
conponents o a I xture M2 adds up to 100%.by vol une. | -
principle, t ngréjz@nﬁ%ﬁb? lﬂvgh/@[]’ ?hﬁ e D&S’ﬁf' g}é%t“%”f Mﬂh‘ésr%rragsgrﬂe sufficiently
i nventioff rRE§atoPi aphiede dbe desiresngxyaes derletiasiobitcen thg ethedihard.tas smal as
i nvention, igossible howdereto, aypicelm@eseds thtogehenchbxigasTypicatybetw@eh 5 and

Concant rat o0 AT A Rparnugt M-EARLEARE HER of befin 1T e 3 compostion 1
absor pt i on ﬁ%f%@%@ﬁ?eé??ém ThrEECP Gissé Dollrdi sor R et tne o

i nvention tH&MPeitien kel-ates, in a further enbodiment, also to a
process #or 20purifying a gas m xture conprising dinitrogen nonoxi de

as descri bedpahgy e, wWhele &rﬁﬂ&itiﬁ?‘}t‘gﬂi i¥loUfahe® Wwhbse Qg\%g%h%‘f!tegygés been
i% i

h t fo t t t
Conpr 1 51 no. AERKER QAR RONGHPRE 16 "B EY PP S i xt ur e G A, at | east

conprising the steps of 25 (i)absorbing the gas mxture 0-0 in a

sol vent m xtAucerd®gl tot the dddteation, ahe abhpasitiont C-Qadongnidesn fG08RASId, If@M @5 Ao

desor bi ngy a g bPvshieCofQiritrd JAThbiBideO BRRRIah) RBmSBdtd §998 By AoRint®, more

30sol vent m [%(rtéf‘éFa%lysz#m 82 to 88% by volume. According to the invention, the composition C-2
furither comprises, for example, from 4 to 18% by volume of carbon dioxide, especially
from 6 to 16% by volume and more preferably from 8 fo 12% by volume of CO,. The
composition C-2 further comprises, for example, from 0.01 fo 1.0% by volume of

35  oxygen, especially from 0.05 to 0.5% by volume and more preferably from 0.1 to 0.4%
by volume of oxygen, and, for example, from 0 to 1% by volume of nitrogen, where the

sum of the components of the composition C-2 adds up to 100% by volume.

In step (ll), a gas mixture M-2 is also obtained, which, in addition to the gas mixture
40  M-1, may comprise further components, for example oxygen.



When step (ii) of step (A is performed directly before step (1) of
the process according to the invention, the conposition of the gas
m xture 0-1 corresponds to that of the g[as mxture GIl. 35 In step
(A, a gas mixture 0-0 conprising dinitr8gen nmonoxide is treated to

obtain a gasAstoding ® BeAnvedti® tidhas aiifdire M20ccipris@nFér Slaapte, (o 206
(ii). In St%)ﬁ 1voFuh1°e &acﬁrgga tn%@n&o@ b g@gﬁypfrgrﬁdﬁ@ gos @Xgﬂfn  more
i3

m xture S-1 to, 0 1l ?l? Er’ﬂ" %a %

(ii), a gas WrEARETHn B lrer AGRATERR (& ﬁﬁ%@ﬂ*ﬂ‘?‘b%ﬁe@%& e M-

obtain a solaﬁ@ﬁan{Yx@melsg | for exanplenfromed doriBéx by oblunteeohcarbemtdioxide,

inventiorg tdpegaly fanxEus @69-KY volunfe GG midkX brdfeeatMOfidHh issto N@udbniditireg en

monoxi de, whtgh 1*(9% (f]é SGhhiuR éci?r%ri@éf?&s%ar GO NY tJ %, *L‘?y do?l\‘ﬁ%w ogen,

The gas mi xt ur e

ri'se co
di i £ ogen. MORBRFHETOTE AL ap i HG-QS™ HR MRCRHIEIGHRY F91R Sgac 2 R W'eneob
conpri si ng diieganogbea gﬁ@mm%U@eMt%émhnayomnrlqsm fociepérapist omfG.@htaahlp by

sour ce. \Wienvoluingasf dlyyén)feepdtidly indmus ede 3% 15 eNMeBid RlorddbdicrdPgRem 1.0
monoxi deqy s tﬁ@@%adﬂ'f\yo%ﬁé’ of"‘&g)gfeﬁ g f@rs xjfgﬂ%h?rﬁﬂz% td ?%gté?‘(/@}ﬁ'rrng%g ol Joat

t he |nvent| E fi cat |on I nin

i xt ur e whi DTAME HER R cRonERS DU X673 Ur2 AR P GO 6y HelBPal | y
have an N20 content between 2 and 80% by volune of N20. It further
conpri ses, fiapriakgEpihe ga rpaué ¢-0 i? 19 dyntex®bURB pRiseM2n@iMton! PndyOoriite

by vol ume of; t d
compr | se, va *ﬁgﬁ%dmg%%%w i yBny Ity Aoy, BBy 3 e
organi ¢ 1clsorrr%ﬁ K %ﬁ] s 958 Tpiide spPERing dinlicgpe mMampeide 4diGh Reg Peen
0-0 may al sccopesnatesiebdferehargl, tfor &89y byl prosesd cd@prisitg ap absorBtideYatd
vol ume of NH@sorblien Busuehbié Belvertnponent s of the gas m xture 0-0 adds
up to 100% by vol une. 20In a preferred enbodi nent of the process
according tao_the inyention, xture,0-0 conprising at |east 3%
by vol ure O?Trl?‘l RIPYSNS AN ‘t‘?ﬂﬁ?ﬁ(?rg@ regtegfsgha fusiter eipldimentcalse o @pieesssi far
turn to 3%si myniing & ges nhdue rgmarieng dinfiegen mmongste de desmibeditabove, wherein
range from 4hé gaSR%iley GVIad bistRiIned'BY 8 pRiceéLtaiiiing fhd igpg @inge from 5 to
25% by vol unme and especially preferabl y in the range from8 to 14% by
volune. 25 In tR nbodi ment , E m xture 0-0 preferably has an
N20 content of frbmgatg al%%'ﬁ&’f"\/% ommﬁxr@ ‘g‘?‘@‘?%ﬂa{ﬁ?'}ox’dﬁd? opRlppes
9% by vol ume, 10% byixieke @, atigss pymwisingrtes ste@9sfoy vol une, 13% by
vol unme, 4% by vol unme, 15% by vol une, 16% by vol une or 17% by vol une.
30 The gas m xture
7.5% by vol une, pregera%%%rbf'{g(){he?%q?kﬁg% %—(5:9261 %&U@n@%nxtﬁ éf?‘?@%ﬁh etm
from1l to 2.5% by vol urr%ff aﬁﬁtf?%ag%ﬁéoi‘?ﬁ%'o”t%é gas mxture GO has
for exanple, an 02 content of from1l to 10% by vol une, preferably
from2 to 7.5% by vgljun@ssofiiLa Rasimikakl B-1 fiom tﬁé%ﬁﬁb@sntﬁr{ O & BothA a
35 6% byagvol ume. 1 n addi i 3{1 5M}gsgqas m xture 0-0 may al so conpri se
from 50 to 95% by vol une o N preferably from60 to 90% by vol une,
nore preferably from70 to 85% by vol une, and al so further
conponent s, Woen sirp(iplobstap tk)oggeﬁmwiedeiﬂ'emiy telre etep (1) ebind pescesNEaveging
for exanpl e,to o BUgtieMtthe Borﬁﬁbsﬁﬁﬁlé'ﬁtherasfrﬁlS?tmeoG-HQ:og'e@p@ngg t Qxla%ﬁhe gas
preferably fnilg)m[) 83001 to 0.15% by volune, nore preferably from
0.0005to O y 40 volune. The sum of the conponents of the gas
m xture ¥-0 adds up to 100% by vol une.

[n step (A), a gas mixture G-0 comprising dinitrogen monoxide is treated to obtain a

gas mixfure G-A, step (A) comprising at least steps (i) and (li). In step {i), the gas

mixture G-0 is absorbed in a solvent mixture S-| to obtain an offgas stream and a

composition C-A. In step (i), a gas mixture G-1 is desorbed from the composition C-A
40  to obfain a solvent mixture S-1',



12 In a preferred enbodi nent of the present invention, the gas

m xture G O conprising dinitrogen nonoxide is at |east one dinitrogen
nonoxi de- cont ai ni ng of fgas of a chem cal process. The scope of the
present invention also enbraces enbodi méfdts in 5 which at |east two
ni t r ogen nonloxiedentad bitha pregedfif\gakrs thefgaa ndktngl @-0ps anbs sedtve camptide

gas mxture (ﬁﬁlﬁ%énﬁh&%xﬂienWHEﬁ’MeW%'ﬁ&esggb@rélﬂ o BRE AReRkcAr ‘?he gas
enbodi nents in

offgas of  ordRsf mhucartRe MBI Er B A Sraar onbte

nonoxi de- cont ai ning offgas of at |east one further plant serve as the
gas m xt F e Awmmiirigsiorige divemntionpthe anomxiied®-0 chthplisieg ddiitrogkly mdnbeide used

present inveRhy @@,nﬁ&@g steh RER ) cr ocess as descri bed above,
wherein the gas mxture conprising dinitrogen nonoxide is at |east

one di ni tro en nonoxi de-cont ai ni ng offgas of at |east one industrial

process. Ben argms rgiRBIrerCxd ifr segofip £PRIPMPT HimMiragen geenovisla dx isdlestantially
refers in trmrbntranytwrbn@bsuinegqar@%ﬂtthétltheanwteirmm batfibation iepdaeitierent s i n
whi ch thg of fgas nentioned is subjected to the inventive purification

process In formand.to dlrrent in which at | east one
01 "t e of  gallEa it SpE MEusPs SRR 4T P ke o S5 TR o
"modi fi cati difneRdy (gee) annNiGhicgntesinbaiweenilt #1ch 8@%hebys v¥elpae off NaRke It further
present i nvemhiptises, éfrenamble, &ty Swi 21abbe vpuwees D, kyd white B0%higy voiume of
chemi cal conm)@sgag lSksRbg %orﬁﬁéwemsxhuéc?dﬁ'o% ﬁln‘iﬁﬁ% c&ﬁ&%% o arﬂBJﬂ'ﬁs of
term"nogdifi o(g c(gcgp[ra@ mtergfa ge | %
di ni t roge Q2 1 JEEEA ‘?rgafﬂ%ﬁ%'amti“ é'?]ayvﬁ ?ch ‘?Bffﬁﬁ f£or
the di nitr og®AMRiSn#1ei @RS reisiirewt0 maAY also lcempriseofiem SuptIaH by ylweeebN, and
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modi ficati orhptbqog%fw%mﬁ{ enbodi nent, the chem cal conposition of an
offgas may al'so be altered by adding pure dinitrogen nonoxide to the
of fgas. 30 The gas mixture G O conprising N20 which is used may, for
exanpl e,2be lad rorfeGetsembetinart of RGpsesesa rcqordireindhe invertionfesatoniytuss Srts
from an of f gampedéing apleast 3%0ty exinkabt aniteberahwabrilisis dedebytdesfemnce is
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of f gases. /%1%9' &"' 3HP°reaPr FZ/ YelPT HQ?,HQ,{«] VY Lpratla]tﬁ% by
and/ or a ni t\fOiL@ead? Ipyawymez o |Datviorims, 1 4Pulbin vuree.et &b by viokimeg 16% by
oper at ed w tvaludde drel@%d byovdurnd.f gas of an adipic acid plant, of a
dodecanegfj carboxylic acid plant or of a glyoxal plant.
The gas mixture G-0 has, for example, a CO; content of from 0.1 to 7.5% by volume,
preferably from 0.5 to 5% by volume, more preferably from 1 to 2,5% by volume. At the
same time, the gas mixture G-0 has, for example, an O, content of from 1 to 10% by
volume, preferably from 2 to 7.5% by volume, more preferably, for example, from 3.0 to
35 6% by volume. In addition, the gas mixture G-0 may alse comprise from 50 to 95% by
volume of Ny, preferably from 60 to 90% by volume, more preferably from 70 to 85% by
volume, and also further compenents, for example nitrogen oxides or solvent residues.
NOy may, for example, be present in an amount of from 0 fo 0.2% by volume,
preferably from 0.0001 to 0.15% by volume, more preferably from 0.0005 to 0.1% by
40  volume. The sum of the components of the gas mixture G-0 adds up to 100% by
volume.



5In a preferred enbodi nent, the offgas stream of an adipic acid plant
I's used, in which generally from0.8 to 1.0 nol of N20 per nole of
adipic acid fornmed is fornmed by oxidatiqa of

cycl ohexanol / cycl ohexanone mi xtures with™nitric acid. As descri bed,
for exanple, in AK UWUiarte et al., Stud. Surf. Sci. Catal. 130
(2000) p. 7484 $Bfertdicemiiddyaseor dle p@bdit tnveptich, phabés mdlise GOMPfibEsng

different cofgrBLERHRRRIOTsT 4 fhsr oﬂ%%ﬂﬂé&de&“ﬁ%&i&é)&én@ﬁiﬁ@ offgas of a
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gas mixture comprising dinitrogen monoxide.
10
Accordingly, the present invention also relates to a process as described above,
wherein the gas mixture comprising dinitrogen monoxide is at feast one dinifrogen
monoxide-containing offgas of at least one industrial process.

15 The term “gas mixture comprising dinitrogen monoxide” refers in the context of the
present invention both to embodiments in which the offgas mentioned is subjected to
the inventive purification process in unmodified form and to embodiments in which at
least one of the offgases mentioned is subjected to a modification.

20  The term "modification” as used in this context within the scope of the present invention
refers to any suitable process by which the chemical composition of a gas mixture is
altered. Accordingly, the term “modification” comprises, inter alia, embodiments in
which a dinitrogen monoxide-containing offgas is concentrated with regard to the
dinitrogen monoxide content in at least one suitable process. Preference is given to not

25  subjecting the offgas to any modification.

In a further embodiment, the chemical composition of an offgas may also be altered by
adding pure dinitrogen monoxide to the offgas.

30 The gas mixiure G-0 comprising N,O which is used may, for example, be an offgas
from an industrial process. It preferably stems from an offgas of a plant for oxidation of
alcohols, aldehydes or ketones with nitric acid, for example from an adipic acid plant,
dodecanedicarboxylic acid plant or glyoxal plant, from the offgas of a nitric acid plant
which uses the above offgas streams as a reactant, from the offgas of a plant for the

35  partial oxidation of NHz or from the offgas of a plant which uses the gas mixtures
generated therein, for example a hydroxylamine plant.

According to the invention, it is also possible to use a mixture of different offgases.

40 In a more preferred embodiment of the present invention, the at least one dinitrogen
monoxide-containing offgas stems from an adipic acid plant, a dodecanedicarboxylic



20 The offgas stream of an adipic acid plant or of a
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The abovementioned dodecanedicarboxylic acid plant is substantially of an identical
plant type.

15
An example of a typical composition of an offgas of an adipic acid plant or of a
dodecanedicarboxylic acid plant is reproduced in the following table:

Component | Concentrations % by weight
NOy 19-25
NoO 20 -28
Nz 30-40
0O, 7-10
CO, 2-3
H.O ~7

20  The offgas stream of an adipic acid plant or of a dodecanedicarboxylic acid plant may
be used directly in the process accerding to the invention.

In a likewise preferred embodiment, the offgas stream of a nitric acid plant is used
which is fed fully or partly with offgases comprising dinitragen monoxide and nitrogen

25  oxides from other processes. !n such nitric acid plants, nitrogen oxides are adsorbed
and for the most part converted to nitric acid, while dinitrogen monoxide is not
converted. For example, such a nitric acid plant may be supplied by nitrogen oxides
which are prepared by selective combustion of ammonia and by offgases of an adipic
acid plant andfor by offgases of a dodecanedicarboxylic acid plant. It is equally

30 possible to supply such a nitric acid plant solely by offgases of an adipic acid plant
and/or by offgases of a dodecanedicarboxylic acid plant.

The offgases of such nitric acid plants always comprise varying concentrations of still
further constituents including nitrogen, oxygen, carbon dioxide, carbon monoxide,
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the range from 9 to 13% by volume in hydrogen. This purge stream may be used as
such for the inventive purification, It is equally possible to concentrate this stream in a
suitable manner with regard to the dinitrogen monoxide content as described ahove.
20
Accordingly, the present invention also relates to a process as described above,
wherein the gas mixture G-0 is the offgas of an adipic acid plant andfor of a
dodecanedicarboxylic acid plant and/or of a glyoxal plant andfor of a hydroxylamine
plant and/or of a nifric acid plant operated with the offgas of an adipic acid plant and/or
25  of a dodecanedicarboxylic acid plant and/or of a glyoxal plant.

It is equally possible in the context of the process according to the invention to
selectively prepare dinitrogen monoxide for use in the process. Preference is given
inter alia to the preparation via the thermal decomposition of NHsNOs, as described, for

30 example, in US 3,656,899. Preference is likewise further given to the preparation via
the catalytic oxidation of ammonia, as described, for example, in US 5,849,257 or in
WO 98/25698.

In the absorption in step (i), the gas mixture G-0 is absorbed in a solvent mixture S-1. In
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(A) additionald ydrRARI @RPHriséLRs dxamble, B8 4 10/96% by volume of carbon dioxide,
especially from 6 to 16% by volume and more preferably from 8 to 12% by volume of
CO,. The gaseous mixture G-K further comprises, for example, from 0.01 to 5% by
volume of oxygen, especially from 0.5 to 3% by volume and more preferably from 1.0
30 to 2.0% by volume of oxygen, and, for example, from 0 o 1% by volume of argon,
where the sum of the components of the gaseous mixture G-K adds up to 100% by
volume.

According to the invention, the process may comprise further steps. For example, it is
35 possible in the context of the present invention that further steps are included between
steps (A) and (l).

According fo the invention, step {(A) may also comprise further steps. More particularly,
it is possible that step (A) comprises a further absorption of the gas mixture G-11in a
40  suitable solvent mixture and a further desorption.



5(ii1i) absorbing the gas m xture 0-1 in a solvent mxture S-11 to
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In a preferred embodiment, the process according to the invention comprises, in
30  step (A), at least the steps (i) and (i), and, in a further embodiment, also steps (jii} and
(iv), wherein the solvent mixtures S-f and S-ll are used.

According to the invention, the solvent mixtures S-1 andfor S-ll used may be any
suitable solvent mixture known to those skilled in the art, provided that it is ensured that
35  especially dinitrogen monoxide is absorbed,

Suitable solvent mixtures S-l and S-[l for the absorption in step (i) or (jii) of step (A} are
those which have a better solubility for N;O and preferably also CO; as an inert
component than for the undesired components of the incoming reactant gas G-0.

40
According to the invention, the solvent mixtures S-1 and/or S-!1 used may be organic
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principle, tde absnre is@rarensslyasl tiard 0600, Mors BrdrdBbil ids¥ than 750, particularly
30  preferably less than 500, in particular less than 150.

Suitable solvents also include N-methylpyrrolidone, dimethyiformamide, dimethyl
sulfoxide, propylene carbonate, sulfolane, N,N-dimethylacetamide or cyclopentane.
Particular preference is given in the context of the present invention, for example, to

35 ftoluene, nitrobenzene, 1,2-dichlorobenzene, tetradecane, for example a technical-
grade mixture of saturated hydrocarbons having predominantly 14 carbon atoms, and
dimethyl phthalate,

In a preferred embodiment, the present invention therefore relates fo a process for
40 purifying a gas mixture comprising dinitrogen monoxide as describad above, wherein
the organic solvent is selected from the group consisting of toluene, nitrabenzene,



5 of the aqueous solvent m xtures for the process according to the
invention. In particular, the solvent mxtures S-1 and/or S-I1 used
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the invent i vecsetigteaddiiond! puriicalien eP%-ne sol vent mixture S-1 and

solvent mxture S-11, alnmost conplete depletion of NOis achieved.
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preferably an agueous solvent mixture.

It is additionally preferred that, when the solvent mixiure S-| andfor S-ll used is an
aqueous solvent mixture, the pH of the aqueous solvent mixture is set within a
40  particular range.



10possi bl e especially to achieve good depletion of NOwith only a

m ni mal change in the carbon di oxi de content. The sol vent m xtures
S-1 and S-I1 used in accordance with the invention have, at the pH
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exanpl e, thepr@i'é'rrb@ ﬁdbéb%tr@a‘#lCQYWW'tﬁ@bih%rﬁSﬁS‘ér ®Rih Eéleét&tt?%lﬁlthy deswec(ij

possi bl e, dn accord are nee

R e AR S AR
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Srer the antBrhEremlE AR PP gﬂtcowﬁﬁ{?gt?i@t%%mq% PRy
sui t abl e0red¥el@ss cg®iiccording to the invention, the pH can be
measured continuously or discontinuously. 20 V\hen the pH vaI ues of
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the present qrﬁf‘)@ﬁﬁ/\% n%\WnQﬁWB”&B’Js&? ent mixture is understood to

According fo the invention, the pH is measured before or during the contacting of the

30  gas mixture with the aqueous solvent mixture and then, for example, the pH is adjusted
by suitable measures. It is equally possible in accordance with the invention that no
measures are needed to adjust the pH.

In principle, the pH can, in accordance with the invention, be adjusted by all measures
35 known to those skilled in the art. Suitable measures for adjusting the pH are, for
example, addition of an acid or alkali or addition of further solvents.

For example, the pH of the aqueous solvent mixture is measured before or after the
absorption and the pH is set within the inventive range by suitable measures.
40 According to the invention, the pH can be measured continuously or discontinuously.



mean a sol vent mxture at |east conprising 50% by wei ght of water,
for exanple from 10 50 to 100% by wei ght of water, preferably at

| east 60% by wei ght of water, especially at |east 70% by wei ght of
water, nore preferably at | east 80% by v ght of water, for exanple
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2. 0% by ight. The content of salts in the aqueous solvent m xture
is, for exauﬁlF e, fromO0.0001 to 5% by weight, preferably from0.001
to 2.5% by wetgyResedsiisRntian| herpiopmalsoorelates o goprpgesaedsgiescribed above for
35Accor di ng pwiftitgea igas enikiucncon frisingatitigodenohorsaddes wihbrelrhthe agheausixture
i Scont i NUOLS] 1 oo AenERRlrt SRk IR s HRG S O Blel et mixure |
Sai o wi 1 b anipssEE) RS o8l il oPualsh heStt iePia st B etk pahst
21 adj ust®d B¥UsRtdi ng a base to the aqueous sol vent mixture. In
principle, the base used nmay be any concei vabl e conpound whose pH, as

et
copecial Ly Nosks putdt Ein SR BictBie bt 0 PRarhele gl i adiicn, due
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aqueous sol ut IO%nl",l 10 In the context of the present invention,
sui tabl e con%he Paé?sl"'on ranges are, for exanple, from10 to 60%
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weight. The "tonitent’ of salts In the aqueous solvent mixture is, for example, from
0.0001 to 5% by weight, preferably from 0.001 to 2.5% by weight, especially from 0.01

fo 2.0% by weight.

35 According fo the invention, the content of salts in the aqueous solvent mixture is
preferably controlled by continuously or discontinuously replacing a portion of the
solvent mixture laden with salts with an appropriately adjusted amount of fresh solvent
mixture.

40 According to the invention, the pH of the aqueous solvent mixiure can be adjusted by
means of any method known to those skilled in the art. More particularly, the pH can be



Particul ar preference is given in accordance with the invention to
the use of an aqueous NaOH solution as the base. 20ln a preferred
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40  When the solvent mixture S-l used is water, the composition C-A comprises, for
example, from 90.0 to 98.9999% by weight of water, especially from 95.0 to 99.999%
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gxanpl e, S1%dind hdBRereraB ey Y3 ”E??fﬁ‘é Sgég %ea%orfé%&[ ¢ 50 egéFﬁp[e
55% by vol u % vol u %
ot ume. " GOV BT PO ik e M BYR . @BRAYY S5 Bicerie, | GBippypIme and
vol une, 64% M?fefﬁth'mﬁﬁ@ﬂ &5 B5048Y byotalies offtatey ddersunt efrthe Zompbrzens 6idhe
exanpl e, a GHyasentenbddy ud HAB0%B Byooll®d, by vol une, preferably from6
to 12% byy vol ume, nore preferably, for exanple, 7% by vol urre, 9% by
vol une, 10% vol une or V.0l u he sane ti he gas
moxture 01 PREHIEE T eBEn g Araba e S AN AR HGRS ARSI (5 5 Vet
by vol une, prostieraasly If thenpaniextta e Swesent oleninn, thisreeansethet &t yolvent
from2.5 to Bixihe By ael ieeasimikiuexaapbe: ZorfddedYortinliduds, which%oB¥nuously
vol urme, 2. 8%Rys fﬁ@'cHﬁﬁFosn%n%/%%d‘fﬁé?éﬁ ot QF O@Qrag %y, vol ume. In

add|t|0n5the gas mxture conptise from20 to 40% by

vol une of N2, preferably from 20 to 35% by volume, and also further
conponent s, A@prc@mt@ﬁh@mn@ﬁiomnoglwammes in slep I(Ih)Preb‘e'apb/efsﬁngenfrmnomde
exanmple, in mommmtnoﬁﬂe far Ebbribed. QcdSfiidy tv Ahd! Renidheftes aRbYpdsEigm) for
0.0001 to 0. &?ar{?p@/ fo\f(?ﬁlih"brgr@n c&%e% eﬁ‘rdez;rSéﬁaﬁl% Jbrs&rgeg r@%’&en c&ldes NO, are also

absorbed in step {i).
40

In a preferred embodiment, the process according to the invention further comprises a



24 0.05% by vol une. The sum of the conponents of the gas mxture G1
adds up to 100% by vol une. The gas m xture G 1 nmay additionally
‘conprise fromO to 10% by vol une of water,, especially from2 to 8% by
vol ume and preferably from4 to 6% by vol'unme of water. 5 According to
t he inventi o¥eP §b)dpwish aripy roihis Ssleis fdgeerhed fremdivs corepgeiiion d-Ayto abtain a
further absogghdanomixture Sdesorption in a suitable solvent according to
steps (iii) and (iv). In steps (H) and (iv), there is an absorption
of the gas mxture G 1 in a.suitable solvent mxture S-11 and a
Subsequont dBSLTbceTeBl T g gicke S8 saibep oy derue A6SEPe from ey
step (Hi)S tensmpesitien Cabcording to the invention, an absorption in a
solvent mxture S-11 to obtain a conposition CGB and an offgas stream
depl et ed of L Lt 3 rises .the
sol vent i xtﬂér”@e@??ge}%ﬁ#ﬂﬁ&ga%%? 208 (60RO ke S (R Bb Ty okt
mxture S| |YN7EaYPELITReE @Pd Cf rS&%’rﬁSB‘i‘lcﬁon C-B conprises, for
exanple, from90.0 to 99.9999% by wei ght of water, especially from
95. th 0 *]99 M%&?pibyinw b t thaoReAl I?mw‘e b %g&@@;ﬂ?a E?xﬁ&?arga(?ﬁ@s@ﬁ pH
wei g 0 ' e r : | of, .
dinit rogenmnhﬁﬁo%fﬁg,és%eés;?g@#n ltp;iﬁ;ﬂ?g?n&énlaﬁdéhgé %IO% 8\8@\&;’\% gtfllftadgwa an alkall,
preferably fFBRTEYSOEHMNYEIRES spitighinsolanhmixtye S FRIMBRPH N agogrdance
exanpl e fronwith e inveotian, 560 dxpmptei fidrt 9610 toAARNIYI tyxiveight cFvpederi asdeyially
1(‘) o (r)noflJ. ?1 E) irdda 5% i@ygmmtbypﬁe@ﬁrmnpr@f@aﬁlﬂﬁ':mf 4.0 8 @gr@g%oﬁfl Ailler; for
: : b I . 0
0, 05% by wei : %f“*ﬁ# %@%?%Wﬁ@@@ﬁﬁﬁ%@wgﬁ#&ﬁ%’? & o
of the conpdfeh?? BY % MPEYMt nEHe cerpesily TP Od 10dRbypywieight and
Pref er ence ipgefgrabiynfrers Oozfr food. e % doysvapht( i Sodinfn tilvite; foio exessplaéronr toh ¢o
to thte_ l nvetntfr.émrbywrgnt BEigissny nitrhid, BdpRcRONMEN 0. Ob 1dve bprw%%@-%nd preferably
i nvention, Xt ur - an
mxture G 1 a@gﬁﬁ%ﬁ&%‘%%’%ﬁﬁﬁﬁt%s b R o e st gbﬁmﬁﬁw
conposi t3n W AFLHE BEBPIAnER BT GassPerirbafPM -84 e ieAPE% By yieigsh of
to perfornm repdistrepydrégoncamdndte.i The edfivartienigueces smayc additbnaty tisotdmprise

i nvention caniiieteBrBbinds3Phe R bHihB GolrPohdils bie BELER mikilre 19 adds up to
absorption IQO%&R’V%H‘") , preferably dinitrogen nonoxi de and carbon

di oxi de are absorbe Ni trogen oxides NO remaining in the gas m xture
G 1 are preferably al so absorbed in step (iii). 25
25 In the context of the present invention, the gas mixture G-1 has, for example, an N,O

content of from 40 to 80% by volume, preferably from 45 to 75% by volume, especially

from 50 to 65% by volume, more preferably, for example, 51% by volume, 52% by

volume, 53% by volume, 54% by volume, 55% by volume, 56% by volume, 57% by

volume, 58% by volume, 59% by volume, 60% by volume, 61% by volume, 62% by
30  volume, 63% by volume, 64% by volume or 65% by volume.

The gas mixture G-1 has, for example, a CO, content of from 5 to 15% by volume,
preferably from 6 to 12% by volume, more preferably, for example, 7% by volume, 9%
by volume, 10% by volume or 11% by volume, At the same time, the gas mixture G-1
35 has, for example, an O content of from 1.0 to 4.0% by volume, preferably from 1.5 to
3.5% by volume, more preferably from 2.5 to 3.1% by volume, for example 2.6% by
volume, 2.7% by volume, 2.8% by volume, 2.9% by volume or 3.0% by volume. In
addition, the gas mixture G-1 may also comprise from 20 to 40% by volume of N,
preferably from 20 to 35% by volume, and also further components, for example
40 nitrogen oxides. NOyx may be present, for example, in an amount of from 0 to 0.1% by
volume, preferably from 0.0001 to 0.01% by volume, more preferably from 0.0002 to



In a preferred ‘enbodi nent, the process according to the invention
preferably further conprises a step (iv) in which a gas m xture 0-2
‘i's desorbed fromthe conposition CB tongt ain a solvent mxture
S-111. 5 In step (iv), preference is giyen to desorbi ng dinitrogen
nonoxi de andC.83 by rvoldimex Flokesifrn ofthé benporptesif theogas@iBure G-1 adés upved 1008

ty Qte s 8{1;322 Om;i vl Telghs Hinthe c;lrnﬁw_ag%uaﬁg»ga|lgitcesﬁqﬁrﬁrs% f%;néé!ﬂol fcf,ﬂBy bagn%e ap
xture G 2 gk sSaREhy iR £ 0UE ] v B Al rraRB G onha e bl &
at | east 609%#H§"-vol ume of N20 and npbst preferably at |east 75% by

vol une ofd N20. Typically, gas m xture 0-2 conprises up to 99% by

vol ume of NoghcoRfiP® MklitvehBort Ridp A%E)%}ybébn’{ﬁ?isé'%r@ s@%gesfp%ialﬁ?(é‘ﬁg‘h@
up to 96% by_.vol ume_o N20.upt00.§‘ by vol u of N2Q, . 4%
by vl une. ot23B0Ra" abE ot § SugRiesheRbactSigity s%g%ﬁ@gr@@nv&?@stsw
N20, up to JE@py (vethereissn akeeptienpofitee gemamiure &-livea sitaRzGolyenighisiare
up to 85% byS-iandmesubfedNB ot deRbibtiort diehecgat raixtur®B-2 he present
inventiop the gas m xture 0-2 has, for exanple, an N20 content of

from60 to % by, volune., preferably from70 to,90% by volune, . .
especial | y 3?3&? %g??r%t'o@@t%sg‘ip {Vﬁl ’ﬁﬁf&,‘s-@%f%}%@e‘Pamvﬁ?W@oP" &oaorpiiag in a
76% by vol uni@lventymixiysg Sylhto ehiain aawgpgsiiies) Grikand/aveligas\abeamsep®tes dfyhe
vol une, 81%dbgonbet gawss. 82% by vol une, 83% by vol unme, 84% by vol unme or
85% by volunme. 25 The gas mixture 0-2 has, for exanple, a CO2 content
of fromJl to.20% by voluge, preferably frogm5 to % hy, vol une, nore
pref er ablY, ClFhoer “ER 915’5\08,5%)/5%9%8? 3&%%0"/@/30%9“%‘? 7 ,ang%hgygq%? @Hﬁo,rg?f%
by vol ume, 10%FBy vol ume, 11% by vol une, 12% by vol ume, 13% by vol une
or 14% by volune. At the sane tine, the gas m xture 0-2 has, 30 for

Fromo 1 ro arebi Soled miiRIC Hed B Rofits e YptiTion -8, i, for
1. 0% by vol u%%%ﬁenyrgﬁgémdngé%gypé’éwﬁp@t friaty. 259?5?5@1}@@ J@quﬁrggségﬁ'
from 0. 124 o PYOYsiIBH 6! RrgEeraily figm 9%&1%?%?% tYr\WrietD. 35 waders i Isyaviple Uips)
and al so furGtreto 26%ponesivls, of timitrogra nMonexidé, tespgelydiindes tor.5% by eaight
EOG/SLSUSES_)- Vé\}anﬁ*’tﬁ‘e%@ ko ®.5 @FPﬁa{?y g?;iétlﬂjhgﬁdilgfr e‘ﬁorﬂb Brhd u?fdr%?éna%i@%l%m
0 y . 0 .
less than 0. 5000l QaF Y ResArdaqslonis esae%%“éifeﬁf 087 1 02k vyt 4t
an anount ofCafioarfiexides fay examply from UPROT 1B Ock%e Py ERight ofdriragenopetialy from
0. 01% by25vol W, torfod58s py ekghbdl nitrdgemmar. t2E682 of axyBe®aNd ngon.Ofhergam dlies

sum of the compRASHE 8f AL chhfoiRn ATBXHYE 6 & to 100% by
vol une. 40 2% xture G—GI g%rresponds t%%t gqfl(g)&?rwp%g?tti on of gas
(

m xture G 2. The absorption in step (i) or (iii) in step (A of the
process accdrEiefRyIce ds aiven ithperrmég dem (inofighe medogse aererdng cthednisption
al I et hods dontiwutly. trhamecaréxt |ddhé mréseat aventidvbriitls Ingpms t thatuthar dofvent
t he absojgpt i Rtk Stingnd MV ERtmTuE B affb Ry ﬁ%ﬂxﬁﬁou@ Olhic¥ontinuously
i ncreasi ng tfhre s&he%éure .tof he rﬁgecc%ai‘é% (gﬁ or %‘é owering the
t enper at ur e ‘3"t R LBPIERN GG P ?}’g 92856784t i on of the
nmeasur es st ated.

Preference is given to periorming steps (i) and (iii) of the process according to the

invention continuously.

35

According to the invention, in the absorption in step (i), preferably dinitrogen monoxide

and carbon dioxide are absorbed. Nitrogen oxides NO, remaining in the gas mixture

G-1 are preferably also absorbed in step (iii).

40  According to the invention, preferably from 60 to 80% of the entering gas stream are
absorbed in step (iii).



In step (i) or (H) of the process according to the invention,
preference is given to first 10 conpressing the gas m xture, for
exanple to a pressure of from10 to 35 , preferentially from13 to
30 bar, preferably from14 to 25 bar. Subsequently, the conpressed
gas mxture is preferably contacted at this pressure with the sol vent

mxture S-1 Imagprafgrdd gmbdsdimant] the Frodese rccdrting Us eheSnvéntioR ppdfeRbIyHunther

15 Th t
descr ?bﬁéeiﬁgv%ﬁf?“%?a O e S Pt & b e P anaRiton 2

gas mxture
nmonoxi de, wh ﬂ”?ﬁgk}fﬂté@tﬂgﬁf'n the absorption in step (i) or (H|)
or (1) anel (iii) is within a range from10 to 35 bar. According to
the i nventi om sieféviapetarpidean given3s @psdibihg amdrogbR Prohbkidld ahs cabbeatbgde

in 20 equip %tr(igﬁ,pdogﬁﬁbgn whi ch a gas-liquid phase interface is

generated, throug mass and heat transfer between the phases is
enabl ed, and which are provided if required with internal or external
equi pment  f ofs Kedtasstiip polyerinaixtire [felatsede o ablvent mixtuieh 8-1b hers pésewi dshyah

t he absot®er uedasoided gasdupt ednidfsiGOedal@Nt , i n countercurrent, or in
25a conbi nation thereof. According to the invention, the absorption
can be effected in _one or n one sta

referably |
the absorpti e resling 2as, B “rﬁscgc? %’” s ‘fe?rti %/9 R&Yi G ‘LO% l\go more
plurality ofPrefesahieetleast Gﬁ%diye‘@lumtpfé‘dzpaaﬂdym&f@m@rabb a8lebtaEe by valme

pl ates, mor eofl. aygibdlly, 3 mixm -2 eorfprisBs $Hitd bevesybRMlinie st 1§ fesﬁét%.ny
g?;;);bg; ety g@fge G6ifhe &P MATTYS, Wdrlid Wé%smg v%ﬂ{m!fwu ,? ??‘%agy
struct ured p‘éoi gﬁz%dﬁpﬁﬂﬁg%/\?wﬁ%”?%? Lﬁ?& 4P &1 93 %t \elume o fN?p é& nti%
random 35paclky Yﬂj@ﬂe of Neppartats byvelkine of N2 dp igultdh phademe sf Pi@ sealke
i n di spersedug g% bpvolenasiNg.as a result of spraying in nozzles, or

a conbi nation thereof. The desorption of the gas mxture G1 or G2
|t| C.A or ositl

the pr ocile BaES PO S e HEST TR B e Ao SN BG A SO REBYIe, h NaO
401 ower i ng toRtgHt e%fgqm 60 ¢ BF "othiyevolsipiey preferaliix frome0 th 96Yctasiohgna, leepecially
tenper at ure fodm tA5etoSEBW eptvoltime, wicte plafer@ily Stof ieRBMPIE, W% bySRIMENt77% by
vapor, or a Gt nabi 8P vblgEe9b% by’olume, 80% by volume, 81% by volume, 82% by
volume, 83% by volume, 84% by volume or 85% by volume.
25
The gas mixture G-2 has, for example, a CO, content of from 1 to 20% by volume,
preferably from § to 15% by volume, more preferably, for example, 6% by volume, 7%
by volume, 8% by volume, 9% by volume, 10% by volume, 11% by volume, 12% by
volume, 13% by volume or 14% by volume. At the same time, the gas mixture G-2 has,
30 for example, an O, content of from 0.01 to 5.0% by volume, preferably from 0.1 to 2.5%
by volume, more preferably, for example, from 0.2 to 1.0% by volume. In addition, the
gas mixture G-2 may also comprise from 0.1 to 10% by volume of N,, preferably from
0.5 to 5% by volume, and also further components, for example nitrogen oxides or
solvent residues. At the same time, the gas mixture G-2 comprises less than 1% by
35  volume of O, especially less than 0.5% by volume of Oy, less than 0.5% by volume of
NO,. NOx may be present, for example, in an amount of from 0 to 0.1% by volume,
preferably from 0.0001 to 0.01% by volume, more preferably from 0.0002 o 0.02% by
volume. The sum of the components of the gas mixture G-2 adds up to 100% by
volume.
40
When step (A) comprises no further steps after step (iv), the composition of gas



The demands on the equi pnment (desorbers) for the desorption of the
gas mxture G1 or G2 fromthe conposition CA or conposition C-B
and the conduction of the phases, are ap ?Iogous to those in the
absorber, i.e. suitable equipnment is that in which 5 a gas-liquid
phase i nt er frai¥erg §- | GereTPandLic e PUTRASIIRAPLIRSHRRL B%E- nass transfer
bet ween the phases is enabl ed, and which are provided if required

\rMe?nr;v:aInt eLQ?J‘FS‘fbﬁgﬂ'gﬁ ﬂ@éte&@}’bpgﬂnﬁ sfe%r AD68khe HR:BE% agébqé[ﬁ’é tchﬁ@tlnventi

| one or moee Brapk@e o B b 90 e R e BeEop 05 -6 [
sinpl e (fq aéﬁﬁ’%@é’%eﬂ“e ahgPretandnike S‘F{V%Yt afdriec@n ey aught mbodfbyt ingreasing
present i nvedhd paessum offiechadtirg gab 20 bp idwenng theetem’pla]em@ nf thetsolvgntwhikinre

t he sol vent dpw%qoﬁ)b,rgﬂgq ke AesQled iieegar e conbi ned in one apparat us
15 is, for exanple, the dividing wall colum. In this colum, the

contacting, and the associated absorption, and the desorption are
conduct ed i nn e&priiear i} ofethe prasess pragrding ioythe fnvemtioge Brefarenasriy aivgn fnidrst
t enper atidr e,coamprdssingdthei gds stixtinepifgexdniple <0l & endssu@pof froBotih tbn3g Har,

and (ii) a”%réf@reﬁhél!y) fr&ﬁd%( kY )30 btahe @#&?éH;P%ﬁWMQ r @hbfﬁuently the

D o or CR e s it B Fei‘%fa%y Prelth 4 Chtote ke SR cfony

a process adniueEcil Bederbovin thﬁﬁ@'r"@”*r’iml‘stﬂ@p%”(ﬂ sterafi®- (ii) or steps
(H) and (iv) or steps (i) and (ii) and steps (iii) and (iv) are
per formeg i nrra die¥bdli iRgnYiG |thé?9[’of=ém‘31302r§$afés 0P trac%eé %"s'aeseﬁ@egeésoﬁg for

enbodi nent of

Compri Sing REEMTE ¢ BREORER:Gib el TREe Anbiogg s rAoKPe cutiven Spasans i
t he sol vent he gbsprriiogin step (iher (Ebedi e G ie withina r@rpﬂ@rfmao forg5 bar.
countercurrent and wth random packi ng, which can result in

absor pti on, A%@Qrdﬁﬂ Cﬂf%sfntlérﬂﬁncﬂﬁ b§so?|moﬁ' lﬁegep I skiefef i(li) is ERted in

conposi tj.on | erre |n10av

whi 6h &qe@mpeag (e AR DGR s intl SRS ST Pelsi Sraldh
process is rWhidsHas Wmtﬁﬁlﬁ@rwﬁiﬁfﬁbﬁﬁmﬂ%@ %afbiﬁﬁiaﬁmwwh@bﬁfﬁe@fﬁﬂﬁﬂl
W th a tenpdtatuiree winfifitemeherextehalegnip@bstdoiieabsupdythnd s degttreatval.
tenperature of not nore than 20 K preferably not nore than 15 K

especially re than. 10 ti.on. pressure here is from1
Co 300 bar, (PaPer IRy B Rbkorpgr Gt el Sl eB iAo b erplirar O
bar, preber #nqntinadien {®red 35 bar, 35 nore preferably from 13 to 30

bar, even nore preferably from about 14 to 25 bar, and the desorption

pressure fr %chdi]n tf?: @ue%\?enﬁ@r?%gta%so@ﬂ&{ & r@%yeff(eEl{@H‘IQ onel @ rhord Hes,

absol ut e, b

cbsol ule. Mot R oe D tiboeat HeratSoigion. 146 abprser yeecs Bisfarally p g gty

gas m xt ur e a@laraligygétheamtiesl @Rﬁéﬁ%asq@e@&bmr@ 21t0 8 theoretical plates, masd prsfanithh

a sol verdo mighuBe & 11 in an absorption colum operated in

countercurrent and with random packing to obtain the conposition CB

In step (i V)Possible embodiments of the absorber are in each case columns with trays, for
example bubble-cap trays or sieve trays, columns with structured internals, for example
structured packings, columns with unstructured internals, for example random

35 packings, or apparatus in which the liquid phase is present in dispersed form, for

example as a result of spraying in nozzles, or a combination thereof.

The desorption of the gas mixture G-1 or G-2 from the composition C-A or composition
C-B in step (i} or (iv) of the process according to the invention can be brought about by

40 lowering the pressure over the solvent mixture, increasing the temperature of the
solvent mixiure, or by stripping with solvent vapar, or a combination thereof,



28 conposition CGBis transferred to a vessel in which the
conposition CGB is deconpressed to a | ower pressure n
rdeso < Pabso The process is preferably JJ kewi se conducted virtually
isothermally with a tenperature difference between the absorption and
desorption tenperatures of not nore than 20 K, preferably not nore
than 15 K, S5Tksgercéraision thetequpmentt(Hesoriiddsior hkalcatrgthorpf tha gas evcure €-1
Pere |1 3 IFOZbrlGT-Z) frbﬂﬂtl‘l@;aéom;}ﬂfsﬂilg)ﬁr@w ¥r Eérﬁﬁ%s'ﬁighocfﬁ? a%rt,heecf%%eﬁal@h'%f the
rom o] : 0 bar,. nmore prefer y fro
13 10 30 bar&%@%ﬁ@%ﬁ%ﬁ%&%@gé{@f%?aéﬁoa%%ru&e- ey Gl dhatn ek
desor pti dh p? SESHRWArRNGSy dhterecs i Beieraipdoliirush whieh deabrid miasm toarsfer
to 1.5 bar absdeben e phmses |iw efianiablapd fwhish dreOprbdiddd & rbauirea bt ntegnal 19

I'n addition &@erdhieRSipticht fof hdat sufply AddidHMaf fleMbvaist ep (A) of the
process according to the invention may al so conprise further steps.

For exanpl e, the@gocess may al so conprise a further treatnent of the
gas ni xt ure DECPrdhis Rdleginkgrdiga, (g Agsoapien can by perdpratgdin e ererRrs stages.
conprise]0for exanple, a change in the tenperature or a change in the

15pressur e Oposditf\GASithénts Beht BBRAEA T & SRk dﬂﬁsﬁrzhgsd%g &ﬁﬁébmﬁmﬁFOf

exanpl e, the conposition of a gas m xture may change, tor exanple

through condensation of ane of the conponents. These conponents nay,

for exanpl e, A RECiREeE ebPRdigieat KE e Brpsentnavetien dmtwhich theeakserniient i.e. the
m xture S-I,coniesfiag alih $hessotehireinture Gl itlehdessrptisedrd eamigieein ohg apparkins
Z gL\éfglt nga ﬁ)ig,r %r%xbmlprét, tyhee dﬂl_fdﬂ@??%l[ %ggﬁ@?gﬁ‘gw& ?co]id&ﬁ 'htgéf %@hﬂa@ﬁhﬁéﬁtng the
are renoved arsﬁsg%tjteﬁ\ésgoe{ét%ﬁi’ ?('#C{Jtrh 8 dsgofpt S 2° 59“@8‘6%’9@%‘&&“%&9@ plurality
possi bl e t hatf S{a958 &Y Ve nadbeiemnmfaten. srijbinRd Wik ptarmng withsalyrat yaror. Both
m xture 0-2 inri)sarep(iif iany imfiieand Kie), des abpirpton, ast dedogptiovietbphr=us tdrebe

gas m xture Qmbiddd, @%E?égﬁiﬁia%iaﬁéjwﬁlv&?@ﬁhlem cooling. In this case,
the gas 4 xture 0-2 i's advantageously conpressed to a pressure of

from1l to 35 bar, preferably from?2 to 30 bar, nore preferably from3
to 27 bar. GBA P eoppdinentaieypresens diveatiau Bsesforerrelaies torabeacasy gs
to from 1 tole@b@edraboee, priefan ateby (if arahtiBort 9e@0@) ans eairatdpy (f) aAMiY ah®

15C, nore preé@r@bhyd in)ere SercPmddfa a dividihd wall c8dWaNt ageous embodi nent
of the process according to the invention, 1t is also possible that

gas m xtures or solvent mxtures are recycled into the process
accor di mp 3590 @ RaNEUlaRly erafereis embpdipend of he inwaties iy siep ). toe sesmixture G-0
comprising NxO is first contacted under elevaied pressure p.pso With the solvent mixture
S-1 in an absorption column operated in countercurrent and with random packing,
which can result in absorption, and a composition C-A is obtained. In step (i), the
composition C-A, in this embodiment, is transferred info a vessel in which the
30  composition C-A is decompressed to a lower pressure Pgess < Psbso. The process is
preferably conducted virtually isothermally with a temperature difference between
absorption and desorption temperature of not more than 20 K, preferably not more than
15 K, especially not more than 10 K. The absorption pressure here is from 1 to 100 bar,
preferably from § to 65 bar, especially from 10 to 40 bar, preferably from 10 to 35 bar,
35  more preferably from 13 to 30 bar, even more preferably from about 14 to 25 bar, and
the desorption pressure from 0.1 to 2 bar absolute, preferably from 0.5 to 1.5 bar
absolute, more preferably from 1.0 fo 1.2 bar absolute.

Preference is likewise given, in step (iil), to first contacting the gas mixture G-1 under
40  elevated pressure pays, With a solvent mixture S-1l in an absorption column operated in
countercurrent and with random packing to obtain the composition C-B. In step (iv),



According to the invention, it is possible, for exanple, that the gas
mxture M2 is recycled into a stage of the process. In such an
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According to the Invention, it is possible, for example, that the gas mixture M-2 is

recycled into a stage of the process. In such an embodiment, traces of dinitrogen

monoxide which are present in gas mixiure M-2 can be recycled into the process in
40  order to avoid vield losses,
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cyclic ol efins having one or nore double bonds. Preference is further
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obtained can be reduced significantly. More particularly, in the preferred embodiment
comprising the recycling of the gas mixture M-2, this is possible in accordance with the
invention without reducing the vield of dinitrogen monoxide.

30  The liquid composition C-2 which comprises dinitrogen monoxide and is obtained by
the process according to the invention can in principle be used for all applications in
which pure dinitrogen monoxide streams or dinitrogen monoxide streams admixed with
inert gas are typically used. More particularly, the composition C-2 is suitable, for
example, for the oxidation of methanol to formaldehyde, as described, for example, in

35 EP-A 0624565 or DE-A 196 05 211. The present invention therefore also relates to
the use of the liquid composition C-2 which comprises dinitrogen monoxide and is
obtainable by a process according to the invention as an oxidizing agent for methanol.

The process according to the invention affords liquid compositions comprising
40  dinitrogen monoxide which have a particularly low proportion of disruptive secondary
components. This is especially advantageous for use as an oxidizing agent, since, as a
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accoragance with the invention may comprise one or more further gases, the amount
25  specified being based on the sum of the gases present. The composition C-2 may

comprise, for example, traces of oxygen, nitrogen and water.

It has been found that, in the presence of CO, as an inert gas in liquefied gas mixtures
comprising NzO, compared to other inert gases, significantly smaller amounts of the

30 inert gas, i.e. carbon dioxide, are required to ensure safe operation, for example to
prevent self-decomposition of dinitrogen monoxide.

The present invention therefore also relates to the use of a liquid composition C-2
obtainable by a process according to the invention as described above as an oxidizing
35 &agent, especially as an oxidizing agent for olefins.

Suitable olefins are, for example, open-chain or cyclic olefins having one or more
double bonds. Preference is further given to cyclic olefins having one or more double
bonds, for example cyclopentene, cyclohexene, cycloheptene, cyclooctene,
40 cyclodecene, cycloundecene, cyclododecene, 1,4-cyclohexadiene, 1,6-cyclodecadiene,
1,8,11-cyclopentadecatriene, 1,5,9,13-cyclohexadecatetraene or 1,5,9-cyclododeca-



EXAMPLES Exanple 1: 40 32 were present in dissolved form was fed at
a tenperature of -13C and a pressure of 26 bar into the top of a
wel | =i nsul ated pilot colum of internal .dianmeter 30 mm which was
equi pped with an approx. 500 mm hi gh bed'of random packi ng consi sting
of Raschig rfrieegs of dianeter 0.5 inch. The colum was operated in
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colum was di.s : v o ; | gl S
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P_ ct - Coppcdiq}éidopcimposgi_oﬁoC%@ ga?za minimum, since the reactor volume is otherwise
unnecessarily enlarged.

15  For the inventive use as an oxidizing agent, especially for olsefins, the oxidation can
generally be effected by all process regimes in which the oxidation, especially of the
olefin, takes place. More particularly, both continuous process regimes and methods of
reaction and baich reactions are possible. According to the invention, the reaction
conditions for the oxidation are selecied such that a reaction takes place. Pressure and

20 temperature can be selected accordingly.

The pressure is preferably within a range up to 500 bar, for example from 1 to 320 bar,

preferably from 10 to 300 bar, especially from 90 to 280 bar. The temperature is

preferably within a range from 180 to 320°C, for example from 200 to 300°C, especially
25  irom 240 to 290°C.

The oxidation can be performed in the presence of a suitable solvent. According fo the
invention, however, it is equally possible to perform the oxidation without the addition of
a solvent,

30
According to the invention, preference is given o conducting the oxidation, through
suitable selection of the pressure and of the temperature, such that no gas phase
occurs in the reaction zone.

35  The invention will be illustrated in detail hereinafter with reference to examples.
EXAMPLES
Example 1:

40
10 kg/h of liquid dinitrogen monoxide at -13°C, in which 1320 ppm by weight of oxygen
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32

were present in dissolved form, was fed at a temperature of -13°C and a pressure of
26 bar into the fop of a well-insulated pilot column of internal diameter 30 mm, which
was equipped with an approx. 500 mm-high bed of random packing consisting of
Raschig rings of diameter 0.5 inch. The column was operated in trickle mode, which
means that liquid arriving at the bottom of the column was discharged under level
control, and the liquid level was below the bed of random packing. Below the bed of
random packing, gaseous nitrogen was introduced into the column in order to remove
the oxygen dissolved in the liquid dinitrogen monoxide by stripping in coutitercurrent.
The Og-laden stripping gas was rernoved at the top of the column under pressure
control.

In the course of operation, the amount of nitrogen was varied and the total amount of
liquid dinitrogen monoxide leaving at the bottom was measured for each setiing. A

sample thereof was also taken in each case to determine the oxygen content.

The fellowing results were achieved:

O, dissolved in the |Spec. consumption of
Example |Nitrogen feed |Bottom product |bottom product N; used / O; removed
ifh kg/h ppm by wi. mol/mol
1 2 9.40 550 5.2
2 4 g.11 256 10.5
3 6 8.87 102 15.7
4 8 8.83 73 20.9
5 10 8.87 68 26.1

The examples show that, even with small amounts of stripping gas, it was possible to
considerably lower the O, content in the liquid dinitrogen monoxide,

The losses of dinitrogen monoxide with the stripping gas are low and can be lowered
even further by recycling the stripping gas into an earlier process stage.

Example 2: Process for isolating and purifying N,O

The source used for the N;O is the offgas of a nitric acid plant, which is in turn
operated with the offgas of an adipic acid plant and partially with pure NO. 26.2 t/h of
this offgas are first compressed fo 25 bar and cooled to 35°C. The water which
condenses and also comprises small amounts of nitric acid is removed and disposed
of.
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40  The gas (2.9 t/h) obtained at the top of the second desorber tower comprises 81.7% by
volume of N»O, 10.7% by volume of CO,, 5.3% by volume of H,0, 1.7% by volume of
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The conc¥ntrated and purified N20 can be used, for exanple, for the
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35 components and only 100 ppm by volume of O,.

30  The use of the stripping column allows the O, content in the liquld N,O to be reduced
by a factor of 14. The molar N,O to O, ratio rises from 630 to almost 7300 mol/mol. As
a resuit of the recycling of the stripping gas into the second absorption column, the
isolated yield nevertheless remains high. The isolated yield of N,O (based on the
compressed gas after the desorption) is 96.2%.

35
The concentrated and purified NoO can be used, for example, for the oxidation of
olefins, for example of 1,5,9-cyclododecadiene.
Example 3: Influence of O, on the decomposition of 1,5,9-cyclododecatriene

40

In order to study the influence of O, on the decomposition of 1,5,8-cyclododecatriene,



500 g of technical-grade 1,5, 9-cyclododecatriene were initially
charged in a 1000 nil glass flask equipped with a magnetic stirrer, a
gas inlet tube and a reflux condenser. §ge flask was then heated to
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to prevent deposits in the reactor. Exanple 4. |Influence of 02 on_ the
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This test shows that, even at temperatures which are significantly below the



10For the continuous oxidation of 1,5,9-cyclododecatriene with N20, a
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continuously, and the test had to be stopped after 72 hours because
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Example 6: Oxidation of 1,5,8-cyclododecatriene with an N,O-containing gas mixture
which comprises 400 ppm of O2 and 8.3% by volume of CO,

40 Example 5 was repeated using, as the reactant, a gas mixture from Linde which
comprised 8.3% by volume of CO, and 400 ppm of O, in N,O.



dodecatri ene oxidation is inpossible. Conparative exanple 8:

Oxi dation of 1,5,9-cycl ododecatriene with an N20-containi ng gas

m xture which conprises 1300 ppm by vol uye of 02 25 Exanple 5 was
repeated using, as the reactant, a gas mxture from Li nde which
conprised 1300 ppm by volunme of 02 in N20. The reaction was
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Comparative example 8: Oxidation of 1,5,9-cyclododecatriene with an N,O-containing
gas mixture which comprises 1300 ppm by volume of O,

25 ‘
Example 5 was repeated using, as the reactant, a gas mixture from Linde which
comprised 1300 ppm by volume of O, in N,O,

The reaction was operable stably with this feed over 426 h. The pressure difference
30  over the reactor remained constant. For inspection, the first coil was in furn deinstalled
and sawn into sections. No polymer had deposited on the walls.

The 1,5,9-cyclododecatriene conversion at 14.6% was higher than in the inventive
experiment (13.4%), though the selectivity for 4,8-cyclododecadienone was only
35  91.5%, i.e. almost 2% lower than in the inventive experiment (93.4%).

This experiment shows yet again the importance of minimizing the O, content in the
N.O used.



(i) absorbing the gas mxture GO in a solvent mxture S-1 to obtain
an offgas stream and a conposition CA and (ii) desorbing a gas
mxture G1 fromthe conposition CA to obtain a solvent m xture S-P.
6. The process according to claim5, wherein step (A) additionally
conprises steps (iii) and (iv): (iii) absorbing the gas mxture G1
in a solvent mxture S-11 to obtain an offgas streamand a

B 1o obt Q.fh§ iwégﬁ?s‘” Eil'raﬁ@%&?f " 7 “The process LE&?SVESS{ o "
claim5, wheletn precgas fexpuraiping a pasyonsature CRAMPIIANG digi-
The procesgogespidorpxide) @it'ﬂéﬁasw\b@iﬁ 1Eegotise rﬁté&’}—ﬂ’ eft2 is
recycled i nt(q)sétefézﬁé’é p@ﬁ*tieﬂtiﬁ ébﬁﬂéﬂéiﬂc@i gse{seﬁl{ﬁure G-I compris-
ing dinitrogen monoxide to obtaln a liquid composition
C-1 comprising dinitrogen monoxide, and
(ID) contacting the composition C-1 with a gas mixture M-1
to obtain a composition C-2 and a gas mixture M-2,
wherein the gas mixture M-1 is selected from the group
consisting of nitrogen, helium, neon, argon, krypton,
xenon, hydrogen, carbon monoxide, methane, tetrafluo-
romethane, and mixtures thereof.
2. The process according to claim 1, wherein step (II) is
performed continuously.
3. The process according to claim 1, wherein step (II) is
performed in a bubble column.
4. The process according to claim 3, wherein the bubble
column 1s operated in countercurrent.
5. The process according to claim 1, wherein the gas mix-
ture G-I 1s obtained by a process comprising the steps of:
(A) treating a gas mixture G-0 comprising dinitrogen mon-
oxide to obtain a gas mixture G-A, at least comprising
the steps of
(i) absorbing the gas mixture G-0 in a solvent mixture
S-I to obtain an offgas stream and a composition C-A
and
(i1) desorbing a gas mixture G-1 from the composition
C-A to obtain a solvent mixture S-I'.
6. The process according to claim S, wherein step (A)
additionally comprises steps (1i1) and (1v):
(111) absorbing the gas mixture G-1 in a solvent mixture S-11
to obtain an offgas stream and a composition C-B
(1v) desorbing a gas mixture G-2 from the composition C-B
to obtain a solvent mixture S-II'.
7. The process according to claim 5, wherein the gas mix-
ture M-2 is recycled into step (A).
8. The process according to claim 6, wherein the gas mix-
ture M-2 1s recycled into step (1) or into step (ii1) of step (A).



