-1- Method For Purifying And Concentrating D nitrogen Monoxide 5 The present
I nvention relates to a process for purifying a gas m xture conpri sing
di nitrogen nonoxide and to the use of a gas mixture purified in this way as
an oxidant for olefins. In a further gnbodinent, the present invention also
relates to a process for preparing ketones conprising the oxidation of at
| east one olef in with a gas m xture which has been purified in accordance
with the invention and conprises dinitrogen nonoxide. 10 The prior art
di scl oses various preparative processes for dinitrogen nonoxide. It is
| i kewi se known that dinjt en oxide. can for exanple, as an
oxi dant Msthasl ket Rurifying, W%égaﬁ%’g&ﬂ% 391@%5@?%%}? oses a process for
preparing dinitrogen nonoxide by cata- 15 |ytic partial oxidation of NH3
~with oxygen. According to WO 98125698, a catal yst conposed of manganese
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di scl,ased in WO 00/ 01654, dinitrogen nonoxide is prepared by reducing a gas

stre conprising NON and anmoni a. 25 The oxidation of an ol efinic conpound
to an al démyier ait disclosesvariobs prapanaivefprefiesses foydinitrogem oxinddde. Jt isdikewisped,
for exanmihewn tiat GlRitRA3n ithoRitle tin Be @36d, 38 xatHpfe) ab an idaiEbeskfinst her et o.

Bot h docunents quite generally disclose that the oxidation can in principle
be ef- fected in the presence of a suitable oxidation catalyst. 30 The nore
recent sdioeistance, W 98/25698alisclases a pragese fartpreparing Minitragenahgnoxidelbypatat Phase
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Catal . 2004, 346, 268 - 274 also includes a nechanistic study of the
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25 The oxidation of an olefinic compound to an aldehyde or a ketone by means of dinitrogen
monoxide is described, for example, in GB 649,680 or US 2,636,898 which is equivalent
thereto. Both documents quite generally disclose that the oxidation can in principle be ef-
fected in the presence of a suitable oxidation catalyst.

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

35  scribe oxidations of olefinic compounds with dinitrogen monoxide. A scientific article “Liquid
Phase Oxidation of Alkenes with Nitrous Oxide to Carbonyl Compounds* by E. V. Starokon
et al. in Adv. Synth. Catal. 2004, 346, 268 — 274 also includes a mechanistic study of the
oxidation of alkenes with dinitrogen monoxide in the liquid phase.



a process for preparing carbonyl conpounds from aliphatic al kenes with

di nitrogen nonox- ide. The reaction is carried out at tenperatures in the
range from 20 to 350C and pres 5 sures of fromO0.01 to 100 atm WD 03/078374
di scl oses a correspondi ng process for.pre- paring cycl ohexanone. According
to WD 03/078372, cyclic ketones having from4 to 5 car- bon atons are
prepared. According to WD 031078375, cyclic ketones are prepared under
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to all conpounds Na eals andblsanunberfromlto6
except N20. Instead of the term' NO‘ the term"nitrogen oxides" is also
used i n Edrenstamdegc OE 113 448935, DE d52M@Y 59d\Beanid DE.10BI19r489t4 disclsscprodessgs
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Both in the preparation of dinitrogen monoxide and in the use of offgas streams, N,O is
obtained initially as a dilute gaseous mixture with other components. These components
30 can be divided into those which have a disruptive effect for specific applications and those
which behave inertly. For use as an oxidant, gases having a disruptive effect include NO,
or, for example, oxygen. The term “NO,”", as understood in the context of the present inven-
tion, refers to all compounds N,O, where a is 1 or 2 and b is a number from 1 to 6, except
N,O. Instead of the term “NO,”, the term “nitrogen oxides” is also used in the context of the
35 present invention. Disruptive secondary components also include NH; and organic acids.

For specific applications, it is necessary to purify the dinitrogen monoxide used before the
reaction. For example, for the use of dinitrogen monoxide as an oxidant, it is necessary to
remove disruptive secondary components such as oxygen or nitrogen oxides NO,,.
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Processes for renmoving NO are known in principle fromthe prior art. A
reviewis given, for exanple, by M Thiemann et. at in Ul mann's

Encycl opedia, 6th Edition, 2000, Electronic Edition, Chapter "Nitric Acid,
Ni trous Acid, and Nitrogen Oxides", Segtion 1.4.2.3. 5 The application WO
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C 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 applica-

30 tion EP 1076 217 A1 likewise describes a method for removing low-boiling impurities from
N.O by low temperature distillation.

US 6,505,482, US 6,370,911 and US 6,387,161 also disclose processes for purifying dini-
trogen monoxide, in which a low temperature distillation is in each case carried out in a
35 special plant.

However, as a result of the high pressures and low temperatures, a low temperature distil-
fation entails high apparatus demands, which make the purification of the dinitrogen mon-
oxide with such a process inconvenient and costly. Particularly troublesome in this context



point. It is therefore necessary to enploy high pressures. DT 20 40 219

di scl oses a preparative process for dinitrogen nonoxide, wherein the

dinitro- 5 gen nonoxide obtained is concentrated and purified after the

synthesis. According to DT 20 40 219,.4di nitrogen nonoxi de i s prepared

initially by oxidizing ammoni a. The dinitro- gen nonoxide prepared is

purified by separating the oxidi zed gases and concentrating by absorption
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i nvention, this object is achieved via a process for purifying a gas m xture
conprising dinitrogen nonoxi de, at |east conprising the follow ng steps: 25
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al so the inert conponents are renoved. The dinitrogen nonoxide purified in
accordange with the invention is thus simnultaneously concentrated.
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invention, refers to a mxture of two or nore conmpounds which are in the
gaseous At&rGingto HEhGHtioR! AR Séet ASLHAVRE Via a process for purifying a gas mixture

comprising dinitrogen monoxide, at least comprising the following steps:

25
A1 Absorption of the gas mixture in an organic solvent
A2 Desorption of the gas mixture from the laden organic solvent
C B Adjusting the content of nitrogen oxides NO, in the gas mixture to at most 0.5%
by volume based on the total volume of the gas mixture.
30

One advantage of the process according to the invention is that not only the destructive

components but also the inert components are removed. The dinitrogen monoxide purified

in accordance with the invention is thus simultaneously concentrated. Dinitrogen monoxide

purified in this way may be used, especially in liquid form, advantageously as an oxidant,
35 since no further inert compounds enlarge the reaction volume and slow the reaction.

The gas mixture comprising dinitrogen monoxide which is used may in principle stem from
any source.



ent tenperature. At altered tenperature or altered pressure, the gas m xture
may al soe be present in another state of matter, for exanple liquid, and is
still referred to as a gas mx- 5 ture in the context of the present
invention. Wen a gas mxture is used,_gts content of dinitrogen nonoxide is
substantially arbitrary, as long as it is guaranteed that the inventive
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but preferénce 15 givenin turn to Sing m Xtures having a dinitrogen
nonoxi de content in the range from6 to 80% by vol- une, nore preferably in
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nmonoxi delri the @bnlekBsit the PeesdnintéMBANthewdmpodRion @ntheai dlisneixtirégasciahe dqwden cal

process. g f ek ; [ nvenrt i r ' in
i on at "y PABES N srse Bl S T Ruf e (e A5 HRoS RN Y BB,
pl ant sefbdurgs at aabigatprepsure AR aBwiet EMReraturig. t r o- gen nonoxi de. Equal |y
enbraced are enbodi nents in which at | east one dinitrogen non-
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using mixtures having a dinitrogen monoxide content in the range from 6 to 80% by vol-
ume, more preferably in the range from 7 to 60% by volume and especially preferably in
the range from 8 to 50% by volume.
25
In principle, the composition of the mixtures may be determined in the context of the pre-
sent invention in any way known to those skilled in the art. The compeosition of the gas mix-
tures is determined in the context of the present invention preferably by gas chromatogra-
phy. However, it may also be determined by means of UV spectroscopy, IR spectroscopy

30 or by wet chemical methods.

In a preferred embodiment of the present invention, the gas mixture comprising dinitrogen
monoxide is at least one dinitrogen monoxide-containing offgas of a chemical process. The
scope of the present invention also embraces embodiments in which at least two nitrogen

35 monoxide-containing offgases of a single plant serve as the gas mixture comprising dinitro-
gen monoxide. Equally embraced are embodiments in which at least one dinitrogen mon-
oxide-containing offgas of one plant and at least one further dinitrogen monoxide-
containing offgas of at least one further plant serve as the gas mixture comprising dinitro-
gen monoxide.
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Accordingly, the present invention also relates to a process as descri bed
above, wherein the gas m xture conprising dinitrogen nonoxide is at |east
one di nitrogen nonoxi de- containing offgas of at |east one industrial
process. 5 The term"gas m xture conpriging dinitrogen nonoxide" refers in
the context of the present invention both to enbodinents in which the

of fgas nentioned is subjected to the inventive purification process in
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a plaot free temeRasdification” 8OXEéd fh thRCtEHeRYwithi et 4coPe O tié prldehSin0éntioAt ones

with nitr] i | e Jfrom adi pic_acid or. dede Lcarboxylic
ci d pl argorsn Py, iegB GRS, o B e ChBnialrorid e &7 LB FPLERTR ST,

of f gas steredndccgedingly.cthetteim ‘modificatione embrages, vteralipl embodimentsnia whieh Aal

oxi flat i ormirmfodzirﬂ?ondgfotxﬁja-cfohtymiﬁ@@ﬁgafsfigaléncséhtratﬁalvamtre 'Q@tﬂ&lﬂiﬁit?@@n BRAOX- :
m xtures.ge erein,. for exa rox m n . . ing to
the i nVEI!IC% %ﬁ‘,‘eﬁ_ﬁ‘ 'i“;ée%ﬁ‘ g)ge BB‘L |ieb?r80$%' E’é%%?“ﬁ?i&%?’eé‘ 8fn°g?%1§a@ﬁttﬁ%§?%a§s es.
30 | d%a foary Medifieatioed enbodi ment of the present invention, the at |east one
di ni trogen non- oxi de-containing offgas stens froman adipic acid plant, a

dodecaneg Qi [ n hydr.oxyl am ne. pl ant d/or a nitri i | ant,
the latt i¢ glfﬁnﬁéljrr%ngéoiméptag}mc eé]"ﬁ%' %06@05’{%@5 (%vﬁn[ﬁﬁ] S Tgsé\@?soo %%8%%“3’ s of
an adi pi @ddisg guis! dinitrogesi manexidretodheaffgass aci d pl ant or of a hydro- xyl anine
plant. 35 In a preferred enbodi nent, the offgas stream of an adipic acid

or o 201 * 58 s hRufE e Ehnana Bt i<, A0 may, B iR pR L st P
m xt ur es ingushiahptocgss. dt preferably dderas ifloat an foffigas ohapplant fon preparing carbaxylice et
at., StudcidSwyoxid@fidn ofG@édHols drietdné8Qth ritric G4R: of Bxarhple fint BR adRicicice Pi C
?ﬁgldug’ion%loﬁ%%aflgsgié%%ogﬂieta_%'x?fplgﬁtr ffrng\ ‘?ﬁ‘é oﬁé)anscﬁrg[rqif?itcla%ﬁsplgr{t V\];htiléf;[ @seers i€ QB&J;} uents
offgas streams as ayreactant, from the offgas of a plant for the partial oxidation of NH; or
25 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.

30 In a more preferred embodiment of the present invention, the at least one dinitrogen mon-
oxide-containing offgas stems from an adipic acid plant, a dodecanedioic acid plant, a
hydroxylamine plant and/or a nitric acid plant, the latter in turn preferably being operated
with at least one offgas of an adipic acid plant, of a dodecanedioic acid plant or of a hydro-
xylamine plant.

35
In a preferred embodiment, the offgas stream of an adipic acid plant is used, in which gen-
erally from 0.8 to 1.0 mol of N,O is formed per mole of adipic acid formed by oxidation of
cyclohexanol/cyclohexanone mixtures with nitric acid. As described, for example, in A. K.
Uriarte et al., Stud. Surf. Sci. Catal. 130 (2000) p. 743-748, the offgases of adipic acid

40  plants also contain different concentrations of further constituents including nitrogen, oxy-



gen, carbon di oxi de, carbon nonoxi de, nitrogen oxides, water and volatile
organi c.com pounds. The abovenenti oned dodecanedioic acid plant is
substantially of an identical or plant type. 5 An exanple of a typical
conposition of an offgas of an adipic_acid plant or of a do- decanedioic
acid plant is reproduced in the follow ng table: Conponent Concentrations /
% by wt. NOx 19 - 25 N20 20 - 28 N2 30 - 40 02 7-10 C02 2-3 H20 1-7 10
The of f ggen,sdartsmdiokidencatominwnaxide, mitragdn oxided, watdiodnd solatile argardc icdmpl ant
may be US&ithd directly in the process according to the invention. In a

| i kew se prePérred enbodi nent, the offgas streamof a nitric acid plant is
used which is 15 fed fully or partly with offgases conprising dinitrogen
monoxi de Tha dbovetriedgemedodadieanddiadracio blaet ispubstaatity .of hnideatidal or planttypei d
plantg, nitrogen oxides are adsorbed and for the nost part converted to
nitric acid, while dinitrogen nmonoxide is not converted. For exanple, such

a nitricARcP@Mpleant aniypicak cempesitioniohon mflgas g ran 2fipis adifliRant 47e0lha far ed by
sel ect i vdecanediblssicidyplantis papraduicad ante ylloddrfgpases of an adi pi c acid plant

and/ or by offgases of a 20 dodecanedioic acid plant. It is equally possible
to supply such a nitric_acid plant solely by offgases of an adipic acid

pl ant and/ or by of f gas¢&osionerfodd&@neentationsitvbyvtant . | The of f gases of such
nitric acid plants al wggg,contarn [fgysgig concentratrons of still further
constituents includi ng lpHHregen—exyrgen—ecarbon—di-oxi-de] carbon nonoxi de,
nitrogen oxides, 25 mab%p and volg@r1%5<3rqanic conpounds. An exanple of a
typi cal conposition of |da offgas gf3osuath a nitric acid plant is reproduced
in the follow ng tabl . conpoentZorpent Tat rons—1—%by wt. NOx < 0.1 N20
B-36 N2 57 - 86 -8- 02_3-9
CO, 2-3

H.0 ~7

10
The offgas stream of an adipic acid plant or of a dodecanedioic acid plant may be used
directly in the process according to the invention.

In a likewise preferred embodiment, the offgas stream of a nitric acid plant is used which is

15  fed fully or partly with offgases comprising dinitrogen monoxide and nitrogen oxides from
other processes. In 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 and/or by offgases of a

20 dodecanedioic acid plant. It is equally possibie to supply such a nitric acid plant solely by
offgases of an adipic acid plant and/or by offgases of a dodecanedioic acid plant.

The offgases of such nitric acid plants always contain varying concentrations of still further
constituents inciuding nitrogen, oxygen, carbon dioxide, carbon monoxide, nitrogen oxides,
25  water and volatile organic compounds.

An example of a typical composition of an offgas of such a nitric acid plant is reproduced in
the following table:

Component Concentrations / % by wit.
NO, < 0.1

N,O 836

N 57 - 86




CX2 1-4 H20-0.6 The offgas streamof a nitric acid plant may be used
directly in the process according to the invention. 51n a likew se
preferred enbodi nent of the process according to the invention, the offgas
stream of a hydroxyl amine plant is useg, in which, for exanple, amonia is
initially oxi- dized wwth air or oxygen to give NO and small amounts of
di nitrogen nonoxide are fornmed as a by-product. The NO is subsequently
hydr ogenated with hydr(g)gn to gi % 3h-y91roxy| 10 amne. § nce dinitrogen
nonoxi de i s inert under |c II_yUI 0% lm Fotr—conth—trons,—i accummu- |l ates in
t he hydrogen circuit. I% Breferred 'process versions, t purge stream of a
hydr oxyl - am ne pl ant ¢be®ai ns di r|~t&-6)gen nonoxi de in the range from9 to
13% by vol une in hydro-—gen. This purge stream may be used as such for the
i nventive purification. It is equally pos- sible to concentrate this stream
in a suitable manner with regard to the dinitrogen nonoxi de 15 content as
descri bedhabfiges strkaooofd migic\acid fantprnasenisedrdirenty inrthe psoesshaoetng to the
process ggeftRmcri bed above, wherein the gas m xture conprising dinitrogen
nmonoxide is the offgas of an adi pic acid plant and/or of a dodecanedioic
acid BI ant and/or of a hydroxylam ne plant and/or of a nitric acid plant 20
oper at edinatiikewise podféged embodimentiiopire processpicrotdirptt the ioverdionoitie catfyadi oi ¢
aC 0 2% Aok oy SR Y 1AL WA fcirtex'aﬁmg UBhrhoni® R RiBAIF ok ¢ he
Q se ar e

cont ext t% I nve Pgn to se ect Ive I Ni tro? mgnoxi de
for use Aige M’«Qhﬁl"cﬂf@é%genlﬂpa“@r Qeand smal @'@H”"‘ﬁt"élﬂ'“ﬁ qagnepneKide %E‘é’t"ﬁf’l on
via the a&at Hmepmdhctdéberl@ss sulseqaéntyHAdiRyenatedowitic hiydreden i@gwemmwl— in US
3, 656489 Co‘ﬂ'[?lrr | I.%qu f fnﬁﬂpe

full Sﬂl n8 Iqwhgﬁ@gnt ext %xmrlgélsen rEi%F thlg @gt%ﬂéﬁg{%?gﬁ% ,{&Tcg ew se
further fia%fﬂ theyh yc!iegepnf‘érﬁaﬂ alﬂ.pé?feme%pqueswrapw 6e pyide:aTeaR of Mk a, as
descri bedmlrfemlam)mntdms, dinitrogyi &oﬂéﬂd@&?therramge éin IB1a2 580 By veluoseindydro-t ent s

of this %Lg{;@s r&ﬁﬂ rb%“%.% a5 él%ﬁ SE%FNEHWG apdnﬂ&é}lof'lhlg |scé?f'u%g§?;ﬁ%é)f the

pr esent B%ﬁ |on cont’dl ns at

vol une of! 9C°H€ﬁ"éralﬁ'813e'i“§BW"§t5qﬂ§%l§t'“a€§0% with reggrd indhe dingagen menexide

pr ef éf abbgntant dsedestribtalaboye.vol ume of N20. At the sane tine, the product
contains less than 1% by volunme of 02, in particular |ess than 0.5% by
vol ume 5 of 02, less than 0.5%Db voI ume of NOx and | ess than 1 % b

vol ume oRosgringlptheriesas dveplie AP AERISS 1P Bracess a® deRcrbed GPAYnHPaIPPh ¢ he
I nvent i othetyasseixked corapadhspdipitiogan mefnokidl if theroffghs of an ddipgaidplantuare/om a

sui tabl e405 ¢3Bs&ansabiteatia pRAt SAPSEHUE RYardRAAhRE didht and/or of a nitric acid plant
20  operated with the offgas of an adipic acid plant and/or of a dodecanedioic acid plant and/or
of a hydroxylamine plant.

It is equally possible in the context of the present invention to selectively prepare dinitrogen

monoxide for use in the process. Preference is given inter alia to the preparation via the
A5 thermal decomposition of NHs;NO3;, as described, for example, in US 3,656,899, whose

contents on this subject are incorporated by reference fuily into the context of the present

application. 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, whose con-

tents of this subject are incorporated by reference fully into the context of the present appli-
30  cation.

The desired product contains at least 50% by volume of N,O, more preferably at least 60%

by volume of N,O and most preferably at least 75% by volume of N,O. At the same time,

the product contains less than 1% by volume of O, in particular less than 0.5% by volume
35 of O, less than 0.5% by volume of NO, and less than 1% by volume of NH.



of N20 fromthe | aden solvent in step Al and A2. 5 Suitable solvents for the
absorptiion in step Al are those which have a better solubility for N20 than
for the undesired conponents of the entering reactant gas. According to the
i nvention, the organic solvents used ngy be any solvents in which the ratio
bet ween N20 solubility (in nmol/nmol of solvent) and the solubility of the
undesired sec- 10 ondary conponents under the conditions prevailing in the
absor ber Tii¢ NG coatérmration isefii@tteddn bocdrddrendit third@ntign by salbctiveadborptionThi s

ratio nme ' : ngj\i ofo) - f : gas
it ur o, S0 BEIRELRA gad fidn LU Ryari e ARR P ERER aeb RphtIF 70
of from & N«® fiem the laden seiventin eep S 1tandA2. and a ~N2 val ue of greater than
10, pref- erably of greater than 20, in particular of greater than 30. 15

Ex i , | L i . ,
ot of 0F abp b BOGEE 1ot SBSEoiip A AT KPS HoSo WMo DRl £ pUNEDRAIBNP,
8 car bonNz? #ian fosiedndesited goaponemis gbhei antariag reactanitgrs. hydr ocar bons, esters,

et hers, am des, |actones, lactanms, nitriles, alkyl halides, olefins or

| xt \ . w20 ' t o the | ' i cul
ot of or enALardEIE 138 INSHIGH, 1D oA BRSOk Osed By Beey Svenf€ i whBh e,
pr essur efayp beiweanphO solokility {inael/reliof spvanid asd theesaluhile of theodnsiesirashias- i n
the of f gosdesy co@npomdntd DRded BsOEGRItions Prévailing en thesber (1Rfs ratio Rddfemedno
Good s oNTHIbBRY 5™ B ARSI ol A NERLLARATH R BOR R CaiBE B\
rati o beheHdwesant inpther gas mixpiresBigfesrask onganicisalvemts hays, {ohsxemplentt3gec, a
proporti og, Riueel fadth 6ab SUZQ'ﬁféﬂ?]tSleﬁohi mle 25, @haagj.s;_vfdd%rtmgrm@ﬁthjmg H @ pref- FEZO) ,
l.e—.a S 1Ll Inttrogen nonoxi de In e
sol@ént : %hllyso\@g?%ﬁ%ﬂﬁ%ﬁ%ﬁ% 8%@8%?@“@?‘%‘}8%3%8-(1 in acgordance w th the

i nvehti on at 30 30Cis preferably I ess than 1000, nore preferably Iess than
750, par Exdmiplas loy siitbiecsiidnits alee36r &lamipld Miiphatie HyAFddasbdnd! plebsrably maving 60.

sul f oxi ﬁaﬁgtﬁiééﬁ"@ﬁ%&@ir BaERite By o At Tra e RS Bl B
cycl opentRybstit arematie hydierambens.cestars, iethegs, \amides lagiones neetams ofitrilems

present aRyevalidsy) olefing oEmpaReS of thesd edae, nitrobenzene, 1,2
di chl,or obenzene, tetradecane, for exanple a technical-grade m xture of

saturated hydro- carbons having predom nantly 14 carbon atons, and di nethyl
pht hal at Accarding tgihefiayantien, vapoRa r prefeeense éssgiven forspiuentsowhichh aer ppeil-
rel ates ing painda sRP8ardQreddurd bydingast 4008, Gao Thid FetuRes BED5HIGNT hsdedbdthogen

A s scidie SR kR GR6K Boed i BB e, T 1 Tobenzene, 1,20 o
25 In addition, solvents suitable in accordance with the invention simultaneously have a good
solubility for dinitrogen monoxide. The solubility is specified by the ratio between the partial
pressure of N,O in the gas phase and the proportion by weight of N,O in the liquid phase
C (Henry coefficient, Hyso), i.e. a small value means a high solubility of dinitrogen monoxide
in the solvent. This ratio for an organic solvent used in accordance with the invention at
30 30°C is preferably less than 1000, more preferably less than 750, particularly preferably
less than 500, in particular less than 260.

Suitable solvents include N-methylpyrralidone, dimethylformamide, dimethyl sulfoxide, pro-
pylene carbonate, sulfolane, N,N-dimethylacetamide or cyclopentane. Particular preference

35 is given in the context of the present invention, for example, to toluene, nitrobenzene, 1,2-
dichlorobenzene, tetradecane, for example a technical-grade mixture of saturated hydro-
carbons having predominantly 14 carbon atoms, and dimethyl phthalate.

In a preferred embodiment, the present invention therefore relates to a process for purifying
40 a gas mixture comprising dinitrogen monoxide as described above, wherein the organic



di chl orobenzene, tetradecane and di net hyl phthal ate. The absorption in step
Al of the process according to the invention may in principle be ef- 5
fected by all processes known to those skilled in the art. In particular,
the absorption of N20 in the solvent_gpgy be brought about by increasing the
pressure of the reactant gas or by |owering the tenperature of the solvent
or by a conbination of the nethods nentioned. According to the invention,

t he absosqverdnsed irektepAteid seiectad fram (aadgreop benggting rof Whuerte, aitgpbenidhel, i @i d
phase in . nmass and heat transfer between

t he phaggélglﬁg)%giaege fod ﬁ%vaﬁdg{]r%'ﬂ l%ﬂr?%s\ﬂn 8ed If required with internal or
ext ernal equi pnent for heat supply and/or heat renoval. The phases can be
conduct e@he absdrptiabincstépeA 1 ioh theomrocess rdccorndingdo tind iwentionenay o prancipiente efa-  ti on

t hereof . el:tréd‘}ﬁ&ﬂl;ﬂb@&,lggg k{‘n(glfn foq}égé%éléﬂféd i h‘f‘e é”rP%’errtlblﬂQr Waﬂ?s%rpﬁl% ro'f Rgpout in
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St ruct ur &avering eentahperdtane of Xenguivenbbirbyca vorebingiiatkaf tigs mefidds alamtiosedchavi ng
unstructured internals, for exanple random packings, or appar atus in which

t he I|qU|d$)hase Is present in dispersed form for exanple raying in
nozzl es, AgFerdigg de tg iyentian. theerksorptions effedted i Hoits @PS‘\L\EBW '%;H‘F‘Ehey 938%en
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of the s ol vent vapor of a conol nat ereof
The dema @eekﬁltpﬁb'%wqr@eﬁr@wﬁers) for the desorptlon of N20 fromthe

| aden solThephasesaati behmwndoctdd it the absérbehia dobarsert, in 2oentartatregiaars domtliesse  of
the absoyfCiherdofe: suitable 30 units are those in which a gas-liquid phase
|nterface I S generated, through which heat and mass transfer between the
phas ¢ is enabled, and which are equi pped if required with in- ternal or
ext er nal Aecp:dipgmthefiweriﬁea,ttheapg:irptic&mdépbe baritd vahib\onk.or Aatestigag. t o t he

i nvention, the desorption nmay be carried out in one or nore stages. 35
Possi bl e enbodl ments of the desorber are flash) vesse|

a si nd
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I nvent i oa coimbination therexdfat es to a process as de-

The desorption of N,O from the laden solvent in step A2 of the process according to the
25 invention may be brought about by pressure reduction via the solvent, temperature in-
crease of the solvent or by stripping with solvent vapor or a combination thereof.

The demands on the units (desorbers) for the desorption of N,O from the laden solvent,
and the conduction of the phases, are analogous to those of the absorber, i.e. suitable

30  units are those in which a gas-liquid phase interface is generated, through which heat and
mass transfer between the phases is enabled, and which are equipped if required with in-
ternal or external equipment for heat supply and/or heat removal.

According to the invention, the desorption may be carried out in one or more stages.
35
Possible embodiments of the desorber are a simple (flash) vessel and columns.

A preferred embodiment of the present invention in which the absorption and desorption
are combined in one apparatus is the dividing wall column. In this column, the absorption



5 scribed above, wherein steps Al and A2 are carried out in a dividing wall
colum. .In a particularly preferred enbodi nent of the invenetion, in step
Al, the gas m xture com prising N20 is initially absorbed under el evated
pressure Pabso in an absorption colum,pp- erated in countercurrent and
havi ng random packi ng, and transferred in step A2 into a ves 10 sel in which
the N20-1| aden solvent is deconpressed to a | ower pressure Pdaso < Pabso. The
process bad desdrplicibhne epeesiati dal couriterdatrént inseivbal sRigby byitémperatieapbasdayr e

differ enkbrﬁhgp&-&mﬁg%m %iﬂ%cﬁv’ég&%o‘?esor ption tenperature of not nore than
ha

20K, prefera not I'n particular not nore than 10K. The
absorption pressure is from1l to 100 bar, pref- erably from5 to 65 bar, in
parti cul &r afpreferré@ dnsbodiimérat/ theanesémnrzhmon phéreforerelatedrie 4 protesd asOdel to 2
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further e rnvention reIa ch two or
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are carrired paticulatg pesaratebybodident ¢f thdiirsengtich, it BRpJas tilegay ddurercothe
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stepdd 38 eranlrefrw@s%w 5h%mqr@ﬁretf¢répl¥ffm1 ﬁé@étQé%ﬁrr n one

enbodi nment to a process as described above, wherein steps Al and A2 are

performed Bﬁlflé)rre‘?nb?:rtd?rﬂerﬁ of llﬁe ﬂoerﬁiloh 35@[%%'%% Gprg«gé%%qh % th bﬁ npcfrg %ﬁ'@ro%en

I nvention relat
per f or mefOHENER gorgqegggtrqq stagﬁr» CM"PTLS'DE -steps Akar@élaarar ejcarag%mmse-crqﬁsmeb/ cont ext
of the present invention that the process conprises a plurality of steps B.
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accor di ngodimenhe i nvention. Suitable processes are, for exanple, the
catal ytic reduction with hydrocarbons or anmonia, the catalytic

deconposrtlon over suitable catalysts, absorption in strongly oxidizing
sol ut i ondhg salvenananke identiea f‘PrrF‘"a‘iﬁQﬂScAB‘?mai"{@é)f idifferand|sgiveptgdnay be used in
25  different stages.

The present invention therefore relates in a further embodiment to a process as described
above, which comprises a plurality of steps A1 and A2.

30 The process according to the invention further comprises a step B, wherein the content of
nitrogen oxides in the gas mixture is adjusted to at most 0.5% by volume based on the total
volume of the gas mixture.

It is possible in the context of the present invention to carry out step B before or after steps

35 A1l and A2. The present invention therefore relates in one embodiment to a process as
described above, wherein steps A1 and A2 are performed before step B. In an alternative
embodiment, the present invention relates to a process as described above, wherein step
B is performed before steps A1 and A2.



10 Suitable oxidizing solutions in the context of the present invention are,
for exanple, solu- tions of hydrogen peroxide. According to the invention,
suitable strongly acidic solutions are solutions conprising nitric acid or
sul furic acid. According to the inventysn, suitable alkaline solutions are,
for exanple, solutions conprising hydroxi des or carbonates, for exanple

sodi um hydr oxi de or sodi um carbonate. Suitable liquids for this scrubbing,

i n addi t Itas etjoallyposkibiedn ahe eantgxtnafrthé present iavention thatr the pudaess chmpasashach ar e
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hydr oxi de, soI utions of vanadiumin nitrous acid, amonium sul fide and
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gas-liquid phase interface is present, through which mass and heat transfer
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phases C urrent or a
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structured, pack (g% l'urms™ havl n nte or_exanpl e
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t her ggf . cér'BoﬁatE“é&dlﬁﬁ bBEu%&ﬁ% fe& Sgg;gﬁm e .the present invention therefore

rel ates to a process as escri ove ® wher ei n step B conprises the
absorption of nitrogen oxides in acidic or alkaline solution. In the
cont ext 8litdbie ppicessmstare spesified) fior Nampies impke Thieatany et ardry Bimbhyn’'aEsoygdd-H on i n

ag 0 aci dEg rstﬁ'?:'dﬁiohaéddbeEﬁa%krUﬁlb%tloﬁhéhéﬁéertb(N&d Nitfis ACRE aRU INiRSgareen
) Oxi des" Sec{D fon 1.4.2.3.
25
In general, the NO, absorption is effected in units in which a gas-liquid phase interface is
present, through which mass and heat transfer between the phases is enabled, and which
is equipped if required with internal or external equipment for heat supply and/or heat re-
moval. The phases can be conducted in the absorber in cocurrent, in countercurrent or a
30  combination thereof.

According to the invention, the absorption may be carried out in one or more stages.

According to the invention, the absorption is effected at temperatures between -20 and
35 100°C, preferably between 0 and 60°C, more preferably between 0 and 40°C, and at pres-
sures between 0.1 and 100 bar, preferably between 1 and 30 bar.

Possible embodiments of the absorber are columns having trays, for example bubble-cap
trays or sieve trays, columns having structured internals, for example structured packings,
40 columns having unstructured internals, for example random packings, or apparatus in



10 ticul ar between -10 and 75C, preferably between 0 and 60C, for exanple
between 0 and 40C, and at a pressure between 0.2 and 100 bar, in particular
between 0.5 and 50 bar, preferably between 1 and 10 bar. Wen the NO
concentration in the N20-containing gas m xture is nore than 1% by vol - 15
ume, the solvent used for step Bis pregerably aqueous nitric acid having an
HNC3 content between 0 and 69% by wei ght, preferably between 0 and 10% by
weight. It is advanta- geous in this case that the NO depletion in the gas
phase i swhisbdhe tiauid@hase istpsegant ragispersdcoiorms fonexample dyisprapingnin Nogres, 9y

wei ght ot ddMBhatib® therdr®. pur poses of further utility, prefer- ence is given
to preparing nitric acid having 30-60% by wei ght of HNO3. 20 In the context

of the present invention, this procedure is used with preference, for
exanpl e, In ateither ipsefpred emhodimenhdhe eeasealninveption sheretord relates te amienepsiagé aci d

process @bedribed MBS wirdbiRistePBicdinprisbeiRi dbsbiptiof AR hRRIgen xRS iPhcific@n 1 to
50% by VOVEE arle,q?present. The NOx renopval in step Bis in this case
preferabla a9 "out before the N20 concentration in step 25 Al and A2.

I n one enbodi nent of the present invention, steps Al and A2 may be foll owed

by a furifigde csiteR & the'Résintivendort NGO] %abteFé?éMPbér'ﬂBvedng%b%@ii&ﬁ Py wWith
sodi um carbonate sol.ution. or _ sodi um.hydr oxid | ution., 30 Iré the cont ext
of “the pAROGHT M AAINE SHvuST. THE 50N i st o Belivesh 20 and At e
chenil8al ticar hrweere - Koangbh G preiferably bebyesat( ard 6@iCalfyrt éxamplaibetwieem Ovandh
ammoni a 4o AharNat\Ng Brdi8ureEBt®Sen 0 Ahd/ 100 BarS irf BAMARLPBYwekA D% aA§ 56%ar,DeNOX
or DeNOx tqchg‘ol 0 |1s %ﬁg [)l bed, for exanple, in Ul mnn's Encycl opedi a
of Cheni PHTCRRYNEOVRE 2 (E @ "Air", Section 35 7.2.3.1. "Catalytic
Reduction of N trogen Oxides in Flue Gases and Process Off-Gases", by J.
embodLmeng et o CocBAradon, b 1o RECLEGing g3 midh ¥ oft ! 5By vol
concdntr Ameothe SivePl 386dor aloB b BipsRforaL aufectip P adic eyl i hyPepontapt
exanpl e beweenHhand $9Pphy weightnpreterghly betvedsiny0 ahd UP% by Sveighty Itahddvants- | ow
NH3 concegabiisin! tRiBTabd tHald thaPOJYESIetidnOh tRXGaBbIRasSS Bcddhishinidd (APRE pfébard4- | N
i et ur e gt PR i GE0 B ol e i B PR Pt o e g B
accor di ngnesistdinen tapegparion nittig/acid baving 8060%rbyieiphtoofdiN@s. pl ant . Pref erence
IS gipgen to m xing and cooling the offgas of the adipic acid plant with NO

2 adm b %?qon%‘g?%ﬁ% BEREN TNy aD, Bis pracedigs Been S BpBiercp, of o¥spule. ™
conpr ess\pan 4l N.O-containing reactant gas stems from a carboxylic acid process (for example
adipic acid), wherein NO, concentrations of from 1 to 50% by volume are present. The NO,
removal in step B is in this case preferably carried out before the N,O concentration in step
25 AtlandA2.

in one embodiment of the present invention, steps A1 and A2 may be followed by a further
step B, preferably a chemical scrubbing, more preferably with sodium carbonate solution or
sodium hydroxide solution.

30
in the context of the present invention, it is possible, for example, to replace the chemical
carbonate scrubbing with a selective catalytic reduction with ammonia in which NO be-
haves inertly. This technology, known as SCR-DeNOx or DeNOx technology, is described,
for example, in Ullmann’s Encyclopedia of Chemical Technology, Chapter “Air“, Section

35 7.2.3.1. “Catalytic Reduction of Nitrogen Oxides in Flue Gases and Process Off-Gases”, by
J. Wolf et al., 6™ edition (Online Edition), 2000. In this preferred embodiment of the present
invention, it is possible to attain NO, concentrations of less than 100 ppm, preferably less
than 50 ppm, for example iess than 25 ppm, and more preferably of up to 5 ppm, and very
low NH; concentrations in the product, for example less than 10 ppm.

40



passed into an absorption tower in which NOx is depleted. The gas at the top
of the colum preferably has a tenperature of approx. 40C at a pressure of
7 bar. The off gas may be used directly in the process according to the

i nvention. However, in a 10 nore prefeqgred enbodi nent, the offgas may be
heated to from 100 to 250C, preferably from 150 to 200C, nore preferably to
200C, and be conducted into the DeNOx plant for the reaction in step B.
Subsequelitd partickarlyspreteiredi embadanend of herrpesiy dvealinn, Hiogasomadip FOMETIERG a
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A and th B. h tr i ncl f | hange i
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conpri si figmdisoi th200ed, MBROrefPaiccP00?8S and BeRBRAUGKY intd £ DINORBIERE RFESS
accordin eto ttlhﬁ.l ntveglon may be used in a further reaction. To this end,
t he gas PR r'r%?eB ‘used in gaseous form However, it is also possible to

initially treat the resulting gas mixture in such a way that the gas mxture
i s presegbddqubhtfiiititk stRianPiRBbEH! sdrigrosd<df ARPSbldBaddilePefiesl singled of ML-her
react on,. The lgstas m é#tére .ma% l?e I '1%“@ f.ied .bg Sﬂl tabl e sel ection of the

pr es$Ur e MYPIHROIFRIGNGRSOPHPY NSteRA T PR AR EAWEI PHbent i on thus al so rel ates
to a process, wherein the resulting gas mxture is liquefied. The gas

m xtu (r]I e g.QﬁﬁrdnSNogcﬂrhdéhiréﬁtﬂf@ RO} d@um@!igbrésénﬂgttﬁé n@%-c{cmdimﬁ BAPAMES
accord- i.ng o the invention | r.inci e, us or.a

Sopl1 cat (s dBPRlIL R bR<ESeph Bﬁ%ae?noqi@iﬂwfﬁo@?%t@t%ebeégr&engvaeq&gfﬂs& y
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oxi dag i ofsedf witfeplepdtehcd for tie i) Slafikaton Fhél REOrgasester fHar comsamnipdt®n in BiepP- A 0
624 565 R? a{‘Dﬁéé 196 05 211. The present invention therefore also relates to

the use © gas m xtures conprising dinitrogen nonoxi de which are
obt ai nabl e by a process according 5 to the invention as oxidants for

net hanol in addition to steps A1, A2 and B, the process according to the invention may also com-
prise further steps. For example, the process may also comprise a further treatment be-
25 tween the steps A and the step B. Such treatments include, for example, a change in the
temperature or a change in the pressure or a change in the temperature and in the pres-

sure.

According to the invention, the gas mixture comprising dinitrogen monoxide which has
30 been purified by the process according to the invention may be used in a further reaction.
To this end, the gas mixture may be used in gaseous form. However, it is also possible to
initially treat the resulting gas mixture in such a way that the gas mixture is present in liquid
or supercritical form and is then used in a further reaction. The gas mixture may be lique-
fied by suitable selection of the pressure or of the temperature.
35
The present invention thus also relates to a process, wherein the resulting gas mixture is
liquefied.

The gas mixture comprising dinitrogen monoxide which is obtained by the process accord-
40 ing to the invention may in principle be used for all applications in which pure dinitrogen



The process according to the invention affords gas m xtures conpri sing

di nitrogen nonox- ide which contain a particularly | ow content of disruptive
and inert secondary conponents. This is especially advantageous for the use
of the gas m xture conprising dinitroggn_non 10 oxide as an oxidant, since
the small traction of disruptive or inert secondary conponents results in
hardly any side reactions occurring and it thus being possible to obtain
parti cu- moackige pteagnpaedygically uEke. Iprpagientar,i the gas mixiureb ereeitablen farexamt at es
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react ed WVI‘?”E‘%‘R—;’O @%$in. 30 Especially in the case of the use of a liquefied
gas m xture conprising dinitrogen nonoxide, it is advantageous when the
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t he fol | oxidarg fortadefis. Al Absorption of the gas m xture in an organic sol vent
A2 Desorption of the gas m xture fromthe | aden organic solvent B Adj usting
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25  This enriched and purified NoO-containing gas stream is suitable very particularly for the
oxidation of olefins to ketones. For this purpose, it is possible, preferably either to absorb
the gaseous N,O directly into the olefin to be oxidized or another solvent, or the N,O may
first be liquefied before it is reacted with the olefin.

30 Especially in the case of the use of a liquefied gas mixture comprising dinitrogen monoxide,
it is advantageous when the proportion of inert gases in the gas mixture is very low, since
the reactor volume is otherwise unnecessarily enlarged.

The present invention therefore also relates to a process for preparing a ketone, at least
35  comprising the following steps:

Al Absorption of the gas mixture in an organic solvent
A2 Desorption of the gas mixture from the laden organic solvent
B Adjusting the content of nitrogen oxides NO, in the gas mixture to at most 0.5%

40 by volume based on the total volume of the gas mixture.



It is possible in principle to performstep B before steps Al and A2.
However,. it is equally 10 possible in the context of the present invention
that step Bis perforned after steps Al and A2. In a further enbodinent,
the present invention therefore also rgsates to a process for preparing a
ket one as described above, in which steps Al and A2 are perforned before
step B. In an alternative enbodi nent, the present invention also relates to
a process f@r pCepactingghagaetminiae with attdashorst elpfiB i s perforned before steps
Al and A2. 15 It is equally possible in the context of the present I nvention
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such a way a reactlon f the at east one olefin with the gas mixture purified in accor-

25  dance with the invention takes place. Pressure and temperature may be selected appropri-

ately.

The reaction may be carried out in the presence of a suitable solvent. However, it is equally
possible in the context of the invention to carry out the reaction in step C without the addi-
30  tion of a solvent.

However, it is also possible in accordance with the invention that the process for preparing
a ketone comprises further steps. For instance, the gas mixture comprising dinitrogen
monoxide may be treated, for example, before step C and after steps A1, A2 and B. A pos-

35 sible treatment is, for example, a change in pressure and/or temperature of the gas mix-
ture. A further possible treatment is, for example, absorption in a solvent, so that the ab-
sorbed gas mixture may be used in step C. The solvent may be any suitable solvent. The
solvent is preferably the olefin which is to be oxidized in step C.



uefied. 10 In principle, it is possible in step C of the process according
to the i'nvention to use all suit- able olefins, for exanple ol efins having
from2 to 18 carbon atons, in particular olefins hav- ing from5 to 12
carbon atons. Suitable olefins are, fogrzexanple, open-chain or cyclic ole-
fins having one or nore double bonds. Preference is further given to cyclic
ol efins having 15 one or nore double bonds, for exanple cycl opentene,
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N20, react to such a restricted extent that their reaction product with N20
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t ol ugge, okt e dnixture which has been purified in accordance with the invention and comprises
dinitrogen monoxide with cyclopentene, a mixture G(i) comprising cyclopentene is used in
step C of the process according to the invention. A mixture comprising cyclopentanone is
obtained. Preferred process conditions of this embodiment are described hereinbelow.

30 In principle, the mixture G(i), in addition to cyclopentene, may comprise any further com-
pounds. Suitable compounds also include those which cannot react with N,O in the con-
tacting in step C. Preference is given in this context to those compounds which can in prin-
ciple react with N>O but are inert toward N,O under the reaction conditions selected in step
C. The term “inert” as used in the context of this embodiment of the present invention refers

35 to compounds which either do not react with N,O under the reaction conditions selected in
step C or, in comparison to the reaction of cyclopentene with N,O, react to such a restricted
extent that their reaction product with N-O in the mixture resulting from step C is present to
an extent of at most 15% by weight, preferably to an extent of at most 10% by weight and



10 et hyl benzene, or ethers, for exanple nethyl tert-butyl ether,
tetrahydrofuran, diethyl ether, or esters, for exanple nethyl acetate, ethyl
acetate,, methyl benzoate, or nitrites, for exam ple acetonitrile,
benzonitrile, or alcohols, for exanple butanol, 2-ethyl hexanol, ethanol, or
phenol s, for exanple phenol, cresols,_¢g_ amnes, for exanple aniline,
triethylamne, NN dinethylaniline, or mxtures of two or nore of the
conpounds nmentioned or two or nore 15 conpounds of the classes nentioned.
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wei ght wetyfpatrﬂ"wmrpwfemmé Iisagweﬁ feiosw coripodtidswHidh ddRotaeamediti RJO ahder
cycl open term "hydrocarbon m xture" as used in the
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comprises cyclopentene, wherein the solvent is selected from the abovementioned inert
compounds. Preference is given in this context to the partial hydrogenation of a 2:1 mixture
25 of dicyciopentadiene and toluene. This process is described, for example, in JP
2000053597 A, which is incorporated fully in this regard by reference into the context of the
present application. According to JP 200053597, cyclopentadiene is obtained by thermoly-
sis of dicyclopentadiene in the presence of an aromatic solvent, preferably toluene, the
conversion rate being 98%. The resulting gas is passed into a stainless steel reaction tube
30 which is charged with palladium/alumina catalyst. The gas is condensed with a cooler at
the outlet of the reaction tube.

In a further preferred embodiment of the process according to the invention, the mixture
G(i) consists to an extent of at least 99% by weight, based on the total weight of the mix-
35 ture G(i), of hydrocarbons. In addition to the hydrocarbons, the mixture G(i) may accord-
ingly aiso contain up to at most 1% by weight of at least one further compound, and com-
pounds including at least one of the abovementioned inert preferred compounds other than



0.1% by weight, nore preferably to an extent of at nost 0.01% by wei ght and
nost pref- erably to an extent of at nost 0.001% by wei ght. Speci al
preference is given to mxtures i) which do not contain any further
conmpounds within the measurement precigéon of the analytical nethods used
In each case. 15 In a preferred enbodinent, the mxture i) is liquid or
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ture and ambient pressure and comprise at least one compound which is, for example,

solid or gaseous at ambient temperature and ambient pressure, but is in liquid form in the

mixture G(i} at ambient temperature and ambient pressure.

-25  In the context of a likewise preferred embodiment of the process according to the invention,
a mixture G(i} is used which consists to an extent of at least 39% by weight of Cs hydrocar-
bons and hydrocarbons having more than 5 carbon atoms. In addition to cyclopentene, it is
accordingly possible for at least one further Cs hydrocarbon or at least one hydrocarbon
having more than 5 carbon atoms or a mixture of at least one further Cs hydrocarbon and at

30 least one hydrocarbon having more than 5 carbon atoms to be present in G(i}.

Accordingly, the present invention also describes a process as described above, wherein
the mixture G(i) contains at least 99% by weight of Cs hydrocarbons and hydrocarbons hav-
ing more than 5 carbon atoms.

35
Particularly preferred hydrocarbons having more than 5 carbon atoms include the corre-
sponding hydrocarbons already mentioned above in the context of the inert compounds.



In the context of the present invention, the mxture i), in addition to
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75 tane, 2,2-dimethylbutane, 2-methylpentane, 3-methylpentane, n-hexane and benzene. in
general, a Cs cut from a steamcracker plant contains cyclopentene in the range from 5 to

60% by weight and preferably in the range from 15 to 50% by weight.

The present invention therefore also describes a process as described above, wherein the
30  mixture G(i) contains to an extent of at least 99% by weight a mixture of Cs and C¢ hydro-
carbons.

According to the invention, this mixture of substantially Cs and Cg hydrocarbons which is
preferably obtained as a Cs cut from a steamcracker plant can be used as such. Preference
35 s given to subjecting the mixture of substantially Cs and Cs hydrocarbons before the inven-
tive conversion in step C to a purification in which lower-boiling compounds in comparison
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and cycl dpembame. G(i) contains at least 99% by weight, based on the total weight of the mixture
G(i), of Cs and Cg¢ hydrocarbons, and at most 2% by weight, based on the total weight of
the mixture G(i}, of hydrocarbons having a lower boiling point in comparison to cyclopen-
tene.
25
In the context of a likewise preferred embodiment of the process according to the invention,
a mixture Gi} is used which consists to an extent of at least 99% by weight of Cs and C;
hydrocarbons. In addition to cyclopentene, at least one further Cs hydrocarbon or at least
one C; hydrocarbon or a mixture of at least one further Cs hydrocarbon and at least one C;
30 hydrocarbon may accordingly be present in G(i).

Accordingly, the present invention also describes a process as described above, wherein
the mixture G{i) contains at least 99% by weight of Cs and C; hydrocarbons.

35 A particularly preferred example of a C; hydrocarbon is toluene.
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from 60 to 95% by weight, preferably in the range from 70 to 90% by weight and more
?5  preferably in the range from 75 to 85% by weight. This low boiler mixture further comprises
toluene generally in the range of at most 20% by weight, preferably of at most 10% by
weight and more preferably of at most 5% by weight, and cyclopentane generally in the
range of from 5 to 25% by weight, preferably in the range from 7 to 22% by weight and
more preferably in the range from 10 to 20% by weight. This low boiler mixture is then used

30  in the process according to the invention as mixture G{j).

Preference is further given to the mixture G(i) used in the process according to the inven-
tion containing cyciopentene in a range of from 30 to 90% by weight, more preferably in a
range from 40 to 90% by weight, even more preferably in a range from 45 to 90% by weight

35 and especially preferably in a range from 50 to 85% by weight, based in each case on the
total weight of the mixture Gfi).



20 290C. The pressures are generally in the range from1l to 500 bar,
preferably in the range from 10 to 365 bar and nore preferably in the range
from25 to 250 bar. After the mixture i) has been initially charged at the
abovenentioned tenperatures and pressyfes, it is contacted with the
inventively purified gas m xture conprising dinitrogen 2?5 nonoxide, and the
air present in the reaction vessel may be renoved at |east partly before the
cont acti A ' . r | IV, I ' )
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f rom 0. 9fre® the partighydsegenptiorcefieyelepeniedienie antbcompisingeycigpenteamd t he
inventively purified gas m xture conprising dinitrogen nonoxide, the latter

I's generally introduced_into the reaction vessel at a pressure in the range
from 5 t dheEeAgYaR in stepr GraaY genealhee epgied i 8RY PrPcess 385IRaN ACThEYE pr ef

- 24-  er alp¥niafohd R fommaELtrbmane Aixtine GPkdairisingN§clopamenabid &% %és kb t he

contacting is.ef- fected are adjusted by suitabl'e nmeasures such that the

r eact!? on COTPESRY Q'QE’PS%%HP@HE'C’%H{%PE‘Q'@H'F‘“icﬁmﬂ'?‘r@“ﬁir%thP'éV%E@ioj‘s\ﬂf‘gﬁ“Ett %o
present the reldtionsenbdtyietaachion aleipgeesibies M xture takes place preferably in
liquid or supercritical phase. Accordingly, the tenperatures at which the 5
reaction takes place are generally in the range from 150 to 320C, preferably
i n the rangereféraherhBOdiiment @ reantibminrstepCaé effedtey in battthmodanpeféreas 800 to

290C. In articularly preferred enbodi frent of th rocess accqr.ding to the
nvent i oftveft b e e ity ingyding i PRIRE b, hulabfe R Yoot ittt iecea
i nt 015 hereastion,iasndeseslsad belodeis dffeetedlppeferably) ak bigberf pressypes #anr amoapiibriche
t enper at | i | e I ncreased at a rate of
gegral I y're%‘;'l'(')#rgﬁ @Q?(e)éc?@&\r%g%lﬁg?iﬁggggﬁ@ﬂgioﬂqﬂqa@}%o 5C mn and nore prefera-
bly from2 to 4C/ mn. Wen the tenperature has been increased to such an

extent t ; Ve i L tion
nas boon ot {URGEARRHENTRAY chhfied gBibraPaREhBal ol FMoRAR fim 16 28RS O

i n the r&fefgrably omthe rangedram 180 46 SPAKE gnd marpdrefs nrtbenrangeofrem 2P0at9d nor e
pr ef gf abbygd - | i t he
Ferpey at ora o aneProsti 4t UBhrelf e Range frord 128[@2@%2%?%“# s #Re
above- splems 1049 365 kit and pworepreiarabiv i) e range flera 28140 2PAb@t i on al so rel ates
to a process as descri bed above, wherein step C conprises at |east the

foll owi ng_stages. (a) _t d):
ﬂﬂer t% mixt ra.): G(i? hgs )been initially charged at the abovementioned temperatures and

pressures, it is contacted with the inventively purified gas mixture comprising dinitrogen
-?5  monoxide, and the air present in the reaction vessel may be removed at least partly before
the contacting by a suitable measure. Preference is given to flushing the reaction vessel
with at least one gas or gas mixture, preference being given to flushing, for example, with
nitrogen or another inert gas or a mixture of two or more of these gases. Particular prefer-
ence is given to using nitrogen as the flushing gas.
30
The mixture G(i) and the inventively purified mixture comprising N,O are introduced in
amounts at which the molar ratio of cyclopentene to N.O is generally in the range from 0.05
to 5, preferably in the range from 0.5 to 3 and more preferably in the range from 0.9 to 1.5.

35 For the contacting of the mixtures G(i} and the inventively purified gas mixture comprising
dinitrogen monoxide, the latter is generally introduced into the reaction vessel at a pressure
in the range from 5 to 500 bar, preferably in the range from 10 to 365 bar and more pref-



(a) Introducing the mxture i) into a reaction vessel at a tenperature in
the range from O to 320C and a pressure in the range from1l to 500 bar; "5
(b) contacting the reaction mxture i) in the reaction vessel with the
inventively puri- fied gas m xture conpgising dinitrogen nonoxi de at a
pressure in the range from5 to 500 bar; (c) increasing the tenperature of
the m xture obtained in (b) at a rate in the range from 1 to 10Cmn to a
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way in WhICh the reaction in step C may be carried out is in at Ieast one
bubbl e c |ve toprcarryl ng ,out .Ctl in step C
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m xt uresqgg gas m xt ure whi ch has been pur| fied in accordance with

ven

I n- |on and conprises dinitrogen nonoxide are contacted in step C
|n a conti nuous tubul ar reactor. In a further preferred enbodi nent, at

| east onguah thé'f t éth?ﬁchSs%%ngsacﬁ‘ﬁﬁ%xie% ﬁ’fé&ﬂé"i %%ﬁ%e éJ‘teﬁhe

invention Is a tu react or e mxtures gas m xture
whi ch® hagergee rqurewi qudhe ree@a@rmhamh@@ gifained; His t&mpar@tnte srnainained @enPses
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under an% suitabl e reaction conditions | ow ¢ycl opentene to react
I

with N2Brefsally s theyange &rima dnes hsﬁéépamcweev@ﬁeéepe tag {ePar YU PRkt | ng

t he reacgtaﬁnbm@mer&Q,dryﬁ@.antAHwWiaﬂnme ARABIspeHified MAftd.NUOUS reactor in such a
way that the reaction in step C pro- ceeds in liquid or supercritical phase.

Preference is further given to reaction conditions un- der which the entire
react@r potdrdingly, theeprbsantiinlentitieake rofatesas el procesas Abscribee faBbse, twhdrbia

step C comprises at least the following stages (a) to (d):

(a) Introducing the mixture Gi) into a reaction vessel at a temperature in the range from
0 to 320°C and a pressure in the range from 1 to 500 bar;

75  (b) contacting the reaction mixture G(i) in the reaction vessel with the inventively puri-
fied gas mixture comprising dinitrogen monoxide at a pressure in the range from 5
to 500 bar;

(c) increasing the temperature of the mixture obtained in (b) at a rate in the range from
1 to 10°C/min to a temperature in the range from 150 to 320°C;
30 (d) holding the temperature set in (c) for a period in the range from 0.1 to 48 h.

On completion of the reaction of the cyclopentene with N,O, the mixture under pressure in
the reaction vessel is cooled. The interior of the reaction vessel is decompressed at the
same time as or after the cooling, or both during and after the cooling.

35
In addition to the above-described reaction in a batch reactor, the process according to the
invention may in principle be carried out in any other reactor suitable therefor. Equally pos-



m xtures i) and the gas mi xture purified in accordance with the invention
after they have been introduced into the reactor, and the m xture resulting
fromthese m xtures. 25 Special preference is given to introducing the

m xtures i) and the gas m xture purifsed in accordance with the invention
into the reactor separately fromone another. However, it is equally
possible in the context of the present invention to mx the gas mxture 30
whi ch ha r
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parti cul Eacioks Pﬁ'@g ﬁéﬁ@@@#’éﬁﬁbim "F%?tQJZOC -26- Accordingly, the present

i nvention also relates to a process as descri bed above, wherein the
conti nuo actor is filled substantjally exclusivel I d during

the reac P%cﬁg'f'ﬂ ly, E'leeﬁfeﬁ?"t iNveptoN glspirelaiasdp %P@F%ﬁ%ﬁ%gg‘f’ bﬁg\?gﬂ‘%d"h@é‘?‘@ct i ng

the r eacthequma@l id(i) QARG the géyﬁ{marevwch has beérh@umea w@:cbfuahbe witRakd oi- 1S
hom)ggneo m)noghay C. a C% gener&l %/h ﬁrodu&% ll nto
the ¢ontV E?U?"Pe%? Pesa@'"'fre%%mpaw 8 a1&cq ‘edr' B GNiylogs gEvtar

pr ef er ablgacton. t he range from 180 to 300C and nore preferabl y in 10 the
range from 200 to 290C, and the pressures are generally in the range from1
to 500 bar, preferably in the range from 10 to 365 bar and nore preferably
in the ré&mgéurtheopref@fed emiB&imbat; at [Bhst @@sof theccantiauots tibeheacttreensegurad-i ed in

accor danggh LI ifGAb) BTk fBE EARRTLRES, 15 dinitrogen monoxi de i

general |y i uce contrnuous” reactor at tenperatures in the
rangd3from O to 320C, preferably |n the range from 180 to 300C and nore

referab r QR K al |
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and nor eveItienansheaMprises Hmltrfmgem@m@«de Q‘Bytb@ Wcltﬂfr in the qontinueys deattPisuouS
reactor, e&é@ntlm\?‘&ﬁﬁe‘?%n?@uhatﬁ@qeéaﬁn rEoﬁHMBﬁs WhicRMhIIBAScyRRPBNIHE ith ir&stt iWkthac-

cor dance w th tthe 1 nvehtion and conprises dinjtrogen %ﬁom de are contacted.

The mi xt D¥@ to@ive cmlﬂpema@ogeém%l wreferanee fis giyen rtp selesting eeregrtian eonsi-

i nvengi ofiordy m thetat M@P@ﬁ’e bcshunaa@eu FdaBtaitin WA v&aJQQha%arreaerthn gfep C pro-

cyel Open}:e?ecfs in ?IQUI% or sup gr’?tﬁ:ra phglseI Bréfgt%ncr:g ngSrtl];eroglven t?)Sreactlon conditions un-
der which the entire reactor contents are liquid. The term “reactor contents” refers to the
mixtures G(i) and the gas mixture purified in accordance with the invention after they have
been introduced into the reactor, and the mixture resulting from these mixtures.

25
Special preference is given to introducing the mixtures G{i) and the gas mixture purified in

accordance with the invention into the reactor separately from one another.

However, it is equally possible in the context of the present invention to mix the gas mixture

30 which has been purified in accordance with the invention and comprises dinitrogen monox-
ide and the mixture G{i) or a portion of the mixture G(i), and to introduce this mixture into
the reactor. According to the invention, the gas mixture which has been purified in accor-
dance with the invention and comprises dinitrogen monoxide and the mixture G(i) or a por-
tion of the mixture Gi) are mixed at temperatures at which no reaction takes place. Prefer-

35 ence is given to effecting the mixing at a temperature in the range from 80 to 200°C, pref-
erably in the range from 90 to 150°C, in particular in the range from 100 to 120°C.



A5 to 10, preferably in the range from0.5 to 7 and nore preferably in the
range from1l to 5. The cycl opentene present in the gas mxture i) is
reacted with the N20 present in the gas m xture which has been purified in
accordance with the invention in the aLsl east one con- tinuous reactor at
tenperatures generally in the range from 150 to 320C, preferably in the 30
range from 180 to 300C and nore preferably in the range from 200 to 290C.

The pres- _sures ip the continuous, reactor, are general in.,t ra fromb5
o sb0° bardotiBly. e e MeRKEH S 2851e8 1o HpBesiots HeserkRa ivd Pl r ol
i n the rthegeortinooosl facton i8S Gedosubstaritialiy exdlatdvedye with figuidf duarimg the areddtion imi xt ur e
in the c?@biéuous reactor is generally in the 35 range fromO.1 to 48 h,
preferably"in the range from0.2 to 5 h and nore preferably in the range
fromO0.3 to 2.5 h. It is conceivable to not keep the tenperature or the
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accordanég Wlw the in- 15 vention in the continuous reactor at a

t enper at Lo 300 bafe range from 100 to 320C and a pressure in the range from
5 to 500 bar; (dd) reacting the m xtures i) and the gas m xture purified
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cycl opengete3@@bain this context generally in the range from92 to 99.5%
30 Aggordingly, the present invention also relates to a process as described

above, wherein o
In the continuous reactor, the mixtures G(i} and the mixture which has been purified in ac-

cordance with the invention and comprises dinitrogen monoxide are contacted. The mixture

G(i) and the gas mixture purified in accordance with the invention are introduced in

amounts at which the molar ratio of cyclopentene to N;O is generally in the range from 0.05
25 to 10, preferably in the range from 0.5 to 7 and more preferably in the range from 1 to 5.

The cyclopentene present in the gas mixture G(i) is reacted with the N,O present in the gas
mixture which has been purified in accordance with the invention in the at least one con-
tinuous reactor at temperatures generally in the range from 150 to 320°C, preferably in the

30 range from 180 to 300°C and more preferably in the range from 200 to 290°C. The pres-
sures in the continuous reactor are generally in the range from 5 to 500 bar, preferably in
the range from 10 to 400 bar and more preferably in the range from 100 to 365 bar.

The residence time of the reaction mixture in the continuous reactor is generally in the
35 range from 0.1 to 48 h, preferably in the range from 0.2 to 5 h and more preferably in the
range from 0.3 to 2.5 h. It is conceivable to not keep the temperature or the pressure or



t he cycl opentene used is converted in the range from 10 to 99.9% based on
the-total anmount of cyclopentene used, with the cycl opentanone selectivity
based on cyclopentene in the range from92 to 99.5% 35 -28- The m xture
which is obtained in step C and conprisgs cyclopentanone may further be

wor ked up by any suitabl e processes to recover the cycl opentanone. These
nore prefera- bly include dlstlllatlve processes. 5 Wen the present

inventio elates . to the Lon of a.ketaon 0 .i ting
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cycl ododecene nay be used. In addition, cyclododecene nay be present as the
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cycl ododecene in step C may be carried out continuously or in batchvvi se
node, onbl atl 0 of. confi huous and batchwi se npde are al sq possi bl e.
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in at. l.east o ontinuous stirred tank reactor)
with inter- (?SPreé:}?P?r'Héhe W@ﬂ?ﬂgwcﬁé’n%fbcb in at least one tubular reactor,
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reactors (dc‘ t Fe%cﬁrgdlm erle?essséﬁ)l aenaI Re %gsr;] HI%HI‘G pljj}ltfled ﬁ'lagécordance with the inven-

tion over a residence time of the reaction mixture in the continuous reactor in the
20 range from 0.1 to 48 h,

The process according to the invention in the above-described process versions using the
mixtures G(i) and the gas mixture purified in accordance with the invention achieves
cyclopentene conversions which are generally at least 10%, preferably at least 20% and

-?5  more preferably at least 50%. The upper limit of the conversions is generally 98%, prefera-
bly 99% and more preferably 99.9%.

The cyclopentanone selectivities of the reaction based on cyclopentene are in this context
generally in the range from 92 to 99.5%.

30
Accordingly, the present invention also relates to a process as described above, wherein
the cyclopentene used is converted in the range from 10 to 99.9%, based on the total
amount of cyclopentene used, with the cyclopentanone selectivity based on cyclopentene
in the range from 92 to 99.5%.

35



one of these reactors in such a way that it has at |least two different
zones. Such zones 35 may differ, for exanple, in reaction conditions, for
exanpl e the tenperature or the pres- sure, and/or the geonetry of the zone,
for exanple the volunme or the cross section. Also conceivable is an axi al
tenperature profile which can be realizgd, for exanple, by cocurrent
cooling and appropriate setting of the anmount of coolant. -29- Particul ar
preference is given to carrying out the oxidation of cyclododecene in at
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In general, there is no need to add a solvent or diluent in the inventive conversion in step
C.

25
The conversion of the cyclododecene in step C may be carried out continuously or in
batchwise mode, and combinaticns of continuous and batchwise mode are also possible.
Preterence is given to the continuous reaction.

30 Reactors include any suitable reactors. For example, the conversion of cyclododecene in
step C may be carried out in at least one CSTR (continuous stirred tank reactor) with inter-
nal or external heat exchanger, in at least one tubular reactor, in at least one loop reactor
or a combination of at least two of these reactors. It is equally possible to configure at least
one of these reactors in such a way that it has at least two different zones. Such zones

35 may differ, for example, in reaction conditions, for example the temperature or the pres-
sure, and/or the geometry of the zone, for example the volume or the cross section. Also
conceivable is an axial temperature profile which can be realized, for example, by cocurrent
cooling and appropriate setting of the amount of coolant.



The term "conversion" as used above refers to the overall conversion of

cycl ododecene. Wen the reactant used is exclusively cis-cycl ododecene or

excl usively trans- cycl ododecene, the overall conversion corresponds to the

conversion of the particular iso- ner.s¢hen the reactant used is a m xture

of cis- and trans-isomer containing x nol % of cis 40 isomer and y nol % of

trans-isoner, and the cis-isoner is converted to an extent of nPoand -30-

t he tranBaitiggaeprefasencs i@ givento e4rrying outibe exidation of cyelodedsacene inatdeastanat ed as

the sum gbukXreactdidy. I n the case that the reactant used is isonmer m xture,
preference is given in the context of 5 the present invention to carrying

out the reaction in step Cin at |least two steps, nore pref- erably in two
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the rang H 225 to 275C. In this first step, mainly the trans-isoner
is oxidized to cycl ododecanone. In a second step, a tenperature elevated in
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t enper at ihe prassuledn dea raggtion weasel, Piefembiyadn abipashend tubutas reacterc isi ganerally
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one r eacespecily preterably iihthe raegembsermtautagenpusipressusa e 33mbart urt her reactor. It
is equally possible to realize the different tenperatures in a sin- gle
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25 range from 0.1 to 30 h, more preferably in the range from 0.25 to 25 h and especially pref-

erably in the range from 0.3 to 20 h.

The molar ratio of the dinitrogen monoxide: cyclododecene reactants is generally from up
to 0.05 to 5, preferably in the range from 0.07 to 2, more preferably in the range from 0.1 to
30 2 and particularly preferably in the range from 0.1 to 1.

Special preference is given to selecting the reaction conditions in such a way that the con-
version of cyclododecene is in the range from 5 to 95%, more preferably in the range from
7 to 80% and especially preferably in the range from 10 to 50%.
35
The term “conversion” as used above refers to the overall conversion of cyclododecene.
When the reactant used is exclusively cis-cyclododecene or exclusively trans-
cyclododecene, the overall conversion corresponds to the conversion of the particular iso-
mer. When the reactant used is a mixture of cis- and trans-isomer containing x mol% of cis-
40 isomer and y mol% of trans-isomer, and the cis-isomer is converted to an extent of m% and



35 at least two zones of different tenperature is used, the two tenperatures
may‘ merge con- tinuously or discontinuously into one another. For exanple,
particular preference is given in this context to a tubular reactor having
an axi al tenperature profile which cangype realized, for exanple, as

descri bed above. PF 0000055907/rs -31- Wen at least two different reactors
are used in the context of the two-stage process, there may be an

i nt er medihett@nsisamerdo an ektenhef n%,dbe averall benveesion iatcalculatad asibe simedigvet
reactorsgpy Possible internediate treatnents include, for instance: 5 -

heat i ng t%e reactants; - changing the pressure that the reactants are under.
Preference is given in this context, for exanple, to increasing the
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converted in the second stage and is renoved from the product stream by at
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bat al yar Sqoond 848 Rfenperaiie-Ei8vitby i SpmBfison @1\he Gt RUPROGAETeq Ahichagot one
a1 Y b PeTaray Gt Tange 1R 7886 3RG0Ch nie oreltiabh o ts ranGe FoBh e oaPs G
whi ch ar and ebpaenially froferatihe irc theviange dromo276He 316§C| ndihiesesond 26p,Ithe ics-i n

princi pl gopepal dizddb clllbdodebamare to use all suitable catalysts.
Partigular preference is given in the process according to the invention to

using for this purpose at |east one catalyst, as is also used for
hydr ogenAtéadinglyf the peesemp iInvemtfoncllsd rattento pptogessess dSmeibed aboys, ahereimae i s

gi ven i NnflGeRIcARRMgAGSE i deBeddhet AR IrANVEHCIRBIE@nESE et FRn URRFTRfehzat i on

catal ysts V\:hl.(gh. conmprl se at least one transition netal, 1 ncluding preferably
Ru. 30 TRENPHEHNIVPAQ985 cat al ysts used to set the equilibrium between cis-
and trans-isonmer may either be honbgeneous or heterogeneous catal ysts. It
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het er Ogecr:]c?nc\)/lérssic?na'ltn%g ?iFs't s{g%g ishgatlrﬁg %ﬁtn gtoauisemcpaetra%upésua ?he range from 140 to 300°C
and the conversion in the second stage at a temperature in the range from 165 to 350°C,
the temperature in the first stage being lower than the temperature in the second stage.

25  As far as the further reaction parameters, for example pressure, residence time or reaction
vessels, of the two stages of the abovementioned preferred two-stage process are con-
cerned, reference is made on this subject to the general and preferred embodiments of the
above-described one-stage process.

30 The above-described two-stage process may be realized in any suitable process versions.
For example, the two-stage process may be carried out in at least two reactors, in which
case the lower temperature is set in at least one reactor and the higher temperature in at
least one further reactor. It is equally possible to realize the different temperatures in a sin-
gle reactor which has at least two zones of different temperature. When one reactor having

35 at least two zones of different temperature is used, the two temperatures may merge con-
tinuously or discontinuously into one another. For example, particular preference is given in
this context to a tubular reactor having an axial temperature profile which can be realized,
for example, as described above.



may be used as a suspension catalyst or as a fixed bed catalyst. It is
equal | y possible to 35 use both at | east one heterogeneous suspensi on

cat al yst papghogborkeast one heterogeneous fixed bed catalyst, if appropriate
in addition to at |east one honpgeneoug,catalyst. Particu- lar preference is
given to using at | east one honbgeneous catalyst. Wiile it is possible in
principle to use all suitable honbgeneous catal ysts, preference is 40 given
t o usi ngWHenst laast wo ditfiéreni reatlorsafe Ubed mCthé contert ailthe fiar dtagaip@icesy, dere ence
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present ap carbo d used may, for exanple, be
al i phati c, cycloallphatic aromatic or ar- aliphatic carboxylic acids.
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25 Itis in principle possible for this purpose to use all suitable catalysts. Particular preference
is given in the process according to the invention to using for this purpose at least one
catalyst, as is also used for hydrogenations, for example of olefins or polyenes. Special
preference is given in the process according to the invention to using those isomerization
catalysts which comprise at least one transition metal, including preferably Ru.

30
The isomerization catalysts used to set the equilibrium between cis- and trans-isomer may
either be homogeneous or heterogeneous catalysts. It is equally possible to use at least
one homogeneous and at least one heterogeneous catalyst. The heterogeneous catalysts
may be used as a suspension catalyst or as a fixed bed catalyst. It is equally possible to

35 use both at least one heterogeneous suspension catalyst and at least one heterogeneous
fixed bed catalyst, if appropriate in addition to at least one homogeneous catalyst. Particu-
far preference is given to using at least one homogeneous catalyst.

While it is possible in principle to use all suitable homogeneous catalysts, preference is
40 given to using those which contain Ru as the active metal. Particular preference is further



acids, succinic acid and adipic acid. In the in situ preparation of the
catal yst:, particular preference is given to also using at | east one CO
source. This may be CO itself. Further possible CO sources are, for exanple,
for- 35 nmal dehyde, nethanol, ethanol QPQcher suitable primary al cohols, for
exanpl e benzyl alco hol or diols or yol s having at |east one primary

al cohol group, for exanple ethylene gly- col, propylene glycol or glycerol.
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25 The carboxylic acid used may, for example, be aliphatic, cycloaliphatic, aromatic or ar-
aliphatic carboxylic acids. Preference is given to using those which are soluble under the
reaction conditions in the reaction system. Preference is given, for instance, to C—Cy
monocarboxylic acids, C,—Cg dicarboxylic acids, cyclohexylcarboxylic acid, benzoic acid,
terephthalic acid, phthalic acid or phenylacetic acid. Particularly preferred acids are ali-

30  phatic mono- and dicarboxylic acids, especially acetic acid, propionic acid and C,—C,, fatty
acids, succinic acid and adipic acid.

In the in situ preparation of the catalyst, particular preference is given to also using at least
one CO source. This may be CO itself. Further possible CO sources are, for example, for-

35 maldehyde, methanol, ethanol or other suitable primary alcohols, for example benzyl alco-
hol or diols or polyols having at least one primary alcohol group, for example ethylene gly-
col, propylene glycol or glycerol.

From the inventive oxidation of cyclododecene, a product mixture generally results. This
40  product mixture preferably contains in the range from 5 to 95% by weight, more preferably



30 partial hydrogenation of at |east one 1,5, 9-cycl ododecatriene, for
exanpl e «cis,trans,trans 1,5, 9-cycl ododecatri ene or
cis,cis,trans-1,5,9-cycl ododecatriene or all-trans-1,5,9- cycl ododecatriene
and especially fromcis,trans,trans-1,5839-cycl ododecatriene. These preferred
conpounds may be prepared, for exanple, by trinerization of pure 1,3- 35
but adi ene, as described, for exanple, in T. Schiffer, G Qenbrink,
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cycl ododggapene used in step Cis prepared by partial hydrogenation of
cycl o-

Very particular preference is given in the context of the present invention to preparing
cyclododecene by partial hydrogenation of at least one cyclododecatriene, preferably by
30 partial hydrogenation of at least one 1,5,9-cyclododecatriene, for example cis,trans,trans-

1,5,8-cyclododecatriene  or  cis,cis,trans-1,5,9-cyclododecatriene  or  all-trans-1,5,9-
cyclododecatriene and especially from cis,trans,trans-1,5,9-cyclododecatriene.

These preferred compounds may be prepared, for example, by trimerization of pure 1,3-
35 butadiene, as described, for example, in T. Schiffer, G. Oenbrink, “Cyclodecatriene,
Cyclooctadiene, and 4-Vinylcyclohexene”, Ullmann’s Encyclopedia of industrial Chemistry,
6th Edition (2000), Electronic Release, Wiley VCH. This process forms, for example in the
case of trimerization in the presence of Ziegler catalysts, cis,trans,trans-1,5,9-
cyclododecatriene, cis,cis,trans-1,5,9-cyclododecatriene and ali-trans-1,5,9-
40 cyclododecatriene, as described, for example, in H. Weber et al. "Zur Bildungsweise von



30 dodecatriene. The cycl ododecatriene used in this process is preferably
prepared by trinerizing 1,3- butadiene. 35 The trinerization is effected
preferably in the presence of a titaniumcatalyst; the resulting

cycl ododecatriene is preferably cis,t+y3hs,trans-1,5, 9-cycl ododecatri ene. The
present invention also further describes an integrated process for preparing
cycl odo- decanone which co ? ? | east the follow n s;epip&g efnd (b)
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in (i) teentkppiicatiosycl ododecanone. Processes for the cat aI ytic partial
hydrogenation of cycl ododecatriene are described in the "15 | iterature It
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product stﬂmemym@dsdmridmbas forepared by trim@tzation by 1 S-aitadiérat using artitgniwntdataa hi gh
| evel (ngrrpl exity and expense, if at all. The cyclododecatriene
conversion therefore has to be substantially quantitative. 20 The
hydr ogenati on of pol yenes to nobnoenes over honobgeneous Ru catal ysts with
addi ti onWhile itvist mrssibie iesrincipheth uso all eitatpé ditanium datalysiSr 3T@ trinhatizaiompl e 2
of this ; - [ after
2 reati b REPliond i BREA JaTht gfAsE R RaTORGy vl SodlU g, I <

obt ai ned t8lyatHesgtikacip the grtigle Veber ebdl- t hi s docu- nent, only an
unsati sfactory conversion of 85.8%is attained with addltion of sorrewhat 25

| ess wat qhg iRl édnB L%’éﬁrfB f?neztnﬁ‘ufehf‘a{noﬁ %@@ﬁ&l%ére’iérgﬁ Fas B (ﬁbaﬂréés

descri bes the eou
genat i on! er@@ep@y@sghwtggrgphx, R atloast 994te @bt m%ﬂB’%ﬁfaP%(j’éﬂQFPﬂﬁa%‘s%
under0 ak Espedidlly prefersddyn elo s, 3-futadiedealiyed soritaing e 2-bstatisheaindsed 2dutygesuch

as et her giRih 16 I anples of this docunent, the best
cycl ododet':ene% '%(é%'topvcﬁj%%gt@%r(e 96- 98% However, quantitative conver-

From this preferred trimerization, mixtures are generally obtained which contain at least

95% by weight, preferably at least 96% by weight and more preferably at least 97% by
25  weight, of cis,trans,trans-1,5,9-cyclododecatriene. For example, special preference is given

to the mixtures containing about 98% by weight of cis,trans,trans-1,5,9-cyclododecatriene.

Therefore, the present invention also reiates to a process for preparing cyclododecanone,
wherein the cyclododecanone used in step C is prepared by partial hydrogenation of cyclo-
30 dodecatriene.

The cyclododecatriene used in this process is preferably prepared by trimerizing 1,3-
butadiene.

35 The trimerization is effected preferably in the presence of a titanium catalyst; the resulting
cyclododecatriene is preferably cis,trans,trans-1,5,9-cyclododecatriene.

The present invention also further describes an integrated process for preparing cyclodo-
decanone which comprises at least the following steps (a) and (b) and also (i} and (ii):
40



sion is never achieved, so that a separation problempresents itself in the
wor kup. '35 In US 3, 925,494, operation is |likewi se effected in solvents. The
maxi mum cycl ododecene vyield is stated to be approx. 95% However, the
conversion is not quantitative here eigher. In J. Og. Chem 38 (1973) p
80-87, D. R Fahey describes the hydrogenation of cycl odo- decatriene over
various honogeneous Ru catalysts. In all the exanples, operation is ef- 40
fected i (At herepaestion obcysfodedécatiians fiom A SJautagienmt s of sol vent. Cycl ododecene
yi el ds of -36- approx. 98% are descri bed. However, the stated anmobunt of Ru
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in_the formof a fixed bed, 15 The heterpgeneqgus, catal yst
systens usedplgpgarbcp%rfcglaacﬁd?cqrﬁg%c ?7\%’ B nk%qﬁ%riqga&ygpé% '%@aaof t he
el emdfits Pd, Pt, Ru, Ir, NI and Rh as the active hydrogenating netal. In a

particul @nly redicGbie bf 8ticIEEeE BRBed GY i) GRS Yak infik@rd provieliim(i] 16 obtain
hydr ogenat ed cl ododecene in the process according to the invention in

t C
t he presencec\’)cﬁ)odﬁd%?%'}fé]?' one 20 honbgeneous hydrogenation catalyst. Wile
it is possible in principle to use all suitable honbgeneous catal ysts,
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- en 0, usl n
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(TPP) 3(CO RuH2, (TPP)2(CO 2RuH2, (TPP)2(CO 2RuCiH or (TPP)3(CO RuCli2. 30 A
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ment, only an unsatisfactory conversion of 85.8% is attained with addition of somewhat

25 less water than in example 2 after a reaction time of 8 h.

US 5,321,176 describes the addition of amines to the homogeneously catalyzed hydro-
genation.

30 In US 5,177,278, the cyclododecatriene hydrogenation is undertaken with homogeneous
Ru catalysts in the presence of solvents such as ethers or esters. In the examples of this
document, the best cyclododecene selectivities are 96-98%. However, quantitative conver-
sion is never achieved, so that a separation problem presents itseif in the workup.

35 In US 3,925,494, operation is likewise effected in solvents. The maximum cyclododecene
yield is stated to be approx. 95%. However, the conversion is not quantitative here either.

In J. Org. Chem. 38 (1973) p 80-87, D. R. Fahey describes the hydrogenation of cyclodo-
decatriene over various homogeneous Ru catalysts. In all the examples, operation is ef-
40 fected in the presence of relatively large amounts of solvent. Cyclododecene yields of



35 for exanple and with preferance, the conmpounds ruthenium chlori de,

rut heni um acetate, ruthenium acetyl acetonate or other Ru conpounds. In
general, additionally added to the hydrogenation reaction, apart fromthe at
| east one Ru conponent, is at |east ogg_of the conpounds NR3, PR3, AsR3 or
SbR3 where Ris an al kyl, -37- aral kyl, alkaryl or aryl radical having
preferably from1l to 20 carbon atons. Special prefer- ence is given in the
cont ext epproRedgi asedéscribyd Howenet, thd stafsllenydyrt osRbiused, H3see dnayclddddy- of

cycl odod ' culated as the netal, generally fromO0.1 to 2000 5 ng
of activggﬁétéér’g%\zenrg?‘ hg metal, nore preferably Ru, are used in the process

according to the invention. Preference is given to using from1 to 1000 ng
aﬂd par t DEUl 98" 56 B6S Atede ribdthdydebgehatonlof é;@loﬂﬁ@edﬁﬂ_ienbrbv@ﬂhomﬂi’fgmﬁdme% OL
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t he pre- askievediRtineash, the catalyst renoved is fed to any process and very
particular preference is given to recycling it into the process according

to the i t] rdi e i,nv ' . | ' i

preferab Wﬁ‘r%eércr’g‘\ge & &éfﬁ‘%aﬁ e?%éirﬁleé@, 3? % ? i&%“yﬁg P%W,EPW%?‘E ﬁ&ﬁ: g*s gyc{l% %?aod- uct
of the pHiene4p cysjerlasigeena may be effectedibyialt syitable eethedbved via the top, and the
catalijgst, in 15 sone cases with fractions of cycl ododecene, via the bottom

Above. andl PRREIE, @5%%“6%;8%@2%9# 313 e B Rl R Fphibgedufena] | P
not necestgrgenaoyheatplysisesrd thecheie@onnequs caialysta v beopsedin Wedoan cha

cat al yst sfispsion @r irehe¥éRofd fiedibedaf ter the partial 20 hydrogenation and
recycle it into the process. In a further enbodi ment, the parti al

hydrogenation is carried out in the presence of at |east one carboxylic
aci d,15as Thedetareganeprs prtalygissysterasased are pipfesblciasewhichmentain at leagljanet are

ful'ly i nepthealethéds Py, PeFRI RNGIRINdAad the 4608 Rydrogénatingmetgsent appl i cati on.
25 The carboxylic acid used may be, for exanple, an aliphatic,

cycloaliphatic, aromatic or ar- aliphatic carboxylic acid. Preference is
gi ven tolhugi pgtieviary prgfeeed anebosionert ey¢ledadesatrieae s tagially yrvdergenated 1o he
reaction E@@wdtecm in fRYITBERS RCErdinly 2P eTBVEMtBR WO WME presaidedst atdbast@he

n

C
di car,poxyl | | ds, I xan boxylic acid, benzoic acid, terephthalic
acid?Bph¥ aﬁggﬁggg5??%%8&gﬁﬂéﬁ§ﬁ§%etic acid. Particularly preferred acids

are aliphatic nono- and dicarboxylic acids, in particular acetic acid,
pr opi ?ni ]tcwm@: iﬂis&ﬁbﬁsfﬁ!ez-if:%ﬁinéigfettﬁ @léi()aimui@u{éflhdm@g?@bds ggtrdlyls@gi bﬁfsrea@é dblT[lg
106 BNt K Y PR P R0) LS
g. ence is further given to using catalysts as described in US 5,180,870, US 5,321,176, US
5,177,278, US 3,804,914, US 5,210,349, US 5,128,296, US B 316,917 and in D.R. Fahey
25 in J. Org. Chem. 38 (1973) p. 80-87, whose disclosure-content on this subject is incorpo-
rated fully into the context of the present application. Such catalysts are, for instance,
(TPP),{CO)s;Ru, [Ru(CO)4)s, (TPP):Ru(CO).Cl,, (TPP);{CO)RuH,, (TPP)x{CO).RuH,,
(TPP),(CO);RuCIH or (TPP)3(CO)RUCl,.

30 A catalyst used with very particular preference is (TPP),(CO),RuCl; or a corresponding CI-
free variant, for example (TPP),(CO).RuH,, where TPP is triphenylphosphine.

In a further preferred embodiment, the catalyst used for partial hydrogenation is prepared in
situ in the process according to the invention. In this, preparation the starting materials are,

35 for example and with preferance, the compounds ruthenium chloride, ruthenium acetate,
ruthenium acetylacetonate or other Ru compounds.

In general, additionally added to the hydrogenation reaction, apart from the at least one Ru
component, is at least one of the compounds NR;, PR3, AsR; or SbR; where R is an alkyl,



In the in situ preparation of the catalyst, particular preference is given
to also using at | east one CO source. This nmay be CO itself. Further
possi bl e CO sources are, for exanple, for- mal dehyde, nethanol, ethanol or
other suitable primary alcohols, for exanple benzyl alco -38- hol or diols
or polyols having at | east one primary al cohol group, for exanple ethylene
gly- col, propylene glycol or glycerol. In the process according to the

i nvent i omralkyhealizayitar akyi hydlcal daniat ippsfegelyeramh [yto t2kasban @tomsaSpedal prefer-
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fully incorporated by reference into the context of the present application.

25
The carboxylic acid used may be, for example, an aliphatic, cycloaliphatic, aromatic or ar-
aliphatic carboxylic acid. Preference is given to using those which are soluble in the reac-
tion system under the reaction conditions. Examples are C—Cy, monocarboxylic acids, C—
Ce dicarboxylic acids, cyclohexanecarboxylic acid, benzoic acid, terephthalic acid, phthalic

30  acid or phenylacetic acid. Particularly preferred acids are aliphatic mono- and dicarboxylic
acids, in particular acetic acid, propionic acid and C;»~Cy, fatty acids, succinic acid and
adipic acid.

The amount of acid added per kg of cyclododecatriene is generally from 0.001 to 100 g,
35  preferably from 0.01 to 50 g and more preferably from 0.05 to 25 g.

In the in situ preparation of the catalyst, particular preference is given to also using at least
one CO source. This may be CO itself. Further possible CO sources are, for example, for-
maldehyde, methanol, ethanol or other suitable primary alcohols, for example benzyi alco-



When starting up the hydrogenation, special preference is given to not
initially charging the cyclododecatriene reactant, or to not initially
charging it pure together with catalyst and/or catalyst precursor, since
this may result in undesired exotherm c reactions. In general, at |east one
sui tabl e solvent or diluent may be addggl: Useful such solvents or diluents
are, for -39- instance cyclododecane cycl ododecene, saturated aliphatic
hydr ocar bons, . ar omat -, drocarbons or m xtures of two or ﬁ&e the eof. In

a_ pref er PRPreigiear H@Vﬂ's hey;em ghsasicneprimary alcenel e derexsmple kﬁﬂﬁsvof

cycl ododesieprepypiade glycdl @fgffesrane or a mixture of cyclo- dodecene and
cycl ododecatriene or a mxture of cyclododecane and cycl ododecatriene or 5 a

m xture of cycl ododecene, cl ododecane and cycl ododecatriene is initially
char ged. In tWi|P|fQé39§ﬁécw@nﬁabé'@dwﬂ%éh%%ﬂ'@rl'lyd&gef‘%@fbgﬂﬁe@%é@M§ RECRiAkt ur es
I's geﬂe][ ®nperat s i ittkddang emroni HE1c80° Chprettsalily icheSande frdmBoetbe@satt yndn t he
range o a

especi al P&P%PP‘%@%% Q/{“Yi%”’g W@@O \?\%?‘% E: I? r%c@@a) r%sgﬁ@e%y%rﬁgﬁ g{réersa@ﬁg
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hydr ogengirigenrons 16 #¢g 4. up by initially charging a mxture of cyclododecane
and/ or cycl ododecene together wth cycl ododecatriene, the cycl ododecat ri ene

content of this mxture being in the range of up to 30% by vvelg? 15 The
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trans- | SONEer. S-1soner to trans-isoner is

in tH2 rgﬂ&dqr?@yrg@piﬁq_ %eactiorbcoin\?ro]’i?pcgr&a?%ngﬁoql NB¢cl ododecene, the product

m xture generally contains cycl ododecane in a range fromO0.1 to 8% by
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cycl ododatradactionhaf hydoxen tshouldt her eengafficiemht Ehis mayane achieved; yarl exdogs; dgi ene

and/ o UPSMBY B diFBdYSEALU REGhE! §Rfendd/ or catal yst. The process 30

according to the invention may in princi ple be conducted in such a way that
the cycl odode catriene used is converted fully to cycl ododecene. In general,
t he pr odlrconeriok the prefaredaembodimeatsusictba \peedeat! inveoliard cad dba focatiore wheeecth@nt i n
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wei ght an %/ ess t %.b ased 1 n each
case on f‘viﬁérq- A pwgp‘gsnyerépntlﬁe Oﬁr%a[p@ , fersieraply carried out in tleast one tube

bundle reactor. When tubular reactor systems are used, it is advantageous, for example by
25 suitable internals, to accelerate the mixing-in of hydrogen, as is customary, for example, in
packed bubble columns.

To complete the conversion, it is possible in the context of the present invention to operate
at least two reactors in series. For example, a first reactor may have vigorous mixing, which
30 may be achieved, for example, by product recycling by means of a pump, while a second
and optionally a third reactor are merely flowed through, and hydrogen may optionally be
added. In a preferred embodiment of the specific process version, a conversion in the
range from 80 o 98% is achieved in the first reactor, while the postreactor or postreactors
ensure the remaining conversion.
35
When starting up the hydrogenation, special preference is given to not initially charging the
cyclododecatriene reactant, or to not initially charging it pure together with catalyst and/or
catalyst precursor, since this may result in undesired exothermic reactions. In generali, at
least one suitable solvent or diluent may be added. Useful such solvents or diluents are, for



35 If desired, unconverted cycl ododecatri ene nmay be renoved fromthe product
m xture by at |east one suitable nethod, for exanple and with preference at
| east one distillative nmeas- ure, and recycled into the process. As a
consequence of the very high conversioggof cyclo- dodecatriene, particular
preference is given in the process according to the invention to not -40-
renmoving it fromthe product m xture fromthe partial hydrogenation and to
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cat al yst efahly-n dheneange fropr e to. 98% by weight,i based in gaghraase ondbie ot ovight et thef t he
process pedatdhirird0 the invention, a portion of the honmogeneous
hydr ogenati on catal yst renoved in this way may be recycled into the 30

process and the renainder of the catal yst renoved di scharged fromthe
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cycl ododecene, with small traces of cyclododecane and in sone cases traces

of cycl ododecadi enes, as has al ready been de-
in addition to cyclododecene, the product mixture generally contains cyclododecane in a

range from 0.1 to 8% by weight, preferably in a range from 0.3 to 7% by weight and more
25 preferably in the range from 0.5 to 6.5% by weight, based in each case on the total weight
of the product mixture.

In addition to cyclododecene and cyclododecane, the product mixture may contain traces
of cyclododecadiene and/or unconverted cyclododecatriene and/or catalyst. The process
30 according to the invention may in principle be conducted in such a way that the cyclodode-
catriene used is converted fully to cyclododecene. In general, the product mixture contains
the unconverted cyclododecatriene reactant in an amount of less than 0.5% by weight,
preferably of less than 0.25% by weight and especially preferably of less than 0.1% by
weight, based in each case on the total weight of the product mixture.
35
If desired, unconverted cyclododecatriene may be removed from the product mixture by at
least one suitable method, for example and with preference at least one distillative meas-
ure, and recycled into the process. As a consequence of the very high conversion of cyclo-
dodecatriene, particular preference is given in the process according to the invention to not



35 scribed above. In a preferred enbodi nent of the process according to the
I nvention, this main fractionis fed to the oxidation with dinitrogen
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fromthe hydrogenation of cycl ododecatriene to cycl ododecene in the

presence of a honobgeneous catal yst, conprising cycl ododecene and honbgeneous
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cycl ododwa¥ meays wiptionadly radteniahlaagt poe stitablefegeneratian slaps subsasiuenidy eifial &6 on
recycled into the process, discarded or worked up, for example in order to recover at least
25 one metal present in the catalyst. It is also possible to use the removed catalyst in another

process.

In a particularly preferred embodiment of the process according to the invention, a portion
of the homogeneous hydrogenation catalyst removed in this way may be recycled into the
30 process and the remainder of the catalyst removed discharged from the process.

The main fraction from the abovementioned distillative workup of the product mixture from

the partial hydrogenation comprises substantially cyclododecene, with small traces of

cyclododecane and in some cases traces of cyclododecadienes, as has aiready been de-
35 scribed above.

In a preferred embodiment of the process according to the invention, this main fraction is
fed to the oxidation with dinitrogen monoxide in step C.



wi th dinitrogen nonoxide. In this case, at |east one further catalyst may
optionally be added in the oxidation with dinitrogen nonoxide. It is also
possi ble not to renove the catal yst from-42- the product m xture of the
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the fact that when the same homogeneous catalyst is used in partial hydrogenation and
25  oxidation with dinitrogen monoxide, the catalyst does not have to be removed from the
product mixture of the partial hydrogenation, and that this mixture may be fed directly to the
oxidation with dinitrogen monoxide without costly and inconvenient distillative workup of the

catalyst.

30 Accordingly, the present invention also relates to a process as described above, wherein a
mixture resulting from the hydrogenation of cyclododecatriene to cyclododecene in the
presence of a homogeneous catalyst, comprising cyclododecene and homogenecus cata-
lyst, may be used as a reactant for the reaction with dinitrogen monoxide.

35 In the context of the present invention, it is also possible to remove only a portion of the
catalyst from the product mixture of the partial hydrogenation and to feed the resulting mix-
ture, comprising cyclododecene and the remaining portion of the catalyst, to the oxidation
with dinitrogen monoxide. In this case, at least one further catalyst may optionally be added
in the oxidation with dinitrogen monoxide. It is also possible not to remove the catalyst from



cording to the invention offers the possibility of obtaining

cycl ododeca- 4, 8-di enone starting from 1,5, 9-cycl ododecatriene in a single
step at high selectivity. -43- The overall process according to the

i nvention for preparing cycl ododecanongzaccordingly conprises steps A, A2,
B and C, in which case cycl ododecatriene is reacted with dinitro- gen
nonoxi de in step C to obtain cycl ododecadi enone and, in a further step, the
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group. In general, there is no need to add a sol vent or di | uent in the
inventiveﬁreac lon with dinitro- en nDnOXIgF in step C Gener there

exi st no 'PEryclegedacapens prepafeshin CLOFP‘E\”SE]%" the In¥RNticR R 3?\’ E’{fﬂﬂﬁ’
t he 16onwéthgianicutr pegfetendedex ased Bngreparesdosiecahedicarboglc acd iandios Iaamelaced

t hat Cycké?ﬂ%ﬂ%fﬂ?ﬂyrﬂerscﬁe‘? 09&‘9\ StrdR g él‘élﬂ'lﬁé% ?&%&rﬂﬁeé 8a6H AL lor e or rr%Ion- _
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dinitrogen monoxide with cyclododecatriene, cyclododecatriene is used in step C of the
process according to the invention. A mixture comprising cyclododecadienone is obtained.
Preferred process conditions of this embodiment are described hereinbelow.

25  The resulting cyclododecadienone may preferably be converted to cyclododecanone by
hydrogenation.

The preparation of cyclododeca-4,8-dienone from 1,5,9-cyclododecatriene had hitherto
been possible only via a two-stage synthesis in which 1,5,9-cyclododecatriene was epoxi-
30 dized in a first step to 1,2-epoxycyclododeca-5,9-diene and the epoxide was rearranged
catalytically to cyclododeca-4,8-dienone in a second step. This process is described, for
example, in US 3,063,986. This conventional process has two decisive disadvantages:
firstly, it is difficult to achieve a selective monoepoxidation. Secondly, the process neces-
sarily has two stages.
35
Accordingly, the above-described embodiment preferred in the context of the process ac-
cording to the invention offers the possibility of obtaining cyclododeca-4,8-dienone starting
from 1,5,9-cyclododecatriene in a single step at high selectivity.



-44- which is within the above-specified limts. Tenperature changes in the
course of the reac- tion may be undertaken continuously or el se

di sconti nuously. The pressures in the reaction of cyclododecatriene with

di nitrogen nonoxide in step C are 5 phBterably higher than the autogenous
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25 ple’bond nor an aldehyde group.

In general, there is no need to add a solvent or diluent in the inventive reaction with dinitro-
gen monoxide in step C.

30  Generally, there exist no particular restrictions with regard to the reaction conditions of the
conversion of cyclododecatriene in step C, as long as it is ensured that cyclododeca-4,8-
dienone is obtained from the reaction.

The temperatures in the reaction of cyclododecatriene with dinitrogen monoxide are pref-
35 erably in the range from 140 to 350°C, more preferably in the range from 180 to 320°C and
particularly preferably in the range from 200 to 300°C.

In the context of the process according to the invention, it is possible to carry out the reac-
tion in step C at two or more temperatures or in two or more temperature ranges, each of



fromO0.07 to 0.5 and particularly preferably in the range fromO0.1 to 0. 4.
In a particularly preferred enbodi ment, the process according to the
invention is carried out 5 in such a way that a conversion of

cycl ododecatriene in the range of up tda450% preferably in the range from5
to 30% and especially preferably in the range from 10 to 20%is achieved at
a very high selectivity for cycl ododecadi enone. The sel ectivity based on
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25 zones. Such zones may differ, for example, in reaction conditions, for example the tem-
perature or the pressure, and/or in the geometry of the zone, for example the volume or the
cross section. When the conversion is carried out in two or more reactors, two or more

identical reactor types or at least two different reactor types may be used.

30 In a preferred embodiment, the inventive reaction with dinitrogen monoxide in step C is
carried out in a single reactor. For example and with preference, the reaction is in continu-
ous mode.

The residence time of the reactants in the at ieast one reactor is generally in the range of
35 up to 20 h, preferably in the range from 0.1 to 20 hours, more preferably in the range from
0.2 to 15 hours and particularly preferably in the range from 0.25 to 10 h.

In the feed which is fed to the reaction of dinitrogen monoxide with cyclododecatriene in
step C, the molar ratio of dinitrogen monoxide to cyclododecatriene is generally in the



-46- The inventive conversion of at |east one cycl ododecatriene, preferably

the conversion of at |east one 1,5, 9-cycl ododecatri ene and especially

preferably the conversion of cis,trans,trans-1,5,9-cyclododecatriene in

step Cmay in principle be effected i n4she pres- ence of a catalyst. In a

particularly preferred enbodi nent of the process according to the 5

I nvention, the reaction with dinitrogen nonoxide in step Cis carried out
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cycl ododecatriene with dinitrogen nonoxide in step Cis carried out w thout
10 addition of a catalyst. In general, there is no need to add a solvent or
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20 cis,trans,trans-1,5, 9-cycl ododecatri ene,

cis,dPs, trans-1,5,9-cycl ododecatriene and all-trans-
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process according to the invention, particular preference is given, as

described above, to the conversion of o .
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cycl odod g .‘?&E a reactant is prepared by trimerization of
1, 3- but agi%aét@é@né%us- d??@“‘% ‘itaniumcatalyst. 35 Wiile it is possible in

principle to use all suitable titaniumcatalysts for the trinerization,
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Accordingly, the present invention also relates to a process as described above, wherein

the cyclododecatriene used is cis,trans,trans-1,5,9-cyclododecatriene.

In particular, the present invention therefore also describes a process as described above,
30  wherein cis,trans,trans-1,5,9-cyclododecatriene is reacted with dinitrogen monoxide in step
C to obtain cyclododeca-4,8-dienone.

In general, a cyclododeca-4,8-dienone isomer mixture results from the inventive reaction of

cis,trans,trans-1,5,9-cyclododecatriene with dinitrogen monoxide in step C and comprises
35 at least two of the isomers cis,trans-cyclododeca-4,8-dienone, trans,cis-cyclododeca-4,8-

dienone and trans,trans-cyclododeca-4,8-dienone. Preference is given in accordance with

the invention to obtaining an isomer mixture in which trans,cis-isomer and cis,trans-isomer

are obtained in about the same amounts and the trans,trans-isomer is formed in only smatl

amounts in comparison to the two other isomers. An example of a typical isomer mixture
40  accordingly has the isomers in molar ratios of about 1:1:0.08.



40 term ned by gas chromat ography, of at |east 99.6% and nore preferably of
at least'99.65% -47- Especially preferably, the 1, 3-butadiene contains no
1, 2- but adi ene and no 2-butyne within the precision of detection. Fromthis
preferred trimerization, m xtures are-ggnerally obtained which contain at

| east 5 95% by wei ght, preferably at |east 96% by wei ght and nore
preferably at |east 97% by weight, of _
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and with or without at |east . one by- product. ndi ng.on the further
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cycl ododewtndinigogeremonexideray be renmoved fromthis mixture. In the case that

t hem xture conprises cycl ododecadi enone and, for exanple, a di ketone such
e to renoyve the ¢ ododecadi enone,
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25  process according to the invention, particular preference is given, as described above, to
the conversion of cis,trans,trans-1,5,9-cyclododecatriene in the present process according
to the invention. This cis,trans,trans-1,5,9-cyclododecatriene is more preferably prepared in
( accordance with the abovementioned article of Weber et al., whose content on this subject
is incorporated fully by reference into the context of the present application.

30
Accordingly, the present invention also describes a process as described above, wherein
the cyclododecatriene used as a reactant is prepared by trimerization of 1,3-butadiene us-
ing a titanium catalyst.

35 While it is possible in principle to use all suitable titanium catalysts for the trimerization,
particular preference is given to the titanium tetrachloride/ethylaluminum sesquichloride
catalyst described in the article of Weber et al.

The butadiene used for the trimerization especiaily preferably has a degree of purity, de-
40  termined by gas chromatography, of at least 99.6% and more preferably of at least 99.65%.



chem cal reaction. For exanple and with preference, at |east one G C double
bond, pref- 40 erably both C C doubl e bonds, may be hydrogenated. -48-
Irrespective of which regioisoners of cycl ododecadi enone or which m xture of
at least two regioisoneric cyclododecadienones is obtained fromthe

i nventive reaction with dinitrogen nonoxide, this regioisonmer or this
regi oi soner mxture is preferably hydrogenated to cycl o- dodecanone. 5 In a

par ti cul EPPscigiydreferably, deobdi iengf cantaing ne d skutadiens andt §o dutyne vitient i on,
cycl odo- tHégsracidiod oflti@Bsiad. i s hydrogenated to cycl ododecanone. Accordingly,
the present invention also relates to a process as described above, wherein
10 the C¥C| ododecadi enone obtained fromthe reaction of cycl ododecatriene
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cat al yst gs3laédording th tAEGREARIICE Wi th the invention containing Pd. 25
Hormg?neous catal ysts used with preference in the process according to the

i nverition contain at |east one element of transition group 8, 9 or 10.
Pr ef er en¥éth regardrte fisthepdeteils o thertomegzativoutstarancs ig snadesthitohariclatyielrgr, Rh,
Ir and/oet i . Exanpl es which should be nentioned in this context are
RhCl (TTP)3 or Ru4H4(CO) 12. Particul ar preference is given to 30 those
honogeneous catal ysts whi ch contain Ru. For exanple, honpbgeneous catal ysts
used ar eFramo e ineerdive ragtiom of eySiElodechtda®, withBdipitregen IRBOXIUS IBSter 2, 278x- US
3, 8040 914ure id/geRerdhDott4ite Yiichlésmpies dysloBodetadiRhénéNstelefaty Byciddddeyai N J.
O g. Cheg18_ 8 ‘%\197 |%1 Panite it 85 \Ahcl)_gég discl osure-cont e f' @n LS subh&ct S
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cat al yst gragiuet. Depending oa theefurthappili2gton) S™er wakiedpe pclo@slecatisnopruped) 2C1 2,
( TPP) 3( CeddButthe dyti3tdddcad,8aitiiéne (BRI (reklovéd o fHis mixture. In the case that
the mixture comprises cyclododecadienone and, for example, a diketone such as cyclodo-
25  decenedione, it is possible to remove the cyclododecadienone, preferably the cyclododeca-
4,8-dienone, in a simple manner and to feed it to a further process step, for example the
partial hydrogenation to cyclododecenone or preferably to the hydrogenation to cyclodode-

cenone.

30  From this mixture, the cyclododeca-4,8-diencne may be removed by at least one suitable
method. Preference is given in this context to distillative removal. The distillation is effected
at a pressure in the range of generally from 0.001 to 2 bar, preferably in the range from
0.01 to 1 bar and especially preferably in the range from 0.03 to 0.5 bar.

35 The cyclododecadienone obtained in accordance with the invention from the reaction of
cyclododecatriene with dinitrogen monoxide may be fed to one or more arbitrary further
processes. For example, the keto group of cyclododecadienone may be subjected to a
chemical reaction. Equally, at least one of the C-C double bonds may be subjected to a
chemical reaction. For example and with preference, at least one C-C double bond, pref-

40 erably both C-C double bonds, may be hydrogenated.



(TPP)3(CO Rud 2. Special preference is given in the context of the process
according to the invention to using at |east one heterogeneous catal yst, in
which case it is possible to use at |east one of the 40 abovenentioned
metals in the formof the nmetal as suc#8-in the formof Raney catal yst -49-
and/or applied to a customary support. Preferred support materials are, for
I nstance, acti- vated carbons or oxides,  faor exanple alum nas 1l cas,
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depo? t 30 on a support material. Apart fromthe abovénenti oned
pr eci %i tation catal ysts which, apart fromthe catalytically

Homogeneous catalysts used with preference in the process according to the invention

contain at least one element of transition group 8, 9 or 10. Preference is further given to
homogeneous catalysts which contain Ru, Rh, Ir and/or Ni. Examples which should be
mentioned in this context are RhCITTP); or RuyH4(CO)4,. Particular preference is given to

30 those homogeneous catalysts which contain Ru. For example, homogeneous catalysts
used are those described in. US 5,180,870, US 5,321,176, US 5,177,278, US 3,804,314,
US 5,210,349 US 5,128,296, US B 316,917 and in D.R. Fahey in J. Org. Chem. 38 (1973)
p. 80-87, whose disclosure-content on this subject is incorporated fully into the context of
the present application. Such catalysts are, for instance, (TPP)2(CO)3Ru, [Ru(CO).ls,

35 (TPP),Ru(CO),Cl;, (TPP)3(CO)RuH., (TPP);{(CO);RuH;, (TPP)(CO),RuCiH or
(TPP)3(CO)RuCl..

Special preference is given in the context of the process according to the invention to using
at least one heterogeneous catalyst, in which case it is possible to use at least one of the
40  abovementioned metals in the form of the metal as such, in the form of Raney catalyst



act]jve conponents, also additionally conprise a support material, support
materials suit- able for the process according to the invention are
generally those in which the catalytically 35 hydrogenati ng conponent has
been applied to a support material, fof®exanple, by inpreg- nation. The way
in which the catalytically active netal is applied to the support is
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' mpr egnalg‘r'e?enrer\{\(ﬁzet irs] g?ve%all)tusi% h():/grnc;rgenation catalysts in the process according to the inven-
tion which contain the metals or metat compounds catalyzing the hydrogenation deposited

30 on a support material.

Apart from the abovementioned precipitation catalysts which, apart from the catalytically
active components, also additionally comprise a support material, support materials suit-
able for the process according to the invention are generally those in which the catalytically

35 hydrogenating component has been applied to a support material, for example, by impreg-
nation.

The way in which the catalytically active metal is applied to the support is generally not
critical and can be brought about in various different ways. The catalytically active metals
40 may be applied to the support materials, for example, by impregnation with solutions or



pl ex of the aforenentioned netals. 30 Both the precipitation catal ysts and

the supported catalysts may al so be activated in situ at the start of the

reaction by the hydrogen present. Preference is given to separately activat-

i ng these catal ysts before their use.-5Dhe support materials used may

generally be the oxides of alum numand of titanium zir- 35 coni um di oxi de,

silicon dioxide, ay mnerals, for exanple nontporrilonit silicates, for
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25 19817 or EP 0 285 428/ Al.In the catalysts accordmg to the aforementloned documents
the catalytically active metals are present in the form of an alloy which is generated by
thermal treatment and/or reduction of the, for example, by impregnation with a salt or com-

plex of the aforementioned metals.

30 Both the precipitation catalysts and the supported catalysts may also be activated in situ at
the start of the reaction by the hydrogen present. Preference is given to separately activat-
ing these catalysts before their use.

The support materials used may generally be the oxides of aluminum and of titanium, zir-
35 conium dioxide, silicon dioxide, clay minerals, for example montmorrilonites, silicates, for

example magnesium silicates or aluminum silicates, zeolites, for example of the ZSM-5 or

ZSM-10 strucutre types, or activated carbon. Preferred support materials are aluminas,

titanium dioxides, silicon dioxide, zirconium dioxide and activated carbon. it will be appreci-

ated that mixtures of different support materials may also serve as the support for catalysts
40  usable in the process according to the invention.



the,catalyst, in order, for exanple, to recover the netal present in the
catal yst. 30 Wien the catal yst used in the hydrogenation is, for exanple, a
honbgeneous catal yst, preference is given to renoving it in the context of
the present invention by at |east one-5tistillation step. In this
distillation, one or two or nmore distillation colums may be used. The

catalyst ed in this way may be recycl ed to the hydrog nat|on or fed
Lo ot o388 3D IrEStafe, hefeiaoanaous, daaes iobGs ised, Toceraipie ) RO GIRA & #8- wor k

up the c perdigrstatalyst amdbbe in ﬂnelforﬂxdtmri)ed betieatahsver the netal present in the
catalyst. Before use in an arbitrary process, for exanple before recycling
into the process accordi Q{%E‘ to the invention, tﬁlther t he at | east one
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one suspen resi ence
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pr ef er abthe daeiohese 8N drniure tedetdrs, & Fedst ohdé may bervparnsd mniquishshate moden

accordangﬁd‘ﬂtferténléqntrllKE-%é) , one reactor or at least two reactors
connected 1h series are used. For all of these enbodi nents, the overall

residence tinme is within the above-specified ranges. 20 Wen, in the process
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in accordesipa. Wth the invention, one reactor or at |east two reactors

connected in series are used. For all of these enbodinments, 25 the overall
residence tine is wwthin the above- S{)emfled ranges. The m xture which is

obt aizhed Whearthe ratalyst usediin e hudregenation isclonpranele, & hetemasaeeusatalystas a

suspension catalyst, preference is given in the context of the present invention to removing
it by at least one filtration step. The catalyst removed in this way may be recycled into the
hydrogenation or fed to at least one arbitrary other process. It is equally possible to work up
the catalyst, in order, for example, to récover the metal present in the catalyst.
30
When the catalyst used in the hydrogenation is, for example, a homogeneous catalyst,
preference is given to removing it in the context of the present invention by at least one
distillation stt::-p. In this distillation, one or two or more distillation columns may be used. The
catalyst removed in this way may be recycled into the hydrogenation or fed to at least one
35 arbitrary other process. It is equally possible to work up the catalyst, in order for example,
to recover the metal present in the catalyst.

Before use in an arbitrary process, for example before recycling into the process according
to the invention, either the at least one homogeneous or the at least one heterogeneous
40 catalyst, can be regenerated should this be necessary,by at least one suitable process.



a proportion, based on the total content in the m xture of Cl2 conponents,
preferably in the range from50 to 99.9% by weight and nore preferably in
the range from70 to 99.5% by 30 weight. This mxture is, if appropriate
after at |east one suitable internedi ag-treatnment, fed to the second
tubul ar reactor. The m xture which is obtained fromthe second tubul ar reac-
tor conprises cycl ododecanone in a proportion preferably in the region of at
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The mixture which is obtained from the first tubular reactor comprises cyclododecanone in
a proportion, based on the total content in the mixture of G, components, preferably in the
range from 50 to 99.9% by weight and more preferably in the range from 70 to 99.5% by

30 weight. This mixture is, if appropriate after at least one suitable intermediate treatment, fed
to the second tubular reactor. The mixture which is obtained from the second tubular reac-
tor comprises cyclododecanone in a proportion preferably in the region of at least 99.5%,
more preferably in the region of 99.9% and especially preferably of 99.99% by weight.

35 The hydrogen pressure in the inventive hydrogenation is generally in the range from 1 to
325 bar, preferably in the range from 1.5 to 200 bar, more preferably in the range from 2 to
100 bar and especially preferably in the range from 2.5 to 50 bar.



progess according to the invention into an existing integrated plant system
which allows the transport path for the reactant to be kept to a m ni num
and al so, as potential green- house gases, do not have to be fed to a
special treatnent for disposal, but ragker flow di- rectly into a product of
val ue. 35 The cycl ododecanone which is obtained with special preference in
accordance with the invention and has if appropriate been renoved fromthe
product §88 hysregenasiondgmperaturecis-gearially inthg rapgenrem O P AR05E. elerableindee be
used to pihgparam dodeczoled] fard pieférablyag itte adifieOfom | 3oUc0l 8P CamdBsheelally
poIynersagﬁ&5%§q1¢gq5@$gﬁﬁ%46951ﬁ%epple pol yam des such as nylon-12 40 or
. -54- e

nyl on- 6, esent inventiton is illustrated by the exanpl es which
foll ow. Exanples: Exanple 1 5 One-stage absorption with tetradecane A
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f rom t heagessBuRSH tﬁémﬁéf@ﬁﬁ foesds pHie depl eted offgas at the top of the
colum is discarded. The | aden solvent at the bottom of the absorption

colum is deconpressed in a flash vessel (0= 20 cm height = 50 cm
oper a8 edirathe3maiext of thebaventive hydrpgenaliony alneastpnetsuitablerasdenbacdivent may he

absor ber hgtugea.- sirmaﬁt@apguh@gerslrspaw inflade cydiddRictBdhe b c@dltﬁ:loﬂé@ﬂmea@dgl L1
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di scarded. The conpositi I kewi se specified in,tabl 1. 15 Ta

Conpanentiso B RSBEPR 3 pllerss < TlbRE el ke 56t hihitidiedof crpltedRas o

4.3 2.6 othergaysunder he hydpayedstion a@ditioas. 0. 6 3.3 The formal yield of N20

(defined as 100x(nmol of N20 in the product gas)/(nol of N20 in the reactant
i 0,

gas) )\5 ! S|n6a6 @ef%gdn.grln%o&ment of the process according to the invention, the hydrogenation is

carried out without addition of a solvent or diluent.

From the inventive hydrogenation, a mixture is generally obtained which, in addition to
cyclododecanone, in some cases comprises at least one by-product and/or at least one

20 unconverted reactant and/or at least one further compound which has been fed to the hy-
drogenation via, for example, a mixture comprising reactant. From this mixture, the cyclo-
dodecanone may be removed by at least one suitable method, for example and with pref-
erence via at least one distiliation.

25 One of the advantages of the above-described process according to the invention for pre-
paring cyclododecanone is that cyclododecanone and also cyclododecadienone are ob-
tained in few steps and simultaneously with high selectivity. A further considerable advan-
tage is the fact that dinitrogen monoxide-containing offgases from preferably industrial
plants can be used as a reactant for the process according to the invention, and are firstly

30 available without great cost and inconvenience and secondly enable the integration of the
process according to the invention into an existing integrated plant system, which allows
the transport path for the reactant to be kept to a minimum, and also, as potential green-
house gases, do not have to be fed to a special treatment for disposal, but rather flow di-
rectly into a product of value.

35
The cyclododecancne which is obtained with special preference in accordance with the
invention and has if appropriate been removed from the product gas mixture may, for ex-
ample and with particular preference, be used to prepare dodecanedicarboxylic acid and/or
laurotactam and/or polymers derived therefrom, for example polyamides such as nylon-12

40  or nylon-6,12.



Two- st age absorption wth tetradecane Exanple 1 was repeated except that the
product gas m xture fromthe first desorber stage 25 (12.9 nol/h) and with
the conposition specified in table 1.2 was conpressed to 25 bar abs.,
cooled to 30C and fed at the | owernosts4ray of a second absorption colum

(0=5 cm height = 400 cm w th Kuhni Ronmbopack packing). Fromthe top, 12
kg/'h of technical- grade tetradecane (com ng fromthe second desorber stage)
are fed. IHhBeep) iBYRIWOR 5 itlpirategh by the exyppigs WFWE tellowond absorption colum is

di scarded. The | aden solvent at the bottom of 30 the second absorption

colum i g g ressed in a second flash vessel (0= 10 cm height = 40 cm
oper at ed at g(%) to 1 bar abs. The solvent is punped back into the second ab
- 55- sorg age. The desorbed product gas fromthe second colum (6.8

mol / h) i "?W@ na- |yzed. The conposition is |ikew se specified in table

1. 2. JablpektayeBRINBAWitRWRRRE AL / % by vol . 2nd stage reactant 2nd
stage gas (= 1st stage product gas product gas) N20 49 88.5 02 2.6 0.9

N2 44.8 1.5 NOx 0.16 0.4 CO2 3.3 8.5 5 The formal yield of N20 (defi ned
as 100x( AoleactanNgds (15 1trhel/fp rvithutte cpatposition lepeified 1t teblegé)l/ ismeimpoéssddoi n t he
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Table 1.1
Components | Composition / % by vol.
Reactant gas | Product gas
N,O 6.3 49
O, 4.3 2.6
N2 87.7 44.8
NO, 0.05 0.16
CO, 0.6 3.3
The formal yield of N,O (defined as 100x{mol of N-O in the product gas)/{mol of N;O in the
reactant gas)) is 66%.
0

Example 2

Two-stage absorption with tetradecane

Example 1 was repeated except that the product gas mixture from the first desorber stage
25 (12.9 molh) and with the composition specified in table 1.2 was compressed to 25 bar
abs., cooled to 30°C and fed at the lowermost tray of a second absorption column (@= 5
cm, height = 400 cm, with Kiihni Rombopack packing). From the top, 12 kg/h of technical-
grade tetradecane (coming from the second desorber stage) are fed. The depleted offgas
at the top of the second absorption column is discarded. The laden solvent at the bottom of
30 the second absorption column is decompressed in a second flash vessel (&= 10 cm, height
= 40 cm, operated at 30°C) to 1 bar abs. The solvent is pumped back into the second ab-



tant gas (= 2nd stage scrubbing colum product gas) N20 88.5 87.6 2 0.9
0.9 N21.51.4 NOX 0.4 0.1 CO2 85 9.6 20 The formal yield of N20
(defined as 100x(nol of N20 in the product gas after the scrubbing
colum)/(mol of N20 in the reactant gaSbeof the 1lst stage)) is 62% -56-
Exanpl e 4 Two- st age absorption w th tetradecane with subsequent scrubbi ng
and liqu ction repeat ed except  t after
the scruBBPHSEer- RS SapofedSAGHG GRS T e sreoub RINEP: ParRElcr Mo« abl e
1.4 was Umﬁaﬂ@gwmmﬂtm mdikewise spécifieakinddide 12nd cooled to -30C. The
condensed product (6.6 nol/h) is then anal yzed. The com position is
| i kew se 5@ejf2{|ed in table 1.4. Table 1.4 Conponent Conposition / % by vol.
Pr oduct -(5 er the Liquid product scrubbing colum N20 87.6 89.1 02 0.9
0.1 N2|Corponent N rmoasutmni%mmg 6 8.6 10 The formal yield of N20
(defined as 100x( -y i ed gas)/(mol of N20 in the
reactant gas of the Hab‘??‘t Qﬁ‘dG Exanpl e 5 15 Two-stage absorption
wi th nitrobenzene Naﬁe&ct éhtﬁ% P(OPS‘GtQﬂf’I /h) with the conposition specified
intable 1.5 is cormocamsgais)to 23 bar, cqoled to 30C and fed at the
| ower nosE gray of qﬁ?l rrst—absoryigggm cotym (0= 8 cm  height = 400 cm with
Kuhni Rg Ing) Fromtlhe taop, 63 kg/ h of nitrobenzene 20 (com ng
fromtheOeirst des@®er st age) abd fed. The depl eted offgas at the top of
the fi rﬁ,Nz absor ptligag colum T1s [disscarded. The | aden solvent at the bottom
ot ahe Nt L o~ A~
of the Nbit apnSot r,d..16.1|r €Ot 0.4

CO, 3.3 8.5

The formal yield of N,O (defined as 100x(mol of N,O in the product gas of the 2nd sta-
ge)/(mol of N,O in the reactant gas of the 1st stage)) is 63%.

Example 3

10 Two-stage absorption with tetradecane and subsequent scrubbing

Example 2 was repeated except that the product gas from the second desorber stage
(6.8 mol/h) having the composition specified in table 1.3 was fed to the lowermost tray of a
scrubbing column (@= 5 cm, height = 300 ¢m, with 10 mm Pall rings). From the top, 20 kg/h
15 of an aqueous NaHCQO; solution (concentration: 40 g/kg) are fed. The gas at the top of the
scrubbing column is then analyzed. The composition is likewise specified in tabie 1.3.

Table 1.3

Component | Composition / % by vol.
Scrubbing column reac- | Product gas after the
tant gas (= 2nd stage|scrubbing column
product gas)

NoO 88.5 87.6

0, 0.9 0.9

N» 1.5 1.4

NO, 0.4 0.1

CO; 8.5 9.6

20 The formal yield of N,O (defined as 100x(mol of N,O in the product gas after the scrubbing
column)/(mol of N,O in the reactant gas of the 1st stage}) is 62%.



um i s deconpressed in a flash vessel (0= 20 cm height = 50 cm operated at
30C) to 1 bar. The solvent is then punped back into the f| rst absorber
stage. The desorbed product gas fromthe first desorber stage is then
conpressed to 25 bar, cooled to 30C angsted to 25 the lowernost tray of a
second absorption colum (0= 5 cm height 400 cm w th Kuhni Ronmbopack
packing). Fromthe top, 5 kg/h of mtrobenzene (com ng fromthe second de-
sor ber sﬁ&g@}ﬂ%‘ie fed. The depleted offgas at the top of the second

absorpti #”&1} of the
second agg’or% on @tloﬁl\nﬁtlﬁ%tga%%cané\ﬁngﬂeggbg §%t\§8@é€®éahgﬁ%@éé}@?sel (0= 10
cm height = 40 cm operated at 30C) to 1 bar. 30 The solvent is punped back
i nlt ot h(e Esempled 3awaorrepsated a@e:leptT lreat dipg opleddctp g asl ugtterf tm‘sckl‘@ﬁbmg heolsma?ndd
colu t ie
T2t 4 i Nt bR B FIGRET 85 chfifrdsSe IS0 TR
Product @8BS andxgoteddg -3¢5. 9’ he gpngdengeg rsthmt(ﬁemq*@ lsahersaoalzzedc@emosv 8.7 5
The f or mpbsitidreis Gk@kisdNBfedifiefih fite #8. 100x(nol of N20 in the product gas of
the 2nd stage)/( nol of N20 in the reactant gas of the 1st stage)) is 56%

anpl e 6 Scrubbing, two-stage absorption with nitrobenzene,
hydrogenJaP'Bdrf’ate scrubbing and lig- 10 uefaction A reactant gas (210 nol/h)

wi th t he Compenashtt | @bﬁml&lleﬂbyﬁoﬂml e 1.6 1s conprlessed to 4 bar and
first shed at 40 Ham—(0=—8-em—height = 400 cm wth
ombopack p c'er’r‘hﬁ 9g%, %rcﬁ'e t ﬁa"iﬁ! water are fed. The dil ute

Ki | hni
nitric acid forned Sr-BJhbmgmrﬂerrec for furt her utillization. The scrubbed
gas is t conpreggyegl To 25 bar, C ?tjqu To 30Cand fed at the | owernost

tray of 0= 8 cm heightt = 400 cm w th Kuhni

Ronbopack™packi ng) 0Eromthe top, 73 k“g/h of technl cal -grade nitro- benzene
(com ng NeOM the f ‘r.$t desor ber stace)z are fed. The depleted offgas at the
top of e st orption cotumm S discarded—The | aden sol vent at the
bott om the fir “ahsor p 20 tion golum is deconpressed in a flash vessel

(0= 20 dfC:hei ght 9-80 cm operated |86 30C) to | baf. The solvent is then
punpad back into the first absorber stage. The de-

The formal yield of N,O (defined as 100x(mol of N-O in the liquefied gas)/(mol of N,O in the
reactant gas of the 1st stage)) is 61%.

a firct saorntian hnIJ_lnm
T\ T T T U —P

Exampie 5

15 Two-stage absorption with nitrobenzene

A reactant gas (150 mol/h) with the composition specified in table 1.5 is compressed to 25
bar, cooled to 30°C and fed at the lowermost tray of a first absorption column (J= 8 cm,
height = 400 cm, with Kiihni Rombopack packing). From the top, 63 kg/h of nitrobenzene
20 (coming from the first desorber stage) are fed. The depleted offgas at the top of the first
absarption column is discarded. The laden solvent at the bottom of the first absorption col-
umn is decompressed in a flash vessel (@= 20 cm, height = 50 cm, operated at 30°C) to
1 bar. The solvent is then pumped back into the first absorber stage. The desorbed product
gas from the first desorber stage is then compressed to 25 bar, cooled to 30°C and fed to
25 the lowermost tray of a second absorption column (@= 5 cm, height = 400 cm, with Kihni
Rombopack packing). From the top, 5 kg/h of nitrobenzene (coming from the second de-
sorber stage) are fed. The depleted offgas at the top of the second absorption column is
discarded. The laden solvent at the bottom of the second absorption column is decom-
pressed in a second flash vessel (= 10 cm, height = 40 cm, operated at 30°C) to 1 bar.
30  The solvent is pumped back into the second absorber stage. The desorbed product from



sorbed product gas fromthe first desorber stage is then conpressed to 25
bar, cooled to 30C and fed at the |l owernost tray of a second absorption
colum (0= 5 cm height = 400 cm wth Kilhni Ronbopack packing). Fromthe
top, 16 kg/h of technical-grade nitro 25 benzene (com ng fromthe second
desorber stage) are fed. The depleted-6¥f gas at the top of the second
absorption colum is discarded. The | aden solvent at the bottom of the sec-
ond absorption colum is deconpressed in a_second f|lash vessel (0= 10 cm
hei ght =thes8Pop( QS’E@P%{%I /niscdnen gnalyepg: Therromnesitignds jikew ifigddR into
t he secotabl@b$or ber stage. The desorbed product gas fromthe second
desorber stage is then fed at |owernost 30 tray of a second scrubbing col um
(0= 0.5 ¢ hei ght = 300 cm with 10 mmPall rings). Fromthe top, 24 kg/h
of an ach%'GSHNaHCO?, solution (concentration: 40 g/kg) are fed. The -58- gas
at the tgompontite S€empekitinr/ubbyrngl. col um (34.2 noVh) is then conpressed to
25 bar |and cool ediho=30¢C —andth Leuteh product is anal yzed. The
conpositlion is i knwg%céah;g%i - ipégdhdrti‘d 3h e 1.6. 5 Table 1.6 Conponent
Conposi tjNe® / % by|%0l. Reactant®lgas Liqujd pro- duct N20 22 92.9 02 8.2
0.03 N2¢j2.2 0.6 (82 22T 0.08gNOT 0 2 2.3 4.9 The fornal yield of
N20O ( defHred—as IU}é(’rmk of N2OH nrf he—+quefied gas)/(mol of N20 in the
react ant|"gas of the %tét stage)) i%’ 69% 10 Exanple 7: From appropriate
reservoi|NGsessel s, |20B0 g/ h of clitrans,trans-1,5, 9-cycl ododecatri ene (of
whi ch 208 Ts | @?Wanau:so (375 TECYCl ed reactant) and 73 g/h of a
liquid m y ing 93 5%Mhy weight!of N20 are punped via a static
m xer into a tubular reactor (jacketed tube, wound, internal dianeter 6 mm
| engt B 3Ghe¥formbh gietdudfeN,Os(dbfireranaes { GOX(RidI dN,280 thdprodpetngasnd tieeid Qtagé)il(elrl Oijl
in circu | i ' The ctor pressure is con- trolle
to 100 bzlra'ﬁ bﬂflggf(%iht?l??ﬁ%c?&%?ésé81&9?%%%@%?!50%6%@0%, the reaction mxture is
decom pressed in tw flash vessels initially to 3 bar and subsequently to
60 nmbar, in order to re

Example 6

Scrubbing, two-stage absorption with nitrobenzene, hydrogencarbonate scrubbing and lig-
10  uefaction

A reactant gas (210 mol/h) with the composition specified in table 1.6 is compressed to
4 bar and first washed at 40°C in a scrubbing column (&= 8 cm, height = 400 cm, with
Kiahni Rombopack packing) to which 3.3 kg/h of water are fed. The dilute nitric acid formed
15 is transferred for further utilization. The scrubbed gas is then compressed to 25 bar, cooled
to 30°C and fed at the lowermost tray of the first absorption column (@= 8 cm, height =
400 cm, with Kihni Rombopack packing). From the top, 73 kg/h of technical-grade nitro-
benzene (coming from the first desorber stage) are fed. The depleted offgas at the top of
the first absorption column is discarded. The laden solvent at the bottom of the first absorp-
20 tion column is decompressed in a flash vessel (@= 20 cm, height = 50 cm, operated at
30°C) to 1 bar. The soivent is then pumped back into the first absorber stage. The de-
sorbed product gas from the first desorber stage is then compressed to 25 bar, cooied to
30°C and fed at the lowermost tray of a second absorption column (&= 5 cm, height =
400 cm, with Kihni Rombopack packing). From the top, 16 kg/h of technical-grade nitro-
25 benzene {coming from the second desorber stage) are fed. The depleted offgas at the top
of the second absorption column is discarded. The laden solvent at the bottom of the sec-
ond absorption column is decompressed in a second flash vessel (&= 10 cm, height =
40 cm, operated at 30°C) to 1 bar. The solvent is pumped back into the second absorber
stage. The desorbed product gas from the second desorber stage is then fed at lowermost
30 tray of a second scrubbing column (&= 0.5 cm, height = 300 cm, with 10 mm Pall rings).
From the top, 24 kg/h of an aqueous NaHCO; solution (concentration: 40 g/kg) are fed. The



20 nove the N2 forned, unconverted N20 and inerts present in the N20 (mainly
N2 and CO2). The liquid product is then distilled at 60 nbar in a colum
having at |least 7 theoretical plates (Thoums170C, T, P=130C). The top
product obtained is on average 1800 g/%8 of un- converted
cis,trans,trans-1,5, 9-cycl ododecatri ene which is recycled back into the
reaction. 25 The bottom effl| uent which conprises mainly
cycl odod9@s,2ithg top ah g secan é%f”'?tﬂf'%C@“mr@ﬁ@rmoﬁﬁl'ﬁjm@?”ngpﬁ%ﬁs&f’ tp2adar 12
t heor et i ard cqulled 053071 anidsbe liquad paddudiSs mhalyzeddihe cotripesitigre Isdikewise speci-
deca- 4, 8ndli igRaig 1igs distilled off overhead as an isonmer mxture (Tbnonr193C,
Ttw=160C). On average, 209 g/h of cycl ododeca-4, 8-di enone are obtai ned. The
selectivity for cyclodo 30 deca-4, 8-di enone is 95% (based on
cis,tfanfaltledrts- 1, 5, 9- cycl ododecatri ene converted). -59- What is clained is:
51. A £oT YR AL P mxtune conprising dinitrogen nonoxi de,
at Ieastcglg' 6'?eldst- ldr]gjrgfs dﬁ%b 2L/€ng ng steps: Al Absorption of the gas nixture
in an ofgani c sol véleactant gissor pt HaHIdoPré-he gas mi xture fromthe | aden
organi c | sol vent 10 B Adj usting t/Hgctcontent of nitrogen oxides NO in the gas
m xture N at nost 5% bhy—vott 5 basedjon the total volune of the gas
m xture The pr|6Cess accordi ng ‘tgo claiim 1, wherein the gas m xture
conprisi®g dinitradeh non- oxi de0id8 the of f gas of an adipic acid plant
and/ or of,a dodecdned oi c acid ppgnt and/or of 15 a hydroxyl am ne pl ant
and/ or o —a—n+-t+rieg-aerdplanrt——o ﬂr%ted wHth the offgas of an adipic acid
1HP6r f a &'gdecanedi oi c | 2% pl ant and/or of a hydroxyl am ne pl ant.

pl ant ar

3. The pNGcess accdrding to eitheér of the preceding clains, wherein the
organi c | gpf,vent 1 Felected fryyg e grqup consi sting of tol uene,

ni trobe 1, 2-ldichl orobenzene tet- 20 radecane and di net hyl phthal ate.

The process according to any of the preceding clains, wherein the process
conpr i seShe formhuyield of M. @ {defihed as Abbx(aotlo3e,0 Bhh&liqudied gasyess obNs®irdthag t o
any of t%%cﬁ@?éfsdéfriﬁe Gl @te[%)i%é“/ei n step B conprises the absorption of

es | [ Ji C |) a

ni trogen oOXI n aci aline solution. 6'. The process according to
any of the preceding clains, wherein steps Al and A2 are perforned before
stepi®B. 30 1. The process according to any of clains 1 to 5, wherein step B
IS perf0ég§|q ejore steps All and A2. 9. The process according to any of
the prece |n5 cl'aims, wherein the resulting gas m x- 35 ture is |iquefied.

From appropriate reservoir vessels, 2000 g/h of cis,trans,trans-1,5,9-cyclododecatriene (of
which 200 g/h is fresh and 1800 g/h is recycled reactant) and 73 g/h of a liquid mixture hav-
15 ing 93.5% by weight of N,O are pumped via a static mixer into a tubular reactor {jacketed
tube, wound, internal diameter 6 mm, length 36 m). The tube is thermostatted to 280°C by
pumping heat carrier oil in circulation in the jacket. The internal reactor pressure is con-
trolled to 100 bar. After it has passed the reaction zone, the reaction mixture is decom-
pressed in two flash vessels initially to 3 bar and subsequently to 60 mbar, in order to re-
20 move the N; formed, unconverted N,O and inerts present in the NoO (mainly N, and COy).

The liquid product is then distilled at 60 mbar in a column having at least 7 theoretical
plates (Teotom=170°C, Tip=130°C). The top product obtained is on average 1800 g/h of un-
converted cis,trans,trans-1,5,9-cyclododecatriene which is recycled back into the reaction.
25 The bottom effluent which comprises mainly cyclododeca-4,8-dienone is fed into a further
column having at least 12 theoretical plates and distilled at 45 mbar. Here, the cyclodo-
deca-4,8-dienone is distilled off overhead as an isomer mixture (Tyonom=193°C, T,z,=160°C).

On average, 209 g/h of cyclododeca-4,8-diencne are obtained. The selectivity for cyclodo-
30  deca-4,8-dienone is 95% (based on cis,trans,trans-1,5,9-cyclododecatriene converted).



-60- 9 The use of a gas m xture obtainable by the process according to any
of clains 1 to Bas an oxidant for olefins. 10. A process for preparing a
ket one, at |east conprising the following steps 5 Al Absorption of the gas
m xture conprising dinitrogen nonoxi dgqi_n an organi ¢ sol - vent A2 Desorption
of the gas mxture fromthe | aden organic solvent B Adjusting the content of
nitrogen oxides NO in the gas mxture to at nost 0.5% 10 by vol une based
on the total volunme of the gas m xture C Contacting the gas m xture with at
| east one olefin. 11. The process according to claim10, wherein steps A
and A2 are perfornmed before step B. 15 12. The process according to claim
10, wherWhat stotgmBdiss performed before steps Al and A2. 13. The process
according to any of clainms 10 to 11, wherein the gas m xture used in step
20 C has been liquefied. 14. The process according to any of clainms 10 to
13, wher & * P1egess fer pyrifying agas SixbEe ¢qroRrising diniogercereexde, @ lagst compris-

cycl opent erey thelslloadrapsiege and 1, 5, 9-cycl ododecatri ene.

A1l Absorption of the gas mixture in an organic solvent
A2 Desorption of the gas mixture from the laden organic solvent
10 B Adjusting the content of nitrogen oxides NO, in the gas mixture to at most 0.5%

by volume based on the total volume of the gas mixture.

2. The process according to claim 1, wherein the gas mixture comprising dinitrogen mon-

oxide is the offgas of an adipic acid plant and/or of a dodecanedioic acid plant and/or of

15 a hydroxylamine plant and/or of a nitric acid plant operated with the offgas of an adipic
acid plant and/or of a dodecanedioic acid plant and/or of a hydroxylamine plant.

3. The process according to either of the preceding claims, wherein the organic solvent is
selected from the group consisting of toluene, nitrobenzene, 1,2-dichlorobenzene, tet-
20 radecane and dimethyl phthalate.

4. The process according to any of the preceding claims, wherein the process comprises
a plurality of steps A1 and A2.

25 5. The process according to any of the preceding claims, wherein step B comprises the
absorption of nitrogen oxides in acidic or alkaline solution.

6. The process according to any of the preceding claims, wherein steps A1 and A2 are
performed before step B.

30
7. The process according to any of claims 1 to 5, wherein step B is performed before
steps A1 and A2.
8. The process according to any of the preceding claims, wherein the resulting gas mix-
35

ture is liquefied.
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9 . The use of a gas mixture obtainable by the process according to any of claims 1 to 8 as
an oxidant for olefins.

10. A process for preparing a ketone, at least comprising the following steps

Al Absorption of the gas mixture comprising dinitrogen monoxide in an organic sol-
vent

A2 Desorption of the gas mixture from the laden organic solvent

B Adjusting the content of nitrogen oxides NO, in the gas mixture to at most 0.5%
by volume based on the total volume of the gas mixture

C Contacting the gas mixture with at least one olefin.

11. The process according to claim 10, wherein steps A1 and A2 are performed before step
B.

12. The process according to claim 10, wherein step B is performed before steps Al and
A2.

13. The process according to any of claims 10 to 14, wherein the gas mixture used in step
C has been liguefied.

14. The process according to any of claims 10 to 13, wherein the olefin is selected from a
group consisting of cyclopentene, cyclododecene and 1,5,9-cyclododecatriene.



