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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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US 6,505,482, US 6,370,811 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



Adj usting the content of nitrogen oxides NOin the gas m xture to at
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35  since no further inert compounds enlarge the reaction volume and slow the reaction.

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

40



Conmponent Concentrations / %by wt. NO 19 - 25 N20 20 - 28 N2 30 -
40 02 710 CX2 2 - 3 H20 -7 The offgas stream of an adipic acid

pl ant or of a dodecanedioic acid plant may be used directly in the
process according to the invention. Inm@:-|ikew se preferred

enbodi nent, the offgas streamof a nitric acid plant is used which is

15 fed fuyll t.h di i :
Eod i s BsetraBhyaie préedaneBlioD RS 3Bl o 4 plies B (F SRR ROM fferei
ni t r ogen texigde sniziuee a;dmpnsmgl dinitiogeor monexidess ghdeast cmey diniteagien omonoxide-

nitric agbgtainiMyid agbpétqéégggﬂemaggmhq%ob&snot converted. For exanple,
such a nitric acid plant be supplied by nitrogen oxides which are

prepared by selective conbustlon of ammoni a and by of fgases of an
adi pi 6 adhd terireigas arixtlce cdmyprisinggiiniteget man@idal sefecsain diok odrdextaif the present

plant. | fvestdOitth 'té(FR\%&h@n?s Mrwmbxbf@ag% }a@r’xéﬁﬁé bféd%@ﬁlé inventive

dodecane el pipape it urmodice R eyt bLempodmenisr twcﬁf@ 4 Paspppsthe

al ways cofigades maentiphedjiscobieelettatinmoificatiost i | | further constituents

i ncl udi ng nitrogen oxygen, carbon di oxi de, carbon nonoxi de, nitrogen

oxi d% %‘ge ter er‘mocT ca\{tgn’ﬁgs use t%?sl gonctg)gp W|H1 %‘xe scope of the present invention
refers to any suitable process by which the chemical composition of a gas mixture is al-
tered. Accordingly, the term “modification” embraces, inter alia, embodiments in which a
dinitrogen monoxide-containing offgas is concentrated with regard to the dinitrogen monox-
ide content in at least one suitable process. Preference is given to not subjecting the offgas

15 to any modification.

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

20 The gas mixture comprising N,O which is used may, for example, be an offgas from an
industrial process. It preferably stems from an offgas of a plant for preparing carboxylic
acids by oxidation of alcohols or ketones with nitric acid, for example from an adipic acid or
dodecanedicarboxylic acid plant, from the offgas of a nitric acid plant which uses the above
offgas streams as a reactant, from the offgas of a plant for the partial oxidation of NH; or

25  from the offgas of a ptant 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-



An exanple of a typical conposition of an offgas of such a nitric
acid plant is reproduced in the follow ng table: Conponent
Concentrations / % by w. NO <0.1 N20 8-36 N2 57 - 86 - 8 - 02 3 -
9C®2 1- 4 H0 -0.6 -7-

gen, carbon dioxide, carbon monoxide, nitrogen oxides, water and volatile organic com-
pounds.

The abovementioned dodecanedioic acid plant is substantially of an identical or plant type.

5
An example of a typical composition of an offgas of an adipic acid plant or of a do-
decanedioic acid plant is reproduced in the following table:
Component Concentrations / % by wt.
NO, 19-25
N2O 20-28
N 30 - 40
0, 7—10
CO, 2-3
HO ~7
10

The offgas stream of an adipic acid plant or of a dedecanedioic 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 converied 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 including 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 wt.
NO, < 0.1

N.O 8-36

N, 57 - 86




The offgas streamof a nitric acid plant may be used directly in the
process according to the invention. 5 1n a |likew se preferred

enbodi nent of the process according to the invention, the offgas
stream of a hydroxyl amine plant is used- in which, for exanple,
ammonia is initially oxidized with air or oxygen to give NO and
smal | amounts of dinit rpgen—ronroxtge—are—+ormet—as—abyr product. The
NO i s subsequent|ly hydnddenat ed vm'ph_ drogen to qi droxyl - 10
am ne. Since dinitrogenClanoxi de i|d t4ert under the hydyogenation

conditions, it accummul Args T thg _hygirogen circuart. I preferred

process versions, the p@Lg.e—si_Lea.nL_gi—a—h)LdJ-ax-)déani-ne.Ll ant contains
dinitrogen nonoxide in the range from9 to 13% by vol unme in hydrogen.
This purge stream may be used as such for the inventive purification.
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above. AP¥BMPMMgly, the present invention also relates to a process
as descri bed above, wherein the gas m xture conprising dinitrogen
nonoxi deyy S i f adi pi (o - f. :
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ose co t : e e .
into the%%t%%@%gb@rﬁe&%% enp%ég)ﬂ{j?@%’lggé\@eﬁ?%@é %ni%ﬁﬁg%ﬁﬁubévhh@(dm-
further 8FVEMisRIgnEeANR My Dei used\assueh for dhe iaventive roifieption dhisgiqually pos-
an}mni a, siale tdesncsnatd, thfs@reQMﬁﬂﬁ| s@itgﬁﬂé mdBiner $iltPredard withe gingﬁgen monoxide
98/ 25698 t this subject are incorporated by
r ef e?gnc?éoﬁﬁﬁlsa;%cfe% ob%tlaﬁlgog%nt ext of the present appli- 30cation. The
desired product contains at |east 50% by vol unme of N20, nore
pr ef er abhgeoadinglgathe G886k Inventianaisofrelbiki tardpitoeds a¢ dbedridbd abate, lvisséin
75% by v i : . ' : r i NS.:
(han 106 b5 U e Lo Ginf80En bidiBuat oD REHE b i Bluplee S8 ancfor
02, | essOhhgaderanedigic askl piaat F1d/acolmydrexdanting plandApgiop of amilrie acidupant
- 9 20 Thepdiiadavithdbebffgds ofran sdisit edtpaht iand/ac oba dademmnetible dcltbplant and/or
i nvent i o Hycﬁ@*ﬁ&ﬁihé’ﬁiaﬂ )sorption of N20 fromthe crude gas m xture

In a suitable organic solvent and subsequent desorption of N20 from
the | aden solvent in step Al and A2.

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

manoxide for use in the process. Preference is given inter alia to the preparation via the
<5 thermal decomposition of NHJNOs, as described, for example, in US 3,656,899, whose

contents on this subject are incorporated by reference fully inta 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 W(Q 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 iess than 1% by volume of O,, in particular less than 0.5% by volume
35 of Oy, less than 0.5% by volume of NO, and less than 1% by volume of NHa.



5Sui tabl e solvents for the absorption in step Al are those which have
a better solubility for N20 than for the undesired conmponents of the
entering reactant gas. According to the invention, the organic

sol vents used may be any solvents in wifich the rati o between N20
solubility (in moVimol of solvent) and the solubility of t he undesired
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a 002 value of from6 to 30, preferably from9 to 25, and a ON2 val ue

of greater than 10, preferably of greater than 20, in particul ar of

great®r Buitablessolvaris forahe Rosorpiionsinisterh Ad asihpes whickr kaver @ betterasibiity for

al i phat i g, ¥HAnGEAINBQMNSesiRUCORIDBREMSs B htdHng r&@$int gagar bon at ons,
nore preferably having at |east 8 carbon atons, substituted or

unsubstituted aromati c hydrocarbons, esters, ethers, am des,
| act onesAcqodingtadhe inventianethe artglayic $niventeusedoiay ibesany selvests irewhish the

t ngse Z giag@ @bﬁneezmgt@g@g@h; g:rr]ltr@omﬁ& df @é@@hﬁ) aRd tﬁéeédrumlay bof el Hdesired sec-
|

P andlr oL edthi St it J tonghn Brd o fh B8 ansfibel thirafi  igred to

| osses b’@QfﬁlnbﬂlOWh%G B fsyatsleastre diisoratioteay be deleaminad dorosachhipdividuardeepo-

25 | Int adgkrit lp@ébenli‘iﬂ WG @Nt&@@@fér{b@&@%té%ﬂ&@nt&ﬂHabet fe éx&?ﬁﬁlétét@@f‘c a

SI mul tan 0, 0 nox

ol ubi |1 05 S e A 2B B bl e 5. B8 e A G Pt a0 gy

N2Qr ™ t ¢rebly£8 gpstedeydhamal impartiewpioelidreateppanddght of N20 in the

l'i qigl phase (Henry coefficient, Hy20), i.e. a small value neans a
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ul ta e [ one I e or mam de,
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N, N- & net hyt acet ami de or cycl opentane. Particular preference 35 is
gi ven i nAgdoding v Batinhntiéd) e B mitdlan grefefdncd i givél tossoRrERtLwhiti® have a boil-
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sol vent used in step Al is selected froma group consisting of

tol u |n%d?hﬁhe§&%ﬁ% il A BRCERR I 1l NGRS CREAD T oo

pht ha 0Cess a

P vent | ceolvhl Iy fa qwltr@aﬁw@nqa@%ﬁ esolubiityg sgwfsﬁd bypihggatia betwern e pastial
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erature o e sofven
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abso3pt i I0Ci s wEfepanly tbsk thamil 080, (bR pletsradly ildss\Whae 758, gaaicularly preferably
less than 500, in particular less than 260.

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

35 s 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



10 liquid phase interface is generated, through which mass and heat
transfer between the phases is enabled, and which are provided if
required with internal or external equipnment for heat supply and/or
heat renobval . The phases can be conducf®d in the absorber in
cocurrent, in countercurrent or a conbination thereof. 15 According
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trays, fgichiesobeprane)drimdecangandrdipathylphihaiate. trays, col urms havi ng

structured internals, for exanple structured packings, 20 col ums
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out in ofie Beraghr e stages. 35 Possi bl e enbodi ments of the desorber
are assinple (flash) vessel and columms. A preferred enbodi nent of

h . : . : ) o - .
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colum, the absorption and desorption are operated in countercurrent
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wth so Feyelel) t
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Al afl AZPITES dgvindeHNYitetyred Antainaisy forfg example i@ndem . packings, or apparatus in

which the liquid phase is present in dispersed form, for example by spraying in nozzles, or
a combination thereof.

The desormption 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 emhodiment 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



In a particularly preferred enbodi ment of the invenetion, in step Al,
the gas m xture conprising N20 is initially absorbed under el evated
pressure abso oin an absorption colum op- erated in countercurrent
and havi ng random packi ng, and transfefdied in step A2 into a ves- 10
sel in which the N20-|aden solvent is deconpressed to a | ower
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in the context of the present invention to carry out step B before or
after st épiirtBer gmbegdipeniof the invpptissgglatasioanprogess Nevhiehoime eranerealinifragen

one enbodigneRride conceniaieestagesSconmdingeeboR0uad Ashes ehified bePsuchbssiuly.
A2 are perfornmed before step B. In an alternative enbodi nent, the

present invention relates to a process as descri bed above, wherein
step 2B i & s gasentbis ggstgperbed e’p@eﬁlagaﬁﬂ s&pves as thg reactant gas of the subsequent

stage i. Particular preference is given in the context of the invention to a two-stage em-
bodiment.

The solvent may be identical for all stages. Alternatively, different solvents may 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 A1 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
embaodiment, the present invention relates to a process as described above, wherein step
B is performed before steps A1 and A2.



It is equally possible in the context of the present invention that
the process conprises a plurality of steps B. It is thus also

possi ble, for exanple, to carry out a_step B before steps Al and A2
and a further step B after steps Al and A2. 5In principle, all
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nmore pref& Bll%eﬁ'écf%@ﬁ-e@ and 40C, and at pressures between 0.1 and
100 Bar, preferably between 1 and 30 bar. Possible enbodi ments of the

absor ber irﬁg&é%é’ll HENSOD AN dRGtidr! @Yettectein SRS & iEH '%?%{s‘-@%%ﬁéﬁ%n@ﬁace is

si eve trays, ca{urms vi g stryctured . internals, ex _
St uct ur BEPSBA RITAKER whigh F5sand Neat MARSIeR RATVERR tiecehasss & shanlad pg which
exanpl e isaatphippeddt kqpiged with istppet at ugtetral equiiBent fokiheht supply amlidcheat re-

phase isRyaSeRt dhlssl ShEbs %an’il.g:?éH inftﬁ% a§§€r§§{ ﬁeérﬁébjfrgpf?ﬂ B@Jritél'current or a

nozz%(?s, orb.a conbi nation there erre
enbodff meFtMOPREPTHINEEht i nvention therefore relates to a process as 5
descri bed above, wherein step B conprises the absorption of nitrogen

oxi des | Re@sbiflh o He iddehfibh, MBe 8BSAtbliG 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 bubbie-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



In the context of the present invention, NOis preferably renoved by
absorption in an acidic or an al kaline solution. The absorption is
carried out between -20 and 120C, in par- 10 ticular between -10 and
75C, preferably between 0 and 60C, for Sxanple bet ween 0 and 40C, and
at a pressure between 0.2 and 100 barf1'ﬁ particul ar between 0.5 and
50 bar, preferably between 1 and 10 bar. Wen the NO concentration in
the N20- @fhahdiifGid PRasdllspreddds irSdipersed foRR, AYeRImMBIby shrayiiPin rld28es, or
sol vent used.for ste Is preferably aqueous nitric acid  having an
HNGB conBdRMONAIRR I8 and 69% by wei ght, preferably between 0 and
10% by weight. It is advantageous in this case that the NO depletion

i/vint Lhe g gr(f/ agb@%@, préfeA6§ MPBGINRRAL We bRGeRl AP&HRh 1RdteRle Rbihfes Go 8GIétess as
-69%

. i,ght of HNG3. For the rpaoses .of further utjlity,. .
br ef ePendESiTbel nHe  d1o5p B 55 AgomAErs heLLpormlo o) PSTPRBD AMAES R A o
of HNC3. ajk@linesalttioncont ext of the present invention, this procedure
is used with preference, for exanple, when the N20-containing

react ant s stens froma carboxylic id process (for exanpl e adipic
aci d) . wiBNE FOREXt eloREcErelt ifbtion. NOoi RrefreBiiapmpved by Absarrlion n an
present . atkEe d@r akalinelsolutiorstTde dbsbmption i tarded asicbepwadrer2dng 120°PC, ivghar-
out f Ok ST i i aﬂwp@

enbogigma tlﬁ:@fﬁﬁfﬁ@n Efeugent §°§/Ef}éﬁe‘n‘gﬁly %fﬁ& ?A#%gg%ﬁzﬁg%ﬂ e dfe |e§n Oi;d
by a f ur Ch&r ALt @ pressliecheliipsn -2 hraddit 08 Pats iy RRMPHET Datieen -8 b ApiRp"
w t h sodiptetersbiyieheten sahdit® bar.or sodi um hydroxi de solution. 30 In

the context of the present invention, it is possible, for exanple, to

it
repl ace e chem.cal carbopate scrubbing with a sel ective catal yti,c
et o fh e RSN R BrP RO CE LA bd A rRRrS HinGrs Bifnlep iy vol
knowrfSas uSERtBedvend us@ 0 stepel Fnpreteysbly aquetesciitiib adid HavingeacakiyDe contant
55 7o DgEAC) anE Ho% B d"g‘i‘i” frterdily BRRICAG o) HOHE by i, 196 L AHla-
oy ovss BFPuTInE chsg fhal e s IdhiStign In tie AL piASe A BEcSTMpANECLRN T Gghara:
2000. | ntipmiok nipiccacid métll 16856 diyrwaightaff HNs. Fioe thergurposesdfifontheriutility sprefer-

possi bl e ehe Ridi@intoNrR2HANg Btid adid ABGNG Boleassby WaghlfGipem preferably
| ess bhan 50 ppm for exanple less than 25 ppm and nore preferably
of u& to 5 ppm and very |low NH3 concentrations in the product, for

exanpl e [rethe aontaxt olthppresent ingention) thissprpeeduire isl usetywilhr priterensg, for example,
g_nb_ogl meRheffthé h@onfc@ﬁ@rﬂﬁg FeneRint Gas stdniteirensa Barkbklie a@%%b?éé" r example

i nitrogen: [ | is used.in e C accordin 0
Mvent | oRSREARR e S bR o b, SRR LF SP R AR sl Tre 0,
m xi ng afmexshin sigp Bhs inthisease ereferablysetirigcod dietbre trenNQiconceniation in step
synt hesi aigmel.AoThe gaseous streamis then conpressed, preferably to 7
bar, 5 and adm xed if appropriate with air. The hot gas is cool ed
after the conpression and passed into an absorption tower in which NO
i s depl efreene embogaenhof thiaeresept brention, stebsiA andet2ina by falkawved by a further
t enper at siep MfpréeRibiXa cHétficAlscRulbiBIRE Mor€ pffferdbpadith sbafin® thiBasateyplulen or
used di rg&;ﬁb% Hgaré@ﬂg% S%%Lg@ﬁss according to the invention. However, in

rr e

a 10 nore pref hent, the offgas may be heated to from 100
to 230C, preferably from 150 to 200C, nore preferably to 200C, and be

g OBdUCt eth ihat sontdxe oPHErefdr Mvehtdn, ting goaaiblel it dxﬁm%;!e@lﬂb Peplace the chemical
et or - aCabinak Erm iRl & é%q%%@gae@i%\?g{ %@ﬁﬁﬁo&?@@kéﬁﬁﬂgﬁ%@@é‘%ﬁmﬁ be-
and A2 i avagripedly. Dhis teohnelagnrinmencasntentleN®oar BeNQxteghsplogy! geseribed,
present for dxamphé}On agmisbin Bocy@RpeliaXof 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., 8™ 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 less 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



ture, faqr exanple in the case of an offgas of a nitric acid plant,

t he absorbent used for step Bis preferably an al kaline solution. In
the context of the present invention,_ims procedure is 20 used with
preference for the fine purification of "the N20 gas after the
concentration in step Al and A2. In addition to steps Al, A2 and B,

t the pr Ogﬁﬁép@fﬁ&ﬂélﬂj préfdredidhfddivai of e prBYeritlif@nteithePddsSRidure (cBRprising
st eps.

r..examl e, .the 0Cess, . al so conprj.se further treat t
e 35 ¢ fENRASHRGpaE RS e B o RResCRRIdritEig e U RR MG ReHT
exanpl e, amadinigmgid plant Reeferenpisagivando snixiag andrigelingrthe ofgas ekbaradinie acid
change i plabthgitd ROPSBeds®aRNThé Hadddfs BrBSHUS thenAoR1pi6HsRE, frafdraly to 7 bar,
mven%l onﬂ taae. %s.fmxtur.e conpris di,ni trogen, no X'tﬂe whi ch” has d
30 betn Pk AR FpRiopraisc L alry TBF dah as, S 600190 o1t 6 CaRRTeBon an
used i n pagsad irie an abaopliontowsointwhich BRY js deépdetgd.sThel gaswat dharp dbdheueadgmn

i N gaseopgfdrailihad @\ SEratutd of SHpRdyS 20RPASA Blelslird of Pibht.al |y treat the
resulting gas mxture in such a way that the gas mxture is present

in liquid or supercritical formand is then used in a further
react i onThertigasamayribetused diregthbie the graskisedceyrdingito ditst mvertloac Howevert in a
the pyesgfeep@ferRid éMBodifERE TR Hfidas May bRehdi&s &Nfrorh MOBANDI BBV EhpRterably

ay
also relgte [ Qcess, er ei eresultin ) Xgure |
| i quefi ef’j{.} %-55_%%?perfgﬂ89ﬁeo‘g\é\gﬁbiva{#cg’r & ?9%#’8&%93%%@.0 {hﬁ ﬁeNax plant for
part i cul #ie readiien gmstepiBxt ures are suitable, for exanple, for the
oxi dation of nethanol to formal dehyde, as described, for exanple, in

EP-A O 6 565 -A 196. 05 211. The present invention therefore

ol 5o r el Stsopely, e dietay s et omitarp Rl ol S Selptel & FBgBnSr mu-
nmonox$ detisipgecabsarpdionisiegoméion in aisp A1 pndA@ds caciedoui.ng 5to t he

I nvention as oxidants for methanol. The process according to the

contai n- NS e, EReMrgloN % BRSNS if htsbh o T FBERbn i ik G-
conponentue: fatgxample isthe sase phamaiigas ol gettic Fcist plante thesabserbenhaseshior step
;nnglt ur fer Bmiprefeir&mg afl iandatiuﬁ@s@mdrﬁonrtgét@ogvékgﬁ tAs p%&gﬁ%hﬁtﬁﬁ?n, tfisﬁ:ﬁj@céd&ﬁa is
e L L L

obt ai n pAt 8ré¢dBarly pure products. The present invention therefore
also relates to the use of a gas m xture obtainable by a -15 process

” _ ! . ) . . > |
e b1 cul ol o SUETA) R g B T bREHSE BONARG 18 e ey b pleo com-
conpr i si Piigedurher Sgeh FasfaRrmele. Bie BrPcase Mt APM apMBrisen afbdther treatment be-

25 tween the steps A and the step B. Such treatments include, for exampie, 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 mixiure 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



cordance with the invention are suitable for oxidizing ol efins.
Suitable olefins are, for exam 20 ple, open-chain or cyclic olefins
havi ng one or nore double bonds. G eater preference is given to
cyclic ol efins having one or nore doubi®-bonds, for exanpl e

cycl opent ene, cycl ohexene, cycl oheptene, cycl ooctene, cycl odecene,

cycl O“nd%ﬁﬂﬁ%e Qﬂ‘&nﬁ’%Q%etgégﬁ y dﬁg& In ﬁlcﬂl&?"rﬁg gégguxturef are suitable, for exam-

1, 5-cycl ooct adj ene ene or

25Thi s eRiei igidbe gxidatinm ok m@@aﬂeldod@maécﬂqhvﬁg g%@e%qup%ﬁpf §X3§UP1?al'5‘l %
very par 62£86&0f PE{O198 b8 20X THat preserd invehtidn therdiare lkiooblates tbalie use of the

purpose, gl rrhﬁlfr%Q §§r:ngklﬁng Qirnﬁ%)gﬁﬁméﬁo%% bl Q‘eaq%%%e*ﬁle{ @F ??&%QH %ﬁ&!ﬁ'&’ ng

directly®into or another so
N20 nay {9 thednveation ap efidans foe Mot is reacted with the ol efin.
30Especially in the case of the use of a liquefied gas m xture

conprisi fge lf'dlbgsr. Q%.%?d H@Q}Ofﬁ ql?\f?nh&n 'aﬁorﬁg\éﬁgtnﬂ%ﬁ%ésco ‘ﬁgswﬁ %ltr%%en[ Monox-

proportlon ar e

react or {5 wihigh fantgip We@%l%&éarlvdﬁ@d‘@w@t Pl Jisteiptivg g@iﬂ'ﬂeﬂ Secondﬁﬁécwr'e%@rws
i nvent i ofhishie esfeaiatly atimta@o@b@@r the ude pf IREGSs hixturd LERRNsing dmitkegienmeon-

at | ggst oﬁég %g%rn' &1c§§ﬁ té?l’?c Wgac‘?lbl’? Rp dISAt:i[ﬁgg ¥ méﬂo&c%['\%érlget}og‘gﬁbnents

m xture In or gani c sor ption as m X
t he | adeppsy}t@ ghhqfd[gcgr\yes{;qe react:ons occurnng angit thuisi tmy'lg pessiblm i abtapy particu-
ni t r ogenlagiipdesprdifudty) t he gas m xture to at nost 0.5% 40by vol une
based on the total volune of the gas m xture. - 16 - CContacting the
gas mxture wth at |east one olefin. For the preferred enbodi nents
of .st eps Th¢ pregentinyemion: tharefgra\aisa esfaies to Hspyse ofgas aixiyre: phiaiablenby a
of alket preetaccording e hecincentioh Bt Gysrited ae0ds bh@xiaant, npartiaadr Bs an
on the 5,9 %ﬁr{ort’@&m ary According to the invention, step B may be
performeg ter steps Al and A2. However, it is equal |y possible that
step B is perforned before steps A and A2. However, step Cis in
every cabeppeiflarnedaaiieurest @pspriding dhatrageh Bonbtidé whp;h%é lbezinable in ac-

princi pl ﬁ%rhﬁnwlilf{h@ﬁ\}eﬂﬁo#a %&%?Ie%{)!e@ﬁdlﬁh? %ib‘ﬁn@%uﬂﬁﬂ%ﬁﬁfns zﬂné fbnsexaf)n-

equal y l nven
B i s2Per P6r HE‘H‘ ‘éﬁ%"é pr §Y@B§‘?{|"Sd}?ﬂmﬂ2°"9| of fﬁoﬁﬁ‘@% beiise Gireaiat P’etf%’@"ce IS
present grertd cyalic bleéinehavieg ahs or neiratiesblé doadsy fecaanple cygupaparien gydo-

Eg; gpg ;ﬁ%)gﬁécrns}/a rf?&favecydd&cfé{ﬂbgg%a&fé&n@' ?ﬂ&rﬁ%cé’ﬁee (Rﬁfofd%é‘@é#\e 1,4-

nt
al so rel %C@ee‘%d"a"?pr B0 e ‘%}%ebé”rqyﬁﬁ’ gdecadisne OVH%S%YW%EW'B”? S

performed before steps Al and A2.

25  This enriched and purified NO-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 befare 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.



15.0t is equally possible in the context of the present invention
that the process conprises a plurality of steps Al and A2 or a
plurality of steps B, in which case st g B may be carried out before
or after steps Al and A2. 20 The reacfion in step C nay generally be
effected according to any process versions in which the olefin and

the gas mgure SOMRENR 1Yol RkiRIGH HRARXbALoERACL Wi Lh one

another. In particular, conti nuous reactions and nodes of
reaction, and batch react i ons are possible. According to the
i nventi oﬁpr teeprefesred iearbodiometits obsteps w1, A2eEnd®@,ahe abeVe cdneatks apgyciordhe

way t hat pankRReh P k% forihSo athe's%aﬁt%] ncB1% sﬁal AN (&fbt égﬁétdrﬁﬁgﬂb‘ﬁ the

purlfled n accor - dance W e invention ta ace essure
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reaction in step Cw thout t 'a solvent. However, it
is al so possible in accordance w t h the invention that the process
for preplns pgssiblk &t priveipte tpperkes: dtep Bhissforststes. A Fand iA2s Haneesr, it ieeqadly
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t reat nen
the gas pieptinga katdnerdshdescpibed iabbes, tin @diolmesteps A1 dndr A2 xeapéréormed before
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HoweV®r, it is also possible in the context of the present I nvention

t hat theitgﬁé @éi%tﬂb%ﬁbféqmﬁé ShRExCHNthE tfﬁQQl‘Pc?Sndlﬁai fhe! ﬂr%l%%'c%%p%es a
sui tabl e eyctl % 55\% essu*r‘je and/ or S tv%]n&ﬁrat ur.e %

br ought P f I apd Ay or g BiuAlifploTers gaser step s'P%leeREmed
A2 and Outbmreﬁhefttknmma‘kedn@ae m xture conprising dinitrogen
nonoxi de may then be contacted di- 5rectly with the olefinin step C

The ent 6] erefore a rther enbodi nent

Lo aBhrothe seqBn i dkn 52k SeBe G Bacsiisbledh nasdiag i & Meeeas Hers in
gas m xt whishubedldfin andeihe @asamixbere reohipgsiof i dititroged moenpxide céqet avithi anei gn-
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cyclic o% an havi ng 15 one or nore doubl e bonds, for "exanple
é

cycl opente cycl ohexene, cycl ohept ene, cyclooctene cyci odecene,
cycl oundecene, cycl ododecene, 1, 4-cycl ohexadi ene, 1, 5-

cycl ooct 3R pietiorlmay 8% ChARAARE Aihe PRedthcd oba Suifdtld SWlasie Gadwévanst 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.



Particular preference is given to using as the olefin cycl opentene,
cycl ododecene or 1,5,9- 20 cycl ododecatriene. The present invention
therefore relates in a preferred enbongent to a process for

preparing a ketone as descri bed above, ‘Wherein the ol efin has been
selected fromthe group consisting of cycl opentene, cyclododecene and
1,5,09- CY%%OQE%%rdIﬁ‘ﬁeSSWP@m fH&ec&fté&Qﬂtthé BVé%@H moeﬁtﬁ#naﬂnaﬁtﬁeogashﬁlxture

preparation of
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gi ven toobtamed. Pefgadsiaceddicohditongef thisertdodithér aNL88saribde helelmbelow.
reaction conditions selected in step C. 20 In the context of an

enbodi ment of the process according to the invention which is

prefegregh hihddi, sthbenga uﬂT dihen'RAk ﬁ%rcgms{:é&ﬂsn@(ma Hérﬁﬂnééaﬁ, R bMEG-

which is obtained from eava e an dro enatlon
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i nert comnpounds ence is given in this context to the
hydr og en&B’Fdﬁa‘Hf‘N'g‘ lg (4 byt are ipest toward NoO under the reaction conditions &?ecttedam 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



25 of dicycl opentadi ene and toluene. This process is described, for
exanpl e, in JP 2000053597 A, which is incorporated fully in this
regard by reference into the context of the present application.
According to JP 200053597, cycl opentadi ene is obtained by thernolysis
of dicycl opentadiene in the presence of8an aromatic sol vent,
preferably toluene, the conversion rate being 98% The resulting gas
is passed into a stainless steel reaction tube 30 which is charged
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i ncl udi ng,eﬁqowfggﬁzoqﬁgq@éorﬁm gientioned inert preferred
conpounds ot her than - R@drocar bons may be present to an extent

of at nost 1% by wei ght. It is al so possible for other conpounds to
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andm?r% b %%SE)W‘B ‘%asﬁﬁ Beptione dgf at nost 0.001% by wei ght. Speci al
preference is given to mxtures i) which do not contain any further
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used i n each case erre i ment

| i qui d othegegaionconditiens &alﬂmed infstepr@act i on conditions selected in
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whi ch i s@orﬁmsee@mbénteﬁel Wikreih tﬁa%%wm & sapb8font %@Sbé\ﬁéﬂﬁ&t:@ﬁéﬁ inert
anbi ent gressure isinliquid formin the m xture

anbi ent fr@?eaweaﬁsfveﬂﬂn ihyecQniex to thespastial ﬁ'édfeaﬂww Cgfﬁ %1 mixture
l'i kens seofprdeiyelbp@da@m@dar@rtblu@ﬁet TRisDPERSE RC@REElbRE, ter tdk@mple, in JP

t t t f t
| oner ool Tas A Vit ilineinorated i & ik aohert W cdiBrine A et the
t han gl ca'ebem @bmr}:ﬁzo?] Mcc&dding :(ﬁw Qoomﬂﬂgapeﬁﬂ?mmdi@elt is lobtad:wddbwtgubynoly-
0SSi e_. S, r er rocar n o as 0]
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ent | NVent ron S as descri
wher ei n Wh@uﬂﬁ*tﬂfmaafeworbwheal ns at |east 99% by weight of C5
hydr ocar bons and hydrocarbons having nore than 5 carbon atons. 35

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 Gfi), of hydrocarbons. In addition to the hydrocarbons, the mixture G(i) may accord-
ingly also 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



-20, - As, already nmentioned above, the reactant m xtures Qi) used are
preferably those m xtures as are obtained in industrial processes. In
the context of the present invention, ﬁ)reference IS given to m xtures
whi ch consist to an extent of at |east 95% by wei ght, nore preferably
to an extent of at |east 97% by weight and particularly preferably to
an extent of at |east 99% 5 by weight of C5, C6 and C7 hydrocarbons.

Accor di nfj¥grocarhensomay batpresenttn amaxiantse atencst égfu bb walgbt dtiesisogpossible for
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hydr ocar BMSF‘O rm isrupt He coprersion Qﬁﬂyﬁwnmwﬁt@m%vent ion, the mixture

G i), in addition to cycl opentene, may conprise either at |east one
further C5 hydrocarbon or at |east one C6 hydrocarbon or at |east one
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accordin o t]he i nvention, Eyigﬁacéﬂ'trgm xture

hydr ocar B6ntoH %‘Plﬂhéompdﬁ”fcé* % Fhmaixyie B@i@ﬁblﬁ 'CO%taIHS further
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200 By SR e e e e o o oF B ea S Toe oy s ost et
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obt ai ned dus aII Lch ¢ rise naddtl nto cl opent en

For - exangiih MBhideonboNArt dnf IR Snnaued it AR sh el BPacHion of e
t r ans- 2- pealyimabmethoge nsethie, eachae.pent ene, 2- net hyl butene 2,

cycl en- 9,5 tane, 2, 2-dinethyl butane, 2-nethyl pentane,

3- rret ent ane, n-hexane and benzene. In general, a C5 cut froma

st eant r a @ prafereast erolooliments theymixbyse G isdiquit errypernitieal inden toe Teactovwon-

by wei ghtyiigpdsae&ts fnaéﬂta er A p{ Jtﬁé}gﬁé%gé(%ﬂbﬂeﬁelleﬂces@y WA ﬁ’\“?ﬁ:ggﬁntext to mix-

The pr esent 1 nvention aI SO ess as escri
above, wHEee() whishaee liquld at @n@@n§ temﬁtaémrﬁsarxdoarmm@mr@fmur@ﬁ:oatnsmé@gtthls

99% by Weicfdbs %lﬁh@s%ﬁwrﬁéh @5 I@Bmey‘Surm’ Qr'e%ﬁtr :QQiE&d é}%ﬁﬁigﬁt”@mﬁ@ra&ﬁﬂ% and

invention, this mxture st an éarocar bo
is pPef eF‘E&?@'t atﬂsavrﬁeéqa@wapcmse'mfeﬁr@)mlﬁuwéa%m 8k ur%ahﬁmb@aht%oera-

used as aug h‘:mdRfrﬂi@rﬁt%]@%@é'aﬁd%dﬁ%:sb%t%@t%‘ étﬂnﬁdﬂﬁd%ﬁﬁ&ﬁﬁse f&f example,
subst ant i dr ocar bons bef ore the inven-

conver si 8‘%4 % %@ﬁ”@&%ﬁgg%ﬁef'?p?@é‘t“ﬁﬂ@ | HRIRRIHCPH R ‘Bdﬁl i ligyid form in the

conpoundmpitired®(ifRAGMDVAL tenddleratutedarky/Shbipetiressurére in turn renoved
preferentially. Wile all conceivabl e nethods can be used in this

context, preference is given to distillative separation of the
m xt-25 e. In the context of a likewise preferred embodiment of the process according to the invention,

a mixture Gf{i) is used which consists to an extent of at least 99% 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 C 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, preference is given to

m xtures i) which contain to 5 an extent of at nobst 10% by wei ght
C5 and/ or CB hydrocarbons whi ch have a_l ower boiling point than

cycl opentene. Should at |east one C4 tocarbon additionally be
present in the mxture GO to be purified, the distillation used with
preference preferably affords mxtures Qi) which contain to an

ext ent of\s glreagysmentpmes pboxs, de regataghapbie T8 (ihHerdbrrecreREINIbesDBAdUres
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and/ ot CBY W§ B%faQﬂang Q\HF BYArRGA/BORS- | ower boi | i ng poi nt than

cycl opentene. Should at | east one C4 hydrocarbon additionally be
present in t %ure )[% gurlfled t he dlstlll lg)é)n used
with prefgfes 'egivp o Jvahiest BB P Rten 6. RIBPath o Ctspas AOPE: dihorein
ext ent ofheahixtis G(i Lomyinked 8 lexteAPbBatPéah 689y whighfG; axd epbr Of aad C; or

nost 3% nmost referably to an extent of at nost 2% by
wei ght , gﬁaﬁmap‘jé’)ﬂ&q{a?ﬂ] " hydrocarbons whi ch have a | ower

boi | ithg poi nt than cycl opentene. 20 Accordi ngI y, the pr esent
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t he oc

consi st o ToR6E B il dr S 10RFg Blthor ISR i ey o o
hydrocar%ﬁ@nan‘#\a%ﬂémttoﬂ@rﬁvtfwd@ﬁalb@pentene at | east one further C5
hydr ocarbon or at |east one C7 hydrocarbon or a m xture of at | east
one further C5 hydrocarbon and at |east one C7 30 hydrocarbon
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contains at least 99% ht of CSF‘-%%’@ECY hydr ocar bons. - 22
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range fréieds W&wmendﬂ%fwblxﬂm g“hitrange &Omr@ibﬁomnbhwe&mge from35 to
65% by wei ght and nore preferably in a range from40 to 60% by

weight. In addition to cycl opentene, the reaction m xtures conprise

mai nl'y clRg eisspmtdrendag theéefe&eh@lso daserbas A ocasseasisacibed abaves wherein the
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di cycl opent ene and tol uene which may be used as a m xture i) t'he

process E¢ CARAI ng to the invention consists to an extent of at Ieast
99% 15 by wei ght of cycl opentene, toI uene and cycl opentane. The

m xt ure pbtai.ne n thi ferr i ment |ch consists to an., .
ext ent - ROSaTaIG da tegiye g, otre o PSBERRIN s o7 Cramaraidgbons which is
cycl opergrafeeablyreytained as @dC ot Wﬁha s¥amcracRe NGt d@[nﬂ:f@uéédchseﬁi@ﬁ.d?!ﬁﬁﬁémce
35 is given to subjecting the mixture of substantially Cs and C; hydrocarbons before the inven-
tive conversion in step C to a purification in which lower-boiling compounds in comparison



range from 40 to 90% by wei ght, even nore preferably in a range from
45 to 90% by wei ght 35 and especially preferably in a range from 50
to 85% by wei ght, based in each case on the total weight of the
mxture GO). - 23 - In particular, th&lpresent invention therefore
also relates to the use of a cycl opentenecontai ni ng hydrocar bon

m xture as a reactant for preparing cycl opentanone, wherein the
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measur e. cﬂl@fmtemace is given to flushing the reaction vessel with at

| east one gas or gas m xture, preference being given to flushing, for
example, with nitrogen or another inert gas or a mixture of two or

mor e 28f Arexdinglys the peaentiinugintion plsofdaserikes & pragiese astdesodiadgghoiver whergin

as the flieShixite %8B corfhins 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 G(i) 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 C; 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  Aparticularly preferred example of a C; hydrocarbon is toluene.



The. m xt.ure GO) and the inventively purified m xture conprising N20

are introduced in anpbunts at which the nolar ratio of cyclopentene to
N20 is generally in the range fromO0.05.to 5, preferably in the range
from0.5 to 3 and nore preferably in tffe range fromO0.9 to 1.5. 35For
the contacting of the mxtures i) and the inventively purified gas
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preferred enbodi nent of the process accordi ng to the invention, the
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tenperature constant, but rather to’'vary it suitably within the
above-specified [im ts 20 Accordingly, the present invention also
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320C and a pressure in the range from1 to 500 bar; 15( b) cont act i ng
our 271 B B HhfbTe ol it 3 R BTl b YBLbE -
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which a low boiler mixture is obtained which contains cyclopentene generally in the range
from 60 to 85% by weight, preferably in the range from 70 to 90% by weight and more
25 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 inthe process according to the invention as mixture Gfi).

Preference is further given to the mixture G(i} used in the process according to the inven-
tion containing cyclopentene 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 G{i).



1tp 10GmMn to a tenperature in the range from 150 to 320C,

30(d) holding the tenperature set in (c) for a period in the range
from0.1 to 48 h. On conpletion of the reaction of the cycl opentene

wi th N20, the m xture under pressure iA3the reaction vessel is

cooled. The interior of the reaction vessel is deconpressed at the
same tinme as or after the cooling, or both during and after the

cool i ng. I'3garticular the grggeat jinvegtiaroiisreiate @ao dplategoiodihe seeofi @ Ehelpentene-
or di ffee&ﬁamrn@afwo?acamdmﬁllﬁaﬁ@% £ r%{cteﬁ}t‘*@rypﬂegu?mq E}Fbicidéﬁtarnﬁﬁ@t\lvﬁé}einﬁhe

step C may be carried out is in at [east one e col um
Pr ef er ené@l?&en@n@@ﬁ coptaiing Yydheragan mixaIre saihebieiGs cuif eiA slepmctacker plant

| east ongr GRixAHE bbtdi %ﬁ&ﬂ‘l thé PArENAIRdgRnalide of @%ﬁpbﬁt@dieﬁe %nﬂﬂ:o@nﬂii@ﬁ’ug

be carried out in a CSTR (continuous stirred tankK re- actor) or

a CSTR baYdeRaptensritaa b ofdhe Gr cHiel 3 sipamotaskat P’ﬁ@a@‘td HRdNiIxRre HEta'”ed
cont i nU0ﬂSmrtﬁéﬁﬁmé&rmq’@aﬂoﬁ?@mybIBHéWcédiélh@uh@&om@@ﬁd@éycioﬁéﬁt@hél ngly,
the present invention also relates to a process as descri bed above,
wherein the mxtures GO and the gas m xture which has been purified

i n accor dhaaeashioh hin @hfip Cﬁnaﬂ@eﬁ@ﬂﬂ}i bé& effocted Qmahyme@b Wetdi cﬂ@em which cyc-

id t C { t
T herHaFgfR et Rt it GaSER I Sl bRloRe PR S e
r eactior s cospisinndiarogen antexide! th mhmuian\mnf(mtmmsueﬁpn ﬁbﬁld{rﬁs?benethods of
r tor tur iC as been
pﬁ?lcf ?edtr}]eﬁreétgéﬁgr aén%gétgg“?%}?@%'d g'b ?gnma)r(\ducgrrpri ses dinitrogen
nonoxi de nmay be contacted in the continuous reactors essentially
dnoer o g HER o EARHCAY ORI PASUDGIR AL PUALOREREE Rk no o
react wt opéent anone flerence s gl v o
sel ecti ngivendn Itlé'adourmhallyoamrgm@et m«tmeu@n(l)t e awtab@macmveaﬂﬁ |$1mzmﬂﬂe
reacyor dhcidis, fﬁsad%gﬁtéédﬁﬁéloﬁvh% SRR G élﬁ'a?ﬁzgﬁe:%r‘é%&ﬁgé Heh hthfidbReric

or supercritica erence 1s 'ven to reaction

condi ti OH@SEWGeWE’WQ!ﬁ"tVﬁﬁs%HﬁWﬁW%fﬁabiyrarb@lﬁﬂaﬁ‘{es are liquid. The
term"reactor contents" refers to the mxtures GO and the gas

m xture Rg“ f.ied ¢\{’5 accordance with tP i nvention after they have .
been i nt B8 TBHIE RS inlially charase denera!ly Alfemperaliies b rangrTemdhic 320°C,
these ni piehsrably in ¥ BpReRl fedm neeftersemxeah& r@tbréq:ﬁefefh tnrmdugn frofe200 to

m xt d nd the gas m xtu |ed|n nce

el s op e JRB Rl e Bebp el e B il e gange
i s equal frgmpiistsidsh dar and hmrepmfm'ablyéﬁthbhmgymmﬁto aB&ban.on to mx

the gas m xture 30 which has been purified in accordance with the

i nvention and conprises dinitrogen nonoxide and the m xture GO or a
portion é&ftet the mixbure Gdi) @(ais)beeaﬁnitiallg dhatgedchtdbe Bhoeméntipoed temperaturaes and
react or i [

pur 1 caPlEasaes 1 tonl e Rlenthb R etk cGlheBhg ifitogen
nmonoX? deM@Raxigecangithe arrepre;@nt v the reastionh gasss mayebememoue@ aG@)aShwtly before
m xed at e éﬂ?ﬁé&ihgrbgsz% 8hitakid F{balGre! ?’?é?ér‘eﬂ@e tl@?f%n RS G&hind™ Elféc action vessel

35ence is g| ven t ecting the mxing at a erature in the range
from 80 Wih Adtsest Piegas 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 NoO 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-



erably in the range from90 to 150C, in particular in the range from
100 to 120C. -26 - Accordingly, the present invention also relates
to a process as descri bed above, mhere%y_the conti nuous reactor is
filled substantially exclusively with fTquid during the reaction in
step C. 5 Very particul ar preference is given to selecting the
reaction c ndlt ons in such a the m xture in the reactor

h ‘%P@Jt Jﬁ“@ t )&’ﬁ’

honogeneB@NaRd ARG E-MC2S hed ePPSrafe ghdigh e cﬁmasmg;edef~

|3 gg g the@twaretmmdtrcﬁw&@fabaé mb@ém% g&ﬁﬂtﬁgg grg iea@udnamﬁe fc??@b&ééir% pre-
prefera LN 0 an refer

to the s Sean M aes G0 aBn e LlbERgntin 458 feanahaby LaBaar RIE 18

r agge fr pﬁt:é pteﬁerQBIQ E!b@(‘.[t{ld BF @u;ﬁr@h}?&l phﬁg% hf?:cb fthe t@rﬂ[iérét@re@@a’i—)wh&ih the

an re e n e range from 0 m

i ch® hald3Gler e PR a's Relsedn it Brap i 33‘9 QEbe; prerdany T Hetefge

conpr i seforh5 8dito 300WHE mwetémbtgslngm&mgblfwm 200 tpRg0ed. i nto the

continuous reactor at tenperatures in the range fromO0 to 320C,

preferably in the range from 180 to 300C and nore preferably in the
range fr bna padicular2pe@Errearembduimanted ther precenseaacgeringiol the inmetthe, ttengesn-

rore. pr el AnRE ot R T el WA ERE RS IEMeid el Afler I above-
r eact@r , spenifiedi pressuss @fd )heahempemurmitx ther eeaptivre hedseb isbrbrequently instedsed
accor da”gﬁa \ﬁgé Bwé}?eréig‘f@)ﬁ 4qg Jﬁ‘tﬂ ?éféi%%@ A ts RO, JHH%%'nQ&e r&fera-

cont acte m xture purifie n accor dance
wi t h t heblydtpang tod CGlmis. i ntroduced |n anount s at V\/m ch the nolar ratio
of cyclopentene to N20 is generally in the range from 0. 05 n5 to 10,

preferab%ln the range from0.5 to 7 and nore preferably in
range fr &ed thetamperafirahas barrviperRasqsttoserk ang %t@aﬂwerﬁee@saewd fegn-

reacted pérafuré fr@qnﬂaef&rtﬁé %Bctzbﬁ\ hhdBedrngttdihed, lﬁﬁ:@ téﬁvh;bé?rbtui’@% rhﬁﬁt@med gener-
purlfled n accor.d ce W east one

t
P huous. lylorS POiSTRIRe Bniof (1ol | SaNEharrelratly bifBe Fanasdior 3% 365 g more
320C, pr piegarablly yn ihe tahge 3Q@nt artgesfhr s L8Acdivabidask t@rtdaeﬁuhe tgpnssratied byn-

i h f 200 29

roact or SAdt et fgvard tsastig i ATt oalel B D1 cr er abl y i n
the range from 10 to 400 bar and nore preferably in the range from
100 3 T

cont fouonco P angly e B INERRGF pitbiTRaRis bl piSBBES P bbbt zBol . Whbfein
pr ef erab‘ﬁt?P|QlCQTmf‘-S|eaﬁg@astrtbmf@iowlrtg@t@eh {an® (dbre preferably in the

range fromO0.3 to 2.5 h. It is conceivable to not keep the

tenperature or the pressure or
{a) introducing the mixture G(i) into a reaction vessel at a temperature in the range from

0 t0 320°C and a pressure in the range from 1 to 500 bar;

2?5 (b) contacting the reaction mixiure 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;

(© increasing the temperature of the mixiure 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 fo 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-



- 27 - both in the reactor constant, but rather to vary themsuitably
wi thin the abovenentioned |imts. Accordi ngly, the present

i nvention al so provides a process as dgscribed above, wherein 5 step
C conprises at least the follow ng stages (aa) to (dd): (aa)

i ntroducing the mxture i) into a continuous reactor at a

t enper at in the.range . fromO0 to 320C and._a pressure in the range
from 1t S0E0B ALaIRgoHon i i et PR AedeRl ERRre Uk AT SR kA
purifi Sdir@ unhiaieehhy chanie inistep € eayl brveartiedoutds th atdegst bse_?.)udbtﬁicblung\eﬁ‘refer-
nonoxi de _j . ontinuous reactor at a te ture in ran

from o t 8BS AVRY AT iR fin R b BTl SR b R0, For
(cc) cont axarplg, tegeadtionum ste(T Jnayi bencdrhied gatsin @i &3 TR cquinuibisestinied tank re-
erper at dcig!id o L Es TR pat@le Brirdinp8 i UEEE QLT HOHEILRERGILEs ik Briuous
from 5 t easE0s baing a(addinuoeaditbivtey reédmtonri xt ures GO) and the gas mixture
purified in accordance with the invention over a residence tine of

the reaction mxture in the continuous reactor in the 20range from
0.1 to 48éceerdingly, heoresent dveotien atgotrelatdscioi smpwaessoas daserfiped above, wherein

above- degff inh&steP AR SRS tt‘(@é&é ﬂﬁﬁuﬁhﬂﬁh 1€ pabe tolfifsy ﬁ%@%@ﬂ%n&@%tﬁ%ﬁe in-

m xture purjfied in accorddnce w the nvention achie _

cycl dPpenV¥HENERGcOMgIriseRdinitiogen moaoyda areasanjacied naden Clogcoptiniou Shuar
at | east re2R¥grand r15 nore preferably at | east 50% The upper limt of
the conversions is generally 98% preferably 99% and nore preferably
99. 9% The cycl opentanone selectivities of the reaction based on

SZ)CE Oo/pe gge@mmfeg pi‘é’i?r’tdfd ?nmmh@mt, ag%_aemielt of tﬁ@c?rhmubaéllgtmefré?m@&sé@ in ac-
. 5% ccordingly e present invention also relates to a
process 8%"@"8%%%\”1%@@ "3‘6389%'? %\%@E@%Hn&ﬁée%% opent ene used is
convéfted in the range from 10 to 99.9% based on the total anpunt of
cycl open . » M he cycl ppent anagne ,sel ect.i.vi.ity b d on. -
cyel opent B AR ol A bO TS FeBRE PraB RS BEN LA W aCRREGE bifhine i
i s obt ai medionranst epniEisas dinitcogeni mesoxide map dxet cmtandedrany theusanliswousgeactors
wor ked u . I.t.able. : t ;
These moespiauiiir A7 <618 FERAEP, dRplERS KFlch DB HEARRENG 6act wit
present Ne9datdincyakneniasone Sprsighmsglarence dhglyen do leelestieg Sisnteeactitmeendi-
the goNt agtd MAhOTat idiSt SRS cHRLBGS raMidfin Bach g‘%@d} 1AM k! BHctioh in step, © pro-
accordance with the i1 nvention and conprises dinrtrogen nonoxide with
cycl ododeeestsd igyidios guersedival prasgs Eeetpiense isfutheigivaieiopieagiinsconditions un-
accor di ngett Whithehé BHEBLreafer Aot W€ IEGEPTIS tdhh F¥AdtOdesiRaAETaRfrd %o the
obtained. Preferred process conditjons of this enbodi nent are
describ eamﬂlérlegﬁm@ng\ﬁﬁe 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{j}, 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 Gii) 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.



10 Cycl ododecene may preferably be prepared from cycl ododecatri ene by
partial hydrogenation. In the process according to the invention,

pure cycl ododecene or a m xture conprising cycl ododecene nmay be used.
I n addition, cyclododecene may be pres€ft as the cis-isomer or as the
trans-isomer or as a mxture of cis- and trans-isoner. 15 In the
context of the inventive reaction of cyclododecene with the gas )
m xture MFEtinglstheauasgniinveniéan alro selatesdaricrroopssas desdined gbpn WAREIN
conpri se TR facley, Sl li81si tynQr fon i
Gi 1 et g S URARERERE T 3 Bt BN SABLEY Wity IuaUIAD 8 Tecton in
al t houghst%§Bkst antial Iy all common sol vents and/or diluents are
suitable, with the 20 proviso that they have neither a C C double
bond nor a CG-C triple bond nor an al dehyde group. In general, there
s nod nel NV RATRHANPIelSTanGRS Gvem 1y GRIRFUNG- e HEAGHRD SRPEDIRNS. BrHsha BAY hat
step C. & nikRire MK t&dcedt iPhorhdfeneyes afPERAGMasich step C may be
carried out continuously or in batchw se node, and conbi nati ons of
conti nuous and batchw se node are al so possible. Preference is given

to the casn?: mmtaseﬁ)leia@ehﬁﬂauy froteseet iﬁfostfhbl‘t@h%itdbugmshmi dtabingeratures in the
reactors, or, ex o e conyersjon o C | ste .
b Carr  taan o BB 3Bp drelEfbhCe the foudie FOTTIRE G BBARE andl iqrE PecldByin

Wi t h1¢ nt thenainge rfroex t2@0ntal 290281 asx dha peessurdsnarat gdreesdly inrtbetrabgd &om 1 to

reactor, g t ne | oo C conmbi nat | f,oat..|

two of -t R plsA@3by R B08e TR Ol 3ea PuiIMa0R ArBRaie PLirefidily fom
one of tRAREE3GB@wtors in such a way that it has at |east two

di fferent zones. Such zones 35 may differ, for exanple, in reaction
conditions, for exanple the tenperature or the pressure, and/or the
georret r y T gas@idoreewhich haebaap perifidtbinvaricardanes withdhe investigreand eemprises
Al 50,1§0n§iﬁfflr’6§9ﬁ ?ndn%rd@i@ iﬁ éﬁéra!{ﬁﬂf?gélﬂstewiﬁto%@ﬁblgﬁlum ?ébcfd%rhtl?@m?eratures in
real i zed, for exanple, cocurrent cooling and appropriate setting

of the alEUARISHOBIYILHROC, prefayably phihei rénm%frorﬁr*@pépéﬁg‘éc pgd giase preferably

carryi nginate rhfge B8hiadd RN2GI°CC ¥AH QR Pesaires! é?e%}enb%?tin GE rdrigBUlGH 5 to
reactor. ccor(¥| nglly, t he E%g_sent invention also relates to a
process 3 brisPraTgraRlyAb frerants &Pat 10 & Bhrbarand mere RieteraRly in the range from
cycl ododes ensoobdrh di nitrogen nonoxide is carried out in at |east one
tubu%&r reactor. The conversion of the cycl ododecene is effected
preférably at a tenperature in the range from 140 to 350C, nore

pr ef er ablnythe mobtireiouanemctdry the Bdiré GEP a/d dredmpdunt iwhidhalids/berefukBied in ac-

erably i r.a: f. . .. i t .
Tnvent i ofprdftes' PP Be i RGE A Goribloes MERIH Bt 08 BRRERY The pacre
conver si Gfi) iandsthepg®s imixtuwmr pukfibdoint aceortamgowdh ythé rinventiobaare imtreduced in
t ubul ar : re .l

The.pr esaoaie ot fhich ERPEE R/ clflobified £REC K ahefil [nd*dine rdri0.05
t ubular ‘Yoeldk praferably igérereage ffomt0.% td 7iesd weire prefgrably iretheaanggiipmdrio 5.
equal to, preferably greater than, the autogenous pressure of the
reactant_m xture or the product mxture at the selected reaction

t enper at UFECSIOPERiENsdTasand in the gas midutecGilis seantedwith thenhkQ Brgsentdn the gas

vessel . hkngenHiéH had Beed Pa@f}édqn ARESTANEE WhH SRS iIrdERtdMIntthe dt 3H3e ohé eoh-
1 to 14 000 bar, (grr eferab in the ran(%e from aut o%gnous

| . t
3000 barNURHF Eeqntural fempsraluses arnerallyge the HiRas {toBy el s34 B Siterably in the

10003ar raage froapesd & BYOW Sicmakd praférabliyan tied geghrfaim 200 ag2V0US. The pres-
pressure_to 32

bar ,. The .residence ti. of the react in the .
P eaeror TS Eredthynunys  Bcib 3 e Geralb B Toe Tanoe oo b Bipdbar wikittably in
to 30 h,themaegeprahd0abld9o bar arbmorngefdratgyiriiha barige {&m 1 0ol 365 bar.
especially preferably in the range from0.3 to 20 h.

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



The. nol ar ratio of the dinitrogen nonoxi de: cycl ododecene reactants

is generally fromup to 0.05 to 5, preferably in the range from 0. 07
to 2, nore preferably in the range from 0.1 to 30 2 and particularly
preferably in the range fromO0.1 to 1tzépecial preference is given to
selecting the reaction conditions in such a way that the conversion

of cycl ododecene is in the range from5 to 95% nore preferably in

t he rang&0riBihe reast@omangiant. duip cather toyvaty éfasm sbitgbly wntglnethe abgeementianed
10 to S50%it’dS The term "conversion" as used above refers to the
overall conversion of cycl ododecene. When the reactant used is
excl usi vely cis-cycl ododecene or exclusively trans- cycl ododecene,

the over ackorgiRgiyetrel PRs&ANHRIRGN G0l Rolillss aOBIYEEsE! ANd&crib&E above, wherein
particular iso- ner. Wen the reactant used I1s a mxture of cis- and

trans>i s&FRIC eWPRISERBhIgast the folpwingstagesdaalitedddy and y nol % of
trans-isonmer, and the cis-isoner is converted to an extent of n?6and

- 30 - the trans-isoner to an tent of n% the overall conversion is
cal cul at &) asNirAduchgingrmpbdure. Gy into ajcaniifjious feacteriala tepweralye; i fhe range
used is i somefromigtbw2e;C ARE beraRaR ih Shediangsd fiom 1 fisgoairext of St he
present invention to carrying out the reaction in step Cin at |east
two steps, nore pref- erably in tw or three steps and nost

pref @0ablhb)i nintreducitefie. gdshmixturé isichstizgpbean p@ifedrimboc@darteseitte tHeeidven-
which is prefgra in the range from 140.t0.300C, . nore preferab in
the range f r ol ehMalitke GRfSGe, s P 5L AairyBich ke A i fstnoefer
from 10 225 twr@in3@: rangetftons 0fté 823°Csdreln preasureyn theaangeingr i5soB80 basg

oxi di zed to cycl ododecanone. In a second step, a tenperature el evated

in conparison to the first step is selected which is preferably in

t he rangéd r opant@ging dhas sourenGikwith tieegasomixting pufied inapsofdamee 24t the in-
325Cyand espegdbh ¥n MeCésilbs Eeﬁctgl“ﬁt é%@rﬂ&eﬁa{uﬁ&‘gﬁé rhﬂ%é”i‘r% 1ddd BPC
second step, the cis-i1soner s oxidi zed to cycl ododecandne.

Accordi ngly, @nka prassuretinitin/@nge amdl oP00d1a8t es to a process as

descri bed above, wherein a m xture conprising cis-cycl ododecene and
trans-cygﬁgdodecene is reacted with dinitrogen nonoxide in two .

st ages. EqiFaFing thereixiyress@kandibe gas BHxtdrespurified i acgotdsnge wiith dag tven-
as descri bed ghogesr AbRidRinge i SARYQESMIBA rRktdrd® {Her sontiflidi@erehstor in the
carr $d out at a %egﬁﬁr%gég in the range from 140 to 300C and the
convéPsi on i n3HR "ORLGA ge at a tenperature in the range from 165
to 350C, the tenperature in the first stage being | ower than the

t t i t 2D f the f h ti

e 558 ol RNy B o A B B G B e
of the tmtls'eagé(é;)f aihd tthe gaisomédmratpwified ipradeerdande twith- Hteapweptiare eslsieves
are conc 0 o

ot of or r e RHRisnE CEREaEBnt T &reClbrely; SRk EriorhbsR A L3St 394 and
The -abovewtepetaraly at westheigeT e unpss iimitef theecorwetsionsds penarally 881t pisfasa-

process M@rggj%%mgggpémtggs%he t wo- st age process may be carried
out in at'least two reactors, in which case the |ower tenperature is

set in at |east one reactor and the higher tenperature in at |east

furt [oS i I YNa]’ i i f
one furtgs cy§spehRinonk lselcdtiffbids % @hﬁ b8séd log gg&t[bge?némeear@' ih tlfﬁ% QBhtext

tenperatures in a si ngle reactor which has” at two zones o
di f f er engeneEalydn Heyrade R P%Rd%act or havi ng
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 o 99.5%.

35



35 at least two zones of different tenperature is used, the two

t enperatures may nerge conti nuously or discontinuously into one

anot her. For exanple, particular preference is given in this context
to a tubular reactor having an axial tegperature profile which can be
realized, for exanple, as described above. PF 0000055907/Ts - 31 -
When at |east two different reactors are used in the context of the

t wo- st agerhgrnﬁ&e?eswnfch% %bfawecbm ga? L@egga r%ggn f&%é;ss&icggiseﬁfa@fm@fmémnher be

reactants et ween at | east
i nt er medWaEkedtUPHt am’rﬁ%tablﬁ@rwsefr By reconsy dheceyclopenipgne.nifregp gnore prefera-

react ant gjy inclGdeditinagvetfi8cdysgssure that the reactants are under.
Preference is given in this context, for exanple, to increasing the

P ooy S cheRing BesSiid epﬁogféat'egiqsﬁﬂsone@@%@?&ﬁﬂ@%@?&ﬁpﬁ%ﬁé iffe Contacting
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the equillb 31 bet ween ciI s- 9 aoner undér the reaction
condi ti offs® %\k'ie ﬁ”ﬁr’@”&%%éﬁédﬂ‘f“b’r’ef’k@s@& VEPSiTeSt t he
cycl@ﬂodecene 251t is in principle possible for this purpose to use
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accor di ngeto tge i.nvent ose at | east

ol vt BedrColrRa Moo Yt M hin 2l orhriseS aiuiigen Tihoxtlr ateast
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trans-i sef@EP. may elther be honbgeneous or heterogeneous catal ysts. It
is equally possi bl e to use at |east one hom)geneous and at | east one
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possi bl eCto 35 use both at | east one heterogeneous suspension
catapyst and at |east one heterogeneous fixed bed catalyst, if

por 1 oul 1€ sPBYARER o e GrBlioddeaR aF nipe £ LIRSS oy gcéhgwes*v or in
cat al yst¥ atcbwee modgi aewh combinsiings eheeltpueus ard balshwispaaodenangsiiso possible.

5, 180, 87Prefdsance id Yheh £8 thelbontinddils réd&ionS 3, 804, 914, US 5, 210, 349 US
5,128,296, US B 316,917 and in DR Fahey in J. Org. Chem 38 (1973)

p. 80-87, whose disclosure-content on this subLect i's incorporated
ful 1 30 i nReacters ineludesey stitablies repctarenforappipimtthe son@Ishn eAcyalgdadecene in

are, forstepst @agee chrel)ot H0a3Rkst omeldRTRIBIdNtiKUoUS 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.



(TPP1 Rffle) TPPnnRUH MP) (CO) PluH aPP) monuel R -1 or . /2-x_ - ,2-
2, )il (,2,- -,2---2,. ,2" - - ,2. (TPP)3(CO RuC12. A catalyst used
with very particular preference is (TEE%Q(OO)ZRUCIZ or a
corresponding Clfree variant, for exanfre (TPP)2(C0)2Fl uH2, where TPP
i s triphenyl phosphine. In a further preferred enbodi ment, the

cat al yst pugiediar rofsreRRY i€ given t& thyihg olilthe BXBSIRITSofayElotoddrent i dthéast one
Inventi o S preparation i1n situ, the starti ng nateri als are,

2ln
for exangqbglaérrl C&ﬁrt h preference, the conpounds ruthenium chloride,
rut heni um acetate, ruthenium acetyl acetonate or other Ru conpounds.
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nere 51" GerrsatiPANRR cverbdodenE it dilfiodin afp Rl R HHE) B difksgt one

havi ng phubLiarsgadorf rom 1 to 20 carbon atons. Special preference is
given in the context of the present invention to triphenyl phosphine.
In the cqptex f. a rt her .enbodi nen the oxidation is carri.ed o

i the pi Bt ERReEeR of el BpoBTERRRTE Btorted Pretsrtb t Yieiipefle i frediénoe
198 56 8fKEMA]40 @hROECcontecprefasably i theswbpe fromi 200 tocd2P6r anceparticliarly pyef-

r ef engncerabitia thdRange foerdosab sobec present application. 25The
carboxylic acid used may, for exanple, be aliphatic, cycloaliphatic,

aromatic or ar- aliphatic carboxylic acids. Preference is given to
usi ng t héseordinglyhther presasit inviestiomdlse relates loa picoescan dieserined dbave,Heherein

reacti Ogtrﬁa}’cﬁineéﬂsidﬁgﬁfs Q‘.'i‘%%drﬁecﬂbm%nfiﬁtﬂusiyﬁkghﬂ@é&(}iﬁeﬁu@?l%g%tor atI a tem-

nonocar ic.acids - c yl'ic acids, cyclohexylcarboxylic

aci d, beﬁéfé}lgggbﬁ%&ra@ggr é%c'?ﬁgh @‘E(g@f(d phthalic acid or phenylacetic

aci di1s Particularly preferred acids are all- 30 phatic nmono- and

g ) C arclzagxsrhe @re%@hfééin RS RegRli6N wss@ggﬁei@rﬂwdﬂ,at MRPbAE *t&btﬂfrl a@Bf is generally

or epar at oS FhER Bl Wi s, Pisidtatl Beter 1 8 sl PgBlg pros

usi ng at SWrezdtthe racot gbdurecr It pgodvat mixtureet thesssidcted ipaction tqymssatislecor

CO sour cgre adiécted GsactisRiBhperaipés P theRladfdlY desselTBi hinetal, ®kheadionres-

oL et ki8R e Bk iR % Ao AR (e R e s

et hyl eneSypryle 6’40,08 babpare peefgiapioin the ragedamputogen@s prepswita 1060 oand

by wei ghbsm&il?%faéﬂaalywtr@rraﬁ%é abhyautdgeodd plesui® ¥ B¥5 wai.ght, of

cycl ododecanone, based in each case on the total weight of the

product m xture after cooling to 20C and deconpression to standard

pr essur e TN regidange time of dbg éeactanss insthetrpactpr is @aberaly 1P de 804w Rfsferally in the

any efit alange frnt 0N @D H) @Rite peetdradBf i tke tdhge FrontlaREaD 25t nged aspdcialy pref-

renoved, er‘ég@gﬂ\ﬂ?é' lta%%e?réﬁ‘ml ‘ﬁg%iggﬁne, and al so any conpounds i ntroduced
ion th'th

into the oxidatio e reactant, for exanple cycl ododecane, and
conpounds al so converted in the reaction with dinitrogen nonoxide, as

descri bethdelor. rafid 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 0.1to0 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 frans-isomer, and the cis-isomer is converted to an extent of m% and



The:.i someri zation catal yst used for the reaction may subsequently
either be recycled into the process, be discarded or be worked up,

for exanple in order to recover the at,least one nmetal present in the
catal yst. Wien the catalyst is recycled into the process, it may be
recycled either into the process stage of the reaction with

di ni tr ogge tERBERONGE 16 binleRieAt &Mk, ke 61BN cotveRsidrhiglcalchiataer RCB8 Sum of mx +
according&to the invention may additionally have. In a particularly
preferred enbodi nent descri bed bel ow, the process according to the
invention has, as such an additional step, the partial hydrogenation
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equi | i br erghly e tweerthee fteps anghtost paeferablyoriwo sepsycl ododecene.
Accordingly, the renoved catal yst may be added to this parti al
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according to the abovenentioned article of Wber et al
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20Especially preferably, the 1, 3-butadi ene used contains no

1, 2- but adi ene_and no 2-butyne within the precision of detection. From
this pref’%?op@ﬁfngﬁ merization, mxtures are generally obtai ned which
contain at |east 95% by weight, preferdbty at |east 96% by wei ght and
nore preferably at |east 97% by 25wei ght, of

B T L e
ci s, t r angayrgmn nfesmedigiecirestoigaicelithe egastants batugenfab lagst weeof ghesseieactors.

i nvent i oRogdilsie irtehnidifie reatthePtIf6IESe, fetindtagiar i ng cycl ododecanone,
wherein the cycl ododecanone used in step Cis prepared by partial

hydrogenati on of cycl 030 dodecatriene. The cycl ododecatriene used in
this grocebgatlng the efastaatsy prepared by trimerizing 1,3- butadiene.
35The trimerization is effected preferably in the presence of a

titanium catal yst., the resuylting cyclododecatriene is preferahl.

i s o ans. EratiatEhing BBl Hab liBCafyRuRaRs vhder PEdrne Rt Bindcoptext
further del¥raxaepleato ineresgingt thd niessvess viaf tor gxample; iah dpast ene gomp and/or at
decanone Weastoredtpigregprat | east the follow ng steps (a) and (b) and
al so éi) and (ii): - 35 - (a) preparation of cyclododecatriene from
1, 3- But adi ene; (b) partial hydrogenation of the cycl ododecatriene to
obt ai n cycMmstaingde st least onp peaniadi bnpaticuian idinttogeg enpnoxide and/or cyclodode-

gogg/xibde- cleéﬁea'rrﬁ e Geferdd K. Uh the eRdAbNINRIc)cbdBasikneas endy BeNfidsh Qeactant
.07 Dy volLu

of . 0 en and/.or nitrogen axides, based on at |east
one of f gas *LTPLEHRIPUEEhe e s gt gonyerice i i Bocap Segs ane s raipged from
pl ant and/ the ppduct BijeRra Ry at ivastmnesiuiiabic maksore arid reoyiiled inte the pEPogbaint
operased with the offgas of an adipic acid plant and/or of a

(i) roacti BB e roRnAT bR Rbarkne i sy bnf BhAHEGdun B pamole an

provi ded i With pyefergnesbiatieast one distillative step.

In a further preferred embodiment of the process according to the invention, in the case

20 that the reactant used as a mixture of cis- and trans-cyclododecene, at least one catalyst is
added which is capable of catalyzing the attainment of the equilibrium between cis- and
trans-isomer under the reaction conditions which are selected for the conversion of the
cyciododecene.

25 ltisin 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-
lar 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



cycl ododecanone. Processes for the catalytic partial hydrogenation of
cycl ododecatriene are described in the 15 literature. It is
general |y essential that the yield in this reaction is very high,
since the small differences in nass an@2polarity result in the
reactants and products being separable fromone another by
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cycl 8¥lodecatri ene over honmbgeneous 5 Ru catal ysts in the presence of
car boxy! iIrcthacdatext o al fodiestesasdinib s, @t otidRRYis 2arrkel aghh evegrésBnddbSat

by ogenSEEEORREYaeid 28 BRad st vy %ﬁ%ﬁ%@ﬁhaﬁﬁéaé%iéﬁeﬁﬁl% sfbiect
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metal . monocarboxylic acids, C,-Cq 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



In a particularly preferred enbodi ment, cycl ododecatriene is
partially hydrogenated to cycl ododecene in the process according to
the invention in the presence of at Iegét one 20 honobgeneous

hydr ogenation catalyst. Wiile it is possible in principle to use al
sui t abl e honogeneous catal ysts, preference is given to using those
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accor di nggbReraliéh 5iaY DRIdr@ N is AMfe@r ding to the invention, the catalyst
Is nore preferably renoved in at | east one distillation, in which

case the product of the partial hydrogenation, cyclododecene, is
renoved Uhexcydiasiodepeneapstdtdsea ceactdntswvhich mayhesoseel eiteess M bis-isomer or as

fr acts onfeQianBYSrRElosteses tixtiitelofl 18 MR rAH8-isOPef rRANMH H%lb‘?@s%ﬁ 6% any

very smal(; aem)unts of catalyst material as described above an
t her ef or ¥4te very low costs for the catalyst, it is generally not
necessary in the process according to the invention to renove the

o poy vy Rl G3RerRe & FLeH ) e Eintb RO brlsord InVHHOALE TENAHo
Py ooordeioghtedehechy Pl B odenatitn 3f ot IeabE opf e opgTRsRtrishe. prafarabiy by
car by | partial diydrogesatiers of atdeasti aneDE5,09&/coelo8éitine, fodros@mpin tisjtiess brans-
this subjsgtoyioBodéddterienCeF PAsifikis frahy- 17588y QB¢RIck Airignd NeorC 0Bl #4hs915,9-

the pr €36 cfod%@é)c!sftr?e%e' é)nrgi'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 all-trans-1,5,9-
40 cyclododecatriene, as described, for example, in H. Weber et al. "Zur Bildungsweise von



25 The carboxylic acid used may be, for exanple, an aliphatic,

cycloaliphatic, aromatic or araliphatic carboxylic acid. Preference

is given to using those which are solubje in the reaction system

under the reaction conditions. Exanples are Cl-C20 nonocar boxylic

acids, Cr C6 dicarboxylic acids, cycl ohexanecarboxylic acid, benzoic
acid, tecisplansbansCacdodbdephtribal(i.6.93thitels dtanhalfipardtalgsdtorenain diebigs Ann.

Particul ghby %b?f féés?g ﬂféé’%vﬁieealﬁ'of fh‘é@é 'c ct@%&gaﬁ@ﬁe%&ﬁ@g}éﬁa{tlf hydro-

aci ds, ar acl d, c
aci ds, sae%v t” Ei‘@l @”Sﬁi‘& OBH'IepPr@C%“@l %Pcordmg torihe invRSUAD. RArticliarpratgEige is
per kg objiveychdesteibed nbene té thegemeemidnyoff ¢igtrafs, 04is-1,6,918lododaatriene in

pr ef egabing £4R80: b He gfésgﬂt I%O@?‘% %o?du%"?é ‘ﬂ{eapllv%ént d'rf Pl 8554!’595 l%?nsg! 5,9-

In the in S|tu prepar
gi ven t 0S¥ %)dagatﬁ@ea*ﬁ merg frrefgrablygeieRagd @écor@mstomawea@nmw @rﬁcle of
Furt her pader bl 8., GBosousmest @f dis Subleceiangdrporafearfullyiplotad ydetext of the pre-
nmet hanol talaam&b fr ot her suitable primry al cohols, for exanple
benzyl aFco 8" hol or dials or pol yol s having at | east one
primary al cohol group, for exanple ethylene glycol, propylene glycol
or gligcenotordinglyl the presoe sfecateotidb RigsérbekREpica¥enhs dbscribbe apavd, iviterein

P?SL?%S”F*E VRO AR end 1o PrTReeY R Epsaiof BRSPS Bt EREE cata-

pref erabY§ in the range from 100 to 200C. The reaction pressures are
in the range from1l to 300 bar, preferably in the range from1 to 200

bar and (e EP(SSJO%E@@ i\‘irﬁrfhe:}p{;be d ﬂ&gﬁll s[}?e{Bl&tiLa?mJ]nq %a% sts . tﬂ_@ﬁzmenzahon

reaction ti

caseldf PRAEUCHRRLPreiReNce s ak\@@éo\iB? Jitagiim éﬁtéaf‘g”@r&eéﬁtwalvmwnb%%ﬁélor@e
f rom 0. ScatalydBidscribbhidy tiar articletbgriieleedt subst antial |y by the batch

sizes and the possibilities of being able to supply and reane

ener gy. %Fe above-descri bed carhoxylic acid addition nak

uncriti cale Prtadigpeusge dorothe gHmenzation pspecially risirsably bas @ @lﬁgr% REPErtynde-
for | ongtarmmdrlnyrmsehmatogriﬂnﬁ ofrakleast 39534 hhe mdrd prafarablgofbl Igast 99.65%.

simphgfig é&a@iﬁtd ?Braﬁjg/“tﬁé’ll .32‘flﬂ?.y bs@y 6FR£\h£ Q! ﬂﬂbuﬂmne%h% Qg)utyne

process v§r5|o ogena ion I's tHe contlnuous no
Exam pl ¥ 'BﬁhepPréFlé'PF‘é’él ?’@%‘?rbrs are stirred reactors or reactors
m xed by punps, in which the introduction of hydrogen should be very

ef fi ci enfeonf ifhis pﬁ@é’rr&?trﬁ'ﬁé}iz%ﬁ&g mfxﬂfrefé?é*ﬂéﬁer?ﬂyﬁgtgml%@f\ml% 8bﬁla|n at least

stirred tens 0 0
nbod; med e B WEREt GG i Cark vk bYW RSN I B GRRGNGA lggst 97% by
hydr %enwmbh of a:h,émn@traum Stmeydlmkﬂemaihmaas &0r examplapspetiahprbiaresd isfgien

exanpl e, 1dltfe hﬁktﬁ:%g%%ﬁ@mlnrgﬁﬁ t BBRGRARIYR o cRYrdrS trah8l1 §§%y85%$ecatnene

preferably carried out east ‘one”t ube bundl'e reacto
tubul ar reactor systens are used, it is advantageous, for exanple by
25 sui t abhareione,dheatesent ioverdivel alsataiated o aiprocegs ifor epérnndr ggadodersanose,

Cust Omar Wherbf th86eTBdiechorAGdedn RILAE & ﬁ@bé’r@ﬂ%y 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



To conplete the conversion, it is possible in the context of the
present invention to operate at |east two reactors in series. For
exanple, a first reactor nmay have vigorQus m xi ng, which 30 may be
achi eved, for exanple, by product recyéglng by neans of a punp, while
a second and optionally a third reactor are nmerely flowed through,

and hydr pgeny, @&rﬁehbpaﬂd%d%tmmhrs Buthdigheer red enbodi ment of

the specific process version, a conversion in the range from80 to
98% is achieved in the first reactor, while the postreactor or

post r eac{yr spartiaLinelredesatianeitine cgg:lurtmﬂeeatéérmto opRiytodadaceneng up t he
hydr ogenati on, special preference is given to not initiaIIy char gi ng

t he cycl dodecatrlene reactant, or .to not initially char jt re

t oget ?IM t Aro¥istony §'se diepesn Raray r8%”8‘89r?é‘ér“’“" fhean rw frefAch case
resul t | n unttesi @ éx 0&5% b evlme mferaqgelmtasd/or nitggee balles, atased asit atdesst one

sui tabl e sol Mﬁ#ﬁs Qfeaﬂggwdlﬂ@)ﬁaggﬂ%ﬁ%ﬁﬁfor U?QBHIIIC ééic‘f aﬁ?éﬂcﬁ&ﬂo“f afydroxyl-

di luents are

sat urated al PR ?'é%?’@ﬂ’%‘c%%@ﬁ%" a’é‘F' |QPE¥F%‘F (%tgrtB%r?Efgé? Oﬁlaﬂta\ﬁifpécs acid
of two or noplant frel/eodf.a dodeearedicacie glaetradio e athydoxglaododglasine or
cycl ggodecane or a m xture of cycl ododecene and cycl ododecane or a

m xture ga \E/elqdod cene and cyc) ododecatriene or a m xture of

cycl ododéBanEPaghen e eycnssareeltpiBRd It fblsvith theoagmaixigre piryidsd du bl ianebtain
cycl ododecaneydoibdeganomdodecatriene is initially charged. Wile the
cycl ododecatri ene content of the corresponding mxtures is generally
uncritical, in the continuous process it |S(§ eferably in the r%ng

of up to W?ﬁ‘;ﬁ iRk theneatalvis rarip! ddrogengtiqnehqyciododasntrinap e dgsriibed in the
espedbal litgrapuret ﬁnabét)eraily dsseRdial theyighitin i reloton & vegy Yight siece the small

pr 2?2.”; Pﬁf\gﬁm{oé@m & &E% Oge %&zf@g@?@&& éﬁé EFJ @% ¥ arable from
& i xt ur EnopEhaer By L acjah dexsh EE et pHiyes ?"Rﬁ"ﬁﬁ" a8l he
cycl ododeydedddenatjiendecrapuimtbdmiathiastebe entmmttlaéb,f qm.ekntﬂ;atlvext ure

being in the range of up to 30% by wei ght. 15 The product which is

oyt dPe. Th PRtoBEnah G bl handhoants Vel Hiincen A Ralaiysts wih addition
cycl ododetwateriin describege fdrrexample, tio W9 PBILE70nN ghrampleo? ef ghisfdacainkyt, a
inar angﬁ:lédd&@b&ﬁeﬁ@c&%éf%ﬁ Sredddd, |§Qﬁalﬁ§cﬁ)§ﬁé@e{ !@é\c{?&?ﬁ:ﬁé%bh% \th ad¥ition

range fro 96 t ase

wet ght  oft PABToREREYeRRRBesE vied TR ok Bimnot P B REEe | B this doou-
obt ai nedmgst, apnlu RAh wneatigfaciory-connerstanaefs 85. 8 Unisratiainedgeitie radtition vk snwmewhat
ratigsof Ie%ls%a'té?Qﬁﬁfm@%aﬁfp%@aﬂc%%écﬂ& ffle bhgnrange from0.4:1 to
2.0:1. In addition to cyclododecene, the product m xture generally
cont ai ns cycl ododecane in a range fromO0.1 to 8% by wei ght,

pr ef er abU$ §,82% 1rnipsciiresnine . sidition 9% ayinesitg tite nthogenentaly gataljzadabidyo-
inther ichrom 0.5 to 6.5% by weight, based in each case on the
total werght of the product m xture. In addition to cycl ododecene and
cycl ododecane, the product m xture may contain traces of

cycl 3lodlacH8i Bihe7,avgy e ayplododesatiriste dydregtodtaraisr instectakel dth homogeneous

g at al yz t RuU&&Iﬁft@ﬁﬁﬂh@ p?r@sé‘féé(?ﬁ dbREntsSuth sl dING8 or ‘é@teF@Mn't!ﬁ‘e BarfiiEd bethis
e conau Al J ne use
conver s oSy B8 SBslrbRiatte <efeirant S50tk BPGaV: duriai conver-
cont ai nssiehis naveoavkievesti se het edetaetion priem geaseaistitsel inathe avesikim:  of
less than 0.5% by weight, preferably of less than 0.25% by wei ght and

espegi al of .less,than 1% i based. i n ea

on i [ uB et Aok oeRiataR IS UAriA0e Arerar i St TRCHANg I SHicuciBEthe
unconver vield ie gtatestiodeoanprade 88 %nhipwisken; Brrpsasyersion s nbleqyandtitive hetexaithee
by at | east one suitable nethod, for exanple and with preference at

east ong il bhakd g (TEATY So-e7"S. ACRLRLSSMS: hiS B RS Ren AoBiodo-

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



- 40 - renoving it fromthe product mxture fromthe partia

hydr ogenati on and to feeding traces of cycl ododecatriene together
with the cycl ododecene to the oxidation with dinitrogen nonoxide in
step C. 5ln a preferred enbodi nent of -Bie process according to the
i nvention, the at | east one cata- |yst used for the partial

el oae NALDER. S8, B8 peSIBET HaweE, s pRiSLAm Byt o Rl fl g sPaytleode-

dependi ngatsiane lie vergithighyst used. 10 When the catal yst used in the
partial hydrogenation is, for exarrpl e, a heterogeneous catal yst as a

suspensi refere |s iven in th ntext of the

pr esent ﬁk/i% %é%tg-dﬂ\fg?ﬁw y@yg\c@pap%gf{ CWE}QO&?QQIEF@J{& T SPEIpIeReRuS
cat al yst Ruecatzlgstsiin thénpesesaaye rm&ycamobsﬂecnmI@yc&:idbtimenbeyseidsmlge% cat de
the pr ocggﬁ,epédimh,g%gggl n anot her process, discarded or worked up,

for exanple 1n order to recover the at | east one metal present in the
catal yst. 15 Wien the catal yst used in the partial hydrogenation is,

for examph éhe eontextofdrepresent atvehtiat, the cathlytie perial Bydyoyematiom of bgclododeca-
context_@eriss chlifiBkehd 2 bb efedid bggwgum@ mefibag! | east ‘one

dlstlllatlon step. Inthis st one or two or nore
di stil®l ation col umns may be used. 20In the at |east one distillation
col umm, theapicddydhe patetytic paftiabhydrogerasion inady ha'damg&rmt with hoshogeneous or

separ at e@heté?édén%ué Eﬁlﬁfyst% faﬁ@?ﬁé Réléro#gﬂ ?L@ (?H]al 3 ho Bé I Wthe form of a

conpri ses subst ant re a geneou
hydrogen&F?Qﬁﬁ‘s@Qtoél'W@F ?fgbﬁ‘ag\}?‘?g bedt al yst renoved in th| s vvay may,

optionally after at | east one suitable regeneration step,

subsggue %b%eﬁér&é@feo@@ céﬁ%?éﬁ%rﬁé‘ﬁéécf ae éﬂé@?%ﬁ thogé %F,Ih%qlté?ﬁ ai"'%‘éla‘te&]e

, f
;J Ee cg[ aIO%/(@'F elqrper?tg BQI éb F*b‘ogm '%?éeérbgﬁtjg@ 3oy Piﬂfﬁmﬁﬁﬁm ai))st i n

anot her process. In a particul arl y preferred enbodi nent of the

process @f?CaOthnﬂﬁlafIP ﬁr@f@rerﬁgve‘?ﬂﬁl fftent PQB&éd%'Eaf?%né hg Cﬂ%ﬂfﬂﬂg Ve nﬁted to

hydr ogenati,on cata

;
L SHhaREnE Folog, TaGreoopRina- i e Yo Hondn 6 Lieseres Boet lenghne
t he @Bocégmogé'mm)usmiydrogeaaitmmata‘tyshm t he abovenentioned distillative

wor kup of the product mxture fromthe partial hydrogenation

conpri ses,,substanti al |y cycl ododecen mal | traces

oyl otoaStHRT ibseBle dndeBEao e ke lebly, B bassnsoiticanbets. petasce i

al ready btven telgsing thosenyhiehdcaibain Blu as-the Rctive hydregeratiag netad oRarttibliier prefer-

(r]I Ieg?:/lel ;@m:éo%l fulthér JiveNd Deind a5 H88tribBd H UseR$80 Q?@ui?stﬂlst:?éq £76, US
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at | &ast 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)sAu, [Ru(CO)ls, (TPP)LRU{CO).Cl,, (TPP){CO)RuH,, (TPP)x(CO).RuHs,,
(TPP)x{CO):RuCIH or (TPP)3;(CO)RuCl,.

30 A catalyst used with very particular preference is {TPP),(CO)zRuCl; or a cofresponding Cl-
free variant, for example (TPP)2(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 chioride, 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 NRj, PR3, AsR; or SbR; where R is an alkyl,



5 one catal yst used for the partial hydrogenation is not renoved from
the product m xture of the partial hydrogenation. Particul ar
preference is given to this enbodi nent when a honobgeneous catal yst is
used for the hydrogenation. Preferenced’s further given in this case
to not working up the product mi xture fromthe partial hydrogenation

tep o AR ARER A cedet UByPiushBRloB irh ) &1 SAIBSE AR SERE e
the oxi dEFBIs GYerciy dheemted ohtheviresentinventiopde iriphenyRhasphing. step C, a
suitabl e catal yst is used which is capable of catalyzing the

establis foequilibriu etween cis-,and trans-iso of
oychodoadsg oyt Red blcidat AT Thcileled 3F el IR stBMil Bim. e, 2900
used Por nthPhadtiye dytlioghnating roetak dudre ippeferablynti, sare tused imthecripesspsccarsiing
for the patid abvedtitd PAFIBAEOR (erCibClsREORNE alibl ®IDO - mdaR® paHiBALY pretdignee
pr esent |tnv&e'in§| an @nts%ﬁéel ates to a process as descri bed above,

wherei n tREVH &'Pg'g 9 R cycl ododecatriene to cycl ododecene and

t he conversion of cyclodo- 20 decene to cycl ododecanone wth

e a0 o oMBRIGHRMAR oPthE fréoedS Bogdrtifg S the fvdtn et & rehfied from
P dDC" e Rty BE BoRBteRi &1 BROR Ritrogiabcn 1 Brthen eRBondent AEe pre-
honoge _ne@@@f_ i@aeruqoy§me icgtalyst teroveplds feiddb any granges and varyapaiti@dar preference is
oxi dat i oyivéinttd rébiydiidg iPBENHEREsdRccbdmgad i MebnttRe Acttbing Y thel ifvéiftion,

hat i 4 EABlIFLE ay® BlerPiatihfomoted  figoett e, igielah mhih case he proc-
di ni t r ogeiet eiche praie! yidregsnation sytigdadedens o rareaviediia thiedop,|drelthe eatalyst, in

wor Ky ofsofideca@as ahiy frhetiod8 ofEGA6AHdBERNG, vialife BERSARNT i nvention al so
relates to a process as described above, wherein a m xture resulting

fromthe hydrogenation of cycl ododecatriene to cycl ododecene in the
pr esence Asfa gonferbewecd ike vatvasmalk amewtip of satalysicpatenidoaiedesotbathdbove and

i i £ Oga e My 147 o0 TP A6 Gitafet; R gafbrallfhot ibebsy 1 S prdcgs
o S0 pooabpraREi M inveton it Ferfa: ety ol tiEancrion g afls the pata
prodd@t Mysikogesation andeeqyste it into thedrerpsaat i on and to feed the

resulting mxture, conprising cyclododecene and the remaining portion

case. a1 Agdites shibpliferl ShE TRl niirbdbryth i Galfig BROR 1 Bipspibe et least
oxi dat i on@icappodyligiacich g deaerihexiin OE 198 56862 Ad, whess dsinteniden this suhiesiare

t he cat akyilytindoigitated bf Zeferdrite iftb ebisdntedxt t thaspredent BEpRALién.al
hydragenation and to add the sanme and/or at |east one further

catal’yst _in the oxidation with dinitrogen nonoxi de. One of the
advant agd§esarhaxglicaanid usetk nayibee forpxenels analiphation gyeloaliphatid, mvematicoer ar-

for pre- afipinakidthoyr] aiedacaions kyivehab usky RESIKRRAMNE bbb Ahd eshe-
by ey 51 380 A PEER bt Ryl A e oo, oo
process &e&inamaxylia arids ecyiclnhenanesarhraylicnacidli beinzpio geidl, terephthalic acid, phthalic
][rppg??deaaiﬂrﬂéqu@hﬂgc@fbf@ﬁﬁ g%rﬁdlﬁﬂyﬁirgfgﬁ?ala&?ds!dgé lé;ﬁ]bfﬁdt_%gn;@rg@gﬁg&diw?bﬁmic
| . . . | f . .
second%/ygé{ﬁg’b%zﬁz{rﬁgemﬁn%’ggg ﬁ%fdo%rﬁ&fiﬁ é’%gr %Q:ngéz— ?g‘b Eﬁl Eﬁcé&st' 5 “F‘ﬁ%lc acid and

i nven- 1689picAfid.nt 0 an existing integrated plant system which allows
the transport path for the reactant to be kept to a mninum and said

Co o spednarof obahi P it RECARSEa oM enl s et TcbT 2B 6 g0

pr oddet greferaplydrom 0.01 to 50 g and more preferably from 0.05 t0 25 g.

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



The cycl ododecanone prepared in accordance with the invention may,
for -exanmple and 15 with particular preference, be used to prepare
dodecanedi car boxylic acid and/or |aurol actam and/ or polyners derived
therefrom for exanple polyam des such,as nylon-12 or nylon-6, 12.
When the present invention relates to ?ﬁe preparation of a ketone
conprising the contacting 20 of the gas m xture which has been

puri fi edhbirorafis!® ofl poigels WatiRg ah RabNMRNBriredry aRSh6IQjTBNIp, S66esdinipid ERgene gly-

nonoxi de i eca e, cyclododecatriene is used in step C
of the ngcé@Eg%ﬁ%gg’g&ﬁég%éfbﬂe i nvention. A mxture conprising
cycl ododecadi enone i s obtained. Preferred process conditions of this

gmgf)gi ggﬁitggirpz%dﬁg%é@&ﬂ?Z&fﬁg\;%';ﬂ%ki@t’i\!-th%ﬁe\:/ﬂi?\?wygft?éh%ﬁﬂ?%enoeaaeﬂy talz)es place at
Y oo sl T g R B0 o Bl EomeTRalY it e Ba faMrHEEb0-C hn

1, 5, 9- cyolotel ptiferablyiietiee rege Hiomh @08 to BeRE. Joe sedrdtiongmessuresaara in the range
t wo- st age, i i i ] 5 Yalo) i i - .
oSea FATSTATAS SO0 RS b Bodabi\GHGCSC St P e
epoxi de (HYe O} | ‘hg QP at al ytically to cycl ododeca- 4, 8-di enone in a
second step. This process is described, for exanple, in US 3,063, 986.
Thi's 160NYRETELABH 1RIESHRP Baldh bAEh HRkoSbrif RAAHBTALAR tnd L4l diithe édn-

is di t to achi eve a selectliye, noepoxl dat |1 on. Secondly, e .
orocess HEHAUSPAPSESy RIRion. e Genrsall indhe FRiGg B QIS0 46,8, They aré determined
above- desdhstaddlly bipdik bateh siresfad thd fossibiitesconbeing abfe haipplyoaresemove
accordin t i 4L QL 0f T ik i f. i ni .
Qnér_ﬁﬁ. Wﬁ%.a%@é‘ﬁé&ﬂb@{l 'C%Fb%&lgb?naél}?%,ﬂgﬁﬁgg Crf;%()iaéé ! QREAA 'ﬂgtlhtra] reaction

cycl ododgca ﬁ enor(r!}f starting 11 ecatrl ene )
singl e sPEFN& chﬁr‘# uRdes £eacjiph gonditiongor longer 133 PFeSSBio digdnakes possible
accongdi ngonsiderhigy simvified macfiar coitepand regclionohonitatiaganone accor di ngly
conprises steps Al, A2, B and C, in which case cycl ododecatriene is
reacted Wth dinitrogen nonoxide in step Cto obtain )

cycl ododetarenEeePLREss Y%S’QHP&F%”'@F&B’,OQ?%“OW% HrieertibHemede Fxam-
hydr ogenglesdftmefehtdireactyrel avd atired neantors Sor Ceagtarsenhided Byhpumps, in which the

above- de | ' 0 1 i\

Steps. of %ﬂ?ﬁ“’ﬁ“&’@@%ﬁ%@%ﬁ@fﬁ%{;ﬁf?ﬂ% TR ol L BENERED, L akile, oy
1 é?r Bafflasin %’9819 PRESQY ) HBETBERNS-i n the presence of boric acid
to give cycl ododecyl borate; hydrolysis of the borate to give

cycl ododgrgholes 4R YAGARNSHhbOAMRhtst H¥eihs Hre AP HRBAN, 4tan@MAlith where the
cyclododﬁﬁ%none

ogendtion takes place, the heat released is removed and used, for example, to raise

steamn. This process version is, for example, preferably carried out in at least one tube

bundle reactor. When tubular reactor sysiems are used, it is advantageous, for example by

25 suitable internals, to accelerate the mixing-in of hydrogen, as is customary, for exampie, 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 to 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. n general, at
least one suitable solvent or diluent may be added. Useful such solvents or diluenis are, for



15 the process according to the invention for preparing

cycl ododecanone is accordingly notable, anong other features, in that
t he cycl ododecanone product can be presar ed starting fromthe sane
react ant, cycl ododecatriene, with a sa 9hg of two reaction stages,
and the nunber of reaction stages can thus be halved. 20 in the

context glatd g bsfb dcﬁﬁltd%&’eﬁ}er %?%6&0%{%0&{6 %\éﬁlr&%ﬁdﬁﬁﬁét@ w?é’%fﬁc;hs aromatic hy-

dinit rogen m)nox 0SSl
sui t abl e EISARORE 0 mﬁu!@&éﬁﬁwo Snﬁ@feaihé@é)f sln|at¥aaie€ea§n§19>emnqm,c%@éodecene

cycl ododec eyviodotiecyed @EOMEEES ON EyolidoiateHeddreicylodbiédane opla rakpim@ b Wclo

| |
obimron s Spdtefi and yEbhodkcBfchY %?ﬁé@%‘%ﬂ%@%ﬂ A OB bR e or
t hey Rava MBfwa eyclododersipl evasingesrsie and: Oecfpdtpdecaslepe ds failialyneharged.
al dehydevgiileusme cydibd@abeitaéne ddngdre of e ROrrBGRAING rAiflires is @bﬁ@raﬂy @icritical, in

di | i.d

CRRI 0 e e PO ek e
t he reactP&h2¥6hyivaigiandfespenialy praierablyam o208y by weighkcat ri ene in

step C, as long as it is ensured that cycl ododeca-4, 8- dienone is

bt d,f t t ti f .
o e e A T Hen SRR LRk Ao eb B3R Bl e
range f r 81e paak bydtegrnation e startefl aupaby ynitiallyt ¢hargiog gemixtenm aisgyclododx@ge

and part aﬁarbabwodade&ei@mgﬁtﬁeﬁ anh %ﬂgﬂ‘ecfa'iﬁeﬁe2% EploidaEcatriene fortent of
whi ch i s Ei’ ;l'errper ature changes i n
e

t h
the cour J¥ 'qrﬁgﬁepgdeﬂ?eorﬁnagg 'ﬂ%to W continuously or el se

di scont i nuousl y. The pressures in the reaction of cycl ododecatriene

wi t hsli niThé @ﬁﬁﬁicﬂﬁﬁi@ﬁ'réj@bt‘alﬁeatf% %eﬁﬁ@‘erﬁw@r Ak ﬁ%rﬁgé‘ﬂﬁbﬁﬁs b@r?é?ai mix-
aut ogenoys, pr ess

el oot eape b e Fefsaiarih & Ghe relied pataind cyvdodtietind b ene fpmedsto
The pr es898&sbyweight, etare amfrably in heangenfyem©OddmI9% by weigbt drut espeointy pref-
preferab bbéblyﬂn terdngBgnd 6O g by w%gglt Qﬂseér‘rﬁeébﬂ dds€ Wnahé Yotal welgt;ht of the
prefer ably the range from50 t0o bar . In the context of

process 8@38? ﬁg"r?o the invention, it is p055| ble to carry out the
reac- tion at two or nore pressures or within two or nore pressure

:: ﬁgggg . Fﬁ@éhe@éi W&Icﬁ:ﬁdééeri@' i§ BhRideh@sRueurs Reeik! Lrfrhddlisbser. i §§ﬁé+éiethe

n erta nti nuously
or else HP& gﬁfq ‘ﬁ&&'&?&?er%’gf%&éd%?%ﬁ’dﬁlrgﬁgfw%@% ﬁ‘rﬁ/éﬁtl on al so
relates to a process as descri bed above, wherein the reaction in step
gr L:SE ?;fn: SAHIRHH toPdyclodoBBRMeAtHY grouacttrh&wr%;geﬂeifdn@ %%Q‘SWC%EQ%%PQJ@ a
FREUEANITT N TR TG o AN RN O AN
par t £z ul preferatdy in thei range from Hate PEM by weight, hesad ér saeincaseyorbiise total weight
ef f ect edof the BBt MBElReOr i N continuous nmode. Accordingly, the
reactors used may, for exanple, be at |east one CSTR (continuous

stirred tank reactor) having at |east one internal and/or at |east
one ext elmadditfosalo ayxiodaderene and dyeldodenaaer tieupraduat esiztuce may wntdire tiates

one | oopeff @%fddéﬂecd&:eﬂe’sa:%élﬁhﬁdbr@@ﬁéi @&d&e@%éh@‘éﬁ&/o?tca{a%ﬂ'ﬂ%‘gro%ss
t hesg0 reacto

oneld " kit Lnad5VenRon Siay i Brindinie, bt eondcsS dh el Wels it ey ciodode-
for ex an%teertm@eetde!ﬁpeﬂmrtﬁdéuw tot dyslogedansneeln gandfaly the produst gddwiet goptains

81; nt gres Zpaey ncbﬁger?ﬁgg%é&ito%@améﬁ@ PRt i &nCAMSENtSSObEP thanB 8D bliveight,
ver si i u

dont 1 odroieudy 3 o8R8 ewion{ a8 aspedn B rerecdll o 1955, Ben g by
be used.wgght, hasedinefash case entheditabweight didhe puashict mixtureact i on with

di ni49 ogen nonoxi de in step Cis carried out in a single react or. For

exanpl e W th ref e reactio |s i n ntipuous

The e TaRELE DB Biciaaideiatins Medthe fmdvedJoms e HRdR gridue by at
least one suztable 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



- 45 - range fromO0.05 to 4, preferably in the range from0.06 to 1,
nore preferably in the range fromO0,07 to 0.5 and particularly
preferably in the range fromO0.1 to O.4g-1n 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 to 50mmoungfitiremithe preduttanixturgskom tpartialdydogenatibnestoifedding traces of
pr ef er abbytiddddbiftriér@gethbPMin the! cRB¥dcEna 46 1RVEEHAbn Vi eINtréd B monox-
selectivity for cyclododecadi enonée. The selectivity based on

cycl odod@giﬁﬁtgﬁcgﬁe is generally at least 90% preferably at |east
92.5% and nore preferably at |east 95% 10 Accordingly, the present

i nvens i ofy ghrferféd %Sédiﬁlﬁn@ofﬁgééﬁﬁz%téﬂ@%cc‘gﬁ% tRE iRAlGh, tNE81 18hd dhBRata-

reaction of dinjtrogen npnoxi W decatriepe in, step,C has
 Conver YPOHSHH 1057 BAYARRUAPIRIREOR ahe FRAEEG TS PEsEhATTe Ol the
pr ef er abpartiaimytiveenatiare Thisoambvalon8086 efidcted bebmesuitableyprbesssdiepending on
cycl odod%aﬁ%itaq*gﬁge@_f at least 90% t5 In the context of the present
invention, It 1s possible in principle to convert in step C any

cycl ododecatri ene or any m xture of two and nore different

cycl delodéthenthe oatalyel ddedtim ehenpartial hgdroigecdtidnas, foeemniple,id hetdroganeous cata-

These. | nil Lo SyeprsloR Gy brgRELrt ST ONER T oo RREEE Byantion to
20ci s, t r Ot yla}té?gs_}%@’@ﬁgﬁg@@@ﬁgp.i TEheacatalyst removed in this wayanT)lay subse-
ci s, ci s, uentig-eithbr Be eyoicldoidRctiier provessoor lad uséd ansanother process, discarded or
1,5,9-¢cy C I : i i

of the proRCaUp Rl Bl i Sy tRbkoRRie SR oe BIGEH PEERN RO CdREt
is citd, trans, trans-1,5, 9- cycl ododecatri ene. 25 Accordingly, the

present Wihearhé oatalysseseddh aepartial ydpsgenetion Bsiotl@zamplecd hahwgeneous cata-
o', tr ankot PLASIRORSEERLA PR HfEa;dl the presept inventon o removipg I by at leas
present PiR/distilaghn sieer it s Slistiiationgeas. pr ocornaye Sistllationcolimns Taebe Used.
above, 30 wherein cis,trans,trans-1,5, 9-cycl ododecatriene is reacted

Wi t hogli nj j it Cit0 [ i ;
o2 HRSR R i SbhoCy BB IR gy et
| nvent | veRasles 1R abfeast s freetipns. f haMighbailen ragtionemiRsiess SNty fhe en-
di ni t r ogtine amoui otitei honsigepedusandirayemptiors estalpst wsed) Brestatapst efmovéin this
i soners , - - iRsC z

i enone. S HRURIGHRY SRELEF Bt e SR rodehBiifiof ok, Kb ERERAT siher v
in accor FLHEA e the pracessy discargrd 05 WoHteS: YR, i) SXAMPla eardas torrarqyer at least
whi cB5 t r amesinetad presentin tam datelyst. triaaksol Reskle taruseahd esmecdi oataysd i andteer
sane arm?l,:%éssand the trans,trans-isoner is forned in only small

anmounts Tn conparison to the two other isoners. An exanple of a

typi cal isomer m xture 40 accordingly has the isonmers in nolar ratios
of aboutinla paficO8ry 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 already 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.



- 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

ds,trans,trans-1, 5, 9- cyclododecatrlene4ﬂn step C may in principle be
effected in the presence of a catalyst. In a particularly preferred

embodi ment ls%uél%ﬁsm&smﬁﬁﬁgri&h %Qitérg floRe 1 AR irf Qﬁeéﬁ?&{ei Qﬂta?le

wth dlnltl’ﬁ en m)no>% arried out wthout addition o
a cat al ySystilation steg bg ﬂ’&lf9ed"i‘91p t8?8§'9ﬁ‘ﬂ°r| nvention al so describes a
process as described above, wherein the reaction of cyclododecatriene

wi th di nig R fer rrp}eewe een'nﬂbdﬁﬁé‘lﬂ o@thé g%éé ﬁ%&&gg%wm&%d%é bPRast

of a catal

ra
di | uedt iR tcﬁe'&iswg?ﬁ fop éne: Rartali Hrqqengtecwseowewveﬁﬁm Hiechrosust ixtyee of
C15 The Ihépériahydadedaital Pagivelav prderehtdispyiainetoahis @nibtintent whepar lesho-

for exa I

for exa%%ﬁeo@ca%ﬁl&%ﬁ%h%?& fo?%gﬂ%ﬂg%&aﬁﬁr‘?’ %@?Acgﬂs *fLErﬁ'%r %ﬁ/@ﬁ ih B89 case to
Oycl ooct A4F WAKINGR the_pipslat ByevisHER the partwhhyﬁmgeea@ﬁbw fopeing 4t directly to
| ndust ri ahe Eidationtwith, difitrbgdrombhanide(iAQKY C. El ectroni c Rel ease, Wley
VCH. (fhis. process forns, for exarrple in the case of trinerization in

t he presence of Ziegler catalysts,

ci s, t r and\steady geg:nyeg@@p&@gﬁ@fﬁfr@@@mb@d!ment of the oxidation of cyclododecene

c: is ci s, witandnittogerOmoyetidelindagRC] h e0Rabi datalyst is ufsed which is capable of catalyz-
all-tran - 1 € r .

Weber ot ?rgg lﬁe%ﬁ%ﬁﬁ%ﬁ?eﬁﬁ ﬁggt\ﬁ,\l@?bilgﬁ‘(/%egﬁe&? ! ér%gans-l%mglxcﬁ‘@l‘.lgdode%eme,
cis,trans, trans-Cycl ododecatrien-(1.5.9) mttels titanhaltiger

K?t ?LIYSS atlmaq:rartldul”arlylpr@f@rrg& cAlbbdintdieNthe @&kl)ﬁsi%@éd for-thiQ e%(hbllmx‘rhbrﬂ dtl dquilib-
R g o

25 process according to the invention, partlcular preference is
gi ven, ascdesingiyher pleewst, lnire!ht{'bh%fstpﬂemé§ to0a padcess as described above, wherein

Cis, trang,d ﬁﬁ{?ﬁ%elnaﬁoﬁ ofﬁgél&ﬂifﬁggt%ﬁé & EydididdaEetd S5EHe BIERR of cyclodo-

accordlng to

ci s, tPanslessnento. ayclodadesanppe wdbcdinitpesre MosoXde & sleer @ ad jfeged pathepres-
in accoreaugeme@hmbhanahmvenent|oned article of Wber et al., whose
content on this subject is incorporated fully by reference into the
context of the present application. 30 Accordingly, the present

i nvent i o Gansileble Piosess ecprdleaysaduastaged the Brpcado aecording i the ipyantion is

cycl ododéwatact dae wheedhesame e@hdbgatieous catalflsedsdayint gdriad rHydrigenstion and
1, 3- byt a@kl@%ﬁ@ltﬁ'%rﬂm}ﬁe{na&o\{g% 8%“ t%ycsatlalge‘? 5%3}%“’?&'&@5 St%%%s@n%v%d ftbm the

pr|n| le to u anit um C

trimeri zRIQAYAt Mixtre of theaariiy Bydrogerationsang khe thisomixiise mays fgehdirectly to the

tetrachl mddwdremmuuahmgm HionBLig WithBlitdosthe as@ inabininiche Siztilnied workdphe the
article M}g per et al. - 47 - Especially preferably, the

1, 3- buta e contains no 1, 2-butadi ene and no 2-butyne within the
preci sion of detection. Fromthis preferred trinerization, mxtures

ar e genenatdrdinglyt tenedsarhirs@ntsnbaias felaes |t@é$;5ro€es@5%dé‘$cﬂ&ﬁcﬂéﬁove wherein a
prefer abh?xté‘lte }e%ﬁﬁifwg %E){ﬂ Bi¥e ‘f@g%ghn&ﬂﬂ QP é)ZcC@c[ Sétﬂgrln% 6@%81318@&?9(:339/ dnt? Yhe

wei ght cis,tran
with speBfeSEngs efreheweeenqq#e Gatalyshr Wwemgamlo&@aa@eremddyomw@uepata"

ci s, tr aniyst, neaysbelysedhecyehoratioe g reatibn With Sinitrogen monoxide.
cis,trans,trans-1,5, 9-cycl ododecatri ene-contai ning m xture may be

used as such for 10 the reaction with di ni trogen nonoxide in step C
It i eqliaiPeycoplxé phihe pigsertipvantioneit is also possible to remove only a portion of the

cis,tr ansataiyaﬂsord itee Brodyetl rmdm@lecamemeﬂm h?@tﬁﬁgérﬁ@oﬁla?thgb eedwtlh@tretm'sg mix-
one suit
distill aﬁ‘f? oIS oo B SUR! rE by SorBh BF e ndlon ERS, Ktion

with dm;trogen monaoxide. ln 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



15 Wth regard to further details on the trinerization, reference is
made to the article by Weber et al. Fromthe inventive reaction of
cycl ododecatriene wth dinitrogen nnnog de in step ¢, a mx- 20 ture
is general ly obtained which conprises gélododecadienone, preferably
cycl ododeca4, 8-di enone, with or w thout unconverted reactant and with

or withoge pﬁodhﬁaﬁktt@é\@f mépéa?ﬁm drogBRAIAI 4l B hddNBie fdarieh@&id/or at least one
cyel odoalithel Bl e Hoagnat cﬁwﬁ%ﬁ%ﬂ#ﬁ s mxture. I the
case that the m xture conprises cycl ododecadi enone and, for exanple,
The. ool G oS 1 e BB ocdss de%‘a’%“gs‘bt""ﬁsﬁﬁ“fm%
Si ol & NS CpopgaTionR if e GybgdsRERine, R GREE L peffane-
t he part oasly withr ligle satecirityt 4 fcyherwmd@eamadmntqgeersdhamq that thaeeactant

hydr ogengks®fort e W@éé&g%ﬁ&‘%ﬂ@‘% thaOnéd rﬁﬁh trﬁ&f bé“cﬂﬁl‘&'é gon xtn'aﬁoxsde ~containing
cycl odod

o &fifa e dram FrARSrgpY aiusfiel FRBtec ghieh (ot v pusiab . diALT frsg Gagt and

The di st ifncoayénigncesandfdecondlyl eaabla tpr mdagnatoni of théy@racang acedfrdige te thae inyen-
f'rom;8. 0Gdn it %n%&sﬂn@"rﬂé@é%' aﬁtrhykiéﬁ’: ruﬁﬂﬂmealfo%rfhg tr%llsﬁd?t tﬁ%r #B%eac-
especi al lg%ggr gf gﬂrqap he raa \ﬁf %

cycl odod&%d? BRAFET B AHEym. an %@E&IB@J@'@EG 3018 RETEPHA HPSRHRURS G590
r eact i onnof havedb bddeldttat spenia trsatrherd ifori dispogaln buinather few wirgctiydntoedprioduct
one or npfgq@sbitrary further processes. For exanple, the keto group
of cycl ododecadi enone nay be subjected to a chem cal reaction.

Equal ly, at |east one of the C C double bonds nay be subjected to a
chemi cal TheagyckdodecBoone peapalad mnaconrddmep véfhethenioegntiat maygsfor examiile Gind

doublie bQﬂH cjaa?ﬁd&fa'r We%é@'ﬁfe At r%p&%‘ﬁﬂd‘écmmd@% Q@id and/or laurolac-
hydrogen whi ch

ctive regi 0l SONErs
oo A praAsr it e Tor Sl bV BS Sl & 2 pr nion-
cyclododédémlenones is obtained fromthe inventive reaction with
di ni trogen nonoxi de, this regioisoner or this regioisoner mxture is

referab h {.e ecanone, articul ar .
Dot or ¢ oA SRRt B et SR B R Be el ook orts bortgrihY contacting
cycl é8odéttheqgag-nikiarpwhich siakypden garifieddd accordgndeoditithednendion and comprises

Accor di nﬂlnitrog*eh%&{cﬁc%%zth %V&B&éc%aﬁu'eﬁ@ & cﬁ\f‘oeécétﬁérﬁ i3r &E‘e%G]ﬁ ﬁép c of the
descri bed ahove ododecadi enone dgt al

Feact | onPEEasy Bttt ffhe Btrotan K TR SoBI RO AGATH SRR o Eied.
hydr ogen&refarredprobess @ndylch@dbth@(mnlumknerﬁcare tibscrived hegdntmidvon of t he
cyclododecadienone and especially preferably cycl ododeca-

oart PRul he repdting” pBISRRe e neanay Pesabhs e Gnbefil i isiibdgrangpe by
| east onéyclfég@mlgeneous or both at |east one honbgeneous and at | east
one het erogeneous catal yst.
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-diencne 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.



The-usabl e catal ysts preferably contain at | east one netal from
transition group 7, 8, 9, 10 or 11 of the Periodic Table of the

El ements. Preference is further given {9 the catalysts us- 20 able in
accordance with the invention containing at |east one el ement

selected fromthe group consisting of Re, Fe, Ru, Co, Rh, 1r, N, Pd,
Pt, CldJ affde Aueralbpesdcas apcartiegenee insergiovdor irepanig c@loabyiatanons abloedingty
accordan ; V, ont ad.: e e SRR
sel ect edE‘?Té‘rrlr%‘thh%g%r %{l}pﬁ%égngf?% fj i E\g\ﬁl’g? h Egs,c?aﬁ{c!oﬁgg,éc.a&{lﬁaen%‘?@éd with dinitro
Parti cul 8¢" W@F@ﬁ&é‘epso & Qltpin: @yClodedecadigngle and,da ) farther sfer dher gyrdedo-
W t h t he decadigrione s IR gEnataiidto Bltairkbycldakiagsimenss cat al ysts used with
pr ef eFence in the process according to the invention contain at |east
one element of transition group 8 9 or 10. Preference is further

gi ven t o eBWEEREhiNS abayarigapribeduspmmopdiioesss vhich mesessariiy aanprisas the four
Exanpl esswpseh shoul d be nentioned in this context are RhCI(TTP)3 or
Ru4H4(C0) 12. Particular preference is given to 30 those honbgeneous
catal ysts which contain Ru. For exanple, honbgeneous catal ysts used
are those dedédrhvseegenationsf ogclodedegatiiene® eyclipiodecas; US 5, 177, 278, US
3,8040914, USiroxiklloB40thbSybloddibcdRb in He pResthbe Bl Bomnakid o BviRcydtadirizeyl
inJ. Og. GBSFHte'38 (1973) p. 80-87, whose disclosure-content on this
subject is incorporated fully into the context of the present

appl i cat i on. hgiielysisf fekaratedp givefayelofedacanele, (TPP) 2( C0) 3RU, [ Hu

(C0) 4] 3, -35 dehydrogenation of the c[\f'clododecanol to obtain cyclododecanone,

(TPP) 2Ru( Q0) 2C12, ( TPP) 3( CO) RuH2, ( TPP) 2( Q0) 2RuH2, ( TPP) 2( C0) 2RUC1HOr
(TPPy3(CO RuCl2. Special preference is given in the context of the
procéds HiecRPeRsiRacerdineetol the dnentnn tos preRany ayclpdasiecanmne is accordingly nota-
het er ogebepamongtaherSeatutas, whihahtHRagRlddbdésanbas prduet t4n B8 fréiaréd 8ditting

ft ' - he for. I
o e+ G URKETRAEROo AR rend Py U ol feBAR bt e
suppor t . ENRERfreRcton siges canthusibg halvede, for i nstance, activated
carbons or oxides, for exanple alum nas, silicas, titanias or

zircgpi a ri i . t i ;
bent b ¢ 11" ief SRS invElielieBor bR R %ﬁ@?gsﬁﬁém n
separ at eBigPdr g Pogsiblp|tpyise gt lepst enssayitgble sq&veﬂhprsdlwgé Subsiggeesguitgble as
f east oneugteihalidesycathiceqtd atcycRAsicnendst edtuiaed ARhENE 61 @bm3asaiption-
catal yst aigpélkﬁ-tsub@lﬂﬁﬂed (Plgﬁro@gltb%bs,aaﬁthaf@h l?ﬂ},gztn%ralrl?l ﬁ?&%m?xgﬁ sB[vEﬁ{S afmﬁo‘?ld}lu-
applied to at’ I'east one’support,’ or & PeAs —one netal "in e form or
Raney cafAib\Ae suifablewithdhe Proyise that tey dgye neihar @ @iC degle bepdnor a C-C tri-
suppéft , plerboat! nioeas tldehpden@bap. as such and at | east one ot her netal
in the formof Raney catal yst and at | east one other netal applied to
at | east one support. 10 The catal ysts used in the process according
to the i NEENTAnNRER/S npdeed iaAfY a solvesborsllugpin the BveHiygreagion with dinitro-
preci pi t gén monoditainysésC. Such catal ysts nay be prepared by
precipitating their catalytically active conponents fromtheir salt
solutions, in particular fromthe solutions of their nitrates and/or
acet af esGepgialn thprs| axish (1o padicHlpr sestictionn yithfregard e thevaastiomgendiigng of the
and/ or cegriverstdrecfanaioaiodadiedrienie stars Ch ageb] aditds exsuled ahat/ gelododeca-4,8-
car bonat g, ﬂé‘itsio‘ﬁlﬁﬁneoff%mml:ﬁcirﬁpa” ngly sol ubl e hydroxi des, oxide
ates,

hydrates, basic salts or carbon subsequent|ly drying the

resulting precipitates and then converting them by cal ci nati on at

gener al | yhé ieonpe3@iirdsoin 260 Geadtion [mrcybloMWcafrknmmmO?ihiaogﬁﬁ)ﬁponbmidehaee pref-
correspo e - [

are Todugeiin 1 AR i PR DY, AR AEICTBER 19 Ut 8% o451 ha
hydr ogenp%’B‘i’H%?Vri?rﬁ raply Bthe ﬁa‘lgﬁ’ef'%ﬁﬁat%30%@ﬂer ally 50-700C, in
particular from 100 to 400C, to the netals and/or |ow oxidation state

oxidic cRREUBRRK & tHY BRickN a8 Fle' fidkritidn PR AEER to camy out the reac-

tion in step C at two or more temperatures or in two or more temperature ranges, each of



Apart from the abovenentioned precipitation catal ysts which, apart
fromthe catalytically active conponents, also additionally conprise
a support material, support materials gyit- able for the process
according to the invention are generally those in which the

catal ytically 35 hydrogenating conponent has been applied to a

su |t0p|0r t Rk @Jit:'linf e aﬁ&@éfﬁdxl _@,iﬁeGMiln:ti@Dl“téﬂB?'Eiu@@ chérﬁg%tsmyrnd Eounkd i@flhhé h&t\c-
catal yti s applie support is generally no
critical %@hhﬁg%& ‘E‘@S%%tﬁgcﬁ{‘{"i‘b‘%%@ 9 FS\?&%%U@"”&PQ erent ways. The
catalytically active netals 40 may be applied to the support

mat er i al Thefppsssarcannkhiss re@ytidmﬁﬁ@aba&ﬂtr%b RvihQlitttrb @16 mdhoxide POstep C are
aryi g anere by il Manindanlicnais Piratiig e Ernh LAl o piltet apevre
or | ow oxi HetSetaeten waeticoepweraiyre of the egecten reaction tanmparatuzes: dbe orasgures
agelnt , Pagf srewé}tbuz% e Ft?f@éqgcﬁﬁ 1010 W@{mm@ﬂbi&aéblquy%g@?m 49fto
appl yi ng cti ve als.to the upports is to

i npr egna?égﬁﬁggﬁ %E%Eﬂysa‘ﬁtn%#?ws'&tﬂ%a@ﬁ@ ﬂBf" %@ﬁ@?aﬁ readily
deconposabl e salts, for exanple with nitrates or thermally readily

?ﬁg 0 gngg; lﬁbih@ contERt 6/4R8 prdc@ss QXAITRING t6 BARBAtioR) it BYHsbiBR 16 QERY ehedbac-

ticall t t al d to heat the th ted . .
suppor t (9" ALABRPLARBLTPIFYSR0r 4R WOt ey PESRIBERDERS, Far il Hpich is
deconpos #ithinetha dborerepeaifisddimitso pessucss cifmiges tih éhenedursie ob theoeacticonmayg be

pr ef er abldertmken cak@ioUsifeF eBe RisebRfHublgy 9as at nosphere. 10 Suitable
protective gases are, for exanple, nitrogen, carbon dioxide, hydrogen

or the noble gases. In addition, the catalytically active nmetals may
be ddposieedrdglyt He prasentysientop pinot relajes,/tapo pratepn ab tdeseribed abpvé, winerein
sprayi ngthelidacedthefp ¢k édiBed BOPATH Rehperitdb IS te @hgd RemCAloabYIsoe@ ahdl a
active h%%ﬁr”ﬁ q_erﬁg%pte_ﬁﬁh %Fltlca| for the success of the
process ac §i 8%9‘[ 3N9RH I\ BNt rjP ‘I'n general, higher contents of
catalytically active netals in the supported 15 catalysts lead to

hi gher : S MErel B o CRE YeicEre g\m\il\ci}]'arb%'ﬂ tlspu@rt d ftspfwfe%tserlslotﬂ_ ia%ﬁ?f@,l there exist no
suppgpt e sts.are used.whose content of catalytic activ :
ot ol ¢ BafiRbRl 1 TrBng HIRARR TS BOMBor gt pita R i Bordff imdde.or in
range fr6oRtILGUS Mmogigohenpraiegighihe reamters usad may, fastexamlei, ghtat ifast ere CSTR
cat ?I é-St (cohtinesust iered tﬁﬂﬂfﬁ&torﬂﬁ?ﬁn@h_ﬁ‘ ﬁaaﬁ@ﬂls{ MerhBEaRy6r & lbastadrdl ddérnat
i ncludin i n u eria a .
very di f PR aBRirgel i idsfone Hibuiek 8y’ 38 By GHERBP Ledyr IEe e G
al so conbleitggerfigureat lepst ape Y dinse reacters in suriya way Hhajliidhasta laast Wesdtferent
dﬁt azsw kst Subh ohey hig ditel] mobm_mpwa@tnéa(_ﬁ‘lolﬁ anhdmané,h@; BRAMbIE tE tem-
t he proc [ t avent )t e, appreciate t

ol ar a1 { ¢ B3P REUE e o iy ML R, drdPiea o Wl A8 ol BB T TG e the
t he part FOgs SeckiQnp ¥hen et eqgrivarsion is eaided puhin Migeorcao yadctass,| fvo or more
active nalegfidahleactor Yyl P abRasiAbIditbré® reAifotyipdinhy bk @se@xanpl e, by
the process of DE-A 25 25 19 817 or EP 0 285 420 Al. In the catal ysts
accordingbto the af orenentioned documents, the catalytically active
net aP@ aleagrrefeend embodifeeriiothe brentiveapadipnvimithe Hinitoaganaermxds inystep C is
thernal tdraed oenih A56¢10redoil Fbt BXarMble ARG withGireferdHER| the Biction is in continu-
|npregna5&9mogéth a salt or conplex of the aforenentioned netals. 30
Both the precrpitation catalysts and the supported catal ysts may al so
be activated in situ at the start of the reaction by the hydrogen

present . T edside?ing tireSoidhy @Badtants @p tieddtabast a6k iryadtbmig geheﬁam}:) aathal reage of

oxi 2% off I 28R preferEy YPRE ndhf Gy o YR E0ETnGRE RRITabl e gy rom
di oxi de, 9-€ItQy}5 fcHErandparicotaryEsisrabhmisribetangelfvm 025 todPihi cates, for
exanpl e magnesium silicates or alumnumsilicates, zeolites, for

exanpl e Iﬂfthg qgec?%c% igrfeg§Mhleore%%{igr? 4 Eifta\it}oﬁgg Honoxi ecsgfftﬁ/%\gcﬁgdo%%ag%ne in
step C, the molar ratio of dinitrogen monoxide to cyclododecatriene is generally in the



- 51 - The at |east one heterogeneous catal yst nay be used, for
exanple, in the formof a suspension catalyst and/or in the formof a
fixed bed catal yst. Wen, for exanple, ghe hydr ogenation is carried
out in the process according to the inven- 5 tion with at |east one
suspensi on catal yst, preference is given to hydrogenating in at | east

one t ubllihfmge TRAC DOS 014, pfeféably@AHte RMGe bn;d;b:bb@sqgltwma;r@bréféraay Oil;h ataqsztanlge
one pac Q Qr._in nation o Qr re identica
or di ffeﬁgnr?t -‘?’2{5‘1’@9-5?‘5‘5%”@%’8’“( %’?e?ﬁ(%&g}t’)h@%?ﬁgeri%p@rtg'm{‘ne)f ers in the
present context both to different reactor types and 10 to reactors of
the sameiiy pﬁi@dﬁlhﬁﬁp@éﬁe@ramﬁdﬁm@t,ﬂtﬁ@ InRoceRy tabclﬂﬁﬂiﬁg gfth@ﬁr?\{]@‘ltiorﬁ Rrcarried out
exanple Y , [ Crpss. Secti and/ ar o

hydr ogeng‘thsﬁj h ac‘gépgﬁ%lt %%gﬁ\?ekss%nﬁ? %ﬁ%@ﬁ?@" ﬁ?h? WQEPQHBF?% ,50 {%greferab'fy
hydr ogen# thenrange deam iSetp 80% and espegatiyqueteraltye by thengnge frare idntpe?0% is
7", ot o sy er o1 v o
enctor drapieRPie i el AP \nS T AcrelernlE Ap ERs Y an B o8Pl et

possi bl eleast Wierate a single reactor in liquid phase node or trickle
node.;gl n the case of use of two or nore reactors, at |east one may be

operated,in l.igui d phase.npde.and, at |east one in tri,ckl e 20 1n
Pt of or Attt el S TRaBuGT Hief cela Rt PRgeth b HEST ol AiRs, Thardn
at | east therngaetinradfydinitrogerdmpoexide with yyelodedesatrene i steprid ied o gapvensioa of
gr odug_t B?d@dd:ﬂ@ca&ﬁeﬁé‘? thwl?@erftgﬁ iTQB-BOWip?efb%Wbl iAlthéPahgedroh Bag taeds, % a
ependi n e st used, in_any sui e process version.
When theg%gaﬁ[%é%sefgﬁ-ﬂ&!cﬁ)dpﬂ%cwap%gﬁ%%ia%sﬂ gltog" for exanple, a
het eftdgeneous catal yst as a suspension catalyst, preference is given
int P'el ;:nnm_%onw‘xt bhm_lgpﬁr%@r{!tirln}éhy@ﬂtii %rp%s@.gvfee@yriﬁ&wé fo @d/nvgt*t iheest C any
one fi : at.al yst. rempved 1 n this wa .recycle
"hto t hebiiniRBeciithe AP Bd Mugtaebe b BAE fnds ke BB R dneE ik ofhe
process. mwurﬁs&é@maﬁ Degiopuwifisl & aecofdancewptht the invgntion/and cerpprisegeatinitrogen
Igr ex?”ﬁﬂoﬁoxiﬂ@. I BiReer intide MefoR a;i_éﬁ}%ﬁﬂt ‘li,?,Qtdvﬁloééﬁe;l%htf@hesﬁofov\h%ﬂample
e al.; r on.i.s,, . far a 0
car aPgst St Bted .4 BRuHRORIAR bEDr s 3 ST Rl S da R 9 AR
present i AeHciasidpgatdend.east one distillation step. In this
distillation, one or two or nore distillation colums nmay be used.

The cata i i e, I ; : .

hydr ogen!'ﬁlié gﬁfy%cg%rb{}ar%{yn%g‘é%%(b%mgé)értﬁig *?Aé:r yS é?%ogcri'h (r?%éhees |Snyer?t{on| tge
equal Iy peisiodecatiienewsed is pisdiqas transd!s-cvgledasiegifiensr exanpl e, to
recoger the netal present in the catalyst. Before use in an
arbitrar Sy of r cycli I 21r.0 .
ccor d nAc RS G the Seodl MRnfond €81 Rt ieTa pRPeb b8 o aRBLOARES wherein
the at |®gsiclpdedasatriensyend isupls anstans 1,60 cvelpdodreatiayener at ed shoul d
this be necessary, by at |east one suitable process. - 52 - The heat

r em)va! fﬁaﬂhr{?&fér?ﬂe;;ﬁsgedt %v%nﬁor[ ﬁl@?&f&re él'gcf Qeéc'?ibgg %glrrgﬁggﬁsv&etsgriﬁe@eabove,
i nvention 1nterna or exan‘P e via cool rng coils, and/or T

ext erthal Verengis, kanhisars-|60-arclodedesatinne isaaactes with dinitFogenyapnoxderin step
exanpl e @andobathcyaloabdeand g.di@ionkeast one tubul ar reactor is used for

t he hydrogenation, preference is given to conducting the reaction via

external circulation, in 5 which the heat renoval is integrated. .
Wien, i n'Ndepeet.ct pedpdoriert Bedienasie iperaepmburesestie doqr hg inyentiMe reaction of
i nvent i ogis,tramstrévysl Ggeoaiododecatriene 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 small
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.



tion is carried out continuously, preference is further given to
using at least two reactors, nore preferably at |east two tubular
reactors, more preferably at [east two serially coupled 10 tubul ar
reactors and especially preferably two Berial | y coupl ed tubul ar
reactors. The hydrogenation conditions in each of the reactors used

may be t hﬁmeﬁﬁ%tn% cswefrs%&aﬁ atdo4sht 3he cwzéABdacéda@n@%fsraﬂgﬁﬁé b@.%rsmn of at

ranges. \When t on is carried oyt

susgended eqsl é’l"?st @r‘r‘gﬁ@%‘ie&éﬁ'@ae 18ng; ﬁép?@a&enﬁﬁéﬁfﬂ}h ﬁ‘et h@W&W@@ of
from 0. 5 duiry® ttanspk &Beydbtigdacatriehe in avegeC hoayninlprincipRObd etiendedrr the pres-
pr ef er ablgpeh v tark%téiféfgﬁ 4 bé’r‘ﬁbﬂiar@ bt%fe%@dhemﬁédlﬂnén%' tﬁ?gl;c}cégg a8 EiRG o the

i n accordance one reactor or  at

react ors 'EWH%tté%i “?ﬁ‘ft'%fé Mtgg'r&tf%ﬂeﬂsféﬂ‘oxlﬁ'@r'"éiqp Gfis FHEge OBWHI%”H@H‘E"EO“ of

t he over & tatalgsti dence tine is within the above-specified ranges. 20

When, in the process according to the invention, the hydrogenation is

carried out ?ontl nuous, node, ov | east one fixed bed catalys

The 1 osi cAlieEngans BIESBREMUETIon ARa BRSCHSARE FTPGSE G TesGsg apove. whérein

pr ef er abltie ireactibre of wmgmoﬂem;@\emamd:ﬂliﬁrobemnd)rﬂmde ipstep & shdayriedoutvathout

range;of r idion of Q c@ i's uninportant whether, in accordance with

the invention, oner actor or at least two reactors connected in

series are used. For all of these embodi ments, 25the overall

r esi dencdntgeneral, shewe ti1no nebe tabdd a-sheot o1 ditienaingibe .invEntventeattiorein step C

whi ch i s ot &hins g?erfﬁ@ﬁ&&cﬂse first tubular reactor conprises

cycl ododecanone Tn a proportion, based on the total content in the

m xture of 012 conponents, preferably in the range from50 to 99. 9%
SghtTrend,Sibeyelquiodéatddriey used Mith prafeyender anay7Be tme@Bed %obyexatple, by

vei ght . -'fhlhérliﬂt%ﬁ‘é'i ﬁun‘e51 ? éltéy?é?feoﬁé 'd@écﬁ'lbgzi %L eﬁémbl@aﬁ‘\tT %l%ﬁ'éaébﬁormk

t er medi,
e B S cERlen yalgorRURnenand Ay RMcvBhmene’ Limagn s Ensyeianadia of

cycl ododdundirsirisd Chemistpy, ofibrEdition (20008 Bletiyonin Fﬂéimseegway ¥E€HafThie aricess

99. 5% m?fén‘?nsprfgf %&%}Jbé It @ak& Ut Ochmgflza?i%n O ﬁﬁdp%%@ﬁ&' af 'ﬂe%er catalysts,
pr ef dr o

abl e In
P e AR e ISt Bre. i p o oDl io et i 3gd i trans-
prefer abI W5, Bfwclhéodeaatgiené,rammscﬁbed) i@0éxarmle, indi.8Vebazfeb b B2y Biunhpsweise
range fr QghZid Sark0fari %5] JBSRASH-A. ésy) Hﬁtﬁé@ﬁ@éﬁm & khsi égaa%" fus -OMsbigs

he +angd¥t Ghet oY sise) BRLA B S iR W Eie be Soisized ind-

nor e pr efvishally pr as a mixturenefdwor anme@ thereb8 Og laaahseefpémtragéry monoxide in the
pr ef exsablptodeds taBé‘orHﬁ‘l@Q@ thé qmeﬂﬁbﬁ Pakiclfer pﬁafé%eé i%ry adt a&oﬁﬁ@@ ﬁﬁéve, to
i nventi og al so\#es f h_ g %{%rﬁe %@ES ri.b di

hydr ogendt§ SATYELSIr, Pl Fig, aBErF P °¥§1f ﬁ%aé“%'?e e a‘PF‘BFrF B ng
cat al yst o fhrecinegndibhyThi$ cig,tiaes daogd ifedaycldrodecatanne lsanorea:tretesab[y prepargd in

t ergoer at WeBorddAnddWRith BROHNVEMBhFbHR ARI oPRdbar B AS %@e kfntbitor AROSUbject
fr 1to rogenati on,

from 2 < %ngoenrie il bloBEasS P e sahiexhg ha bratenl SorbtsioRocn!

suit @Bl e as such include cycl ododecanone or cyclododecane and al so
in pri nC'ﬁ@E@rdﬁ*@W 3 pRBbSt |ﬂ(?é’nt@h|dl'ﬁ‘élésc\‘mé§a Ftb&eddlds Mf;@&?&@é@d viHerein

t t tl dit
coner o B WPl b A PR 1 o o
hydr ogenéﬂg@ﬂtaﬂ@mt@ﬁialv@d out without addition of a solvent or

diluent. Fromthe inventive hydr ogenatl on, a mxture is generally

obt ai,pned jch, in Ltion.to cyc 0 in_so ases .. . .

comprr et Y i bfssie , p PR 57 Sa 0 S a0e L GRS Tor 1 trimerizaton.
particular preference is given to the titanium tetrachloride/ethylatuminum sesquichloride
catalyst described in the article of Weber et al.

The butadiene used for the trimerization especially preferably has a degree of purity, de-
40  termined by gas chromatography, of at least 89.6% and more preferably of at least 99.65%.



20 unconverted reactant and/or at |east one further conmpound which
has been fed to the hydrogenation via, for exanple, a m xture
conprising reactant. Fromthis m xture,_the cycl ododecanone may be
renoved by at | east one suitable net hoé7 for exanple and with
preference via at |east one distillation. 25 One of the advantages of

the abovﬁsgéﬁﬁlfy' ﬁ?@férdﬁlyo(i@eﬂ AR SoritAnd H@ T@B@%BEH'eﬁQ ah@mol- &Wﬁé A8hin
cycl odod anone |s té&p@tl@y ododecanone and al so cycl ododecadi enone

are obtai le PRiep and sinmultaneously with high selectivity. A
further considerable advantage is the fact that dinitrogen

LfgggX' deF?&ﬁttgqtbgerE]grgé ftr?ﬁé%tzéﬁ g:gb&lfrg% %?@PbﬂerhfwHﬁl’al’r{legllvgﬂbﬁ%ﬁafﬁa& 1Bgst
et 87 Bel B Watt Sbretay B BEEC 35BS WEht aidi mats aroErbly adeadi B by
second| y wergit| of cibgransitragsy-46ideycdotbeatiprec #s exepiadiang with spesial prefer-
| vent | OBnbf At BB BLERA b YR REH i HSHE M T et e,

transport path for the reactant to to a mnimim an
potenti al greenhouse gases, do not have to be fed to a speci al
t r eat meniThisotis taspHrsrs-1,59utyclodotenatidneveodtainey Inyixtire mag g osketas slich for

val ugg 3519“?@:10%&'@@@9@%@@:’1‘%%;(% inSstept @l nﬁg &qadah,( %@&b@' to remave the

reference .in ventlon a r|a
Deen' 1 ondBAE TGNt prRRcoRHens, T ihe T 2l dsash e Stabiay hsihod,
parti cul o examplerandosth frefensred byt fraspanedidtilkition, reedi toa:sbﬂmythecemilod with
and/ or | awﬁtﬂig%ﬁwﬁoaﬂe/ PFe{éz}eh%ﬂrE rga;eﬂ% @,M@rﬁgtpnﬁﬁc%@w Hbtr%%g@é%m fhe proc-

pol yam des_su té nyl on-6
i nvent i ofi% @ququ*"&% 19198 MYeBYPt he exanpl es which fol | ow. Exanpl es:
Exanpfe 1 5 One-stage absor ption with tetradecane A reactant gas (151

mol / ) vigith rteasrdqermm hbRks SPaR fnrr%ﬂzét gt Albnde & médé:@ § sﬁé@%mebm

25 bar abﬁl cooled to 30C and fed at | owernost tray o
absorptl Alcol um (0= 8 cm height . 400 cm wth KGChni Rorrbopak
packing). Fromthe top, 96 kg/h of technical- 10 grade tetradecane

(com ng. Ff&mﬁémﬁvaﬁﬁ@wﬁ.oﬁb oc@ﬂ@cétﬁ&\e Wiﬂ?dﬂﬁ%@ﬁ %r@%@%s@b ¢l Bnix-
g{; F (g b; e&g@g I as YA %O T anat h% ok c odeca~
the 2so e o ateehi et QDR RFS, rclodpiaepBtg b t%g% e
hei ght =430diengnep yéthatreditbout 30Cpnvestetl teactaaband Mith solwitbowt atsleasteone by-
ﬁggﬁ)ﬁdl géﬁz;dr@]!uf:ﬂt}épéﬁtﬁ d@@ﬁ‘ﬂf@ﬁﬁggﬁ é'tj!l_iﬁ%tzo%%gﬁ?érh tﬁé% SdodeRadibdehed pref-
speci fi earaib?Y %gbqyg% qecaiégﬁdée[gpae,lmfy %8%8]98?1‘? O&ﬁﬁ%m’ﬁ}’@n% thy, ggpe that
vol . the mixture comprises cyclododecadienone and, for example, a diketone such as cyclodo-
25 decenedione, it is possibie 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 1o cyclododecenone or preferably to the hydrogenation to cyclodode-
cenone.

30 From this mixture, the cyclododeca-4,8-dienone 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.



React ant” gas Product gas N20 6.3 49 4.3 2.6 N2 87.7 44.8 NO 0.05
0.16 CO2 0.6 3.3 The formal yield of N20 (defined as 100x(nol of N20
in the product gas)/(nol of N20 in thed4Beactant gas)) is 66% O
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Irrespective of which regioisomers of cyclododecadienone or which mixture of at least two
regioisomeric cyclododecadienones is obtained from the inventive reaction with dinitrogen
monoxide, this regioisomer or this regioisomer mixture is preferably hydrogenated to cyclo-
dodecanone.

In a particularly preferred embodiment of the process according to the invention, cyclodo-
deca-4,8-dienone is hydrogenated to cyclododecanone.

Accordingly, the present invention also relates fo a process as described above, wherein
the cyclododecadienone obtained from the reaction of cyclododecatriene with dinitrogen
monoxide in step C is hydrogenated to obtain cyclododecanone.

For the hydrogenation of the cyclododecadienone and especially preferably cyclododeca-
4,8-dienone, it is possible to use any suitable catalysts. In particular, it is possible to use at
least one homogeneous or at least one heterogeneous or both at least one homogenesous
and at least one heterogeneous catalyst.

The usable catalysts preferably contain at least one metal from transition group 7, 8, 8, 10
or 11 of the Pericdic Table of the Elements. Preference is further given to the catalysts us-
able in accordance with the invention containing at least one efement selected from the
group consisting of Re, Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu and Au. Special preference is
given to the catalysts usable in accordance with the invention containing at least one ele-
ment selected from the group consisting of Fe, Ni, Pd, Pt and Cu. Particular preference is
given to the catalysts usable in accordance with the invention containing Pd.

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 RhCI{TTP); or RuyH,(CO)+. Particular preference is given to
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 3,804,914,
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)(CO)sRu, [Ru(CO).ls,
(TPP)RU(CO),Cl;,  (TPP)3(CO)RuHz,  (TPP),(CO)RuH,;,  (TPP)s(CO):RUCIH  or
(TPP)3(CO)RUCH,.

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
abovementioned metals in the form of the metal as such, in the form of Raney catalyst



Exahpl e ‘2 Two- st age absorption with tetradecane Exanple 1 was
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The catalysts used in the process according to the invention may, for example, also be
what are known as precipitation catalysts. Such catalysts may be prepared by precipitating
their catalytically active components from their salt solutions, in particular from the solutions
of their nitrates and/or acetates, for example by adding solutions of alkali metal hydroxide

5 and/or carbonate and/or alkaline earth metal hydroxide and/or carbonate solutions, for ex-
ample sparingly soluble hydroxides, oxide hydrates, basic saits or carbonates, subse-
quently drying the resulting precipitates and then converting them by calcination at gener-
ally from 300 to 700°C, in particular from 400 to 800°C, 1o the corresponding oxides, mixed
oxides and/or mixed-valence oxides, which are reduced by a treatment with hydrogen or

20  with hydrogen-containing gases in the range of generally 50-700°C, in particular from 100
to 400°C, to the metals and/or low-oxidation state oxidic compounds in question and con-
verted to the actual cataiytically active form. Reduction is generally effected until no more
water is formed. In the preparation of precipitation catalysts which comprise a support ma-
terial, the catalytically active components can be precipitated in the presence of the support

25 material in question. The catalytically active components may advantageously be precipi-
tated from the salt solutions in question simultaneously with the support material.

Preference is given to using hydrogenation catalysts in the process according to the inven-
tion which contain the metals or metal 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 abotit in various different ways. The catalytically active metals
40  may be applied to the support materials, for example, by impregnation with solutions or
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in the range from 300 to 600°C to thermally decompose the adsorbed metal compounds.
This thermal decomposition is preferably undertaken under a protective gas atmosphere.

10 Suitable protective gases are, for example, nitrogen, carbon dioxide, hydrogen or the noble
gases. [n addition, the catalytically active metals may be deposited on the catalyst support
by vapor deposition or by flame spraying. The content in the supported catalysts of the
catalytically active metals is in principle not critical for the success of the process according
to the invention. In general, higher contents of catalytically active metals in the supported

~ 15 catalysts lead to higher space-time conversions than fower contents. In general, supported
catalysts are used whose content of catalytically active metals is in the range from 0.1 to
90% by weight, preferably in the range from 0.5 to 40% by weight, based on the total
weight of the catalyst. Since these content data are based on the overall catalyst including
support material, but the different support materials have very different specific weights and

20  specific surface areas, it is also conceivable for the contents to be lower or higher than
these data, without this having a disadvantageous effect on the result of the process ac-
cording to the invention. [t will be appreciated that a plurality of the catalytically active met-
als may also be applied to the particular support material. in addition, the catalytically ac-
tive materials may also be applied to the support, for example, by the process of DE-A 25

25 19 817 or EP 0 285 420 A1. In the catalysts according to the aforementioned 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.

36 Both the precipitation catalysts and the supported catalysts may also be activated in situ at
the stari 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

Z5M-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 cataiysts
40  usable in the process according to the invention.
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The at least one heterogeneous catalyst may be used, for example, in the form of a sus-
pension catalyst and/or in the form of a fixed bed catalyst.

When, for example, the hydrogenation is carried out in the process according to the inven-
tion with at least one suspension catalyst, preference is given to hydrogenating in at least
one tubular reactor or in at least one bubble column or in at least one packed bubble col-
umn or in a combination of two or more identical or different reactors.

The term “different reactors* refers in the present context both to different reactor types and
to reactors of the same type which differ, for example, by their geometry, for example their
volume and/or their cross section and/or the hydrogenation conditions in the reactors.

When, for exampie, the hydrogenation is carried out in the process according to the inven-
tion with at least one fixed bed catalyst, preference is given to using at least one tubular
reactor, for example at least one shaft reactor and/or at least one tube bundle reactor, in
which case it is possible to operate a single reactor in liguid phase mode or trickle mode. In
the case of use of two or more reactors, at least one may be operated in liquid phase mode
and at least one in trickte mode.

In a preferred embodiment of the process according to the invention, the at least one cata-
lyst used for the hydrogenation is removed from the product mixture of the hydrogenation.
This removal may be effected, depending upon the catalyst used, in any suitable process
version,

When the catalyst used in the hydrogenation is, for example, a heterogeneous catalyst as 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.

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 St(?p. In this distillation, cne 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
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
catalyst, can be regenerated should this be necessary,by at ieast one suitable process.
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exchanger. When, for example and with preference, at least one tubular reactor is used for
the hydrogenation, preference is given to conducting the reaction via external circulation, in
which the heat removal is integrated.

When, in a preferred embodiment of the process according to the invention, the hydrogena-
tion is carried out continuously, preference is further given to using at least two reactors,
more preferably at least two tubutar reactors, more preferably at least two serially coupled
tubular reactors and especially preferably two serially coupled tubular reactors. The hydro-
genation conditions in each of the reactors used may be the same or different and are
within the above-described ranges.

When the hydrogenation is carried out over at least one suspended catalyst, the residence
time is generally in the range from 0.5 to 50 h, preferably in the range form 1 to 30 h and
more preferably in the range from 1.5 to 25 h. It is unimportant whether, in accordance with
the invention, one reactor or at least two reactors connected in series are used. For all of
these embodiments, the overall residence time is within the above-specified ranges.

When, in the process according to the invention, the hydrogenation is carried out in con-
tinuous mode over at least one fixed bed catalyst, the residence time is generally in the
range from 0.1 to 20 h, preferably in the range fram 0.2 to 15 h and more preferably in the
range from 0.3 to 10 h. It is unimportant whether, in accordance with the invention, one
reactor or at least two reactors connected in series are used. For all of these embodiments,
the overall residence time is within the above-specified ranges.

The mixture which is obtained from the first tubular reactor comprises cyclododecanone in
a proportion, based on the total content in the mixture of C; components, preferably in the
range from 50 to 99.9% by weight and more preferably in the range from 70 to 99.5% by
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 89.5%,
more preferably in the region of 99.9% and especially preferably of 99.99% by weight.

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.
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10 In the context of the inventive hydrogenation, at least one suitable solvent or diluent may
be used. Substances suitable as such include cyclododecanone or cyclododecane, and
also in principle any solvents and diluents which are not hydrogenated ar converted in
other ways under the hydrogenation conditions.

15 In a preferred embodiment 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 andfor at least one

20 unconverted reactant and/or at least one further compound which has been fed to the hy-
dragenation 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 distillation.

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 simultanecusly 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 piant 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 cyclododecanone 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-
ampie and with particular preference, be used to prepare dodecanedicarboxylic acid and/oy
laurolactam and/or polymers derived therefrom, for example polyamides such as nylon-12

40  or nylon-6,12.
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One-stage absorption with tetradecane

A reactant gas (151 mol/h} with the composition specified in table 1.1 is compressed to
25 bar abs., cooled to 30°C and fed at the lowermost tray of an absorption column (&= 8
cm, height = 400 cm, with Kihni Rombopak packing). From the top, 96 kg/h of technical-
grade tetradecane (coming from the desorber stage) are fed. The depleted offgas at the top
ot the column is discarded. The laden solvent at the bottom of the absorption coiumn is
decompressed in a flash vessel (&= 20 cm, height = 50 cm, operated at 30°C) to 1 bar abs.
The solvent is then pumped back into the absorber stage. The desorbed product gas
(12.9 mol/h} is analyzed and discarded. The composition is likewise specified in fable 1.1,

Table 1.1

Components | Composition / % by vol.
Reactant gas | Product gas

N.O 6.3 49

O; 4.3 2.6

N 87.7 448

NQ, 0.05 0.16

GO, 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%.

Example 2

Two-stage absorption with tetradecane

Example 1 was repeated except that the product gas mixture from the first desorber stage
(12.9 moi/h) and with the composition specified in table 1.2 was compressed to 25 bar
abs., cocled 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, 12 kg/h of technical-
grade tetradecane (coming from the second desorber stage) are fed. The depleted ofigas
at the top of the second absorption column is discarded. The laden solvent at the bottom of
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-
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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 cm, with 10 mm Pall rings). From the top, 20 kg/h
15 of an agueous NaHCO, 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 table 1.3.
Table 1.3
Component | Composition / % by vol.
Scrubbing column reac- | Product gas after the
tant gas (= 2nd stage|scrubbing column
product gas}
N.O 88.5 B7.6
0O, 0.9 0.9
N, 1.5 1.4
/NO, 0.4 0.1
‘co2 8.5 9.6
20  The formal yield of N,O (defined as 100x{mol of N,O in the product gas after the sctubbing

column)/(mol of NyO in the reactant gas of the 1st stage}) is 62%.
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Example 3 was repeated except that the product gas, after the scrubbing column

5 (6.7 mal/h}, with the composition specified in table 1.4 was compressed in stages to 25 bar
abs. and cooled to -30°C. The condensed product (6.6 mol/h) is then analyzed. The com-
position is likewise specified in table 1.4.

Table 1.4

Component | Composition / % by vol.
Product gas after the|Liquid product
scrubbing column

N0 87.6 89.1

O, 0.9 0.1

N 1.4 1.2

NO, 0.1 0.1

€O, 9.6 8.6

10
The formal yield of N.C (defined as 100x{mol of N.Q in the liquefied gas)/(mol of N=O in the
reactant gas of the 1st stage)) is 61%.

Example 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 (= 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
absorption 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 Kiihni
Rombopack packing). From the top, 5 ka/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
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5 The formal yield of N;O (defined as 100x{mol of N,O in the product gas of the 2nd stage)/{

mol of N;O in the reactant gas of the 1st stage)) is 56%.

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
Kiihni Rombopack packing) to which 3.3 kg/h of water are fed. The dilute nitric acid formed
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-
tion column is decompressed in a flash vessel (@= 20 cm, height = 50 c¢m, operated at
30°C) to 1 bar. The solvent 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, cooled to
30°C and fed at the lowermost tray of a second absorption column (2= 5 ¢cm, height =
400 cm, with Kihni Rombopack packing). From the top, 16 kg/h of technical-grade nitro-
benzene (coming from the second desorber stage) are fed. The depleted offgas at the top
of the second abhsorption 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
tray of a second scrubbing column (@= 0.5 cm, height = 300 cm, with 10 mm Pall rings).
From the top, 24 kg/ of an aqueous NaHCO; solution (concentration: 40 g/kg) are fed. The
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25 The bottom effl uent which conprises mainly cycl ododeca- 4, 8-di enone
is fed into a further colum having at_] east 12 theoretical plates
and distilled at 45 nbar. Here, the c"y%Ei’odo- deca- 4, 8-di enone is
distilled off overhead as an isonmer mxture (Thottorn=193C, T=1 60C).

23059r , S}’%@é ail the GdRbMAE éeéondlscrﬁblf:?sgg)[étﬁlﬁﬁmf(gﬁ 2HEIH) Y4 than RoRpPedSed td2€ bar
o i G ﬂ?@ TR i SRS BP%‘@Z‘%AAa@BgCQE‘PH?'g%}Sﬁ‘Fg’Eﬁ]Stpﬁ‘é

| aden or@eﬂ?h(tabi@ﬁéﬁent and B adjusting the content of nitrogen oxides
NO in the gas mxture to at nost 0.5% by vol une based on the total

vol ug oi the gas m xture. 2. The process according to claim1,

wher el n ?Pé 3 S mxture conprising dinitrogen nonoxide is the offgas
of at | e@smpomnipl @mmﬁieuﬂé@bﬁvmm the group consisting of an adipic
acid plant, a dod (L PLLs aci @Moro-¢ hydroxyl am ne plant, and a
nitric acid pl ant,%?ra‘éf) the mi tarlcrpa%ld plant is operated with the
of fgas ¢f at | east| one plant sel ddéted from the group consi sting of an
adi pi c dﬁi&(d pl ant .28 dodecanedi ¢pz.9acid pl ant, and a hydroxyl am ne

pl ant . ‘30 The—prov according hpact tairm 1, wherein the organic

sol vent |8 qnlnm‘c??r omthe gr :9 consi sting of tol uene,

ni trobendene, 1, 2-|/dR&nl or obenzenB® tetradecane and di met hyl

pht hal af ﬁ024 The [ppacess accordor@g_to cllaim1, wherein Al and A2 are
carri ed Fgpt—+A—a—gi;vi-eh-rg—wad-+—eattrm—b5- The process according to
claim1, erein tihe process conprises a plurality of Al and A2. 6.
The pro¢€8s accordi2dy to clai m 149%herein B conprises the absorption
of nitrogen oxides in acitdic or atkalime solution. 7. The process

according tpo claim1 in, A nd re d before B .
The pr ocg'%es%gﬂﬁld’r“% ﬂb“%ﬁfﬁﬁ?%f e ?ﬁ\'-@ F‘stp'ﬁg?ﬁ'faﬂﬁas)m%f“% in the
and A2. reaciedt gasdf tikhéstplagepds 68¥%cording to claim 1, wherein the
resulting gas mxture is liquefied. 10. A nethod of using a gas

m Xt me conpri sing dinitrogen nonoxi de as an oxidant for at |east one
ol eft'™h, conprising purifying said gas m xture conprising dinitrogen
monoxi deExample Fret hod conpri si ng:

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 NO 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 jackef. 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 N,O (mainly N, and CO5).

The liquid product is then distilled at 60 mbar in a column having at least 7 theoretical
plates (Tpoiom=170°C, Tipz=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 (Tuottom=193°C, Tip=160°C).

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



Al absorbing said gas m xture in an organic solvent, A2 desorbing
said gas m xture fromthe | aden organic solvent, and B adjusting the
content of nitrogen oxides NOin the gas m xture to at nost 0.5% by
vol une based on the total volune of the.gas mxture, and then
contacting said gas mxture with at | east one olefin. 11. A process
for preparing a ketone, conprising: A absorbing a gas m xture
conprising dinitrogen nonoxide in an organi c sol vent, A2 desorbing
sai d gas ﬁﬂmthmémﬁmbh1the | aden organic solvent, B adj usting the

cont ent nltro? g} xL&es NO i t e 4%¥n Qe to &} g@sh)O.%bey
vol ume based PSRCEHET PRY I‘“g\f‘&aﬁr‘}%"b‘f § 65@ PRI ONRAE T TYRPESt § ng
the gas m xt ursgl asbibiratsaldeas imie: i@lagfotdganicldlvedthe process accordi ng
to claim1l, wherein Al and A2 are_perforned before B. 1 The

process accor dhgFseding S&Idrﬁaif“xﬁﬂf?eﬁr@f‘ fhegaden sganiotohedtefore Al and
A2. 14. The p B;&g§s%ng@1§eoaoﬂteﬂgomtr8 igRdtI NOMAEHLigHs tMGuBRS afthad Brse;

used in C has n I rquefied he process accordlng to claim11,
wher ei n t he olbgfviohimissbased ecthedothlwhumef the gaspnisbusi sti ng of

cycl opent ene, cycl ododecene and 1,5, 9-cycl ododecatriene. 16. A
process for purifying a gas nixture conpri sing dinitrogen nonoxi de,
conpri si rg: The ﬁrbcessébco&ﬁﬁg)fdﬂdlmgl saﬂrér@aﬂle@s(mwtﬂeicnm@rising diitragen

sol vent, A2 desorblggi as mxture from

SOl vent” Aomomongs e MaE RE A oh DG HETRO B Em B aus SRBN e o gas

mxture to adipfdReld fae b eV ABoR RASREhtO hiidRekylahiat pMal, Bftea Biftrid i@l
gas m xture, mhereln he organi c solvent is selected fromthe group

consi sti ng Dﬁntﬁmg@ﬁéheﬁﬁﬂ¢@%éﬁ%@h@Op%awddﬁ@ﬂh%?%%@ﬁiéh@mﬂpéﬁP%Hécane
and di met hy| pht hal ate. n%an?p comgngg% cha%sa%lpq&g@& g!]aﬂgﬁg&'&%'aﬁédr&é%:d plant,

wherein the process co ur al
and a hydroxylamine plant.

3. The process according to claim 1, wherein the organic solvent is selected from the
group consisting of toluene, nitrobenzene, 1,2-dichlorobenzene, tetradecane and

dimethy! phthalate.

4. The process according to claim 1, wherein Al and A2 are carried out in a dividing

wall column.

5. The process according to claim 1, wherein the process comprises a plurality of Al

and A2.

6. The process according to claim 1, wherein B comprises the absorption of nitrogen

oxides in acidic or alkaline solution.
7. The process according to claim 1, wherein Al and A2 are performed before B.

8. The process according to claim 1, wherein B is performed before A1 and AZ.



18. The process according to claim 16, wherein B conprises the
absorption of nitrogen oxides in acidic or alkaline solution. 19. The
process according to claim 16, mhereig the resulting gas mxture is

| i quefied. 20. A method of using a ga Omixture conpri sing dinitrogen
nonoxi de as an oxidant for at |east one olefin, conprising purifying
said gas m xture conprising dinitrogen nonoxide, said nethod
conprising: Al absorbing said gas m xture in an organic solvent, A2
desor bi n@.s&hepwasss atetrding td ¢laim t,veheled e resufmgigas sdttuweris liguefidd.B
adjusting the content of nitrogen oxides NOin the gas m xture to at
nost 0.5% by vol ume based on the total volune of the gas m xture,

wherei n tfie AQh&RM GflssMg%%hts mlﬁtus@é&qir@mgfcm@ffbgéaen@fo&m a6 QR skidhitrer
t ol uene, nitrobenzene di chl or obenzene, tetradecane, and

di net hyl phidagiioae eleﬁan@mm@mgdwmfﬁ&s F%%&FW@%@OW%Q&@HWE@ at
| east one Ohﬁkbﬂde%%dnﬁﬂﬂﬁp %ﬁg r preparing a ketone, conprising:

Al absorbing a gas m xture co i ng dinitrogen nonoxide in an
organi ¢ sol vem] ab&ﬁrbaimrcbgasgnlxalmjlngia&rgmm”h@nf,rom t he | aden organic

solvent, - ust t.h n f nitro es NOin the
gas m xture tdb‘zagesﬂﬁ’éqg 4557%5@}"@'5 %E) lggdl DR %Ef‘t'ec')]?a gvoI ume of
the gas mi xt urEadjanihgGheamteancdi Migogdhoxitits NO i tegawirdittugito keasdt 096

ol efin, wherein the gas m xture used in _C has peen |iquefied. . 22.. The
process accor d¥iglnee bassd pn Pt to%ﬁﬁ‘éﬂ‘ﬁ"ﬂh% 285 TBRiiYTe; 2ad dhancopiagting i)

he group congisshRgafiusiab@PeR ARk cycl ododecene and
1,5, 9-cycl ododecatri ene.
11. A process for preparing a ketone, comprising:
ATl absorbing a gas mixture comprising dinitrogen monoxide in an organic
solvent,
A2 desorbing said 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, and

C contacting the gas mixture with at [east one olefin.
12. The process according to claim 11, wherein A1 and A2 are performed before B.
13. The process according to claim 11, wherein B is performed before Al and A2.

14. The process according to claim 11, wherein the gas mixture used in C has been

liquefied.

15. The process according to claim 11, wherein the olefin is selected from the group

consisting of cyclopentene, cyclododecene and 1,5,9-cyclododecatriene.

16. A process for purifying a gas mixture comprising dinitrogen monoxide, comprising:
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Al absorbing said gas mixture in an organic solvent,

A2 desorbing said gas mixture from the laden organic solvent, and

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,

wherein the organic solvent is selected from the group consisting of toluene,

nitrobenzene, 1,2-dichlorobenzene, tetradecane and dimethyl phthalate.

17. The process according to claim 16, wherein the process comprises a plurality of Al
and A2.

18. The process according to claim 16, wherein B comprises the absorption of nitrogen

oxides in acidic or alkaline solution.

19. The process according to claim 16, wherein the resulting gas mixture is liquefied.

20. A method of using a gas mixture comprising dinitrogen monoxide as an oxidant for at
least one olefin, comprising purifying said gas mixture comprising dinitrogen
monoxide, said method comprising:

Al absorbing said gas mixture in an organic solvent,

A2 desorbing said gas mixture from the laden organic solvent, and

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, wherein the organic
solvent is selected from the group consisting of toluene, nitrobenzene, 1,2-
dichlorobenzene, tetradecane, and dimethyl phthalate, and then contacting said

gas mixture with at least one olefin.

21. A process for preparing a ketone, comprising:
Al absorbing a gas mixture comprising dinitrogen monoxide in an organic
solvent,

A2 desorbing said gas mixture from the laden organic solvent,
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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, and
C contacting the gas mixture with at least one olefin,

wherein the gas mixture used in C has been liquefied.

22. The process according to claim 21, wherein the olefin is selected from the group

consisting of cyclopentene, cyclododecene and 1,5,9-cyclododecatriene.



