~ Method for*the production of cycl opentanone 5 Description The present
“invention relates to a process for preparing cycl opentanone, starting from
a m xture which contains at nost 95% by wei ght of cyclopentene. In addition
to cycl opentene, the m xture may contain further solvents, and preference is
given 10 to further hydrocarbons, for exanple, as m xture constituents.
According to the invention, cyclopentanone is obtained by reacting with
N20, using either pure N20 or a gas nmixture which conprises N20 in |iquid
or supercritical form The present invention further relates to the use of
specific mxtures obtained on the industrial scale and conprising

cycl opentene, for exanple preferably hydrocarbon m xtures, 15 for preparing
cycl opent anordethedifogtherprpdudtionudfayclapgasnonext ure which is also obtained on
the industrial scale and conprises N20 for the reaction. Currently,

cycl opentanone is prepared on the industrial scale substantially

excl usi veky qyesgﬂlgt@nyti cally cyclizing adipic acid at high tenperature.

Al t hough this O reaction affords a good yield of cycl opentanone, about 42%
of the adipic acid used is lost in the formof carbon dioxide and water.
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Bri dson- Jones descri reaction o Ins wth N20, converting,
for exanple, cyclohexene to

Currently, cyclopentanone is prepared on the industrial scale substantially
exclusively by catalytically cyclizing adipic acid at high temperature. Although this

20  reaction affords a good yield of cyclopentanone, about 42% of the adipic acid
used is Jost in the form of carbon dioxide and water. Among other disadvantages,
this low atom efficiency reduces the economic viability of the process. Although
the preparation starling from adipic ester is also possible, the atom efficiency in
this case is even lower.

25
As an aliernative on the laboratory scale, the literature offers the oxidation of
cyclopentene with N,O. For instance, GB 649,680 discloses the reaction of
alkenes, for example cyclohexene or cyclopentene, with N,O. However, the
examples of this document do not explicitly disclose the reaction of cyclopentene

30  with NoO. Other unsubstituted olefins which are reacted with N,O in the examples
are used either as pure compounds or together with the solvent dimethylaniline.

US 2,636,898, which is equivalent to GB 649,680, equally does not disclose the
reaction of cyclopentene with N,O in the exarhples. In these examples too, the

35  unsubstituted olefins are reacted with N,O exclusively in pure form without the
addition of a solvent.



cycl ohexanone. In this case too, the cycl ohexene is used as such, w thout
addition, for exanple, of an additional solvent. Likew se described are, for
5 exanpl e, the conversion of ethyl ene, acenaphthyl ene and

met hyl enecycl obut ane, using either cycl ohexane or decalin as the solvent.
K. A, Dubkov et at., React. Kinet. Catal. Lett., Vol. 77, No. 1, p. 197-205
(2002) also describe the reaction of pure 99% cycl opentene with pure,

medi cal grade 10 N20. As in all other- docunents cited, no solvent is used
in the reaction. Likew se, no further hydrocarbon in addition to
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is no nmention in these docunents of the purification Init
nonoxi de. Vol 77, No.1 (2002), p. 197-205 likewise describe oxidations of olefinic
compounds with dinitrogen monoxide. A scientific article “Liquid Phase Oxidation
20  of Alkenes with Nitrous Oxide to Carbonyl Compounds” by E.V. Starokon et al. in
Adv. Synth. Catal. 2004, 346, 268-274 also includes a mechanistic study of the

oxidation of alkenes with dinitrogen monoxide in the liquid phase.

The synthesis of carbonyl compounds from alkenes with dinitrogen monoxide is
25 also described in various international patent applications. For instance,
WO 03/078370 discloses a process for preparing carbonyl compounds from
aliphatic alkenes with dinitrogen monoxide. The reaction is carried out at
temperatures in the range of from 20 to 350°C and pressures of from 0.01 to
100 atm. WO 03/078374 discloses a corresponding process for prepating
30 cyclohexanone. According to WO 03/078372, cyclic ketones having from 4 to 5
carbon aioms are prepared. According o WO 03/078375, cyclic ketones are
prepared under these process conditions from cyclic alkenes having from 7 to 20
carbon atoms. WO 03/078371 discloses a process for preparing substituted
ketones from substituted alkenes. WO 04/000777 discloses a process for reacting
35  di- and polyalkenes with dinitrogen monoxide to give the corresponding carbonyl



The use of pure reactants as described in the above-cited scientific
studi.es, may 5 be of great value for the elucidation of reaction

mechani snms, but is in practice associated with sonme di sadvant ages. For
exanpl e, cycl opentene can only be obtained in the above-described high
purity with very high technical conplexity. In industrial processes in

whi ch cycl opentene is obtained in the reguired industrial scale anounts, it
is present in mixtures with other hydrocarbons, for exanple 10 cycl opentane.
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is given to using liquid NO2 or a liquefied mxture ii). DE 103 19 489.4
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W t h example in industrial scale processes.

We have found that this object is achieved by a process for preparing
cyclopentanone, at least comprising the following steps (i) to (iii):

20

(i) providing a mixture G(i) comprising cyclopentene;

@iy - providing liquid or supercritical N,O or a liquid or supercritical gas
mixture G(ii) comprising at least 20% by volume of N,O, based on the
fotal volume of the mixture Gfii);

25 (iii) contacting the mixture G(i) with the liquid or supercritical N.O or with
the liquid or supercritical mixiure G(ii) to obtain a mixture Gifiii)
comprising cyclopentanone,

wherein the mixture G(i) contains at least 25% by weight and at most 95% by

weight, of cyclopentene, based on the total weight of the mixture G{i).

30

Preference is given to using liquid NO, or a liguefied mixture G(ii).

DE 103 19 489.4 discloses a process for preparing cyclopentanone using
dinitrogen monoxide as an oxidizing agent. However, there is no mention there of
the use of liquid or supercritical dinitrogen monoxide.

35



N20 in the contacting of (iii). Preference is given in this context to those
conpounds which can in principle react wwth N20 but are inert toward N20
under 5 the reaction conditions selected in (iii). The term"inert' as used
in the context of the present invention refers to conpounds which either do
not react wwth N20 under the reaction conditions selected in (iii), or
react to such a limted extent conpared to the reaction of cycl opentene
with N20 that at nost 15% by meight préferably at nost 10% by wei ght and
nore preferably at nost 5% by weig of 10 their reaction produ wi th N20
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selected in (iii). 30 In the context of an enbodlnent of t he process
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m xture G i) used is a m xtu whi ch obtalnedfromd|5500|at|on and
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di cycl opent adi ene and toluene for the partial hydrogenation. This process
i s described,Udotu lﬁmaltlfph@ouritda: uiHhéQQG&&BBBﬂweapreﬁhhtahvérﬁiohdrbwl&nes for

appl | cat on. FETBRHEOPERGH 2Borbeser e cJeklhe rolirif Tebaeatng by
alkyibenzenes for example toluene xylenes ethylbenzene, or ethers, for example
20  methyl tert-butyl ether, tetrahydrofuran, diethyl ether or esters, for example methyl
acetate, ethyl acetate, methyl benzoate, or nitriles, for example acetonitrile,
benzonitrile, or alcohols, for example butanol, 2-ethylhexanol, ethanol or phenals,
for example phenol, cresols, or amines, for example aniline, trigthylamine, N,N-
dimethylaniline, or mixtures of two or more of the compounds menticned or two or

25  more compounds of ihe classes mentioned.

Very particular preference is given to those compounds which do not react with
N2O under the reaction conditions selected in (iii).

30  Inthe context of an embodiment of the process according to the invention which is
preferred in this regard, the reactant mixture G(i} used is a mixture which is
obtained from dissociation and partial hydrogenation of dicyclopentadiene in the
presence of a solvent and cyclopentene, and the solvent is selected from the
abovementioned inert compounds. Preference is given in this context to using a

35  2:1 mixture of dicyclopentadiene and toluene for the partial hydrogenation. This
process is described, for example, in JP 2000053597 A, which is fully



t hernmol ysi s of dicyclopentadiene in the presence of an aromatic hydrocarbon,
preferably tol uene, the conversion being 98% The resulting gas is passed
into a 5 stainless steel reaction tube which is charged with

pal | adi um al um na catal yst. The gas is condensed with a cooler at the
outlet of the reaction tube. In a further preferred enbodi nent of the
process according to the invention, the mxture i) consists of at |east
99% by wei ght, based on the total weight>of the 10 nmixture (i), of
hydrocarbons. In addition to the hydrocarbons, the m xture i)
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refers to a mixture of compounds, of which each is an unsubstituted hydrocarbon

20  and therefore consists only of carbon and hydrogen atoms. The hydrocarbon

mixtures which are used in the context of the present invention contain at most

1% by weight, based on the total weight of the mixture G(i), of further compounds.

Greaier preference is given to the mixture containing at most 0.5% by weight,

greater preference to at most 0.1% by weight, greater preference to at most

25  0.01% by weight and very particular preference to at most 0.001% by weight, of

further compounds. Preference is given in particular to mixtures G(i) which contain

no further compounds within the measurement accuracy of the particular analysis
methods used.

30 In a preferred embodiment, the mixture G(i) is liquid or supercritical under the
reaction conditions selected in (iii). Preference is given in this context, inter alia, to
mixtures G(i) which are liquid at ambient temperature and ambient pressure. For
instance, these include mixtures of which each compound present is liguid at
ambient temperature. and ambient pressure. Equally conceivable are mixiures

35  which are liquid at ambient temperature and ambient pressure and contain at least

one compound which is, for example, solid or gaseous at ambient temperature



and anbi ent pressure. In an enbodi nent of the process according to the
invention which is likewwse 5 preferred, a mxture i) is used which
consists of at |east 99% by wei ght of C5 hydrocarbons and hydrocarbons
having nore than 5 carbon atons. Accordingly, at |east one further C5

hydr ocarbon or at | east one hydrocarbon having nore than 5 carbon atons or
a mxture of at |east one further C5 hydrocarbon and at |east one

hydr ocar bon having nore than 5 hydrocaTH%h“atonB may be present in 10

addition to cyc) opentene in rdl th se ventl n al so
descri bes a p%l‘i‘caé'g@ %fﬁ%‘*y&%%% d n %%é%&”ﬁeﬁﬁgaﬁ?@gﬁpt a8t ai ns
at | east 99%dnd amsbighitoredsufeb hydr ocar bons and hydrocarbons haV| ng nore than
5 carbon atons. 15 The hydrocarbons having nore than 5 carbon atons used
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cor r espondi ngnhgrdembadibens of e padgssractdrding do dbe\rvention hdiahoist likewvisef t he
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C7 hydr odfr b@?@'“OQ@WﬂQH‘?@t@E‘SM ei- of the present invention, the nixture
Gi), in additi on to cycl opentene, nay contain either at |east one further
C5 hydrocarb | east  on rocarhon or at |east one C7
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further 33’95083?'088% 3W8931°r?g?éq"{ drocarbon and at | east one C7

hydr ocar bén 7 In a preferred enbodi rrent of the process according to the

I nvention, hﬁn I‘?ﬁﬁéc%%ons having more than 5 carbon atoms used which, among other
hydrocarbons, are particularly preferred are the corresponding hydrocarbons
already menticned above in the context of the inert compounds.

20  As already mentioned above, the reactant mixtures G{i) used are preferably those
mixtures as obtained in industrial scale processes. In the context of the present
invention, preference is given in this context to mixtures which consist of at least
95% by weight, more preferably at least 97% by weight and particularly preferably
of at least 99% by weight, of Cs, Cs and C; hydrocarbons.

The present invention therefore relates to a process as described above, wherein
the mixture G(i) contains at least 99% by weight of Cs and Cg or Cs and C; or Cs
and G and G; hydrocarbons.

30 In the context of the present invention, the mixture Gf(i), in addition to
cyclopentene, may contain either at least one further Cs hydrocarbon or at least
one C; hydrocarbon or at least one C; hydrocarbon or a mixture of at least one
further Cs hydrocarbon and at least one C; hydrocarbon or a mixture of at least
one further G5 hydrocarbon and at least one C; hydrecarbon or a mixture of at

35 least one further Cs hydrocarbon and at least one Cg hydrocarbon and at least one
C; hydrocarbon.



m xture i) used is a hydrocarbon m xture which is obtained froma steam
cracker or a refinery and contains cyclopentene. In this context, preference
is given, for exanple, to C5 cuts from steam crackers which contain
substantially 5 only C5 and C6 hydrocarbons. Hydrocarbons having nore than 6
carbon atons are not present in the C5 cuts obtained on the industrial
scal e whi ch, in addition to cycl opentené,-conprise, for exanple, 2-butene,

i sopentane, 1-pentene, 2- nethylbutene-1, . trans-2-pentene, n-pentane,
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the m xture contajns at | east 99% m x of C5 and C6
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pref erente i sangibserere laligeneral atGswoek jromegpateat crgekeh eomains yelop@Bedaint he
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obtaining m Etﬁ%%@% ;BV\%EB‘{F‘ t@’ nef‘l !ﬁtﬁefngit mgqﬂlyi'ao%%gdh&?%%%ft&wm/or Co6
hydr ocar bons Wetighh have a | ower boiling point than cycl opentene. Shoul d at
| east one CA4 hydrocarbon in sonme cases additionally be present in the

mxture i) to 30 be purified, preference is given to obtaining mxtures
Qi) by the dinétprepent; 'BHe‘Ui'Q@dhe orgy afioetlescahes avpPedpscah spseribge abovenst 10%

by wei ght 5of \pfbrain teOmixilhe TN cORtafB at médf@%@'bg QRghtlat & PnidmeofaC s, boi ling
poi nt than cyclopentene. In the context the present invention,

particul ar pr"é(fj arogs; g given in this connection to obtaining mxtures
G i) which contain at nost 5% by weight, nore preferably at 35 nost 3% by

by AR AR B R R e RN A

which is preferably obfained as a Cs cut from a steam cracker may be used as

20  such. Preference is given to subjecting the mixture of substantially Cs and Cg
hydrocarbons before the reaction according to the invention of step (iii) to a
purification in which lower-boiling compounds compared to cyclopentene are
preferably again removed. While all conceivable methods can be used in this
context, preference is given to distillatively separating the mixture.

25
In the context of the present invention, preference is given in this connection to
obtaining mixtures G(i) which contain at most 10% by weight of C; andfor Cg
hydrocarbons which have a lower boiling point than cyclopentene. Should at least
one C4 hydrocarbon in some cases additionally be present in the mixture G(i) to

30  be purified, preference is given to obtaining mixtures G(i) by the distillation used
with preference which consist of at most 10% by weight of C4 and/or Cs and/or Cg
hydrocarbons which have a lower boiling point than cyclopentene. In the context
of the present invention, particular preference is given in this connection to
obtaining mixtures G(i} which contain at most 5% by weight, more preferably at

35 most 3% by weight and particularly preferably at most 2% by weight, of G; and/or
C¢ hydrocarbons which have a lower boiling point than cyclopentene. Should at



8 least one 4 hydrocarbon in sonme cases additionally be present in the
mxture i) to be purified, preference is given to obtaining mxtures i)
by the distillation used wth preference which contain at nost 5% by

wei ght, nore preferably at nost 3% by weight and particularly preferably at
‘nost 2% by weight of C4 and/or C5 and/or 5 C6 hydrocarbons which have a

| ower boiling point than cycl opentene. Tge present invention therefore also
descri bes a process as descri bed above, "wherein the m xture i) consists
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| east one furt C5 hydrocarbon and at |I|'east one C, hydrocarbon may be
present in addition to cyclopentene in i). Accordingly, the present
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di cycl opéart adpaiing coimpatdrbiomyeleperenaf t ol uene as a sol vent and contains
cycl opentene. Preference is given in this context to partially
hydrogenating a 2:1 m xture of dicyclopentadiene and toluene. This process
i s descri bed, Infar eapadiment of theg Premese eEsBYNgAlC e ipvergion| whicly|is Jikewise

i ncor por at ed @rrefet«.@asa "RidRkd de;y id esf.e%r ﬁﬂiﬁﬁ cbRdiSstdiant m& 9&5% & wferg% Bf ggent

appl i cation. m xtures obtained 1n this way enera g contaln

cycl opent ene ¥ Ehiavdrggaons: Pé‘?ﬁ’rﬁ@glyoatﬂs%tb%ﬂ% BertCs B 9" Fideasie range

from 35 tig 658adE, Warﬁbarbancbr a3 mibiilve Sof Rt 84t AeYiuttRer O hy@BERLER U4 to 60%
by weight. In addl tio ntene, the reaction m xt ur&i cont ain

mai nl'y cycl oplgﬂ?té’ﬂ@ %R’th?qu[p@%ﬁﬁémolﬁeepresent in addition to cyclopentene Iin

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;
20  hydrocarbons.

An example of a particularly preferred C; hydrocarbon is toluene.

In the context of an embodiment of the process according fo the invention which is

25  preferred in this regard, the reactant mixture G(i) used is a hydrocarbon mixture
which is obtained from dissociation and partial hydrogenation of dicyclopentadiene
in the presence of toluene as a solvent and contains cyclopentene. Preference is
given in this context to partially hydrogenating a 2:1 mixture of dicyclopentadiene
and toluene. This process is described, for example, in JP 2000053597 A, which

30 is fully incorporated in this regard by reference into the context of the present
application.

The mixtures obtained in this way generally contain cyclopentene in the range
from 25 to 75% by weighi, preferably in the range from 35 to 65% by weight and
35 more preferably in the range from 40 to 60% by weight. In addition to



general, the m xture which is obtained from di ssociation and parti al

hydr ogenation of a m xture of dicycl opentadi ene and toluene and nmay be used
as the mxture i) in the context of the process according to the

i nvention consists of at least 5 99% by wei ght of cycl opentene, toluene and
cycl opentane. The m xture which is obtained in this preferred enbodi nrent and
consists of at |east 99% by wei ght of gyclopentene, t ol uene and

cycl opentane may be used as such. 101 & further preferred enbodinent t he

m xture obtained fromthe dissociation and artr@é dr ogag]Bgtl:Ho 3

m xture of diC¥enesRAe df EFstoh MiXYra SRBAINsME ta’ﬁ‘@f E8%-d8 the
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range from 7 o 85% ow boiler m xture further contains
t ol uene gg]ne§§ \ivelglgthcécmﬁar?%ﬂeneoFolléener%]gtcyﬁlsge%tgn%I ght, preferably of at
nost 10% by wei ght and nore preferably of at nobst 5% by wei ght, and

cycl opent ane genEtakd i, LISUARST HOHAG:S AR B @hbmsPicker 20! v

I n the range rom e range from
10 to 20% by laest §9% . byTheight @fwybl@peetenwtammeah@ cvﬁementmmav etysed rﬁﬁocess
according togthe invention as mxture Gi). Preference is further given to
the m xture 8&“)' used in the process according to the 25 invention

cont ai ni h¢ cycl opentene in the range from30 to 90% by wei ght, nore

preferably iy Ehﬁi‘tﬂe@ﬂ&ﬁeﬁré@@hﬁ@drh@n?% Rk Bfline iR thD tRsRifloRraal y i n
the range from4b5 to 90% by ht and especially preferably in, the range

from50 to ®8%h pvc{rwwfon 05 3o o SlevegRantagiond, ang &elggnasisyRiecsid e

m xture Qi) pefefle Lise @s?lfﬂel Bt G(I) hﬁthl@rrﬁédéla& abébfrﬁii\bltémé nesRibAne afleast rel ates
to the use of a opent eni ¢ n.mxture. a

rocar r
prepar i ng cyOMesisiial R I Gy AU S R G o S
éi ther the C&y@oﬁenﬁneag@teeam in Ctha@dﬁg’e feom thao st lbyeme)@itapn&%ﬂatilv drimttehe

Mt ure of t Addarerngod ok RRBhRA B e AR B R 0 BB BB o
t he parti al Iﬁydvau@ﬂnwrsdnwbbrlarymkuup@mmdr emeains doluarenpenesallygn diye Fagjpent ene. -
10 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 from
20 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 in the process according to the invention as mixture Gi(i).

Preference is further given to the mixture G(i} used in the process according to the

25  invention containing cyclopentene in the range from 30 to 90% by weight, more
preferably in the range from 40 to 80% by weight, even more preferably in the
range from 45 to 80% by weight and especially preferably in the range from 50 to
85% by weight, based in each case on the total weight of the mixture G(i).

30 In particular, the present invention therefore also relates to the use of a
cyclopentenic hydrocarbon mixture as a reactant for preparing cyclopentanone,
wherein the cyclopentenic hydrocarbon mixture is either the C; cut of a steam
cracker or the mixture obtained from the partial hydrogenation of cyclopentadiene
and comprising cyclopentene or a mixture of the Cs cut of a steam cracker and the

35 mixture obtained from the partial hydrogenation of cyclopentadiene and

comprising cyclopentene.



According to the invention, a gas mxture (ii) which contains at |east 20%
by volunme of N20 is used for the reaction of step (iii), and it is
generally al so possible to use pure N20, in which case the gas m xture
Gii) or the N20 is used in liquid or supercritical form preferably in
liquid form Preference is given to sel ecting 5 pressure and tenperature in
such a way that the gas m xture |s presi in liquid or supercritical form
nore preferably in liquid form i s al'so possible in accordance with the
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art, in particular by suitable selection of the pressure and of th
tenperature. 20 In a preferred enbodinent, a gas mxture ii) is used whi ch

contains at I®@R%bm %%rhwuf@'lamse@fm&i?&eora@d oplﬂﬂa‘ IHSEHE nvehitiGn Veﬁerslta aturn to
m xt ur es G(HBH)‘ haV|{1 an_N20 conte@%S B B from 20 to 97% é vol une,
more pr ef er afii§iu[e0 PLATYHE PRGRHAE vhic E?U/S’B?t Igﬂﬁ‘fé)usnﬁ?@ ‘H@P%P bly in
the rangeof rma@ﬁret an@4&mbignt Whpmtumd%énaﬁeaieh)pemt@‘betsabltyred nort tte range
from50 to 93% b ?{I Vol ue. 2&}9 t he cont ext lof t he g sent Loven e‘oni, t he
conposi tion &°PHE Fal e gasblmngpre Ry Py e Pre e'ﬁ ad ‘Wi‘%‘?"d‘r% i €
specified in n%ttmy foo enample Tiyeidd ahd is edfatred to stbsequentypdsinti context of HE gas
m Xt ures at g) S|fe Al RSy Sq‘mgmﬂgbi ent tenperature. 30 The present

or

invention th e also refates a process as described above, wherein
the mxture ii) contains at nost 93% by volume of N20. \Wen a gas m xture

i 1) 15,Hseechidipb ﬁe layef}f?ﬂﬁ a’lhﬂ; A Gt ib%&g%ﬁed\gﬁd idn LEREH |

further gas. Essenti al ases re concelvable 1n this context, as |ong
as it 35 |sf@ruarfan'¢r@§antrnmoxmeorr Hecgaso MigErec gomprising dindragenhmmpexidss step

(iii) is posshd) @ liquetidd b%ﬁfpﬁ:rc%@ge% riowAQS MK iikd 1 ¥Rart, & Phribiaesy Cl11)

whi ch, in addition to N20, contai
suitable selection of the pressure and of the temperature.

20  In a preferred embodiment, a gas mixture Gii) is used which contains at least
20% by volume of N,O, and preference is given in turn to mixtures Gfii) having an
MN,C content in the range from 20 to 97% by volume, more preferably in the range
from 30 to 95% by volume, more preferably in the range from 40 fo 94% by
volume and especially preferably in the range from 50 to 93% by volume.

25
In the context of the present invention, the composition of the gas mixtures or of
the liquefied gas mixtures is specified in % by volume. The data relate to the
composition of the gas mixiures at ambient pressure and ambient temperature.

30  The present inveniion therefore also relates to a process as described above,
wherein the mixture G{ii) contains at most 93% by volume of N,O.

When a gas mixiure G(ii) is used, it may also contain, in addition to N-O, at least
one further gas. Essentially all gases are conceivable in this context, as long as it

35 is guaranteed that the reaction of cyclopentene with N,O of step (iii) is possible.



at | east one inert gas. The term"inert gas" as used in the context of the
present invention refers to a gas which, with regard to the reaction of N20
with cycl opentene, behaves inertly. Inert gases include, for exanple,

ni trogen, carbon 5 dioxide, carbon nonoxide, argon, nethane, ethane and
propane. Likew se present in the mxture Gii) may al so be gases which do
not behave as inert gases in the reaction of N20 with cycl opentene. Such
gases include, inter alia, NO or, for i@xanple, oxygen. The term"NO " as
understood in the context of 10 the present invention refers to all NaGb
conmpounds whdtrefeserics isl agordingindiven iasmpiuwas Giii)twi@\,, inagigitionftp dhONgoNtainnst ead
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by vol une of nitrogen oxides or at nost both 0.5% by vol une of oxygen and

0.5% by volu of nitrogen oxides, based i ach case on the tqotal volume of
the 20 m xt u:@‘e@’ﬁfﬁ Brﬁsﬂ%\)'élﬂlf‘emtﬁumf@f' BY e gases, %8? ﬂﬁ’ebaﬁ"sraé in this
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liquid form e I'n acc ance w he 1 nvention tha
mxture (ii) tivsfolyum basedion bedetal weighladf dee mbdueda@-t r eat nent i n order to
reduce the concentration of inert and troubl esome conpounds in the gas
mxture i 35 According to the invention this treatnent may i ncl ude,

for exanpl e, %‘ﬁ RIBSI ghyeswion dherefore glso ialales i@ & progessups sigpeibed "\'%’H?’ and

subsequent dwaﬁ hr@muﬂu.@rdﬁﬁ cérﬂaﬂag at w&pu%% BY VoluRRBOsNYEEN bF afmridee gas
m xt ure. ASL&)I&? ol vent. 1s, J n}%
y volume of nitrogen oxides or at most both 0.5% by volume of oxygen and
0.5% by volume of nitrogen oxides, based in each case on the total volume of the
20  mixture Gfii). A value of, for example, 0.5% by volume refers in this context to a

total content of all possible nitrogen oxides apart from N,O of 0.5% by volume.

in principle, the composition of the mixiures may be determined in the context of
the present invention in any way known to those skilled in the art. In the context of

25 the present invention, the composition of the gas mixtures G(ii) is determined by
gas chromatography. However, if may also be determined by means of UV
speciroscopy, {R spectroscopy or by wet-chemical methods.

According to the tnvention, the gas mixture G(ii} is used in liquid or supercritical

30 form, preferably in liquid form. it is possible in accordance with the invention that
the gas mixture (it} is subjected before liguefaction to a treatment in order to
reduce the concentration of inert and troublesome compounds in the gas mixture
G{ii).

35  According to the invention this treatment may include, for example, an absorption
of the gas mixiure in a suitable solvent and subsequent desorption in order to



water, as described in DI 20 40 219. According to the invention, the
treatnment of the gas m xture may also include a 5 purification step to
renove NO fromthe gas m xture. Such processes for the renpoval of NO are
known in principle fromthe prior art. According to the invention, al
processes known to those skilled in the art nmay be used for the renoval of
NOx. 10 In particular, it is possible in the context of the present
invention to use gas nixtures Fii) whigh-are obtained fromindustrial
scal e processes. According shoul d these m xtures {ii) contain nore than

|y
0. 5% by vol ufRn@e iBsy geRPasisisdiom HiegasgBiiusxiAlediablensgvenhis. SR¥ABPIY be used

in the procegaierCatddctad A JTeo 46 pygntion. Preference is given to
subj ecti ng t hese m xt ures G(ii), like such 15 mxtures Qii) of simlar

conposi tion which are not obtained fromindustrial scale processes, before
use in the ppeeReaifgas ces mvagndnp thd BedtfeBnbi @R, gdsOmaturk @ast a@@mclwafl cation
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of fgas of a olmeowiebaflNOR5 process. The scope of t he present invention also
i ncl udes enbodi ments in which at | east two nitrogen nonoxi de-cont ai ni ng
of fgases of a single plant serve as the dinitrogen nonoxi de source.
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i ndustrial piyedios. Pysferencg 'Sl {iveq Eh&él’l’l??t'r@oélﬁsﬁl E"theﬁh@('ﬁor‘l{‘%xﬁucﬂf t he
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purification step in which the content of oxygen and/or nitrogen oxides is set to at
most 0.5% by volume.

20  In a preferred embodiment of the preseni invention, the gas mixture Gii) used is
at least one N.O-containing offgas of a chemical process.

In a preferred embodiment of the present invention, the dinitrogen monoxice

source is at least one dinitrogen monoxide-containing offgas of a chemical
25  process. The scope of the present invention also includes embodiments in which

at least two nitrogen monoxide-containing offgases of a single plant serve as the

dinitrogen monoxide source. Likewise included are embodiments in which at least

one dinitrogen monoxide-containing offgas of one plant and at least one further

dinitrogen monoxide-containing offgas of at least one further plant serve as the
30  dinitrogen monoxide source.

Accordingly, the present invention also relates to a process as described above,
wherein the dinitrogen monoxide source used is at least one dinitrogen monoxide-
containing offgas of ai least one industrial process.

35



described, for exanple, in US 3,656,899, whose contents on this subject are
5 incorporated fully by reference into the context of the present
application. Preference is |likew se further given to the preparation via
the catalytic oxidation of ammonia, as described, for exanple, in US
5,849, 257 or in WD 98/ 25698, whose contents on this subject are
incorporated fully by reference into the context of the present
application. 10 In the context of the-pRésént invention, the term

"di nitrogen nonoxi de source” relates both to enbodi s.in which t

LCe nment he
of f gas ment i ohERqUall;ReFIR ity MFoEiMiPR T HHPIRCESS PEROMTING dA LR, WVPRIRR: Pon of
cycl opent ene sapdtiRiNp pedpaed iirdyenhinohoxde fsragde iR plockie Rkfaganesis
mentioned is sutg{,\ﬁcte Eto a no ifi.catio%. %5 Tklled term {mdltfggzﬁ on" as used
in this cont &eN{TeRAfA i¢dhesRrgparapn vigstng Harmal deporpagitian,of 8 any
sui t abl e procesearibey, Wi exartgle BhE8i 3,686,899 wiRisti contafts am thid Bgbjecti areal t er ed.
Accordingly, .the term: ification". races.inter alia i sin
whi ch a d%ni t"?ct%%%a n%{lh?géy (F%%feé\cﬁi ’Hgong'??agcé’gt%x Ogowgeﬁﬁsgﬁg%%g@rgﬁm&%'h regard
t o t he dinit Fglerence imiiesdsecfariherrgivamiodibe pepatation giaghe catalyéic pridatizrsof  Such

processes ar i.he : k : 7, 7 A2 or
WO 00/ 73202 %"ﬂﬁﬁ‘ﬁds% %@gﬁ{l@%ﬁ ga?g‘%%ﬁf% "{;ng%éegg?%srégﬁ [ﬁggrop?gg%#gg' %%%y by
ref er ence i nicontehts aoihisesubjast arehiscorpersiatt fulpby refatenos intQ thepeandesdiohiet o t he

i nvention, p:ﬁ’?é%w? chifordi ven to subjecting the offgas to a treatnent
conprising an a soﬁgtlon In a suitable solvent and subsequent desorption in

order tolPenove inert conpounds. A suitable solvent is, for exanple, water,

as descri bed j fdEoEx? thb%preséht! iRvétiien eidhA @hitthgeheherd&sk sahest ment of
t he, process according to the invention Is possible to concentrate by

t |
feeding the A®/BtPEReHt logenabrdimants i yljeh th%hﬁ%ﬁj@gﬁféﬂi‘tegi’ﬁiuﬁ%d gy yraeditfedt gt

| east one ads@inithd irfehtidreabibri 6 dlicPpohivte kARG enfboBintdrdg AN wiBmakicdst i n at
v suitable for this

BRI e LR RN T T T LN
advant agesthat the resulting solution of dinitrogen monoxide in cyclopentene
of i i t rogerlgaer o MeAEat 8RR kRt Wi e SRPR g BleSehoxi e
in all conceiivabtien refers to any suitable process by which the chemical composition of an
offgas is altered. Accordingly, the term “modification” embraces inter alia
embodiments in which a dinitrogen monoxide-containing offgas is concentrated
20  with regard to the dinitrogen monoxide content in at least one suitable process.
Such processes are described, for example, in DE-A 27 32 267, EP 1 076 217 A2
or WO 00/73202 A1, whose contents on this subject are incorporated fully by

reference into the context of the present application.

25  According to the invention, preference is given to subjecting the offgas to a
treatment comprising an absorption in a suitable solvent and subsequent
desorption in order to remove inert compounds. A suitable solvent is, for example,
water, as described in DT 20 40 219.

30 In one example of a preferred embodiment of the process according to the
invention, it is possible to concenirate by feeding the abovementioned dinitrogen
monoxide-containing offgas to at least one adsorption column and to dissolve the
dinitrogen monoxide in at least one organic solvent. An example of a solvent
suitable for this purpose is cyclopentene. This inventive process variant offers the

35  advantage that the resulting solution of dinitrogen monoxide in cyclopentene can
be fed to the inventive reaction without further workup. This solution of dinitrogen



concentrations up to saturation. In other enbodinents, at |east one further
solvent or a mxture of cyclopentene and at |east one further sol vent nmay
be used for the adsorption. Such further solvents are, for exanple, al

sui tabl e common organic 5 solvents. Preferred sol vents include

N- net hyl pyrrol i done, dinethylformam de, dinethyl sulfoxide, propylene
carbonate, sulfolane or N Ndinethylacetam de. Wen at |east one further
solvent or a m xture of cyclopentene and%at | east one further solvent is

used, in a further prefe errbodl di ni trogen . noxi de i.s

lops 4 bl
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st ep, an e , e ntive re ion I n e Q e
chem calcomiba TR ot SifRshiefa el \aPtold Rkt fydBh ml HERATTb bl
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hydr oxyl ani n@iﬂmtbﬂtsdi@end@r paonyietnm caré@maieprsalmlan%m N, héd:maéhwa@eteinyde

preferably o ohdl detd Mﬁﬁ\értébh%‘ht bPQ%’ﬁIX@IF@ oPchﬁiﬁJ%nféfneaéhdaﬁ' Rh& ghel d

plant, a do canegl ol ¢ aci | ant  or roxylamne plant. 20 I'n a very
parti cul ar | y fgther esaheant eighercheint 2 fw@ega@reﬁﬁrseduﬁ@beé'me)ﬁt ufied dindtraged  of f gas
stream of - an napoRie @Cbgtameanét |e'asl"'yb? Qﬁérawm Séuf)étéﬁﬂa@y Sufiyp ﬂce.ﬂ gl of N20

is formed by OXI di zi ng cycl ohexanol [ ohexanone m xtures with nitric acid

per ol £ of didfqses @@F@"q%?ﬂf{?ﬁed I-‘%Q{H@O'ér‘“ a deqpd Qnej ititgbler dgsoRtioRFied: in A

Uiate et al and2&y otk invSHiive ression, Catal . 130, p. 743-748 (2000), the
of fgases of adipic acid plants also contain, in different concentrations,

further constituents including nitrogen, oxygen, carbon dioxide, carbon

nmonoxi de, ni i @gmnhetx iedﬁﬁ:dlmmft ethe agrémicdi ajonpdsition g Mrc offgap aiaydsiso 3@ As
al ready descrj.be n of an adi pic acid plant may

be used di rrélk?rle bV Wg pﬁﬁ@'@@é’g% Pa‘i"ﬁ%&{e@@@ﬁ@a? ‘nvention. Preference is

given to purifying the offgas stream Conceivable for this purpose are, for

xampl e, 18l | 1o B REREP SR oHLE L ARRh Sy v YASE e phRlon I 9998 8 X0les

cont ent the o stréam eac to a " ( by vol'une. The
above-ci t ed ditmimgent myfnogide 3BNIGINING edifgas astemgi ohoses adwid agill rplrMs 2of

purifying sugBuatanlhibRasic? bR rlyAfoxYBfildpidmt and/or a nitric acid plant, and the
latter is preferably operated in turn with at least one offgas of an adipic acid plant,
a dodecanedioic acid plant or a hydroxylamine plant.
20 _
In a very particularly preferred embodiment, the gas mixture G(ii) used is the
offgas stream of an adipic acid plant in which generally from 0.8 to 1.0 mol of N,C
is formed by oxidizing cyclohexanol/cyciohexanone mixtures with nitric acid per
mole of adipic acid formed. However, as described, for example, in A. Uriate et al,,
25 Stud. Surf. Sci. Catal. 130, p. 743-748 (2000), the offgases of adipic acid plants
also contain, in different concentrations, further constituents including nitrogen,
oxygen, carbon dioxide, carbon monoxide, nitrogen oxides, water and volatile

organic compounds.

30  As already described above, such an offgas stream of an adipic acid plant may be
used directly in the process according to the invention. Preference is given to
purifying the offgas stream. Conceivable for this purpose are, for example, all
processes which enable the oxygen and/or nitrogen oxides content of the offgas
stream each to be set io at most 0.5% by volume. The above-cited document of A.

35  Uriate et al. discloses various means of purifying such an offgas stream for use in



catal yti c benzene hydroxyl ati on. Absorption processes are described, for
exanpl e pressuré sw ng absorption, nenbrane separation processes, |ow
tenperature distillation or a conbination of selective catalytic reduction
w th amonia, followed by catalytic renoval of oxygen. Al of these
purification methods can be enployed 5 to purify the offgas stream of an

adi pic acid plant which is used in the process according to the invention.
Particular preference is given in the-céAtext of the present invention to
purifying the offgas streamof an adipic acid plant in the case that it
contains in &&W'@g)%zeWW’@'@@@H’P@PWBVr%ﬁﬁﬁﬁearéfdeéﬁ@}f&énfoéﬁ@‘ﬂ?leni trogen
oxi des. Pref ¢freftefe bRing! ¥Sdrptlon, dhdrRshhd GepitafioP Wrbddsead,! 1IBR fepeiibre! | ation.
In a |ikew se_preferred enbodi nent, the gas m x‘éﬁur.e ﬁfbl) used |%ge of f gas
steam of a diidRioRaTBiAENRIRgtgn of aﬂfﬂctlve&gﬁiﬂﬂe(ﬂe cign e Anosig; fallomecp) ant |
this 15 dodeganedtieirémacaldf pkyjen. B obthbsd pivificatiby methoals cad @ataniadyepl ant
type. An exaggl e 'Pf aé’g’% ic?l cor}rposi(%.i.on of antdo%.fgas of ,a %odecanedi oi C
aci d plant or PHfIYARe |8§§rﬁ?ﬁ1cp FAaATPIE 2idPIpRtRIEH 1§ HSedh B 5 RT8G95]g ¢ abl e
Conponent Corscemtiingtio tresindéritignwt . N% 19-25 N20 20-28 N2 30-40 02 7-10
C2 2-3 H20 -7 20 The offgas stream of a dodecanedioic acid plant may be
used directly in the process according to the invention. Preference is

gi ven t o pur iAayiicuipr phefemntg ds given rire ina afntdd of tud presaridineendiondd guplyigt bef ore
use in the pr i ; . o) I i anpl e,

t he content c%ft?&g;ﬁ( ag%'ﬁ'%%hﬂ#%g‘ %@p&:?&&b%&ﬁ@é@e g%sei iﬁa{ Jﬂlgg%t% @g?&%ﬁ%ﬁ% IS
advant agédus|yoradiiase.et povaene @hogyden andor niigen axddesnPreferencecisgivesit nost

0. 5% by vol ug efibct tﬁiépmif%aﬁ&%éfg?ilmm’{p' ume. The above- cited docunent of
A K Uiarte et acf gi scl oses various neans of purifying such an offgas
stream for use in catalytic benzene hydroxyl ati on. Absorption processes are

descri bed, f qn a9ianBs 9ré?ér?e§c§é#h80cﬁmeﬁ9 tlihb@é@.rrﬁf&(h@@ G(iﬁiﬂﬁbﬁ@ﬁe%ﬁ@% gleh@n 16
of a dodecanedioic acid plant. Compared with the adipic acid plant, this
15  dodecanedioic acid plant is subsiantially of an identical plant type.

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

Component Concentrations/% by wt.
NO, 19-25
N.O 20-28
N, 30-40
0O, 7-10
CO, 2-3
H,O ~7

20
The offgas stream of a dodecanedioic acid plant may be used directly in the
process according to the invention. Preference is given to purifying the offgas
stream of the dodecanedioic acid plant before use in the process according to the
invention. In this case, for example, the content of oxygen and/or nitrogen oxides

25 in the offgas stream is advantageously adjusted io contents in the region of in
each case at most 0.5% by volume, i.e. from 0 to 0.5% by volume. The above-
cited document of A.K. Uriarte et al discloses various means of purifying such an
offgas stream for use in catalytic benzene hydroxylation. Absorption processes
are described, for example pressure swing absorption, membrane separation



processes, low tenperature distillation or a conbination of selective

catal yst 'reduction with ammonia, followed by catal ytic renoval of oxygen.
Al'l of these purification nmethods can also be enployed to purify the

di ni trogen nonoxi de- containing offgas streamof an industrial plant, for
exanpl e of a dodecanedioic 5 acid plant or of an adipic acid plant or of a
nitric acid plant. Very particular preference is given to the distillative
purification and thus the distillative 1léoncentrati on of the of fgas stream
of a dodecanedioic acid plant or of an adipic acid plant or of a nitric
acid plant. 1OGB5peS: c@WaBenmeéatéweeﬁ@wlaﬂ@n v @ncarbinatien cefn selRetiver CatAlStor esent

invention to rdidiby iviigh alhfonf, @IRSvest bt aBlaBtic &eﬁﬂ@ﬁﬂccﬂf’@@g@h CARGF Ghdg¥eant in
t he case that |_}_ contains in each case nore tharr']rlbd 5% b e; vol ume Qf oxygen

and/ or ni t r odWHNEAPRMEINARYG CRP 188G BR SSPRIPYST EyP ogqnnglogg)g i xture
Qi) used i sohtaief bBgss sthdans of @Ah@ist@al Pldnt] ©or agadiplel 6nd dobibeametiBicl ed

partly or _full tg ?ésgas " risin d|n|tro noxi de and nltrogen
oxi des, fFomaGﬁ\Aff" PB(,CE §a'p’lcna([§r‘gcﬂlf‘qﬁl‘%r? auing QE&% (}ﬁfyt? Weloxi des
are adsor bed pastdrehos Isheyivemsto naétdusmlauwtmmﬂt:andm tandctasi the cMﬂ!lhmfe

di ni trogen nonoxi de .i s t c nverted. For, exa h.a nit d pl ant
my be fed byomevaueh ol ARt eRm o Bp i aNBY s, APt Pl b 8 ABRKT O o
20 ammoni a, aactll gigntof bfasedc adfid plantdi pi ¢ acid plant and/ or by of fgases of a
dodecanedi oic acid plant. It is equally possible to feed such a nitric acid

plant solely by offgases of an adipic acid plant and/or by offgases of a
dodecanedp oi Partisiad préfgrance 3% givan i theceguitext of lee plesgalsivyergfongadiwiing i ¢ aci d

plants al so qmaﬁgﬁa &'e%h?éf%ode&%ﬁ&ﬁ?% b g g%%m% fhed thar |t%8|‘i't§ﬁ1'stu’f'§£l$hs

i ncluding nitroge en, car car on nonoxi de, nitrogen
oxi des, wat ercaﬁﬁhﬂ‘%ihé‘ﬂlq &% by yakime @d’r’mﬁnﬂ@mmf%rﬁﬁd@ of a typical
conpositlon of an offgas of such a nitric acid plant is 30 reproduced in

the fol |l ow nq tahble:. 35 17 Conmponent Concentrations/ % by w. <0.1
N20 8-36 N2 BA fkewige pseferred embodiment, the gas mixture Gfii) used is the oﬁgas

15  stream of a nitric acid plant which is fed pattly or fully with offgases, comprising
dinitrogen monoxide and nitrogen oxides, from other processes. In such nittic acid
plants, nitrogen oxides are adsorbed and for the most part converted to nitric acid,
while dinitrogen monoxide is not converted. For example, such a nitric acid plant
may be fed by nitrogen oxides which are prepared by selective combustion of

20 ammonia, and by offgases of an adipic acid plant and/or by offgases of a
dodecanedioic acid plant. It is equally possible to feed such a nitric acid plant
solely by offgases of an adipic acid plant and/or by offgases of a dodecanedioic

acid plant.
25 In principle, the offgases of such nitric acid plants also contain different
concentrations of further constituents including nitrogen, oxygen, carbon dioxide,

carbon monoxide, nitrogen oxides, water and volatite organic compounds.

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

35



CX2 1-4 H20-0.6 The offgas streamof a nitric acid plant nay be used

directly in the process according to the invention.
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In the context of the present invention, particular preference is given to purifying

the offgas stream of a nitric acid plant in the case that it contains in each case

15

more than 0.5% by volume of oxygen and/or nitrogen oxides.

In a likewise preferred embodiment of the process according to the invention, the

gas mixture Gfii) used is the offgas stream of a hydroxylamine plant, in which, for

example, ammonia is initially oxidized with air or oxygen to give NO, in the course

20

of which small amounis of dinitrogen monoxide are formed as a by-product. The

NO is subsequently hydrogenated with hydrogen to give hydroxylamine. Since

dinitrogen monoxide is inert under the hydrogenation conditions, it accumulates in

the hydrogen circuit. Iin preferred process versions, the purged stream of a

hydroxylamine plant contains dinitrogen monoxide in the range of from 9 to 13%

25

by volume in hydrogen. Preference is given to suitably concentrating this stream

with regard to the dinitrogen monoxide content before use in the process

according to the invention.



hydrocarbon m xture as a reactant for preparing cycl opentanone, wherein the
cycl openteni ¢ hydrocarbon m xture is either the C5 cut of a steam cracker or
the 10 m xture obtained fromthe partial hydrogenation of cycl opentadi ene
and conprising cyclopentene or a mxture of the C5 cut of a steam cracker
and the mxture obtained fromthe partial hydrogenation of cycl opentadi ene
and conprising cycl opentene, and mhereig the of fgas stream of an adipic
acid plant and/or of a dodecanedi oic acrd plant and/or of a hydroxyl ani ne

pl ant and/or %or&né@ et @O%erﬁ?ﬁ\g R Bko %gérﬁ{eg% Wg%%/s ﬁd%cﬁlgﬁé 88$vean adi pi ¢
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the reaction with the hydrocarbon mxture to in each case at nost 0.5% by
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range from25 to 25

The present invention likewise desctibes the use as described above, wherein the
content of the offgas siream of the adipic acid plant and/or of the dodecanedioic

20  acid plant and/or of the hydroxylamine plant and/or of the nitric acid plant operated
with the offgas of an adipic acid plant and/or of a dodecanedicic acid plant and/or
of a hydroxylamine plani of oxygen and/or nitrogen oxides has been set before the
reaction with the hydrocarbon mixture to in each case at most 0.5% by volume,
based on the total volume of the offgas stream.

25
The reaction of step (iii) may generally be effected by all process procedures in
which cyclopentanone is formed from the mixture G(i} and the mixture Gii). In
particular, continuous process procedures and methods of the reaction as a batch
reaction are possible.

30

In a preferred embodiment, the conversion of step (iii} is effected in batch mode.

Preference is given in this context in turn to initially charging the mixture G(i) in a

suitable reaction vessel. Since the reaction, as described below, is preferably

effected at pressures. higher than atmospheric pressure, the reaction vessel used
35  is preferably an autoclave.



Once the mxture i) has been initially charged under the above-specified
tenperatures and pressures, it is contacted with the mxture ii), and the
air present in the reaction vessel nay be at partly renoved before the
contacting by a 10 suitable nmeasure. Preference is given to purging the
reaction vessel with at | east one gas or gas m xture, and purging may be
effected using, for exanple, nitrogen or another suitable inert gas or a
m xture of two or nore of these gases:” P%rflcular preference is glven to
using nitrog
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of the cycl Ogﬁéeﬂﬂpre erg fi(l } ha Ehﬁeeﬁ#m’ﬂaﬁfl ;Hht%ﬁgd Ln&ért(& d Qﬁo%&ffﬁaem in

the m xture y' takes pl ace rcritical
phase. Accor mm@ryurqsh@nd emsevgsuitds cantagledcwith e m%twtei Gﬂl @%ﬂ(é@e girace are

general |y i n pidiBnfiARELrobAS VeAol flayOSh pa PloRichBl beidie irdesoh@idfify by om 180

to 300C and nore preferably 1 n the ran&e from 200 to
parti cul b9 | y SpfablesmpagirenBieiRraash isgivenie nyrdiee &g f&é‘éweﬁ@e't%ﬂt %‘e'eﬁﬁvent i on,

the mxture @hé 'gas bSgadinixidk] é{nd Eﬁr@w@mﬁ%é BfciddBsing 36t HRMPIE TRRJgeat the
above- specifie Er essures and erature in the reaction Ves“iﬁ'l IS

subsequent | y ©F RHLL SLHADIG inext gaét‘%f %‘?""Bﬁﬁ@? Wy 9r "(‘P'@rﬁfiheiﬁ? opses-MasticYref er abl y

from1.5 to pfeferoice ua@dreﬁnﬁesmgehitﬂfg@hbstﬁémrﬁﬁ gtgas4C mn. 35 20 \Wen the
tenperature is increased to such an extent at the above-specified

tenperature required for the reaction is achieved, this tenperature is
general |35 rrﬂ‘hatrmxtmeoﬁ(lpancatmemixunle IGii) tdnehe en@el\ljo ara mnm«moéa il ampuoetser abl y

in the range r to 25
h. It is con(':'{e‘ﬁ@gpt‘) S lfe\?’PagBéﬁggclgﬁ)‘{ ?een%ttgr%gﬂglgépégg P é?é}%% lj{n?r@e(l)'?j her to
vary it in atshi mralerablyruhtmerramge from @.hdo Saahml\mompwefa‘ratw in iheireege from

0.9 to 1.5.

20  To contact the mixtures G(i) and Gii}, the mixture Gii) is generally introduced inio
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 preferably in the range from 25 to 250 bar.
The temperatures at which the contacting is effected are adjusted by suitable
measures in such a way that the reaction of the cyclopentene present in the

25 mixture G(i) with the NoO present in the mixture G(ii) preferably takes place in the
liuid or supercritical phase. Accordingly, the temperatures at which the reaction
takes place are generally in the range from 150 to 320°C, preferably in the range
from 180 to 300°C and more preferably in the range from 200 to 290°C.

30  In a particularly preferred embodiment of the process according fo the invention,
the mixture G(ii} is initially introduced into the reaction vessel at the above-
specified pressures and the temperature in the reaction vessel is subsequently
increased at a rate of generally from 1 to 10°C/min, preferably from 1.5 to 5°C/min
and more preferably from 2 to 4°C/min.

35



The present invention therefore also relates to a process as descri bed
above, wherein step (iii) conprises at |least the followng stages (a) to
(d): 10 (a) introducing the mxture i) into a reaction vessel at a
tenperature in the range fromO to 320C and a pressure in the range froml
to 500 bar; (b) contacting the mxture i) in the reaction vessel with the
mxture ii) at a pressure in the ranae from5 to 500 bar; . 15 (c)

i ncreasing the tenperature of the m xfu d Gbtained in (b) at arate in the
range from1l to 10C mn. to a tenperature in the ra from150 tq 320C;

() “hol di ng WhEen DieplBriis el nTRaTes) 1 Srchaan drienh i, e @OPURGREetm 0. 1 ¢ o
48 h. 20 Ontenperhete eaquifedtfbetheematiomiscdchidvedcing epgtraine W yénck§, t he

m xture under__.pressure in.the reaction vess is cogled. The interior of
The. react | on nABaERs % RS ec@abe P Py fop dpBEPn Rund il 57" not
during and aftd 80 htdrel cwed preferably irathei tanga flom 5 he 2o tds deaceivdide notdact i on i n
a batch reac t r a i he, | | rinciple
be carri b ofon HEaByPRRATE SondRuohatafor Sufely kiFe bllBR, hafndRrlfne,

| i kewi se possibbyespagifteditiplitse two or nore identical or different reactors.
An exanpl e of one possible apparatus for the reaction of (iii) is at |east
one bubbl e colum. Preference is given to carrying out the reaction of (iii)
in at |east dfe weantiowagion dkarelore alsorrelaiemisl a, procassrasmeesaivedabore.i ) nay

be 30 ef f et afholdh 8o iFpdrigtih BR4S: 1Ré idibRihd!es'(&pBl@R) Or in a CSTR

battery. Preference is further given to at I'e one of the at |east one
conti nuot® reactors being a continuous tubul ar reactor. The present

i nvention thegef ofrodiuifg R Ai@Sret Q)Y & B0 HesiRP 6 A REAPARANE in thad
wherein, in step (iii), the mxtures G'é(?l% and (i |& Gre conéﬂg ted in a
continuous react 63198 PR AP $2YCRNd PresERR Migaede em e or. 21 In a
further pref¢syredcentdotigmetmixiate Gapintthe Reacbn VeIt tHEuRBKE G Ara
reactors wused in accord.aqce Wi tlf} thg i% ntion is a tube bundl e reactor.
The mi xtures Qi) PERFUEENite RS Fampin 'in the continuous reactors 5
subst antial | ye)undarcreamings thiet talnperatwa aif itioa nmixtock ditained Whilhatad kaievin the

cyclopentene to. Leagl it b (PRl & CYELOBANLANONE ANMCURYET 1ahioeh the

mxture is in liqui supercrrti cal rm er ence givenn
particular to sel 8807Gig the reaction

(d) holding the temperature set in (c) for a period in the range from 0.1 {0 48 h.

20  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, during or after the cooling, or both during and after the cooling.

In addition to the above-described reaction in a batch reactor, the process

25  according to the invention may in principle be carried out in any other reactor
suitable for this purpose. It is likewise possible to combine two or more identical or
different reactors. An example of one possible apparatus for the reaction of (iii) is
at least one bubble column. Preference is given fo carrying out the reaction of (iii)
in at feast one continuous reactor. For example, the reaction of (i} may be

30 effected in a CSTR (continuous stirred tank reactor) or in a CSTR batiery.
Preference is further given to at least one of the at least one continuous reactors
being a continuous tubular reactor.

The present invention therefore also relates to a process as described above,
35  wherein, in step (iil), the mixtures G(i) and G(ii) are contacted in a continuous

reactor, in particular in a continuous tubular reactor.



conditions in the at | east one continuous reactor in such a way that the
reaction of (iii) is effected in the liquid or supercritical phase.
Preference is further given to 10 reaction conditions in which the entire
contents of the reactor are liquid. The term "reactor contents" refers to
the mxtures i) and ii) after they have been introduced into the
reactor, and also the mxture resulting fromthese mxtures. Preference is
given in particular to introducing the @#ilxtures i) and ii) separately
into the reactor. 15 The present invention accordingly also relates to a
process as ddserfutieat pasievred embadinent atirsist ome Phileupontiruaus dudulariegielsi cul ar

the eant | nUOUgcliPAAlashB8GHATe hienthid £fLBURAIRNLAGLLY excl usively uith

| iquid during the reaction o resent 1 nvention |ikew se
relates to a process as described above, wherel n the contents in the

continuous 1 epf Mixtule8 BN Lare |G infhyt BE EaﬁédtMQHStﬁeu@Hhmuoug a@séters during
the reaction in (ili) remin substantla ly in the supercritical hase Very

particul aP pridbaeatipdy ungeyane guitable; egagtian ﬁ‘@]’dt'tf%‘sr"@'ﬂ@,ll AtoW C¥HeRaeSsta n such

a 25 way thatreééﬁwtmmblfoeguw@ eh&ROh& Bnd SINBETRNEIER G mb@ne férmnmqlahmn c. The
m xture i) | | ntroduced into. the contlnuos reaﬁ or aﬁ
Lenper at ur ¢ SURORHEA) JAEE PIRIFPOCR &b D66, IoPaRiEHARI) aPAtRE P H5EHYom 180

to 300C and dmgiﬁOIWlﬁft@? lablbastldmﬁtdmnmmleeédtmgm 20¢h Q(Waggﬁ)@,th@r?cﬁdwgof )
pressures are,.. ner i.n the ran rom ar refera in the
range from 18’"? 5 &%@%cﬁﬁ‘r grliguidude S%F%F'B?aé@h?s? n'grteﬁeée'?%?nﬁefuai?%nq\%\ {% 300
bar. Theim Xtreaaiofsconditions |geﬂmralhle3emlrﬁ camtende df thetreadtbeaediglidnTibe $ermeact or

at tenperatu [ : ..a Lnt r e from
180 to 35 BOE?%%tél)lrrlg:o‘r}%r%ég glrée %r abl'y m%&%ﬁz%én%{eqeﬁ@m%%oh{é& %&8 , and the
pressures ar entrodiged guadnak¢actdrn andlalaoamgefmkhmnrésmtm%fwntihﬂse mixdfiresabl y in
Lhe range ! amAfko is3Ghehah AR fo ARFERIHY Yhd Mildifed BR9SAd @ipS O

300 bar. In the continudus rea tor, the m xtur are

cont act ed. THebaahuiPte the regqtgr. and the mixture (ii), and the pure N20, are
used in gych ratios in which the nolar ratio of cyclopentene to N20 is
generally in _the range fram0.05 to 10, Preferably inthe range from0.5 to

7 and nore pridTdaIAy invention aceareiaaly e relates 1 a DIRRRES &S, EiSP”t?eéd AN CRY
possible in tmramﬁ@&bnmuduaereaéteseintpdrﬂwtm@rbdnﬂnmus tubBlal edbitort W e G(i1i)

and the m xt L*ﬂleol &%bs}an?laily ex?c?usnve?y with hqwde during tHe I‘eaG%Ogl o? {l ‘f to introduce

20  The present invention likewise relates to a process as described above, wherein
the contents in the continuous reactor, in particular in the continuous tubular
reactor, during the reaction in (iii) remain substantially in the supercritical phase.

Very particular preference is given to selecting the reaction conditions in such a
25  way that the mixture in the reactor is homogeneous and monophasic.

The mixture G(i) is generally introduced into the continuous reactor at
temperatures in the range from 0 to 320°C, preferably in the range from 180 to
300°C and more preferably in the range from 200 to 290°C, and the pressures are

30 generally in the range from 1 to 500 bar, preferably in the range from 10 to
365 bar and more preferably in the range from 25 to 300 bar.

The mixture G(ii) is generally introduced into the continuous reactor at
temperatures in the range from 0 fo 320°C, preferably in the range from 180 to
35  300°C and more preferably in the range from 200 to 280°C, and the pressures are



this mxture into the reactor. According to the invention, the mxture i)
and the mxture (i) or a portion of the mxture i) are m xed at
tenperatures at which no reaction takes place. Preference is given to
effecting the mxing at a tenperature in the range of from80 to 200C
preferably in the range of from90 to 150C, in 15 particular in the range
of from 100 to 120C. The reaction of t_hr-ézcy_cl opentene present in the m xture
Gi) with the N20 present in the mxturé ii) in. the at |east one

conti nuous r I f { e t eper al {0t ange
From 150 to Joneras Bk BRbe |  bPRELE, hdiershl, ARE, g i 20 2
pref erabl y i 365Har pad geore ptaier2ip in be29mE frarn@5 tpPedbat es in the conti nuous
reactor are generally in the range from5 to 500 bar, preferably in the
range from 10 to 400 bar and nore preferably in the range from 100 to 365
bar. 25 The rledhejepminuppseeastors e mishieqs 6h) ﬁnmw)eareﬁom%ét%ﬁheﬁwzs@ée react or

i s generakly & add@edikife (i) CRLd Jue MO ard LSEAIIK rafiod Mewhigh @ from
0.2to 5 h and nore preferably in the range from0.3 to

, ( 2.5 h, It is
concei vabl e rBelat BiiReepcyadppentege ikl sheralic pies@ange M HbYh 19 0 he
reactor constgaferabiih tRékdhge flof 08110/ 7 ahl eiBrb Prale@bly itledaRga e Motdi n t he
above-specified limts. 30 The present invention therefore also relates to a

process as descri bed above, wherein step (iii) conprises at |east the
fol | ow ng st a¢esevenal ist eyuaiy possiie)n thet canieitioh@hd presembihvdrtiofs(io )mik it a

ti { { i 35 th f 0. to.32 d
cont| P05 SREARLADD Pl AFRRHIRLSN dh ool Bl BT aPRS g, 2
Gii) into tHeiscokiie inbo ther @actborAcabrding terthe iatentian, the miktarer @(iganditioam 0 t o
320C and 4 J f 5 : g th
mixture (1) TRES GO BorgbRBERel bR o arc ol foreian bl | e
t enper at ur e ireagtion talasglade. dheieance és givecCtantiedingte miring ai a temperalige from
5 to 500 bar i, lf)anh& 26 HoRPad tbezdﬂ"ﬁt, HFe‘?ec’raIEI&'i?l tﬁ@pang‘g'df}roﬂ'y% & 156%, gence

tinme of the reactiofi mxture in the continuous redctor 1n the range from
0.1 to 485h. padicngr i) hedapgaieifam &0 1o 120°G. al so possible in the context of
the present invention to mx the mxtures i) and (ii) before

introduction_into the reactor. In an ) . L
The reaction of the cyclopeniene present in the mixture G(i) with the N,O present

in the mixture G(ii) in the at least one continuous reactor is effected at
temperatures of generally in the range from 150 to 320°C, preferably in the range

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

25  The residence time of the reaction mixture in the continuous reactor is generally in
the 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 2.5h. It is conceivable not fo keep the
temperature or the pressure or both in the reactor constant, but rather io vary
them in a suitable manner within the above-specified limits.

30
The present invention therefore also relates to a process as described above,
wherein step (iii) comprises at least the following stages (aa) fo (dd):

(aa) introducing the mixiure G(i) into a continuous reactor at a temperature in
35 the range from 0 to 320°C and a pressure in the range from 1 to 500 bar;



alternative enbodi ment, the present invention therefore also relates to a
process as described above, wherein the step (iii) conprises at |east the
following stages (aa') to (dd'): 15 (aa') mixing the mxture i) or a
portion of the mxture i) with the mxture ii) at a tenperature of from
80 to 200C, (bb') introducing the m xture obtained in step (aa') and any
further mxture (i) into a continuous.eactor at a tenperature in the
range of fromO to 20 320C and a pressare in the range fromb5 to 500 bar;

(cc') increasj t r . . okt i ) ' a
{erper at ur o N0t ne RuoBERErfy iR ghy Eusl iy telat Atk (helali® T e
set in (cc') for a ipdhedgangenfrome0 ria g8 Gfantira frassure irpthegramge AT Relopr ocess
according to the i jron in accordance with the above-described process
procedures, using the mXxtures i) and Qi) achieves_cycl opentene
conversi ons WRflch dostaghing rthe |pixiwe | Glswith gbe mbdisrer G yinalhe| @EdPUgSy, | n
particul ag at | eastrdbid andlteiPcRamfehanébdngedtonh 88610 388eC dhtPa vRiagird | Mt of
the 30 conversions is generally 90% in particular 98% preferably 99% and
nore preferably 99n & rangeiremcsy bfone sel ectivities of the reaction
with respect () CYyGka@RatiRe MidliRs GOEdad(|iyoldt 4 Reidendd 8mbrop Mcddativr99. 5%
35 24 The present invention therefore al so descrlpes a, process as descri bed
above, wherein thdM&{HEe BHER CONMUQUR fracipr ihiberangreirep Bl P8y 99. 9% based
on the total anount of cycl opentene used, is converted at a cycl opentanone
selectivity wt r,es t to.cyclopentene . in the r e from 92 99.5% 5
The i xt t0e dlst Srapt BREp i< HEp PRSANEIE 0] chitif &)RB HALITRRRRLLIY be
further worked ihp xtaks G() taadl &(ipr beferes édrddoctiabtito ntheg reagtdrofrerdranone.
Parti cul ar 1 . j I I j . (St tive sses.
PG RE R Rpbdimah [ bbbl BvaiiBhEitrelde 80, et o “CpBEaR

10 The exanples i nven nore d
as described above, wherein the step (iii) comprises at least the following stages
(aa’) to (dd'):
15
(aa’) mixing the mixture G(i) or a portion of the mixture G(i) with the mixture
G(ii) at a temperature of from 80 to 200°C;
{bb") introducing the mixture obtained in siep (aa’) and any further mixiure G(i)
into a continuous reactor at a temperature in the range of from 0 to
20 320°C and a pressure in the range from 5 to 500 bar;
(cc’) increasing the temperature of the mixture obtained in (bb) to a
' temperature in the range of from 100 to 320°C;
(dd’) holding the temperature set in (cc’) for a period in the range of from 0.1
to 48 h.
25

The process according to the invention in accordance with the above-described
process procedures, using the mixtures G(i) and G(ii} achieves cyclopentene
conversions which are generally at least 10%, preferably at least 20%, in
particular at least 30% and more preferably at least 50%. The upper limit of the

30  conversions is generally 90%, in particular 98%, preferably 99% and more
preferably 99.9%.

The cyclopentanone selectivities of the reaction with respect to cyclopentene are
generally in the range from 92 to 99.5%.
35



Exanpl.es Exanple 1: Oxidation of cycl opentene/cycl opentane to cycl opentanone
15 From correspondi ng reservoirs, 2000 g/h of an approx. 1:1 cyclo-

pent ene/ cycl opentane mi xture (of which 400 g/h are fresh and 1600 g/h are
recycled reactant, 1:1 cycl opentene/cycl opentane) and 140 g/h of a liquid

m xture having 93.5% by weight of N20 are punped via a static mxer into a
tubul ar reactor (jacketed tube, coiled, internal dianeter 6 mm |ength 85
m. The tube is 20 thernostatted to 280€4by punping heat carrier oil in
circulation in the jacket. The internal reactor pressure is_controlled at
300 bar. Aft Srhepaigsemignyeitiondhereiose aisea@qﬁcahe%anemcweas 8g8¢rivgH FA¥eure is

deconpr essed yHerimend & ev.ﬁﬁué%isédﬁm!htelrah@é/fromol@dgag o bdbetpsagueat |y to 5
bar in order to renpve N2 forned, unconverted N20 and merts@gjr;ag&t in the

N20 (mai nly NENCHRE obsYSlopstengelsedy f eonyeBet & & Qyolanentagpag spie col um

having at | eagépediotdyepedhtendin thé adree from 94 tdag.5¢Ibotto, = 79C, T,0P = 46C).
The top product obtained is on average 1600 g/h of unconverted cycl opent ene

in a mxtdre (approx. 1:1) with cyclopentane which is recycled back into
t he reactor. Theemixiré @btsifdd inestép \(l)) afd 36n@MaCyopapianone c¢al%e further

cycl opent anon crude, cycl o anon and a 0% cl op S
transferred "ﬁc{ﬂg Oé\ %‘fi@@t 'Btgplte °§%78Pag’é %8'"8/%05*9% e%@ '%%'lnt anone
are obtai ned pmfeelncests giverhia\iiis tontbxt to sisiitatiart edodasesn. cycl opent ane in a
further distillation.. The selectivity for 35 cyclopentanone is 96% (based
on cyclopentene converted). 25 W claim 1. A process for preparing

cycl opent @noriéie exemplessthicolefiew dlisitate e nvdritonimgoresdeps (i) to (iii): 5 (i)
providing a mxture G(i) conprising cyclopentene; (ii) providing lIiquid or
supercritical N20 or a liquid or supercritical gas mxture Qi) conprising
at | east 20%E¥pMpdgTime of N20, based on the total volume of the mixture
Gii); 10 (iii) contacting the mxture i) with the liquid or supercritical

N20O or with the |I%UId or supercritical mxture G(ii? to obtain a m xture
iii) Example Ox1dat|on o cyclopentene/cyclopeniane to cyclopentanone

15 From corresponding reservoirs, 2000g/h of an approx. 1:1 cyclo-
pentenef/cyclopentane mixture (of which 400 g/h are fresh and 1600 g/h are
recycled reactant, t:1 cyclopeniene/cyclopentane) and 140 g/h of a liquid mixture
having 93.5% by weight of N.O are pumped via a static mixer into a tubular
reactor (jacketed tube, coiled, internal diameter 6 mm, length 85 m). The tube is

20 thermostatted to 280°C by pumping heat carrier oil in circulation in the jacket. The
internal reactor pressure is controlled at 300 bar. After passing through the
reaction zone, the reaction mixture is decompressed in iwo flash vessels initially
to 16 bar and subseqguently to 5 bar in order to remove N, formed, unconveried
NO and inerts present in the N.O (mainly N, and CO.).

25
The liquid product is then distilled in a column having at least 27 theoretical plates
at 1 bar (Teowtom = 79°C, Ty = 46°C). The top product obtained is on average
1600 g/h of unconverted cyclopentene in a mixture (approx. 1:1) with
cyclopentane which is recycled back into the reactor. The bottom effluent which

30  contains approx. 50% cyclopentanone (crude cyciopentanone) and approx. 50%
cyclopentane is transferred into a product vat.

On average, 237 g/h of crude cyclopentancne are obtained which still have to be
separated from cyclopentane in a further distillation. The selectivity for
35  cyclopentanone is 96% (based on cyclopentene converted).



conprising cycl opentanone, wherein the mxture i) contains at |east 25% by
wei ght and at nost 95% 15 by wei ght, of cycl opentene, based on the total

wei ght of the mxture i). 2. A process as clained in claim1l, wherein the
m xture i), in addition to cyclopentene, conprises at |east one conpound
which is inert toward N20 in the course of the contacting of (iii). 20 3. A
process as clainmed in claiml or 2, -®herein the mxture i) contains at

| east 99% by wei ght, based on the total weight of the m xture, of

hydr ocar bags ciadth; 4. A process as clainmed in any of clains 1 to 3, wherein
the mxture i) contains at |east 99% by weight of C5 and C6 or C5 and C7
or C5 and C6 and C7 hydrocarbons. 5. A process as clained in any of clains
1 to 4, wherei i prildeess it prepafitd cyclopiitaront painsasticomsising3bie followdrigue  of  N20
6. A process as clat & In any of clains 1 to 5 wherein the mxture Gii)
contains at mosieP§ (843 9 vol une of oxygen or at nost 0.5% by vol une of
nitrogen oxides or at nost both 0.5% by vol une of oxygen and 0.5% by 35

vol ume of nitroggen ' total volune of the
mxture Gii). %?26- %ﬁﬁcﬁﬁ%r oi%s'% é@ %&g’h‘ﬁ@@ §C|8§e&tg%f claims 1 to 6, wherein
step (iii) comfilyi sepraidimgeticptid ot BepdroditicaliNgQ ogtaalgms:l pajupevcrigyl gasa)

i ntroducing the m xtur relnthe
5 range fromO to 320 %bb(gpées uirsre%?ér;%q%%gzygjn%ﬁ?lrom fi\ﬁﬁp%%éog (b)
contacting the ni xtureordhe)fotahvalumee pbthemigra/@ddel with the nixture Gii) at
a preggure in (e aﬁtae&gfﬂhe%&tuweﬁ?wth%e 4 of BEPEBAICH N.ODr L lIper at ur e _of

the m xture obtal ned eln range from1l to 10G/ mn to a
tenperature in the ran§e *ﬂ\d@rﬁr]?ﬂ@e'tcﬁt'cai@‘gﬂﬁ?cﬁ("@d‘) Oﬁtﬁ'rﬁﬁﬁ@fXWFﬁéGt('%perat ure

set in (c) for a peri o&mm,sk@q;ébﬁ,ﬂg,ﬁaﬁé@mo 1 to 48 h. 8. A process as

clainmed in any of clains wherein, in step (iii), the m xtures
wherein the mixture G(i) contains at least 25% by weight and at most 95%

15 by weight, of cyclopentene, based on the total weight of the mixture G{i).

2. A process as claimed in claim 1, wherein the mixture Gi), in addition to
cyclopentene, comprises at least one compound which is inert toward N.O
in the course of the contacting of (iii).
20
3. A process as claimed in claim 1 or 2, wherein the mixture G(i) contains at
least 99% by weight, based on the total weight of the mixture, of
hydrocarbons.

25 4. A process as claimed in any of claims 1 to 3, wherein the mixture Gi)
contains at least 99% by weight of C; and Cg or G5 and C; or Cs and Cg
and C; hydrocarbons.

5. A process as claimed in any of claims 1 o 4, wherein the mixture Gii)
30 confains at most 93% by volume of N>O.

6. A process as claimed in any of claims 1 to 5, wherein the mixture Gii)
contains at most 0.5% by volume of oxygen or at most 0.5% by volume of
nitrogen oxides or at most both 0.5% by volume of oxygen and 0.5% by

35 volume of nitrogen oxides, based in each case on the total volume of the
mixture Gfii).



15 i) and ii) are contacted in a continuous reactor.

9. A process as

claimed in claim8, wherein the continuous reactor is filled substantially

exclusively with liquid during the conversion of (iii).

20 10. A process as

clained in claim8 or 9, wherein the reactor contents in the continuous
reactor are substantially in the supercritical phase during the reaction in
(iti). 11. A process as clainmed in any,of clains 1 to 10, wherein the

m xture i) 25 conprising cyclopentene is either the C5 cut of a steam

cr acker, (a)(r thgm’xture obtcﬁjﬁlned fromthe partial hydrogenati on of
di en

cycl opent

RIRCPSE GftATes

cycl opent adi ene and conprising cyclopentene. 30

10

15

20

25

30

10.

1.

{a) introducing the mixture G(i) into a reaction vessel at a temperature in the
range from 0 o 320°C and a pressure in the range from 1 to 500 bar;

. {b) contacting the mixture G(i) in the reaction vessel with the mixture Gfii} at
~ a pressure in the range from 5 o 500 bar;

(c) increasing the temperature of the mixture obtained in (b) at a rate in the
range from 1 fo 10°C/min to a temperature in the range from 150 to
320°C;

(d) holding the temperature set in (c) for a period in the range from 0.1 to
48 h.

A process as claimed in any of claims 1 to 6, wherein, in step (iii), the mixtures

G(i) and G(ii) are contacted in a continuous reactor.

A process as claimed in claim 8, wherein the continuous reactor is filled

substantially exclusively with liquid during the conversion of (iii).

A process as claimed in claim 8 or 9, wherein the reactor contents in the
continuous reactor are substantially in the supercritical phase during the reaction
in (iii).

A process as claimed in any of claims 1 to 10, wherein the mixture G{i)
compyrising cyclopentene is either the Cs cut of a steam cracker, or the mixture
obtained from the partial hydrogenation of cyclopentadiene and comprising
cyciopentene, or a mixture of the Cs cut of a steam cracker and the mixture
obtained from the partial hydrogenation of cyclopentadiene and comprising
cyclopentene.
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