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al kene ag@hAxigen The present invention relates to a procagy/Ery/008e7Ki Ng up
~a mxture which contains at |east one al kene and oxygen, the oxygen being
removed fromthe mxture by a 10 suitable nethod before the al kene is
separated off by distillation. The preseqt I nvention also relates to an

i ntegrated process in which propylene oxide is prepared froma _
hydr oper oxi de, preferably hydrogen peroxi de, and propene, the resulting

m xture cont ai ni ng propene and oxygen and bei ng worked up by the novel
process. 15 In processes in which mxtures of an al kene and oxygen are
obtained, it is desirable in nunerous procedures to separate off the

" alkene fromthis mxture and, if required, to recycle it to a process
stage for ec ' i :

encountered in these processes is the formation of ignitable m xtures,

whi ch of course have tQ, be. avoided in all circu safety 20
reasons. A process in \%ﬂf B 2 0PF Féﬁﬁ"&’&'@tﬂ%‘quﬁ%&&%ﬁs‘?;é’gf’%r is the
preparation of propylene oxide, an inportant internediate in the chem cal
I ndustry, starting rrom propene and hydrogen peroxide. In the course of
wor king up the product, in this 25 process unconverted propene is

prefer ab: yds en@rpﬁesedt ifventidroreldiésao arprdeess faroharkipg upof mixtereophich dontaiss and
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whi ch tie crsuitsblprmethod before aharaditend isreparatadooff tyi distillatione {Fhenpreggntch
cont ai ns propene.. . | | 4 | ﬁ:’épix@ét of
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conpounds havirary aahysdropéragidgopreferably Jrydrogenanerenide ¢ nIpRsEnthe ‘Teﬁ'tﬂgf‘gal i a,
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makes the | ow an igni ure whic constitutes a
serious safety risk. The risk is all the nore inportant because, as

descri bg&% ab%?m&&@s@ﬁ WRRFSMIXSHYE bEdiPilkeresand/oxiygen e obtained it by dusiralsiebe
recycl ed 35 and hence the l.ow boiler fragtion jn tyrn Eﬁswor e % ]{for
exanpl e by dilBtRYymerpys, proqedurss J@, sepgrate, off, the, alkeng g‘fﬁ’l“é Erpu%m% 4 Ysg
proposes addipguifd, ithaekyciel i toanggroddds Bige2 b ,cumit/ Bastns relating to the
process. One problem encountered in these processes is the formation of ignitable
mixtures, which of course have to be avoided in all circumstances for safety

20 1easons.

A proces-s in which this problem occurs in particular is the preparation of
propylene oxide, an important intermediate in the chemical industry, starting from
propene and hydrogen peroxide. In the course of working up the product, in this
25  process unconverted propene is preferably separated off from the crude discharge
of the epoxidation and is recycled to the process as starting material. In one
possible embodiment, this crude discharge is subjected to a distillation, after which
the crude product is separated into a low boiler fraction, which contains propene
and compounds having a boiling point lower than that of propene, and a high boiler
30 fraction, which contains propene oxide and compounds having a boiling point
higher than that of propene. Inter alia, oxygen collects in this low boiler fraction, in
a concentration which makes the low boiler fraction an ignitable mixture which
constitutes a serious safety risk. The risk is all the more important because, as
described above, one process requirement is that unconverted propene be recycled
35 aﬁd hence the low boiler fraction in turn be worked up, for eMple by distillation.

In order to solve this problem, EP-B 0 719 768 proposes adding an inert substance



PCT/ EPO1/ 00347 -2- having a boiling point which is |ower than that ofl 3 JUL 2004
propene, woedisigsl y net hane, during the separation of propene fromthe |ow -
boiler mixture by distillation, in the upper part of the sEpHERW37
apparatus, in an anpunt such that the oxygen is diluted to a concentration
at which the mxture is no longer ignitable. In this procedure, the 5
di lution conponent accordingly has to be- &dded to the separ ation appar at us,

it also Dbei nl;aumaﬂ:mlmg peinf.ddhich &oiomptthagythgp f'ﬁr l?l’%h%ngqﬂg ene is

washed out of e.low botler, fracti I's t

i nvention to %‘F&tﬁ‘&%g AR PrOps l%%"i“t %m bYdlatdianm,hnuhe

m Xt ur es whi ctippeopaat Dﬁﬁleaalchamﬁ?o rBdispafatii€) Ban | '
have found th[gaco Eestrgjﬂ L hi eved by ﬂnéu%tcégglgﬂ%agr V\strgl ng um%[
mxture (M), tré’prrl % Wh’:ﬁ'&g muduge %E?%ﬂeﬂﬁmmﬁch%moqedmwgm i's
renoved fPom dlh&Omcnmpoaex(tI‘dﬂ:aorbmg@ hastdibetadiiddio the sEbidtRm ép%am%s a?wz

m xture (M) ang n separated off fromthe Xture ) by
distillation. T Q'Sa'bherr%ifi< F@S Ly eans|of wiich theepromne inovashed opt of t he
novel processthﬁ:hwabmmfmsemus m xt ure. Of course, the mxture (MI) may

al so contain two or nore al kenes differing from one another. In this case,
it is possible, inter alia, for one or nore of the alkenes to be converted

into one or rbitethe hbllec&:oﬁttbmpmnmﬂmgumhm peowidéla plockiewhichofiakes? &
provide hat § |red kene |s resent I n the

i xtureq(dlle) F‘J?'\blgg‘r’lgsz ere are %o r“é%ftsﬁaijf‘?‘t?rf’é’dvﬁ XYReR any asimpls ande
nondi sti | | at i€ MENEBS by means of which oxygen is renoved fromthe
mxture (M), provided that it is ensured that, during this renoval, the
al kene whi ch j.s, conf ai ned |n the m xture 30 (I\/I) and which is to be

cont ai ned i n h@“‘tﬁé@!‘ﬂ‘i‘ objiech it achiaved by adprocesa fosivarkiifig apatmixsirent

into an undegMijompets ta[kén@ahﬂ%x g.ng gess, oxygen is preferably
renoved l%l conbusti on. Anot her preferre odinent is one in which the

m xt ure IS subjected to reaction 35 conditions under which the oxygen
cont ai ned 1 hdhe oiydou s re00éd fiohd thempint LD by-h SBhRIANTIRHAL
Accordingly, the B{%sen \ﬁe&Sl on also relates to process estgri bed
above,

(ii)  the alkene is separated off from the mixture (M2) by distillation.
In a preferred embodtment, the mixture (M1) worked up by the novel process is a
20 gaseous mixture.

Of course, the mixture (M1) may also contain two or more alkenes differing from

one another. In this case, it is possible, inter alia, for one or more of the alkenes to

be converted into one or more other compounds during the removal of the oxygen,
25  provided that it is ensured that the desired alkene is present in the mixture (M2).

In general, there are no restrictions with regard to the nondistillative methods by
means of which oxygen is removed from the mixture (M 1), provided that it is
ensured that, during this removal, the alkene which is contained in the mixture

30  (M1) and which is to be contained in the mixture (M2) is not converted to a
significant extent into an undesirable product.

In the novel process, oxygen is preferably removed by combustion. Another
preferred embodiment is one in which the mixture (M1) is subjected to reaction

35  conditions under which the oxygen contained in the mixture reacts with a suitable
chemical compound.

Accordingly, the present invention also relates to a process, as described above,



1 3 JUL 2004 WO 01/ 51475 -3- wherein (i) oxygen is renmpved fromthe H3xFUrx0;
(M) PCT/EP01/00347 by conbustion of the oxygen or by reagdtpporfpsdrne
oxygen %%P'éél]ﬁ dinthe mxture (M) with at |least one 5 surleta ' e chem cal
- conpound or by a conbination of these nmethods. Regarding the conbi nation of
t he net hods descri bed above, it is in principle possible to use the two
nmet hods si mul taneously in the case of sditabl e react ants, so 10 that the

oxygen is cqpyish el o9zt heridveliom tianiereqMI) reaction with a suitable
conmpound. It 1s also possible for the two different procedures to be

carried out in succession in any desired order, it being possible for each
net hod al so to b%y%h[ﬁuﬁt‘i’on Sfithe bgedrornore times. 15 Regarding the

conmbustion, all podssible cedures are ssh bl e. | G , i ded
Chat 1t s ensur b whelion fabs Plusra omanel T (h8 Bishe R U & JpasP R, P2,
does notgreact tguithie chemiesldoaipoangpopducts. Inter alia, the conbustion of

oxygen can be effected.w tho usi ng a. catal yst This noncatal ytic
conbustion can b®Y &AM 1%“’6’1#“6??%‘%5?45‘ reactors suitable for this

pur pose. For exanple, tenperatures 20 of nore than 300C and pressures in

th [ t her i vinl t

used' bei ng, HeaarddRia i sompfaips ot e fenBie HErH “'*’?‘oa?’mé’%?r‘rg?éf‘ e *hed.

In a pref gr rpedsibiho dserthetiwo imethudsrsimultanspud i i the gase ebvaat l;;hﬁﬁ?t”&ﬁ'ﬁ?ie

oxygen | | n i ng at
yg o]n(i Sm}%@% %chg%gé{ g}ﬁ\ﬁﬂﬁdpﬁw@ d?i‘B&idE&nﬁJliﬂn)zd by réaBfiéh Reth Qutiitatsle ng

| east / sul tabl e catal ysts, or catal yst. m xtures
may be used doopouhd.dt pralpopessible farehe fivo difforemy Rrofgdusgsdo &F@a‘?’rﬁl‘% Pt, Rh
or P, whi L 0BKBE i R) dekfled SrdHiit Be P posSINRIr csch Fetliod ulsom be vartiad

or

ioxi des, are preferred. “F exanple, Pd catalysts supported on A1203 are
used. Copperout ot mereckmes-ysts may al so be nentioned. 30 Exanpl es here
I ncl ude the cormercially available catal ysts R0-25/50 S6, RO 20147 K2-4 or

Combust1on dresanang e 1L RE5Tpls AHE KA Jrontnies Bf gFRclor | 2
adapted to thgviaed tat NBémswell thitethdmlkenspeisich ie presenteinsthe imixpug (Mddl ar t he
composttion (ﬂchs tng{a react. %ougrige Wdc).sirgﬂl% ﬁrgguéé’ Riter alia, the combustion of oxygen
can be effected without using a catalyst. This noncatalytic combustion can be
carried out using all reactors suitable for this purpose. For example, temperatures
20  of more than 300°C and pressures in the region of atmospheric pressure are
preferably employed, the reactors used being, for example, tubular reactors with,

for example, an inert bed.

In a preferred embodiment of the novel process, the combustion of the oxygen
25 which is contained in the mixture (M1) is carried out using at least one suitable
catalyst. All suitable catalysts or catalyst mixtures may be used for this purpose.
Inter alia, noble metals, for example Pt, Rh or Pd, which may be applied to suitable
supports, for example metal oxides, are preferred. For example, Pd catalysts
supported on AL,O; are used. Copper chromite catalysts may also be mentioned.
30 Examples here include the commercially available catalysts R0-25/50 S6, RO-

20/47 K2-4 or R3-20 S6 from BASF AG.

The temperatures which are used in the catalytic combustion of the oxygen which
is contained in the mixture (M1) can be adapted to the requirements of the
35  respective process, in particular the composition of the mixture (M1) and the type
of catalyst used. In general, the temperatures are from 200 to 650°C, preferably

from 280 to 580°C.



of catalyst used. In general, the tenperatures are from 200 to 650C, ‘}JUL}BHL'
pref erablyq o 545280 to 580C. WO 01/51475 1 3 JUL 2004 PCT/ EPO1/ 003 .
Regardi ng the reactor or the reactors in which the catal yt iF

takes place, all suitable reactors may be used. Exanples of preferred
reactors include tubular reactors, such as tube-bundle reactors or shaft
reactors. 5 The residence time of the mixtdure (M) in the reactors
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different reactors, which may be tailored to the respective reaction
conditions. 25 The catal ytic conbustion of the oxygen has, inter alia, the

advant ade t hets fpfed abeve, ria passalale dor the oxxean tabereraovd-rom dlie mbcsuredMi)st i on
reaction are ih@weor picie e§ B?coﬁﬁﬁﬁldiﬂ‘ Thig P iRk Yinter afig) gﬁBr ##Eﬁhto?’o In
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a further e odi nent g_q rt-ﬁ novel €ss, en |1 s renove
m xt ure mipoved drqm the mixfie e'?YW?'P un@aﬁwbseaewwel a dsstpound.

catalyst and for oxygen to be removed from the resulting mixture using a second
catalyst, it being possible for the reaction conditions in the first and the second
20  stage to be identical to or different from one another, for example with respect to
temperature or residence time of the respective reaction medium in the reactor.
Furthermore, the different stages can be carried out in one reactor or in a plurality
of identical or different reactors, which may be tailored to the respective reaction
conditions.
25
The catalytic combustion of the oxygen has, inter alia, the advantage that the
temperatures to be used at the start of the combustion reaction are lower than in the
case of the noncatalytic combustion.

30 In a further embodiment of the novel process, oxygen is removed from the mixture
(M1) by reaction of the oxygen with a suitable chemical compound.

Here, the suitable chem{ca] compound may be added, for example, to the mixture
(M1) and reacted under suitable reaction conditions with the oxygen contained in

35  the mixture (M1). It is of course also possible here to add two or more suitable
compounds which are reacted with the oxygen. The compound resulting from this
reaction or the resulting compounds may either remain in the mixture or be
removed from the mixture, depending on the procedure.



" Here, the suitable chemcal conpound may be added, for exanple, to th& jyi 2004
©omxturewdpeiapnd reacted under suitable reaction conditipoEEPSidAzéThe
oxygen contalned in 35 the mxture (M). It is of course also possible here
"to add two or nore suitable conpounds which are reacted with the oxygen.
The conpound resulting fromthis reactign or the resulting conpounds may
either remain in the mxture or be renoved fromthe m xture, depending on
the procedure. WD 01/51475 5 13 JUL 2004 PCT/EPOL/ 00347 Furthernore, the
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- oxygen whi g Rt SRCHE HonBiindE SAEPIAGk Oof RBripead | WHicK ORI LT ons
e

under which the™ reactron w eoxtégenlsefected. 1 V\hl|?ln
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pOSSI bl & T 0Ty} 35 foPichiid Bf mhf) e AMED 10 hE Foadliod EitiditichB andorvitith the
conpound, catalyzed reactions are preferred. 15 The present invention

therefore alraction with theroxygemissdisted. as described above, wherein the
combustjgn of the oxygen or the reaction of the oxygen contained in the

m xture (ML) _with at, | east one sui.table chem.cal conpoupd I. rri out

cat al yt i cal | Whilsdn priggipleseactions yhich, fake p‘IfQS:F “8&8%%&"3 Pgﬁ %‘?‘Qgﬁﬁ‘a to the
m xture (M ép&&ibl’d €or dis eambyionr ISt oxygeh heithriax tiease oféspitable ecompopnd,nci pl e
ral | conpounds ca of reacting with oxygen and whi ch do not

ich "are apl e
adversel y af?@%@%%ﬁ?ﬁﬁﬁ%ﬁmgf the al kene fromthe nixture (M) by

distillation. In particular, the reaction product or the reaction products

of the ope mor e conpo n'fﬁ%gﬁ r Lo | ibdll Xdbdy& or may
be rem)ggd ?T%P nﬁw@?ﬁ&‘gé(t%ﬁ?fo y)'l%%sw a ﬁga.gr oce’sg'plgﬂe2 ore the al kene
i s separ at edwbérkirbthectiosthiubtien pthe dxygen onthe reagtion of the ex¥genS@nRIIdPrent ,
mxtures (M jeWoiilre (M1)PGRL 4t0RadtO0ne suitable chemical compound is carried out

catalytically.

20 .Examples of reactants for oxygen, which are added to the mixture (M1) or are
already present in the mixture (M1), are in principle all compounds which are
capable of reacting with oxygen and which do not adversely affect the separation
of the alkene from the mixture (M1) by distillation. In particular, the reaction
product or the reaction products of the one or more compounds and oxygen may

25  remain in the mixture or may be removed from the mixture (M1) by a suitable
process before the alkene is separated off by distillation.

In a particularty preferred embodiment, mixtures (M1) which, in addition to
oxygen and alkene, comprise an alkane corresponding to this alkene are used in the

30 novel process. In the context of the present invention, the term alkane
corresponding to an alkene denotes an alkane in which the one or more C-C double .
bonds present in the alkene are present as saturated C-C single bonds.

Accordingly, the prcsen‘t invention also relates to a process, as described above,
35  wherein the mixture (M1) additionally comprises an alkane corresponding to the
atkene.

Regarding the removal, described above, of oxygen from the mixture (M1),
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singl e bonds. Accordingly, the present invention also relates to a process,
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descri bed abqve
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cycl ohexane/m@gﬁmggaﬁﬁon AhGrmbodlofoRggdy Cl ohexadi ene,
cycl ohexadi eneé/ benzene, cycl opentane/ cycl opentene. The oxydehydrogenati on

of the b%e or nore al kanes can be effected both catal ytically and
noncat al yt i cPdr the piirpdses ablthe plesevtviaventione thexfotlesl alkanéhikefie ipairs @e¢ i ed
out 51 9 & SUfLL CaLaLYS] hoRORL IR0 o BB YEL SonlELe BIS ™Y P°
alkene by oxydehydrogenation with removal of oxygen:
Propane/propene, ethane/ethene, ethylbenzene/styrene, cyclohexane/cyclohexene,
20  cyclohexene/cyclohexadiene, cyclohexadiene/benzene, cyclopentane/cyclopentene.

The oxydehydrogenation of the one or more alkanes can be effected both
catalytically and noncatalytically. Preferably, however, the oxydehydrogenation is
carried out using a suitable catalyst. Regarding these catalysts, reference méy be

25  made, for example, inter alia to M. Xu, J.H. Lunsford, React. Kinet. Catal. Lett. 57
(1996), 3-11, and to B. Delmon, Stud. Surf. Sci. Catal. 110 (1997), 43-59, and to
the literature cited therein, which are hereby fully incorporated by reference in the
context of the present application.

30 In a particularly preferred embodiment of the present invention, a mixture (M1)
which comprises propene, propane and oxygen is used, particularly preferably the
propane being converted into propene by oxydehydrogenation with consumption of
oxygen. An advantage here is that the removal of pxygen gives a product which is
already contained in the mixture (M1) and is separated off by distillation according

35  to(ii).

The present invention hence also relates to a process, as described above, wherein
the mixture (M1) comprises propene, propane and oxygen.
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abovenent i ondy exydebydogenation xfi prepens. Imeparticnlerm stedescrthed ethe 15
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propane contained in the mixture ?1\4{15'%1' the amount of oxygen which is to be
contained in the resulting mixture (M2), it may be necessary to add further propane
to the mixture (M1), in addition to the propane which is already contained in the

20  mixture (M1]) and which, for example, originates from an upstream process stage.

For the purposes of the novel process, it is possible to remove oxygen from
mixtures (M1) which have substantially any oxygen content.

25  For the purposes of the novel process, it is possible, for example, to add alkane to
the mixture (M1) in a controlled manner in order to remove the desired amount of
oxygen by oxydehydrogenation.

By means of the methods as described above for oxygen removal, it is possible to
30  reduce the oxygen concentration in the mixture (M1) to any desired value which is
required by the further use or the further working-up of the resulting mixture (M2).
With particular preference, for example, when reducing the oxygen content of a
mixture comprising propene, propane and oxygen, oxygen contents of the low
boiler fraction of the mixture {(M2) of 12% by volume or less are preferred and an
35  oxygen content of 8% by volume or less is particularly preferred. In the context of
the present invention, the term low boiler fraction of the mixture (M2} denotes the
fraction of those compounds of the mixture (M2) which have a boiling point which
is lower than the boiling point of the alkene, for example propene. Here, the
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one further step,. .this, soli, avi ng reduci ng properties and bei ng capabl e
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al kal i ne ear tFtalioRm Qartymetalse by Al 0 and cadmjumaT: e ese
are preferablexaniplegin & form applied to a suitable inert support. For example, the solid R3-
11G T5x3, a finely divided copper on magnesium silicate, commercially available
20  from BASEF, is particularly preferred.

The present invention therefore also relates to a process, as described above,

wherein, before the alkene is separated off by distillation, the mixture (M2) is

brought into contact with a solid, by means of which oxygen present in the mixture
25  (M2)isreduced.

This bringing into contact is very particularly preferably carried out in a gas-phase
reaction, the reaction temperature employed preferably being from room
temperature to 250°C. Pressures of up to 30 bar are preferably employed, and the
30  throughput is preferably more than 1000, particularly preferably more than 1000 to
3000, m*(S.T.P.¥(m>h). In principle, any suitable reactor may be used. Tubular
reactors or shaft reactors are preferred here.
The one or more solids stated can of course be brought into contact with the
35  mixture (M1) during the removal of oxygen from the mixture (M1) by combustion
or by reaction of the oxygen with a suitable compound, for example preferably by
oxydehydrogenation of an alkane.
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oxi de, st art i proferablig tifapuimesilicalite.

Zeolites per se are known to be crystalline aluminosilicates having ordered channel

20 and cage structures which have micropores. The term micropores as used in the
context of the present invention corresponds to the definition in Pure Appl. Chem.
57 (1985), 603-619, and denotes pores having a pore diameter of less than 2 nm.
The network of such zeolites is composed of SiO4 and AlO4 tetrahedra, which are
linked via common oxygen bridges. An overview of the known structures is to be

25 found, for example, in W.N. Meier, D.H. Olsor and Ch. Baerlocher, Atlas of
Zeolite Structure Types, Elsevier, 4th Edition, London 1996.

In particular there are zeolites which contain xio aluminum and in which some of
the Si(TV) in the silicate lattice has been replaced by titanium in the form of Ti(IV).
30  The titanium zeolites, in particular those having a crystal structure of the MFI type,
and possibilities for their preparation are described, for example, in EP-A 0 311
983 or EP-A 0 405 978.
Titanium zeolites having an MFI structure are known to be identifiable by a
specific pattem in their determination by X-ray diffraction and addltlonally from a
35 skeletal vibration band in the infrared range (IR) at about 960 cm ! and thus differ
from alkali metal titanates or crystalline or amorphous TiO; phases.

Specific examples are zeolites having a pentasil zeolite structure, in particular the
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CHA, AFl, ERlthefeol, RHO, BOG NC]\I EMI, MIN, HEU, DDR, DOH, LTL, NES, KFI,
RSN, SGI, MFS, MFI or MEL structure or to a m xed structure corrpri si ng I\/FI
and MEL. A plurality of these 5 zeolites of this type are described, for

exanpl e,15n ftlhgeabﬂl/,e‘.heBéamﬂedamblprﬁeﬁbmmﬁﬁni\&ih&llteba@yst, mp:ﬂ'bdlﬁi Y,
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mixture of an SiO, source, a titanium oxide and a nitrogen-containing organic
base, e.g. tetrapropylammonium hydroxide, in the presence or absence of an alkali
20  solution, in a pressure-resistant container at elevated temperatures for several hours
' or a few days, a crystalline product being obtained. This is, as a rule, filtered off,
washed, dried and calcined at elevated temperatures to remove the nitrogen-
containing organic base. In the powder thus obtained, the titanium is present at
least partly within the zeolite framework in varying amounts with four-, five- or
25  six-fold coordination (Behrens et al., J. Chem. Soc., Chem. Commun. (1991), 678-
680). This may be followed by repeated washing with a hydrogen peroxide
solution containing sulfuric acid, after which the titanium zeolite powder has to be
dried again and calcined, as described, for example, in EP-A-0276 362. The
above-described crystallization of the zeolite from suitable starting materials by
30  hydrothermal reaction is carried out in general at from 50 to 250°C over a
sufficiently long period, autogenous pressure being established in a temperature-
dependent manner. Depending on the procedure, the zeolite obtained, preferably
the titanium silicalite obtained, can then be used. for the epoxidation either in the
form of a powder or in the form of a molding.

35
All suitable methods may be used for the preparation of a molding. In the molding
step, one or more viscosity-enhancing substances may be added as a pasting agent.
All suitable substances known from the prior art may be used for this purpose. In
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" The amount of these assistants is preferably from 1 to 40, particularly preferably
20  from 2 to 25, % by weight, based in each case on the molding finally prepared, as
described below.

In order to influence the properties of the molding, for example transport pore
volume, transport pore diameter and transport pore distribution, further substances,
25  preferably organic compounds, in particular organic polymers, can be added as
further additives which can also influence the moldability of the material. Such
additives include alginates, polyvinylpyrrolidones, starch, cellulose, polyethers,
polyesters, polyamides, polyamines, polyiniines, polyalkenes, polystyrenes,
styrene copolymers, polyacrylates, polymethacrylates, fatty acids, for example
30 stearic acid, high molecular weight polyalkylene glycols, for example polyethylene
glycol, polypropylene glycol or polybutylene glycol, or mixtures of two or more
thereof. Other examples are acrylate-based polymer dispersions, melamine resins,
phenol resins and polyurethanes. Those compounds which, after the preparation of
the molding, can be completely removed from the molding by drying and/or
35  calcination steps in a suitable atmosphere and at elevated temperatures are

preferably used.

The mixture can be compacted in a suitable manner before the actual molding, if
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mol di ng, if 3 . | EPOL/ 00347 - _
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extrudate diameter and the cross-sectional shape, can be influenced. The latter can
20  be widely varied by preparing, for example, honeycomb, clover leaf, wagon wheel,
star, hollow strand or other shapes. By agglomeration methods, the molding can

also be prepared in the form of spheres of variable diameter in the novel process.

The extrudates are either strands or honeycomb elements. The honeycombs may

25  have any desired shape. They may comprise, for example, round strands, hollow
strands or star-shaped strands. Furthermore, the honeycombs may have any desired
diameter. The external shape and the diameter are as a rule determined by the
process engineering requirements which are prescribed by the process in which the
molding is to be used.

30 After the end of the extrusion, the moldings obtained are dried at, in general, from
50 to 250°C, preferably from 80 to 250°C, at in general from 0.01 to 5, preferably
from 0.05 to 1.5, bar in the course of from about 1 to 20 hours. '

In a preferred embodiment, the oxide material, regardless of whether it is in the

35  form of moldings or powder, is calcined before the further reaction according to
(b). This subsequent calcination is effected at temperatures of in general from room
temperature to 1200°C, preferably from 300 to 800°C, particularly preferably from
450 to 700°C. The pressure range is chosen similarly to that of the drying.
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or honeydbrb CQFEWEH{}%‘? :qﬁﬁo%oﬁrgyg%s%ﬁgénfgg fﬁi%\l’;’ga;a{ﬁ%%g’fre‘éﬁ S 5;83%15 They
may conpri se,méldingsxasnpeibas fugien clamigaldssatents, dor example s describgd abaved
strands. Further more.. Cg@ﬁlléﬂ* g]ﬁ?éem@még siticROdiaflet¥®ifStom The
ext er nal shadgg n ‘ﬁ‘e?%grlslé%g@g%/e’ re as_a rule det ergi ngd bl tehe progéess
engi neering rielte § svmin pamiculenframe0.p te2 spmaze preferably s in which the
nolding is to be used. 30 After the end of the extrusion, the nol dings
obtained are dried at, in generagl, fro 50.t.0 250 ferably from@80 to
250C, atlGn Jewse granules Qoo PB‘PS,“’B@?%PAHS gs p | By ?‘t?t&i‘%;@e in
the course ofofiaimvah@aly nb fréctidfs Having. pdrticles fiherf than aHosenivitti aretinimurhe
oxide material,  regardl es ether it is in the 35 formof noldings or

. of
powder, is cdBrisle %Pga?% f'UPher reaction according to (b). This

subsequent calcination is effected at tenperatures of in general fromroom

Lemerature o 12006 aREMALA0Y ol ROR 3P AN GerkBhld GGG bt gl 201 Y

e

from 450 to re range I's chosen simlarly to at of the
dryi ng. 280 0lh&dlkéhe which is epoxidized:

Ethene, propene, 1-butene, 2-butene, isobutene, butadiene, pentenes, piperylene,
hexenes, hexadienes, heptenes, octenes, diisobutene, trimethylpentene, nonenes,
dodecene, tridecene, tetra- to eicosenes, tri- and tetrapropene, polybutadienes,
25  polyisobutenes, isoprenes, terpemes, geramiol, linalool, linalyl acetate,
methylenecyclopropane, cyclopentene, cyclohexene, norbomene, cycloheptene,
vinylcyclohexane, vinyloxirane, vinylcyclohexene, styreme, cyclooctene,
cyclooctadiene, vinyinorbornene, indene, ‘tetrahydroindene, methylstyrene,
dicyclopentadieve, divinylbenzene, cyclododecene, cyclododecatriene, stilbene,
30 diphenylbutadiene, vitamin A, beta-carotene, vinylidene fluoride, allyi halides,
crotyl chloride, methallyl chloride, dichlorobutene, allyl alcohol, methallyl alcohol,
butenols, butenediols, cyclopentenediols, pentenols, octadienols, tridecenols,
unsaturated steroids, ethoxyethene, isoeugenol, anethole, unsaturated carboxylic
acids, e.g. acrylic acid, methacrylic acid, crotonic acid, maleic acid or vinylacetic
35  acid, unsaturated fatty acids, e.g. oleic acid, linoleic acid, palmitic acid and

naturally occurring fats and oils.

Preferably alkenes of 2 to 8 carbon atoms, particularly preferably ethene, propene



-13 13 JUL 2004 PCT/EPO1/40347 The cal cination takes place in an ox{ glmmm;
or reduciyged@sphere. As a rule, calcination is effected in

oxygen-cont al ni ng at nosphere, the oxygen content being frBﬂ@Pﬁ‘W.{BO
preferably from0.2 to 22, particularly preferably from0.2 to 5 10, % by
vol une. Wen the oxide material is used as a catalyst, the duration of the
cal cination can be adapted in such a way hat, for exarrpl e a desired

conbi nation opf bgeh&l Mhi fﬁaﬁﬁhlaﬂ foreRe, NRENIMIBA ot 2R idE hitpued. O
course, the gyéwudate descrj bed "above can be subj ect eg t I NI shi ng

step. All PhdBS RIHROSS 8K the presept @m\ﬁlpnembyarstsuliaﬂm ng or

breaki ng t he Péférdbﬂg'@dr@gen\/pﬁkéxxd@ further chemcal treatnents, for exanple
as descri bed above i f comm nution takes place, granul es or chi ps having a

particle dianmeter of from 0.1 to 5 mm in particular from0.5to 2 nm are
pre](‘j eraglsﬁ pm@uﬁeﬁmﬂ@hmecmwh&an@bxmaeﬁv@iﬁlaﬂa uAESh e allingliadgs |
produced by angt her netho ontain virt tions having particles
finer than tWS@@sWﬁe% ‘@ﬁﬂilﬁ %L"@iﬂgé’ﬁﬂﬁt“’%"}l S%Qﬁ?

Parti cul arI yttm efﬂieaiukqne axide mrpraferszlpfoﬁd&d i khecdpoxidatioh | Fupeehi&b) vhar e

d h d:. Eth 1- but
g-sgut erle i's %Sﬁto eg%oﬁ?m@%‘%gnd P‘%@‘T%F ze &F%]E#eﬁweﬁawsr%kmeﬁ&ﬁﬁ’gl enes,
hep'élenes ocaqmagm,ntecmmﬁntbmfemtom%bthbqghntlmsm onahenam, of ﬂfu]beﬁelaﬁd -
t ece e a e r i enes,
r Ii%t englto e. R @drﬁﬂlﬁﬁp the Ialidtire Wiiuéh E‘t%rﬂg 930 % B%f%ﬁgﬁ “ég‘g? at e

pol yi sobu I'Soprenes,” ‘ter penes, gerainio ,
met hyl enecyccmdﬁ#@n@fpcqmﬂgpmcgnMWmMLmt oﬁpmlpenmene cycl ohept ene,
vi nyl cycl ohexane, vi nyl oxirane, V|nylcyclohexene styrene, cycl ooct ene,
cyclooctadlene vi nyl nor bor nene, indene, 'tetrahydroindene, nethylstyrene,.
di cycl opent a dhe pEcsent JnYRpHEE ntheFriore glsp orelatesc i an Wﬁ@dﬂ'@%ﬂsﬁl onghe

stil bene, @Fﬁaﬁ&ybpﬁ@mcﬁg%ﬁd@ AWhieh A beta-carotene, vinylidene
quoridi LX hal i des r té orlde thaIIyI chl qori de,
di chl or 8But i, aP‘IO?F“%?%ﬁYﬂ?“’ SRoPeraKide, inz paeted dn the preseaseaf ol s,

cycl opent enedi ol sa zMi”téeﬁlﬁl)&t, pa%mm)emkmumrsman@r&iﬁyst, to 39l propilede
steroi ds, ethoxyet h oe t.hole, unsaturated carboxylic
acids, e.g. acryl?’e W”&Pfgltﬂi[@qvhgcw crotonic acid, maleic acid or
vinylacetic ® acthd, mixtsrat@EaX wﬂxchatestyltsaﬁomLs(,a) ang coﬁipﬁsss mpyll.end: oRidegi C
acid, palmtic acigapdundaVeidl hropdfié plopht L&k % Md Bropene starting
20 material and oxygen and further chemical compounds which have a lower
boiling point compared with propene is separated by distillation to give a
mixture which essentially comprises propylene oxide and solvent, and a
mixture (M1) is obtained which comprises essentially propene, propane,
oxygen and the further chemical compounds which have a lower boiling
25 point compared with propene,
(c)  oxygen is removed from the mixture (M1) by a catalytic process to give a
mixture (M2) comprising propene, and
(d) propene is separated off from the mixture (M2) by distillation and is

recycled to (a).
34
An mtegrated process in which, after (c) but before (d), the mixture (M2) is
brought into contact with a solid which reduces oxygen is likewise preferred.
Regarding this solid, refe:rencc may be made to the embodiments described further
above.
35

The mixture (M1), which consists of the low boiler components of the mixture
(M0), has a propane content of from 0.5 to 85% by volume, depending on the
propane content of the propene used, as described above.



* preparati

- Preferably al kenes of 2 to 8 carbon atoms, particularly preferably et g, 7004

propene WO 01/51475 13 JUL 2004 PCT/ EPOl/ 00347 -14- or butene, in

particul WO opSHIENe, are suitable for the epoxidation. ThePCMF(!’I”UB@‘?)xi de
used for the purpose of the present invention is particularly preferably
hydrogen peroxide. 5 Here, a m xture which contains al kene oxi de, sol vent
and unconverted al kene as well as oxygeriSand further conpounds which have
a boiling point which is below that of the al kene oxide is preferably
formed in the epoxidation. Particularly in the case of the epoxidation of
propene, the Hmrmﬁeaanpemmmmdnﬂehd nemtioned Which arg cgn,talnai pribpanxtwont ent

f to 30%
XCC(L)IIPdI ﬁgl Y, (F'ﬁé H?%grg\sﬁﬁ?gﬁocég%&r Hngscggéﬂc%oa@ lgcqﬁ&ﬁg? e %&o @ﬁ%@ﬁ, for
epoxi dat i on @mptqomnbomﬂmmdepcarhmmmoaow:xlwdmgﬂmmhaot, whielpeitker wWere

~ present é;ve““ &ﬁé8&%@4&%&&@&%@#@&%@%& A8, frge the

ene propene and hydrogen
peroxi de, in axygcn vmmmr@tm Qféb@:ﬁnmq{l\ﬂ}klﬂﬂhlésf@?&féteépmcgsszlééﬂ generddnal yst
preferably a Sol@tedl yst, to give propylene oxide, a

m xture (MO t{‘)el%gdﬁjoﬁlgil negj%%%)ot he m xture (MO which results from(a)
and conprises propylene oxi de, solvent, unconverted propene, propane

contained iny dﬁiﬁﬁ@'}ﬁef‘e‘ﬁ@d ténlitﬂad&@nﬂ&h@rpraienariﬂv@wﬂ&ﬂs@maaiesrtdﬁ@ﬁ

chem cal corrpoun

oi lin oi n ared wt ropene
" is separH? ed intgexated process; %gqsﬁng?cteb‘ﬁ’e 'EegT cvﬁ#’%’ﬁ‘c QeI AETAT pl’l ses

propyl ene OXI(Q)—:‘lsand solvent, and a mxture (ML) is obtained V\/m ch

conpri sgs a;seﬂt |ha I yat%[O eneﬂ?ﬂ))1 ane.. Bgﬁﬁg@gﬂ%c&@%me&wi %c?l )
conpounds ic 36(%19" dﬁ&@* ‘afi@' c
oxygen is renoved gropene, be nmixture (M) by a catalytic process to give a

XS (M) oM S LR ORRNGiANS: bl AP ONEchly AR AR adda g the

m xture (M) by di on a recycfed to ntegrat
process 1% which, catalest,¢rc) but before (d), the mixture (M) is

- a combination of these methods.

The propene separated off by distillation according to (d) can, if required, also be
subjected to one or more purification stages before being recycled as a starting
20  material to (), all processes known from the prior art being possible here.

In a further possible embodiment of the novel process, a part of the stream (M1)
can be removed from the process and, for example, fed to one or more other
processes. It is also possible to recombine that part of the stream (M1) which was
25  removed from the process with the stream (M2) which results from that part of the
stream (M) which was pot removed and from which the oxygen was removed by
one of the methods described above, and to separate off alkene in a manner
corresponding to (d) from the resulting product stream by distillation.

30  The Examples which follow illustrate the invention.
Examples

Example 1:  Epoxidation of propene

35
40 g of methanol, 5.6 g of TS-1 catalyst powder, prepared as described, for
example, in DE-A 41 38 155, and 7.8 g of propene (chemical grade, 95% by
volume of propene and 5% by volume of propane) were initially taken in a stirred



brought into contact with a solid which reduces oxygen is |ikew se 13 jyL 200
preferregyoofia@nr ding this solid, reference may be nmade top.%lt}gp(ﬁw nments -
descri bed further above. 35 The m xture (ML), which consists o e |l ow

boi |l er conponents of the m xture (M), has a propane content of fromO.5

to 85% by vol unme, depending on the pr op?ne content of the propene used, as
descri bed above. 13 JUL 2004 WD 01/ 514751915 PCT/ EPO1/00347. Furt her
conponent s Wauwblaveliaviag dcitpod 120h are contained in the mxture (M)
in the integrated process described above include, in addition to oxygen,

for exanple carbon dioxide, carbon nonoxide, hydrogen or ethane, which

eiht her we(rje Hhemmh' easicooleieo PBUDENT guﬂedcmﬁmahf&alfsov Mﬁﬁ@@ﬁﬁts of
t he epoxidation. The oxygen concentration of. the m xture (ML) in this

|t eorat ed phoogS PeroRiiitte P Eed i ood eifioh t%#letmlwﬁo%‘pp%‘%. n
a furthe5 pr afcecasing te 150U amhihe prdssupred®bar.i nvention al so relates to a
10 integrated process, as described above, wherein the catal ytic process

according to (C) is the catalytic oxydehydrogenati on of the propane
cont ai ned i nAfier the teactiinviad endeghehe autoclave evas abaley to 20U ahd shed gas pifas¢ he

oxygen, the . d einﬂg"g [ Al2 al %ation
of these net ﬁ%%y%gd%rﬁoé&ne sepaér:)fg d %ngéo%g@l II?/Z%(IO%B%?@E]?’ I to
(d) can, if rompesieen: al so be subjected to one or nore purification stages
before hgi ngpfonpgy&l eg4_qg69y§$lgfntei ng 20 material to (a), all processes

known fromthe prior _art being possible here. In a further possible
embodi ment oPfrapaee:nodee Py ¥eliEe a part of the stream (M 1) can be renpved

fromthe proggfge,@nd, bagerpisle fed to one or nore other processes. |t
is also possifb- eto re(ég,%le t hat part of the stream (ML) which was 25
removed fro e proce Kolume stream (M2) which results fromthat part
of the stre@®:(M) who@O8%bwvslgier enoved and from which the oxygen was

renoved, py e of the ods, descri bed above, and to separate off al kene
in a ma?'lger 9{9 Orﬁ% Ey volume

Example 2: Epoxidation of propene

Example 1 was repeated with the following modifications:

20
The metering of the hydrogen peroxide and the cooling were adjusted so that the
reaction temperature did not exceed 35°C. After the reaction had ended, the
autoclave was cooled to 20°C and the gas phasé was investigated by means of gas
chromatography. It had the following composition:

25  Propene: 44.1% by volume
Propane: 51.0% by volume
Oxygen: 0.6% by volume

COy: 0.01 % by volume
CO: < 0.01% by volume
30 H,: <0.01% by volume

Example 3: Reaction of the gas mixture from Example 2 with a propene oxyde-
hydrogenation catalyst

35  The oxydehydrogenation catalyst (LiCL/TiO,) was prepared as stated in Xu,
Lunsford, React. Kinet. Catal. Lett. 57 (1996), 3-11. The supports used were
premolded TiO, (99% nutile) extrudates having a diameter of 2 mm. A tubular
reactor (length = 24 cm, diameter = 12 mm) was filled with catalyst chips (about 1



- corresponding to (d) fromthe resulting product stream by distillati dr¥ JBOW00
- The Exanples which followillustrate the invention. Exanpl %’:lﬁ 1:

Epoxi dammlﬁﬂsopene 35 40 g of methanol, 5.6 g of TS-1 c@@gt powder ,

- prepared as described, for exanple, in DE-A 41 38 155, and 7.8 g of

propene (chem cal grade, 95% by volunme of propene and 5% by vol une of
propane) were initially taken in a stirr&l-1 3 JUL 2004 WD 01/ 51475 -16

aut ocl ave haé}.ﬂga@dfé&?‘?ﬂotﬁsﬁuﬂd"c?a@treatﬁqf/nﬁf’&@ﬁ.omﬂ The m xture was

cooled to 23 of a commercial 50% strength solution of hydrogen
per oxi de were then added in one portion to the m xture, the tenperature 5

| nor easi ng t o)A ie A0 ferRieRR/ 1! Bechchtbed, hé iRfodchowse stk oMNarith

ended, the autoclave was cooled to 20C and the gas pha s, investigated
by moans of - (g8 miREheNGRE AQMGDOSor Afn ERBTPIR 2 B PSSRl e BAchon

~ Propene: $4. 1965y mifhidtRderdabsiheric preadard{cotfdspotils ety @fipty frbe 986idanceol unre
C02: 0.7% by volume CO 0.08% by volunme 15 H2: 0.3% by vol une Exanple 2:

Epoxi dati on dimelahonts 8e9adYe | was repeated with the fol | ow ng
nodi fications: 20 The nmetering of the hydrogen peroxide and the cooling

the reatt on M Qdbein BrHERPLPh I enis e iy e iRt of 00
was i nvest i gahemls by gaschdomatbgmplsy. Themixtire baditheyfollowinggdmpesitibn | owi ng
conposi tioon: rgpe%re.ppeﬁ‘i%%.v%lu%eby vol une Propane: 51.0% by vol une

Propane: 46.9% by volume

Oxygen: 0.01% by volume
COy: 0.4% by volume
CO: 0.3% by volume

15 Hj: <0.01% by volume
Methane: 0.5% by volume
Ethane: 1.9% by volume

The concentration of oxygen in the mixture, which contains all components having
20  aboiling point below the boiling point of propene, was now only 0.3% by volume.
Safe distillation of this gas mixture for recycling of the propene is thus possible.

Example 4: Reaction of the gas mixture from Example 2 with a combustion catalyst

25  The reactor from Example 3 was filled with a commercial combustion catalyst
~ based on palladium (0.5% by weight) on a gamma-Al,O3 support in the form of
spheres having a diameter of about 2 mm. The reactor was heated to 350°C under a
stream of nitrogen. Thereafter, the stream of nitrogen was shut off and a gas
mixture having the composition stated in Example 2 was passed through the
30  catalyst (flow rate = 500 mi/min at atmospheric pressure). The reactor heating was
regulated so that the exit temperature of the gas mixture was about 350°C. After
operation for 1 hour, the gas mixture emerging from the reactor was analyzed by
gas chromatography. The mixture had the following composition:
Propene: 49.6% by volume
35 Propane: 40.1% by volume
Oxygen: 0.009% by volume
COy: 0.1% by volume
CO: 0.9%% by volume



Oxygen: 0.6/a by volume C02: 0.01 %by volume CO < 0.01% by volu 3 '
H2: < 0. %¥Gebseyp! ume Exanpl e 3: Reaction of the gas n‘ixtui,gréé F&@ lépit'é Zﬂ{l‘ :
wi th a propene oxyde- hydrogenation catal yst 35 The oxydehy (5@ Ion
catalyst (LiCTfi Q2) was prepared as stated in Xu, Lunsford, React. Kinet.
Catal . Lett. 57 (1996), 3-11. The supportf used were prenolded Ti02 (99%
rutile) extrudates having a dianeter of 218 A tubular reactor (length =
24 cm dianetHs = 12 Mk 0@iSebylviohanev t h cat al yst chi ps (about 1 WO

01/ 51475 -17- nd; kgat ed t o 585C under a stream of nitrogen. 13 JUL
2004 PCT/ EP% 7 A’E(‘Zf’yf'ﬂl eacti on tenperature had been reached, the
ni trogen was Ethawe:of f ahd% by galanm xt ure havi ng a conposition as in Exanple
2 was passed through the reaction 5 at 500 m/mn under atnospheric
pressure (corresponds to an enpty tube residence tinme of about 3 seconds).
After one5houfhe gorcenpratiorofofltonygegmsinathe mixautpwhiils chataped vk compendritgat ed

by neans of [Narce) i the follow ng c sition:
10 Propene: 47/. 0% @OFW%ﬁlﬂ%g@&ﬂi@gﬁ)ﬁé??g@pﬁ% wﬁ&”dﬁﬂﬂlyﬁ%%%y
vol ume C02: wlums.phiafe sligiliatiorof titis3gs myixtust domrretgelitly ofthe. rdpereyis ubusine
Met hane: 0. 5%dypio!l une  Ethane: 1.9% by vol ume The concentration of oxygen
in the mxture, which contains all conponents having 20 a boiling point
bel ow t he boiling point of propene, was now only 0.3% by vol une. Safe
distillation of this gas m xture for recycling of the propene is thus

possi bl e. Exanple 4: Reaction of the gas m xture fromExanple 2 with a
conbustion catal yst 25 The reactor from Exanple 3 was filled with a
comer ci al conbustion catal yst



based on pall adium (0.5% by wei ght) on a gamm-Al1203 support in the ggr rm-%m
spheres having a dianeter of about 2 mm The reactor was heated to 3 é
under a stream of nitrogen. Thereafter, the stream of nitrogen was shut
off and a gas m xture having the conposition stated in Exanple 2 was
passed through the 30 catalyst (flowrgte = 500 ml/mn at atnospheric
pressure). The reactor heating was regul ated so that the exit tenperature
of the gas m xture was about 350C. After operation for 1 hour, the gas

m xture energing fromthe reactor was anal yzed by gas chromatography. The
mi xt ure ha¥e it of | owi ng conposition: Propene: 49.6% by volunme 35
Propane: 40. 1% by volume Oxygen: 0.009% by volune @02: 0.1 % by vol une
CO 0.9%%b by vol ume WO 01/51475 -19 112: < 0.01 % by volume Methane: 1.5%

by vol une 1. Et ha¥giocdss4¥r Wrking upe dis&ha}gélnﬁxﬁfw(Ml)Eﬁﬁ'mﬁE’ﬁﬂ% 86 dkéndanthe
concentration of ox%gen in the mxture, which contained all- conponents
havi ng a l%b’g‘i’lhg’w@l t bel ow the boiling point of propene, was now only

0.2% by vol ung; j St j f i ) . i of the
propene is t hggl) %@Egﬂl g% %Fﬂdi)gaIW%O%E% @@c a%qr}lgﬁcﬁsth%rt 15? glgée{géd F)gr
wor Ki ng ugive dinbatier(d2)mndt ure (ML), conprising an al kene and oxygen, in
which (i) oxygen is renmoved fromthe mxture (M)_ by a nondistillative
nmet hod to gi vélihthgiakkene és sepprpted it from)the mixture (Mo bydistdlatipat ed of f from
the m xture (M2) by distillation. 2. A process as clained in claiml,
wherein, according to (i), oxygen is renoved fromthe m xture (M1)

2. A process as claimed in claim 1, wherein, according to (i), oxygen is removed

from the mixture (M1)

by combustion of the oxygen or

by reaction of the oxygen contained in the mixture (M1) with at least one
suitable chemical compound or

by a combination of these methods.

3. A process as claimed in claim 2, wherein the combustion or the reaction of the
oxygen contained in the mixture (M1) with at least one suitable chemical compound

is effected catalytically.

4, A process as claimed in claim 1, wherein the mixture (M1) additionally

comprises an alkane corresponding to the alkene.

5. A process as claimed in claim 4, wherein the oxygen is removed from the

mixture (M1) according to (i) by oxydehydrogenation of the alkane to give the alkene.

6. A process as claimed in claim 4, wherein the mixture (M1) comiprises propene,

propane and oxygen.

7. A process as claimed in claim 6, wherein the mixture (M2) contains 8% by

volume of oxygen or less.



by conbustion of the oxygen or by reaction of the oxygen contai ned iTahnﬁzm‘
mxture (M) with at | east one suitable chem cal conpound or by a

conbi nati on of these nethods. 3. A process as clainmed in claim?2, wherein
the conbustion or the reaction of the oxygen contained in the mxture (M)
wth at |east one suitable chem cal cojppound is effected catalytically. 4.
A process as clainmed in claim1, wheréln the mxture (M1) additionally
conprises an al kane corresponding to the al kene. 5. A process as clained in
claim4, wherein the oxygen is renoved fromthe mxture (ML) according to
(i) by oxydehydh Bisasstasstaimed ihelaim Lawherei, before the alksng isepargted /fidocess as
claimed in; I i 1 i r opane
and oxygerg i e WIS (2| % bt it bbbuberBAIER SORE Y RBRRRC wiREC VD)
cont ai ns 8Ré byygen prasemt intheomixyen (M2) iveduceli3 JUL 2004 -20 8. A process as
claimed in claim7, wherein, before the alkene is separated off by
distillation, the mxture (M) is brought into contact wwth a solid, by
means of which the oxygen present in the mxture (M) is reduced.



