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WD 2007/ 000396 PCT/ EP2006/ 063325 Process for producing
propyl ene oxide Field of the invention 5 The present
invention relates to a process for produci ng propyl ene
oxi de by epoxida- tion of propene w th hydrogen
Were8B% n t he presence of a catalyst, \/\herg’lch/Eé’m%m“”S
mxture (A1) obtained in the process which conprises
PIPRBEEYs fanproduyingpropylendbdeidéed to a reduction
reaction in which at |east a portion of said oxygen
comprised in (G1) is re- acted with hydrogen in the
piE e WWerli08pneci fi c catal yst, said catal yst
conprising tin 10 and at |east one noble netal.

doTeHERCnontelb@Y Rh Aol op proing probdian ice by epoxice
/OB SLABReN® WM OeeR PREIE e RIaRE oA A Y, WHBLEH) & gixture
pr{GPeokiained inhe pinogese wbich domprigesoyepeng andr@xygen is| supiected to a
P@éduchoh Rfackdh iAfwhiG staeast af pdriive dirsaRlydxygen exmprsed in (Gil) is re-
S . L
S Epled ity oo o BB thdech off il Wl Rait Bl p8fiiing tn
r@§'9|afnieﬁ§}°"§t”P%|3met§'i v) subjecting the streamto gas
perneation and (v) separation. During con 20 densati on,

a gas stream conprising propene, nitrogen and oxygen is

s&aE at ed ffr!!om a liquid streamand fed to gas
p round o YEERD of nitrogen is conducted so as to
ob- tain a streamresulting fromretentate of the gas
fpenm SSUTOMN Gdbchtsss Pmbibbd P MHeasyhthesis oPprsP@éne J(i’tmsbg epoxida-
[ . -gde
1T 0 R el pipon BV g B torc
arl @l gt agertion o4 OH@E’ﬁ%‘Pi the R’ﬂF’Véerf‘ed?"fd-egsagt@F'ﬁ &Y iy addition
olof aitnogeh fortberoif-gasstreant (i) sampiessiomand (g cohdemisationi of thetrgsulting
d;s@ﬂ@rﬂ, @9 sejebifhg the strtaarﬁ ts E@Fp?ﬁrr]ﬁéyﬂorﬁ”éﬁ@ W)Sstepéllﬁﬂon. During con-
of f - S [ ; W th. rptlo
o ienen; 4 e Sl ARG Brogbig. hiden a3 shilendppd4filka rom a
miliquid streang @nd fed to gagpermatios. Additionnef vitepgen és endyetae §o agde ob-
ERaif a%?r@aufi&@sumngdmscmtémme af the gaeparnieatiort Wisich Ray mwhcdntent of
c {1 Ok onprising the
cmf :r@].s?f&ﬂgtﬁ&%‘ n |d?1f|tlgﬁle riQtres sﬁﬁagd: m 9

e conpounds “and oxygen by selective absor p-
tion in a solvent. During absorption, the gas phase is
diEfhe 748 768 A 1desoniteis rruprosesisi fouiedovegingiaa ofsfiintand oxpgencwhich are
ﬁ?compﬂ#écphtdm/ofﬁgﬁ StfbanPbbthifed trog.afattaﬂﬁ@ubsbti@ﬁ o?;ﬁﬁa slefit Wih hy-

Q . v, .

| Sihehfiofte. 1 vl SerddhaBhitrocil b o3RS ehiis cpfibia with an
i AOPereiensagent sichasd Ragola {forreer: tR @veid ighitfablepagmixiyre, an inert
i @aslikambthane kasode ade®004/ 037802 Al descri bes a
met hod for continuously returning an ol efin which has

ted with hyd i de i | ef
ook 820 PRERT aterbes & oraEE e BEI ror e Bipfisiblebpmpgungs of
ofd8s FHgars (GeERRAFink thencampustibiel germaounds iang oxygen by selective absorp-
efiioniitlatsoivent. Dhengnatisbaption,th bas phasei i dispemsed isa bentiansls liquid
C Qphid 8k thdSolttnt. Aoty &&Rd h'iﬁer@%@%ﬁ@&lb 18 1 KfakiZone of
fr mvoé%ow 00396, PCI/ EP20Q6/ 063325, 2t %ft-a%%%
o (PR BRTBR, YRl Ao Ye e '%'iﬂ'gv_t P 10 SAVY B5RPCS: s additon of the
e el GASAS n@oeg;qiﬁgytg awpjdihe ationaad an ignitiable mixture.

WO 2004/037802 A1 describes a method for continuously returning an olefin which has
not been reacted with hydroperoxide in an olefin epoxidation reaction. The olefin is
contained in an off-gas stream which is produced during the epoxidation. The method
comprises (i) compressing and cooling the off-gas stream, (ii) separating the olefin from
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in (ii) wth hydroperoxide. In this nmethod, it is not
necessary to separately add an inert gas since for
separating the oxiranes by distillation, an inert gas

has been already added for controlling the '
WP2LHQ7I0PEP¢ on col umm. 5 US 3, 312, 719 descri beFCAHFRYEEEII2S
for oxidizing an unsaturated aliphatic hydrocarbon

with a gas containing nol ecul ar oxygen, utilizing in

this oxidation an excess of |ower aliphatic

hm& SEgaParRar 6btdifsd/is (i) by drshmumamﬁ@.t) RPoki@Rg tlﬁl digtinadebSrated

of? U5t ot e 1 R Bt ool Al &) oty e an nert
S 4P8 S6AJPT IAPAEANB AR OUTaNgECHPIBHT, andnert g8t Bas Peeraleady

t edesdoncgasliing theaistilatioh calulingher boi l i ng hy-
drocarbon. Subsequently, the Iovver hydrocar bon

di ssolyed in t h
waB B ALE Y1 Hesried Rigrtens 95 S¥eGino 2GR il hydiSoarbon
ojthengas R nEainiag MBiEzuBR oxgeny ititieing dn hisoexdation @n axoess ofower
Ul%hﬁwdl'ib HyicBarbONan %MII?th@' lipamted! bwah diighalig &drocarbon after

VRS EL R RO ol SIS ploAR Il oL AL W Phortlon of said lower
c SHiphatis inygrogarkom seadacted Frema'lhﬂé'??én 9§s §té$§a? i 'éa fﬂgher Boiing hy-
didsddartoa: Subsequently, the/bidep 4¥dBearbers dissdiesd inathe omashing liquid is
Y

Pl rpindfe Soriioh SR G Micfiar ougen, .
oxygen is burnt using a catalyst. According to anot her
aldef d32.p4% B2 gegeyibas aproness forwrarkiogup a raxtued genaprising ancalkene

PRHE lohglrgénzﬂhé?ahfﬂ nSis Fétiovdd fidh EisAiXaR by £Horcaib@lalivd Bethod.
Ao d] 5 e%ﬁﬁﬁ’ Sf cﬁan){éHgﬂ%r élﬁéﬁ theaécjkbn/g"’s %Q%arﬂeﬁ %g distilla-
copper c r om

ydipn, B R %?t@r%cnt{els\)’é”%‘fs ROS§DHtieR afhow *at%ever%wsan by a
r emodistittativé metteodoAgepedingid dnenalieonating | axygdmeiriboait usiogra catalyst.

p@kbﬁ@rdln tg'a?rgkh?;ﬁ gﬁgg&%ebﬁygemi%hw rw‘?tﬁf&ﬁulfé 'chBiyth As to possible

cny oAb RAGH, 8o R s R ich g 5l5oorted on e
c awew 0 ¢appaptEemite eatalysts gred@gratpn% cAccpridisg e yet another alterna-
amo@ ot a mgn-distiltetive nettolde réaptiofUofahel okyges fwkhca §URabletchemical com-

ﬁd |Cﬁlgé\bsed Jvﬁér&m d%l'?yg B&H A9 ge’?{ ﬁc‘ﬁly]ﬁh ntlohéd 'lﬁs catalyst
fILE *“H"g E‘??"Eﬂ%”(gig%@ﬁ%%ih@ a'i’s'-'#F t[ﬂz lsds%:fnlly

brdeagrived, menarﬁd actorging ko an sdicteatiy Eu s0d iLdnsfenddReadt. Kinet. Catal.
fiLagl 57 (dgsﬁ)ciﬁgewmr) 1018 eMilichlly Istafett i USO8, 7 {20647 that, after a first

S %Bgée ss %%%X%gggs n}%gu %h?ulg E? b?q%éhtq#n %Atggt%\ﬁth% suitable solid

ro 10N 0
ﬁf&? e WV'W cqpé‘%’dﬂ e SW%t%f%%éhsepaﬁt'O" 8?0’%(9%5
enriched in oxygen relative to air, and ammonia in the
PSS 8866264 d@&o%@?ﬁo@@és’ femh%aara&oeﬁ&n oﬁﬁ trfers b ﬂwséa%ons by
deh cg r?g,ﬁﬁ%“ 20, S, arAgas enyi ﬁeoq@ reBNE [ aif 30 onia in
9 AYRRO P T i29R° K {‘é%"ﬁ%ed‘ Pé‘é%“t . QFUP% !
i éhe fisepraece Qih@!“t"'ﬁ@d@t&)@ Gt ysh n\fish ccatahydie deBydsegeaationeef the al-
| rkape o €8s alkenes snd) gutsd quand tanmoxdifation) i the lobisined readion mixture is
agehdNel %dhﬁ&lgas S tobﬁlrfebr@fsepfgted% 435 s%hreeamg dsorption

¢ g vy o Wsostion e o e B S B comors

aling/unreadied alkane, slkems andwmlcaliyoMOtz]eerﬁeméw vekinegxygen. Addition-
CQIPrd Sesan iy Bistainad trofPihe dinétl by wiitH b@ﬁmeﬁmg%endérﬁg@mmauy
T%t&ﬁéﬁ ﬁ&”ﬁ}&r%ﬁ{er? G'rh'isostﬁ’ea?hef‘s"f@&I t&g%%%d Qd%oFb%Qn b6 Rom which

i (FIRSH CORBHSIAG @vgRt él"h é(f“eﬂf‘ e|n ghed iy hYﬂPQ%‘rQ"P @ﬁtamedt fiJeast a
stpodimmof thel stieach emrichgdlindlg@rogancind tiee stteasracorowising alkemg and al-

a'k'éﬁé‘ frofle Fikst b%&%?e Eﬁlﬂéﬁtéd"ﬁ) & %élé&tw@‘%ﬂld%ﬂ&-\ ﬁ\U&Hé‘f%‘%gmB@e the

a selective oxidation in order to renove
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WD 2007/ 000396 PCT/ EP2006/ 063325 3 remai ni ng oxygen.

As catal yst suitable for the selective oxidation, noble
netals and especially platinumor palladiumon alum na
are disclosed. Apart from-+that disclosure, US
w8086 does not contain any further i nfor PETEPA06/063325
regardi ng these catalysts. The streamwhich is

obtained fromthe first adsorption bed and which is
subjected to the 5 selective oxidation typically

ngmélhlég%x{(qe%mé\é %tatl&t %m?abﬂ%fo??rg% s¥ctiV 8! dXidBtidHY, %gﬁlgemetals and

ercent upe. propane an
2 e§pggially P@'B@Pé’éﬁ? 36'91 87 MBI isclo EJ% ’%’@i@"@sﬁ@t 8'50’03”’9
dilsc# 88@20 hdedsmdt aontpnmsfw'meirﬁniormahmamgamurtgﬂese catalysts. The
S %Eﬂeﬁﬁ tuiitht i@ db%eﬂ% thet ﬁrytead@.zsrp@taﬁ b8l ahd Which! ib )éubjected to the

3 Shos8 oa BRPFED o8 A0 ‘f“fﬁoe%ﬁﬂi"ﬁd' i B8, rom
1 Bdérte dH2 peycenbhyivaluasprgeane angicfwna 9 © 3. 2qpercept iy vgurme gxygen.
percent by vol une oxygen. US 4,990, 632 d| scl oses a

§333, BSU c(l;&ﬂ@sg@ raoé?MN‘z{r epg&egé ﬁé's@@ém%h%h% §u§ fésthe selec-

ane he correspondi n
aﬁ'&e Xt Pl ATMoRSHS 3RO 53 HAEPRAPY RIS RShgde. o 88.8 fo

C OFT pegtany bmvoluma peompas aphldese tharat persentthy \@Iunaal dnsybem esuch as,
0 flen.6 St 3 PaERtyWoluheaxpg&fiuct streamis quenched in
a l1quid wherein a liquid phase conprising the al kyl ene
oxi de and a gas phase are obtained. The gas phase is
f 4F 4.89Q:63% @%@Qﬁeé agPfpaess &b ferpmoductian @f@xldéﬁv’\'?ére gAsAQUS alkane
otihvdahydroguyaiednto thé Fomsoﬁﬁ@almrfefmﬂ tiedbd Aainedlalkene is reacted with
S t

léb a%Céo nkﬂ?n%w in§ fﬁ gh¥§eofé?eé " t R it 596@&%&9 the

| rocess 2
c‘s%tﬁ’amt 'ﬁ@P@“%‘? q%ﬂ’&ﬁ%‘r@ %H' BRASE compp¥ieg F'}‘? alkylene
V\mxcia apst pga@n phaserareobiaihed. Thecgastphasenis deshiora pressyre swing appara-
PREPRNEmoRS, QDG olies, QXYHIANThe Y Stfdafithl® oBtained is s(Bjected to a

%e%@ﬁ\}eod’]x’ldatl&y Rk%@lta%/ aﬁ?‘l%fl’?léd 8)5%?@ Eﬁsr%n‘#obg@ 'I%e%%r& ththéJ(Y/rocess

or ‘the
H2t4 Qﬂqy olfPe are v @an@% ProgesS/Stagesn Mieh grygen is removed.
p'ciThleastteamconnpaémmpmpem progarse arel ®ygeh, sAipjacted for setectiveadxidation,

Wrrg H&Z@pnslb'%}]e‘&s %’%?lr’ﬁé)@'cé"ﬁ v@lQFne el As ﬁé‘t)él ybidlsLifddle for the

SRR i Db A bl S e b by i
pﬁ%@%épaﬂrfﬁ’phﬁﬁ\ét disrdosoirey §8d 890 Qi’acﬂqe,% nebeaniain gnyfugher iglorma-
pebﬁ edtfardiyg these cataipstd IMPB &Heard RBtaried Ylom3iBe pRIseeratswiny apparatus

rannPEsiy prAGR r?“?’ 0,290 P BER i B8, forcont by vol
géiTit ‘?’8‘?9"?@@8 ""b‘&”tg-5 é’e%ﬁbt?y IlYme AP ane i s

dehydr ogenat ed and wherein the ob- tained gas conprises
aluepe2apsk BieloBanmethbl f MARufastufiRAES 8SbxWel wheteih i & ldBFRydro-

D fnatiod 1 eﬂ: 54 9% S&Xgr?smg ) Eh dudlfe .doﬁé}fy%rqggﬁ‘étéé 3d %eiglr?'ihe ob-

ORI 67 GOTISeS Ak A 808 i R i yeaciaRowih axuer gas
| SomppEngoxgen hages phasegaactoorsorthati the alkene sctpedidized. As cata-
hyykf o 8htalgstborpri&iAS h8e |9>é)ﬂbﬁﬁ}ed Ssmta&\iéaﬁp the.A@pgb@de is separated

O roRE7 g bty e Yol B Bl Sl g obtained. Ac
o djtiganllya s 1978 e cpmpriee My Rrdugiswinicagiad wlwﬁeunm@%uaﬁene

a Sybsedquenih oxjgen med hydiiogén arerbadted with eackcothel whdkgin@.gas is ob-

Eﬁﬁtﬁéaim&nto%ﬁtaﬁ@tmr a%'ied i ?%.@ .%ﬁ@ 8! dtal Prlﬁs?"sfg‘égtzﬁﬁ only

t
ngpgﬁa'nsﬁ'hegwahtﬁat\}ﬁlﬁ|°a§fyéh3re ) ?%l@? GB!I such
alaseplatinuinas | palladidn o faltamativaiydl upeafing QOIéspartalas mhgviag a diameter of

di1@meA 6F e, In the examples of US 5,929,258, a platinum catalyst supported on alu-
mina is disclosed.
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40 10 nmor less. In the exanples of US 5,929, 258, a

pl ati num cat al yst supported on alu- mna is disclosed.

WO 2007/ 000396 PCT/ EP2006/ 063325 4 WD 2004/ 033598 Al
descri bes a -process for the renoval of oxygen from a
WoITIoHd3Me €  conpri si ng oxygen, at | east one pairEPRev6/063325
hydr ogen, carbon nonoxi de ahd optionally at |[|east one

al kyne wherein the ratio of oxygen : hydrogen in the

gas mxture is 1 part by 5 volume of oxygen to at | east

5 parts of volunme of hydrogen, i.e., the volune ratio

of _oxygen to hydrogen nust b mal | er than or_equal to

0 WO 2p0403358 A leserthen a.Prospyt R heTampYal PLoXyRRLTIIT adg mixture
orcomgusihg bxygbn, atdeast dneglefin, kydengehcsarBoramgndXidepfind/\@ptionally at
20041 S3aiRhe viMerélh atd rﬁﬁ@o&ﬁé%é{ fl%%eh%\’th’ég_;lagrnﬂﬁh@fis 1 part by

oxygen: .hydrogen.,rat of, 0 3 . € a .
Y HRER ol R st B 3 o8 ol o niarolr 67 The yolymg gatio of
diosygende hyaregen mushie Ameliendhanceraquabdpdeh ie. Riedivedmsan : oxygen
r a4tiods Gfeafer 63 dr equat to B Avebainglyy eaPges 9 afK YHEHWO 004033598
o.fA1]rﬁgc:losy§? s?%é?ﬁ§ﬁ{\ri Aolar & gﬁﬂmaﬂ bR Yatlo 7 0434 i.e. a molar
m Xxture w ﬁ e C St In r? t1Lgn zone un- der .
C GWEORE HRYGER Falioioh Aot 190 SXFTIPIES 14aNH A2 (scigse, gas siggams;having
t la@ dxyghnodydroganl ratio df §20962,4.epa molarinydrogén t dreygem ratiorof 192, The

r@%b‘éwﬁ%m%qSBQ %ﬁta&ilr_lg 'ilini bfs’iﬁtx;dt?é/ Witﬁ%ﬁ%“@ti;l?é;tiﬁﬁ réat®orkone un-
EBE boritBng bttt o Drifad &l ot BlooBIBF 8 TPhen 58 bt 19487 por-
gtign gf the garbpe mpnexidey withaut signipent hydrogenation alihe alyjpast gae olefin.
elTaowataiyst torapises ait least ong dhetal ablettbe fiat the dreupngonsisting of the

ig@gﬁ&@@amheaﬂm ) iR BérodicE LY 'bfifud eldiinta ViR rfuelhh& oxide

FEh5ER SLBRIe 0,5 GO aPei. PRk Lt o th caayt
s epmorises atleast anemetal onlbxside obmetal e the r{ Ctingfoyp swipgded on an
t iide Wuppéit, tthe cﬁtlféty@i HBd coMmPRgYs! titand broviied tha'ehei® tid catalyst
or . . | .
" oty o loalar® mitlr Mg hefdl ifle 1S/l (8 ohiiBRBbdortis o
prZ8elia SThgmag\midres surjedierkioAhe progessnh QA PPQAH 05D Al ee typically
f robtairetiefeom cteeok cragking o ygldrocarbdren siphytisbgetiatiare abparefiiniof feed-
oLk aMbrsloR 4 melhdiiek 1o GRMKSAT! it Rertiel J86kHg bhyaragarbons,
oriBe st oy 704 e iR 6Pl e B3 Bt pambiing
f dromygreater then Oad o@ndrincluding 64 peyaent by yokime: tefin. Advantagseously,
anisk procédsdif WO 80047633568 A 1@nadies uaentebé Femoved from gas mixtures

A%g@t?ﬁwﬂ%qu%\kéls gfﬁqug&% chﬂ“agsé)rog];ﬁpmgiggs%ﬂﬁgg@ 4\ especially

e es oxygen to renmoved T} as m x _ ]
cg'ﬁﬁ‘agﬁ‘ﬁ 'ﬁﬂa/‘ig?ﬁ/\f‘?"én\ﬂe? dow, FoneRUiERioN O OKYees 3 high rpagentration of
| dwedrogén exshganat leasi 18eecsinh by yoluine @ihhgdregen st for @sample greater
hawdr i gerbehVbf 061GRB tof RfdredbnOPreforibaiatalfats stchidify to the examples
CORERIbORHLBeR 1 IHARIASRAUEN ANBhor S 18, RESERA com.
by vol une” o ydrogen dr Tor exanp reater —than

P OFEERi B 183500 Whrib GIPIRNPUP GGRAL ISR et Y dDal yot s
according to the exanples 30 of WD 2004/033598 Al
CREGURgR! b ipRoArBaéhclibdy, SN OGS thnA Nindidtridf Brock&Rs such as de-

cat . i | east. 7 3.0 0 | at.l num

- Rilonetause BropBidel f hrith i Rhules ol anialhd odAhG Bilen, hy-
ardroggaseiefinang ondipnally @lkgnes Ramdualiratios shighare Bindamegrtaly different
s@io ias gde mitiyrds obieimed from gpogidatichersadtionsvbichhasgepxidation of pro-
mi r r :

PSR G5 i Mot 168 pﬁ?‘@éﬁfé@%ﬁ%@”ﬁﬁ whih adhof i8fRe <pe
2 o FRATEMERS of [eynBraRGsi o s MYRITER QbtRINGY iy eRoidation reac-
oltivas sucH akepoxidalior iofipropene. r eact i ons such as epoxi dati on

of pro-
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pene. On the other hand, the prior art describes

catal ysts which do not neet the spe- cific requirenents
of renoving oxygen fromgas m xtures obtained in

epoxi dation reac- tions such as epoxidation of propene.
WO 2MB0a06¢/ 000396 PCT/ EP2006/ 063325 5 Nbr e0\PEM/EP2006/063325
adsorption techni ques descr$sbed in the prior art have
the major disadvan- tage that during adsorption, the
expl osi ve range of propene/ oxygen m xtures is passed

d‘llforéo%F égj‘s&@tuéﬂ‘fé%ﬁrﬂ&de‘%gde%c?:gﬁ%%ﬂ{w "R bl g agf h%stﬂé%ﬁ’ isadvan-

F0OCess

aﬁ%tﬁﬁtd’é’égg EMtPBrthS%EJP%Yq BAO% EUHHP%&*Y%\/@'XM%@ Passed
cane To &t thadnceehsknggivnyeniratiers of @bsoeed sixpgen. Cohsemuestlys imgrder to

hig9&id C;%ée%s%k@ haﬁp%rattweg JS%BdeF a&ib?ptloﬂvlﬁﬁmiéue@rl%ésté be con-

econqQ 1S

© R BBhlY IR RS s Srdh g el Sy AL Honer the
pmera&pmesmwnl@aibwﬁesjr@blen whi ch an effective
renmoval of oxygen fromgas m xtures directly or 10
[ I 0 At f
pﬁg%@ﬁo‘é}él r}sl is Qt%éﬁg)f ftlf ;S?e&élﬁ rﬁ@ﬂgfdn R pr ﬂg\?dé ?a;%cl,egﬁ it produlcmg
prPERYiene ioxige i whIGh @8 eﬁF‘E}kYP d%m%"% PB%'E%" am Q@ﬁd%‘efeﬁg’“ ectly or
primfirgttly abtenegiératrethie mpatidation nestion oftpeopeatiiachieved.npr oved
in specific reaction stages. 15 It is another object of

1E (Tt? Er 2 %Etog'h%q%l il etg? g@gl%@pqg p%}vﬁrégérg%%rs pgla%ﬂrw goropyl-
preop pKide & whicitkeat mtegmpow impraved i snesife reggtion Yegesi

effectlvely renmoved froma gas mxture. It is still

I?.-:%thgp St oPthet ﬁgsé?\rt %@H@S tP NidePs S&QCI‘R)" St f<§|' use in
produ IOr 0 %39 stage oxy-

r S

6 FRORA 2 ORI oSG renRge e, By
r@omﬁecﬁvetyrremogersfmm Afgas eixtwapri si ng oxygen and
propene wherei n the di sadvant ages of ab- sorption

DIE S PG RUBIT s st B od B8 S 5 RSl oo
prf‘éf crreducingopropyfleng: axérge imwhigh wegh- 'é‘hétae?( P&éﬂenl ) eﬁ#ﬁtk‘fﬂy removed
wdiiokr &l pass inbduere @ayngrsing oxygéd ecd propbiye whanslnettle dfsadvantagesa sf ab-

msg;dﬂ{,@ ,%gégydrgh\mdéaxygen and propene by a specifically
adapt ed catalyst 1 n conbination with a specifically

adapted addition of hydrogen. It is still another

ol ie gtill arfothen ebipetef thetpresenkinventian toprpyide rawrirumstage iR process
S]tcf@'Qﬁo@.ﬁ:lr@e;ﬁéibyléﬁédomd%Q irRRAE WORl-GH stege oRggenlis effe@ively kréoved
e [ [

of ﬂfoﬁ% 8¥§ Wther@PﬁpﬁgrédDé SH aR& @[}Hgﬁﬁ? b{)“a’%pg&ﬁc,sanﬁ Y3pted catalyst

d |"? ?‘E‘F%‘Fﬁ“of‘ wihaspelssty 2 eaddition &f RideageRdy ant ages of

absorption process are avoided. It is still another
Obﬂ i€ §tilt #MotHePEbjBét %?fh@tprés@}'iﬁﬁ\;én%‘n foprbvidy é’%rkﬂ.ﬁf’étage as described

rat.i.on cts neeOX|
oL Ghe Bar G5} fired fofsrecitvll SRR BRES i §8 mixures com.
i MESIAY 2B @qu B qaﬁl SFYLRB, H]e\/ﬁbefw—wge‘#%enh frpmy pmp@a%wer&-@the dis-
praddardages op abgoyption proerssiire wheided. met hanol is used as
soI vent or part of a solvent mxture, wherein nethanol

I B9l bl o stk PP MRteR RRIER Brppos or -

p rpmgg epoxidation process.

It is still another object of the present invention to provide a work-up stage in a process
for producing propylene oxide where methanal is used as solvent or part of a solvent
mixture, wherein methanol is separated in the work-up stage having a degree of purity
which allows for direct recycling into the process.
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WD 2007/ 000396 PCT/ EP2006/ 063325 6 It is still another
obj ect of the present invention to provide a work-up
stage in a process for producing propyl ene oxi de where
propene is used as starting material, wherein un-
woaat7@o3ps opene i S separated in the work-up PCaAEP2006/063325
havi ng a degree of purity which al- ows for direct
recycling into the process. 5 It is yet another object

of the present invention to provide a process for

prltqgk'tﬁl' :{ﬁgth%LQB ﬁ&% %j)régéh{jﬂvérﬂlom &BV|99§ M&R(Edlétﬁge in @ process

aV| é‘%gn concentrat are
18e ﬁﬁ?ﬁ\‘ﬁm P&?PYMS OXidg T%WOW'%PW%"‘S staring materia), ‘wherein un-
i meaetedi popenedy sefesated fiv the egsk-Gpstage baking augegreepjlbwnyewhlch al-

OXdviiSor GiREPrebydliRginfothé block&ACt i ng propene with hydrogen

peroxide in the presence of a catalyst to give a

m xture (G) conprising propyl ene oxide, unreacted

pritdp geteanotetiokissi gé the gresent inventionte AEYViOe GmFeeass fandrepcing pro-

ffp9|6héndkfd§f|ﬁ WKRD gh® niiktvies Shavingt 166 enighSah ) oxygérp cbidengation are
8&? and oxygen; (Il11) reducing the oxygen conprised

|n mxture (G1) at least partially by reaction with

20 hydrogen in the presence of a catalyst conprising Sn

and at | east one noble netal. Therefore, the present

| RYBIMArPOf tAd FeRioAVi des a process for producing
propyl ene oxi de conpr|3|ng 25 (1) reacting propene

Wi th hydrogen peroxide in the presence of a catalyst to

giTwerefpre, nﬁhﬁtm@"( @mvpnticenprevides g rrpcessdan Brodecing pigpylengqoxide

ofcomprgmyd ene oxide, of from2 to 7 w. -% of unreact ed
pr(@pqgg%gafpr%feg@m%dbgeﬁ ];J%dee %gﬁe& r?% to give a
or opyTEHE (511 RS BRPFAPYETP SX RS ige

( @) )sepanating pwipltgne 8gide froey mixture K& rta:renreast mn@.tragg@u) comprlsmg

conpr¢r§¢erpﬁa<a,&0 85 to 90 wt.-% of propene, of from
0l BB o B
m xt d?YQFQg@"I") th‘5’( P'Ieﬁ?"qee‘éhﬁ: iCAlglyeheorsaripienSt GRd At 4eagt ppe noble
mxtunetal G 1) at |l east partially by reaction with

hydrogen in the presence of a cat aI yst conpri Si ng from

0.01 to Q.25 wt 01.to

- Jﬁsﬁ%q% BiEEP éQi’eB‘n'P“a‘i?ﬂq%{%f’%ﬁﬁ H'g’cestsﬁgr Ft’%‘i“éﬁ%gsﬂm?y'lﬁ“e oxide

t lgempPWARd ng an al kali netal content of not nore than

0901 raactung/mﬁdn@mrahycﬁbgemeper@add i th& préserfoRif @Ndatafst RDgive a

nmor evvel ﬁt O(gfj))oc;qhnﬁﬁ'lmlng"of fr&r%at% GG aﬂﬁg&léﬁ@ otxni% b%om 2 to 7

t al um na prese

cat al 37’%1' ° Ofwérea%%aroa%ﬁ«mﬁ%orn&mﬁy wi "éﬁp@ﬁf“?‘%\é@d of from 0.02
det er id D.6vtatheoboxligen; to DIN 66131 in the range of from

7 (40 Léparating propylene oxide from mixture (GI) to give a mixture (Gll), optionally
after an intermediate stage, comprising of from 85 to 90 wt.-% of propene, of
from 5 to 10 wt.-% of propane, and of from 3 to 5 wt.-% of oxygen, in each case
based on the total weight of the mixture (Gll);

() reducing the oxygen comprised in mixture (Gll) at least partially by reaction with
hydrogen in the presence of a catalyst comprising from 0.01 to 0.25 wt.-% of Sn
and from 0.01 to 0.25 wt.-% of Pt supported on alpha-alumina, the catalyst fur-
ther having an alkali metal content of not more than 0.001 wt.-% and an alkaline
earth metal content of not more than 0.001 wt.-%, in each case based on the to-
tat weight of the alpha-alumina present in the catalyst, the alpha-alumina having
a BET surface determined according to DIN 66131 in the range of from 7 to 11
m?g and the weight ratio of Pt to Sn being in the range of from 1:2 to 1:0.5, mix-
ture (Glli) having a preferred oxygen content of 150 ppm at most;
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40 n2/ g and the weight ratio of Pt to Sn being in the
range of from1:2 to 1:0.5, mx- ture (GIl) having a
preferred oxygen content of 150 ppm at nost; WO

2007/ 000396 PCT/ EP2006/ 063325 7 (1V) separating
woaemenassbs om m xture (G I11) resulting from (Ipcir)EPa0wel063325
re-introduci ng the separat®ed propene, having a
preferred oxygen content of 10 ppmat nost, into (I),
wherein in (I11), the reduction reaction is perforned

a&lﬁ Eggg?gﬁ n% S#Bp?erferi’rotr{' ﬁﬂl)&lﬁ‘g géllm' su?mé rfrgqqo(%ﬁ%ng 89 :ﬁu%d&:mg the

and wiseparRiRd iPFOPENE, fi'evmgtqqerefwﬂdawn QoniRIY of 1 Mpﬁ'nat most, into
anoungl)so that the nolar ratio of hydrogen to oxygen

' %vh'efélﬁ |?\e(ll haaereliictibh %Bcgoﬁ”isl érf?)rrﬁeé atla térg &r8turd InSfe range of

Ll
" T A900R 350 % b ke PSR PR R %Fﬂwﬁ%&?ﬁ&% 38fAgerein in
pr(ldmtlatewdrmnps addedgn an pmouetcoitha) the mplan eatiniof hydigaendg exygen
PRy ixheangdof fiten PBaseB®EM.0f a catalyst to give a 15
m xture (G ) conprising propyl ene oxide, unreacted
propene, and oxygen; (I11) separating propyl ene oxide
frommxture () to give a mxture (G1) conprising
iiee desvdpti ingdntiby r educi ng t he oxygen conpri sed
in mxture (GI) at least partially by reaction with

hydro in th esence of a catalyst co

AR B e BRI aororges o Pestfind roBuleie Blcie pypviced
t@@pas;g@ (1) of the process of the present invention,
pr(l())pelﬁéhohﬁg propéhe dithhjdiogdhyshreXaRNinRE Presfcel of 4 dialyst to give a

pr ese%;o 2 (GQﬁﬁéﬁ&X@%mPi{Q&[ W@;g&%&ﬁg&‘ groﬁér? 108 okyen;
Ei'&nmssga%tf“g RPRfiene exifesTHn abtteredSh) toigivecs "%l‘l“l"ﬁ (GBheamprising
wat er propeate anthaxygen;pr ef erably | ower al cohols, nore

prl err@ducaﬁgqh&@a@bﬁ o&ﬂyﬂ.sréa in Mbdurk ham atﬁeésagbrﬂalyq;y%acuon with

for e et ha anol s ut a

en- - FBpe Pt iReengs of 81 Slane? cBRRRInG 5p A desst 3RE nobie
havi nget@dlss than 6 carbon atoms, 35 - ethers such as

di et hyl ether, tetrahydrofuran, dioxane,
1,2-diethoxynethane, 2- met hoxyet hanol, - esters such

as, net hyl acetate or butyrol actone, - am des such as

di | formam de, di nethyl acetam de,

N- net hyl pyrrol i done, - ketones such as acetone, 40 -

Nialckdriing t6 btabe A% oPhE (oRitiets bf 1Re presBACNVENtbA (RSpePb i$ HRACRE with
R rofbn pAEKGPRAIERLARE BFa CRTRQUNdS.

The epoxidation reaction is preferably carried out in at least one solvent, Examples of

preferred solvents are, inter alia,

- water,

- alcohols, preferably lower alcohols, more preferably alcohols having less than
6 carbon atoms, for example methanol, ethanol, propanols, butanols and pen-
tanols,

- diols or polyols, preferably those having less than 6 carbon atoms,

- ethers such as diethyl ether, tetrahydrofuran, dioxane, 1,2-diethoxymethane,
2-methoxyethanol,

- esters such as methyl acetate or butyrolactone,

- amides such as dimethylformamide, dimethylacetamide, N-methylpyrrolidone,

- ketones such as acetone,

- nitriles such as acetonitrile,

- and mixtures of two or more of the abovementioned compounds.
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WD 2007/ 000396 PCT/ EP2006/ 063325 8 If the epoxidation
reaction is carried out in a solvent m xture conprising
wat er wherein the water may be introduced as such
and/or via, e.g., an aqueous hydroperoxide solution
woch7asozas aqueous hydrogen peroxi de sol uti OrPCT/EP2006/063325
preferred m xtures conprise85 nethanol and water or

et hanol and water or nethanol, ethanol and water, a

m xture of nmethanol and water being especially
preferred. Mdre preferably, the solvent m xture
essentiaJ%%%conS|sts of met hanol and water. Accordin

t of tBe prexidainn Frachon i§ caist wuhin a saivent,madurg GARPSISNG ‘H?te'gw"'efe‘"
| ¢fms watenemay be iitodacet! astsech apd/ef giaalelgy, at etoenusrhydeperoxide

a%gluli‘iéﬁ §lch aternSa uBbod Wd?odéﬁ{%ac{%{o;%fs%ﬁﬁ‘igh r@lﬁﬁé‘d‘ﬁingtirlby comprise

Sl et 5 TP b, s s 48 gy o
m@h@vhg@c& waler deing easaetigly areferred Aderegireterablyo it salvant inixture
ORR@seritiahy ctnskiRI FensthadLand Wate?. Aécofdiicpddl othérentiintiints, solvent

%ﬁ@}(@%@%ﬁ\p?{yaﬁéﬁ? Sh{,?"nltr)ie Bﬁfﬁvﬁ{e?%r&e}d% éf eYl‘%tc?ﬁFtﬂE @id whtkr, this

prrjettedmere PERIEPly gEseniiply\rensisiing b water ard agsfonitileopene i s

reacted with hydrogen peroxide in the presence of a

C %@'r&é&noﬁ Qccﬁkd(r? 18 (1) E‘gﬁgé b@n&@gg w?ir?]@ "bh(? 'él'i}gcra 2{) R ftafes. Pref-
© sy, 1eXeadloh = lieBRD i oriby o SR RS R BforkBly in one or
nitwe sagessandsspeaally preferablydn eerlagesn  stages to obtain a

m xture (G) which conprises propyl ene oxide, unreacted

Pﬁ‘i\ Fefdn thg re@@rq ||Wé¥ Isdofe%fté?' t@% &@ E'd@%lbgé' above, wherein
PpisRap. Pl alscieRles B 8 proct

Al AICPPI i5/igted i RYCiUBN RETaRE N ine RIBTapER ol BFatalyst to give a
s ohixtaret (Gl comprising propylensoxide ninreiacted prapene, sind @xygenapreferably in

t GheRplRbEHRTH maﬁes&fdm%dm&mw&mm %ﬁhi@; adsdiveht, in two reaction

iR g sl 15 W RS LFOBIa Lot bilipos opne
c @ﬁﬁ Pr¥geRgPrpieERM Qﬂﬁ'é‘%@éﬁ)’d‘éﬂ hane} angowaer pr opene, and
oxygen, preferably in the presence of acetonltrlle

anﬁ"c@ée @ce?cﬁwﬁﬁl@ ¥ tah'do@{gﬂﬁfl&ﬁvat@} }ﬂn&nﬁr@ |@§E \t, nt oP's&¥ht mix-

actl on
5161 8 BresiptlihuontaiSa rehes Ga bikreshas sesdbRd o6 Do n (),
oXyapsne igpeatted with hydrdgrn pesevdde in the presenaer of laccatayst tegies a mix-
3Qurb¢G N ceinpiikingprapyidriel dxideltidrBgdte dpropérd; B EXyReAlI pi&tdiably in the

t tb?%s'eﬂc\!eeglt ééé?onﬁlrllg %ﬁﬁﬁ‘;r gmfohiﬁ'ﬁélwh@r ﬁ‘lg)turea:{s éoﬁ/%ﬁf wPR\?) reaction
stSF’lQPS Fﬁ)P@a'ﬁ@eWB‘M@ (@Y y‘htﬁhémm'ma?\é‘if@ @%Pﬁ'ie?ﬁﬁd propene,

s tand exygenywelerablycadsliiosallyweatonitrimatd walest ages.
Therefore, the inventive process conprises in (1) at

l %\%ﬁérdlnh? gsgll &ﬁer}%resf$ g%f%n(%l)quo mwt%ﬁ B ar gs %oc)ﬁa% %g(m%'ises in (1)
t t@aﬁ*eona vk as pae. éwaﬁhfegmg‘%? grrefgab r@e@tuw@a still more prefera-

u ipiyeranetittdrmerdégbe separadiod sfage betwebh ywasldistquenbleaytiomstdgesol
and wa- ter; 40 (ii) separation of the unreacted

D305 8 b Ealh T LRIkl slorce o

stages (i) to (iii):

{H reaction of propene with hydrogen peroxide to give a mixture comprising pro-
pylene oxide, unreacted propene, and preferably additionally methanol and wa-
ter;

(i) separation of the unreacted propene from the mixture resulting from stage (i),
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(iii) reaction of the propene which has been separated
off in stage (ii) wth hydrogen peroxide. Therefore,
stage (1) of the inventive process can conprise, in
addition to stages (i) and 5 (iii), at |east one
wonodienopeact i on stage and, in addition to sStPEGEPLIONGII2S
at |l east one further separ@ation stage. According to a
preferred enbodi nent, the process stage (l) consists

of these three stages (|) (ii), and (ili). As to

stages [ T

rgls ri (r:étdlc%%@}g%é ?Hob%]ow t ﬁarsgtge%{w :ggnélgtgalggr'rps% ¥ W vé"éh hydrogen
out. APBBNEPngly, it is possible to carry out one of

the reactions stages in batch node or in

S%re?&@té Bof R elivd &o@é&%tdaﬁ $BMBridED #ad¥itdn to stages (i) and

de her eq the o
HERERRG I S A4 LT R0 B b e
mseearalipn stage: Acenraing toa areferaskernhndiment.dhe prasgss stage (I) consists
ebpesdthrde stiqusii)(Band Gi). stages (i) and (iii) are
carried out in continuous node. The epoxidation
reaction in sta ) and (il refer carri.ed
o 1o oe Oy el e 3rs B et resyireBit e (oW 46 draplon ' car-
Zeefiiotles are, as is known, crystalline alumnosilicates
20 havi ng ordered channel and cage structures and

CAhCtBuR SRR Rt bihrR o s Bigte? IS magor i

uﬁe@rcrmtlwtﬁﬂaodmom m'nmdmadwn@ indgpendestin é’lf"QRf.athe other
S Ineaotich enagg @nbdith ohgas or Mnsemi-eontingpusomotidier knewiinuous mode. Ac-

S I i
%Hﬁ{g 5%\4 &‘&ﬁé’fﬁﬁed E&Pg@ﬁ@ﬁp b@bl&tr:eg%tl\é\é ; feMﬁ) Ghd (iii) are

Stc?ﬁ'(?f’l? W'H@gous'ﬁ?‘%?ew er, 5th edition, Ansterdam

2001. 25 Zeolites in which no alumnumis present and
i rrhwpﬁhdétahtrea&.oﬁ Iestades! (Vand rom)tub@r@erhbw@hmed logt thitlee pleBence

t I%? g?%ggt g%. }réo |t%%@&§?%e 'lltg \Q'e YsS |s é%wllne %&rﬁﬂosmcates

ni-um Zeo i cal
cr";’?‘%‘f‘é{g’dgédl@?ﬁ?% agd C‘EQ‘PeStWF\U’QWQ coﬁﬁtﬂ‘"}Sdg@mBP'@ijFﬁ agg pref-
p reegidy smajler thiae abaut ®. Ilera CTHelretivork of suekasplites isinradefip®f 3K, and
Q%A%E?n‘eds%lng(:ﬁgé ejgllﬁgd gib shﬁﬂ@r é\%%& AhlovERewatthe known
L P maSL e b ot Sxgmie n Y M e BP H.SGieam en! G Baer
i reaher, Afiga lof Zegltecktpicture Zypasl flseyier. biheditan. Amsterdanst 2001.

small anounts of fluorine. In the zeolite catalysts
V"?eﬁlﬂeQ mw.a{ ﬁ% Sl ALY Ejﬁéhehf&@ﬂf»ﬂ{ &.dpét?g%fl the'g; égi) ‘ﬂ'ﬁﬁrﬁsslllcate
7 Mlqetl%r glaa@lghasr Elﬂprrgcaé%p ngaﬂ%ﬁ?f’ l!ﬁﬂmum zeolites, in par-

z ticgarthose haymgcmrustalcatrucmmmme MF| fypexiandpossiblé waye obpreparing
MR dFe ddiefiRRe for EREMPB] ATER G811 PogY AL bf aplmay?d/mr Apart from
‘é;’%ﬁ&?& 5‘58 tltéh P%oguéﬁnﬁwatcép%$ IElarlij mrt% Qén? rusg%]/:ldlngnél ?emell“ll?s1 such as

I ¢con an um and/ or vanad or zZirrcon

artyPuURhFIERNIYAY  1in deBr CoRaBhiniEKe!| §a'{:j‘éfﬁe B&'I"P%F"H"h ‘?CH@" °" small
r amgentsrod fiudind 1in the zeoltelcafalystE whiich bavezpeaibiablyheen regenerated by

P e br@élés%rof Héqra\gksngléﬁ g3 o aff bY e dtanink HCthe '%_6olﬂ7$ cérhl?av’c\ﬂﬂeen re-

ar | ng
tBEey B en A Ro ke . "Wnigin ) B8RUL Y L ARRLATS tyg.pr more
Atheregh. B‘%@Q'ag'?%'oﬂf t'taElﬂ'T[)ﬁ"E'W@I vagadiym, Z'W'Q@‘OVWQG‘@@QQF niobium
P& tHeRR@O6l Ied3 abhd tith@ium and/or vanadium and/or zirconium and/or chromium

and/or niobium is generally in the range from 0.01:1 to 0.1:1.

Titanium zeolites, in particular those having a crystal structure of the MFI type, and
possible ways of preparing them are described, for example, in WO 98/55228,
EP 0 311 983 A2, EP 0 405 978 A1, EP 0 200 260 A2.
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It is known that titaniumzeolites having the MI
structure can be identified via a par- ticular X-ray
diffraction pattern and also via a lattice vibration
band in the infrared (IR} region at about 960 cm and
thus differ fromalkali netal titanates-or crystalline
siagoo7Boepor phous Ti 02 phases. Specific nmenti #ETARYPOLHB63I2S
made of titanium, germani i, tellurium, vanadium,
chro- mum, niobium, zirconiumcontaining zeolites
having a pentasil zeolite structure, in particular the
types which can be assigned X- ray cryst al | ographically

a5 iRy AP i veopE heyips e 4457 stnlrs R idyiec s par
AtipllarasTay difectionTattersTand atsesvia Amlmwbmmawwhee@frared (IR)
BlreyiorB5iCabobt B60 BRGanSlthtis iz, frdaf\BlkalCAvetal GaRateSior orysldiiine and
%{or@g@é T@glpha O CON, CZP, DAC, DDR, DFO, DFT, DOH,

, \ I, , EPI, ERI, ESV, ETR EUO, FAU, FER,
FRA, @S 4dU GvE, GON, GOO HEU, IFR 1SV, ITE, |ITH,
| Bpécifikomeiiyn mE\be e dltaniumAlertnakiumt| €uriu@®s, vanéiium-, chro-
L Fhumd: RiobidaLNzirddhidm-ddivainifdEzeolitdéEhavi peMa8l z&diite stfckire, in

ca'}{IT d W icall Tthe ctures
Sl e T
SA‘H ANA, %AF@B§STSB“5V %#EA@FFAT%F%T AFM, AYKN AW, BCT,
SBEA, BED, BESBOGBPH, BRE, CANTCASEEDOTEE), CEBNCGH) CFISCCHI CLO
UBION, dZP, DAGZ DDESDFOJDET, DB, DEN, EABNED!, ¥8M,, FREIERIVIEDY, ETR,
Y%@%@@ER TR, @|§°Gm mﬂkﬁggcb\?’cﬁﬁ%m IFN'OIS‘W TRNEH, ITW,
ﬁ{"ﬂﬁ L ‘0 ﬁ\ rgAz ME],
ti ontalnin e
MﬁlM %SdﬁS R i e, e e e
cWeNE&@I é‘qf‘br'\'ﬂ%@ﬂ\ﬁ ORE. @ﬁb@@s% ARt ﬁWeH@NoRHO RON,
FIRRO) RSN t RTE MR Ty ROTit RWR, lRYVY.cOAOL BASWBATHSAWYSRE SBS, SBT,
MBFE, BRRJSEE ESHHNSFN BROI 86T! S6DZSMY A8TRISTI2ZSTESMMRL AHO, TON,
StT“SF:‘:UET RF1 RSz 1A, BH! R’/%?re\?rFlO(FNF %VPV@% N PYEHnL YN,

ence 0 usi |tes
i 21 e Srstuoreq ot ol iche, 5 e by R ot kriurSS. Further
smm@ttﬁﬁwr@-pommmwgltteaﬁawngdh@ 'TQ:-&r BRéR4pT Bds & Be1.idT-1 or
Qiores stpetard areadidoycdnoeivétste Tdr- Llfse Nk epragessestl thé énvention. Further
@;@W@%h& Poclps YTelPERF b bRk s hafihy 7848 or
B $i0ety®e i sonor phous with beta-zeolite. Very

particular preference is given to using zeolite
C%ﬁﬁfté?ﬁuﬁ)o@és bihAe E%santsweuﬁémr foferBRcd 8 Qivéh tdM¥¥g Ti zeolites hav-
s r

ﬁ.{ %ﬁa ﬁ%ﬁségéﬁﬁ% gﬁ‘ﬁ\@é[ %R‘gfﬁ @%Llym. n%c?ét?u u%é é&“ﬁg\g/v struc-
blt%fet"_ﬂé'th?\' prference i%QJYQ’t @GE'E@V)'}%E“? TFrﬁQ“tﬁ'Q'"QSEO‘lSQ caiplysts which
Staraigénerally refamed® astpBoly cTSES, THAW@ad alsaS i gealitas! reving &sframe-
mgﬁwfof r6 Ssorfistp pILE REE Déiahzsa.t@é\yémammgr seé%ogs.s%n to
s§® %F?‘Ht I%\és %QE%”T% CtB[?chqg%T'e@ma%‘fc €havi ng,
for exanple, a length of from 1 to 10, nore preferably
ofThé bﬁlﬁléats és;:o? aWeﬁ%agbhg thémragluﬁfﬁoﬁté@b{ayys&fanfdrsﬂm% grefera-
S plfthe @i &{Eeéﬁ% h Juyfﬁ“r 1 tHiEPth be employed as

referably o and_ es ?
D POt b SSSTES) SATICPRP SR o5, P, opdse JaPHG B eRaole, the
dehepe of neflets.rrylinders, wdeelesstatst sphergsy ardesorfodh,tay a@lm(trwvées such

©%k ledtifedatss Miving, Br exdriR& A IRAGARF fram! toCRINFiokd pratbratily 8ffrom 1

' 067 Gnd 881 more preferably of from 1 to 5 mm, and a diameter of from 0.1 to 5, more
preferably of from 0.2 to 4 and especially preferably of from 0,5 to 2 mm. In order to
increase the bulk density of the extrudates, it is preferred to cut the extrudates with a
stream essentially consisting of an inert gas.
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WO 2007/ 000396 PCT/ EP2006/ 063325 11 In the specific

case where a TS1 catalyst is enployed in (1), nethano

or a netha- nol/water mxture is used as solvent, as
descri bed above. 5 In the-specific case where a Ti - MW
wob@hyeed s enployed in (1), nmethanol or a neth@&p2006/063325
nol /water m xture can be uged as solvent, as descri bed
above. More preferably, a ni- trite, still nore

preferably acetonitrile is used as solvent, optionally

as mxture wwth at |east one other suitable sol vent

such as, e.g., water. 10 Most preferably, a TS1 or

Tin espeaifialcgss whereeani B yoatalysh iscémpleygsr indiic ethanpolf orr & metha-
f QbR aier rikitiFels DS &SsolveRt, a8 YadiRbsd abgveospher es formed
according to EP 0 200 260 A2, and then forning said

m cr ospheres to obtain shaped bodies, preferably

el tha gaeaific cage whereca THM\YVhpalalyst is emplgyeciadh. methanad gea metha-
f QbIRVaer MiktusdedH B uSERE ROSkiven€ M déstribetl abvbid. Aore pretérubly, a ni-

Y. 4 di '
S rbre BEENT S 530 03B bR L ey i a
| {e@st orerothes syitabla soivent sich 88 @8- Val8&t one addi ti onal

bi nder and/or at |east one past- ing agent and/or at

| %%;%%fﬁ?ﬁgﬁﬁg’é@fdpﬁw%ly@ié thtgge%fwht ik Mfoduced by first

catal yst. - oxl datlon’ react| e prese
" eI miRrospRerss, M R@mplemipeee e areg sparaine B 0 200 260
c &2aanggthen Oming said smicrosphetsstta bhtain shapedskatiiess preferatly extaidates
cakabspibed shagval ri er can be preferably used which are
inert, i.e. which do not react with hydrogen peroxi de,
olefin, and olefin oxide. The reactions in stages (i)
afrar eaghi of thgse fpiming: paghapinganetheds angerding touwlirineatalyst powder is
Obrockésetido Bivd shaska, boiestsuph &$ aiicbdpheies, bitrasted aftaunste pellets,
23nd theliRE. L DYSLLY b Mot B8t ore! ddﬁio%%ﬁ%dg{ Gdi& %sttcn% past-
sane or, di ren PES O [eaé1ors_|n stages (1) .an
(NG "‘)9.9“tﬁi'flf’é",r gt {easto far@ing agegt: £ {oroigtus ﬁgh% tglygd in the ep-
r egidationmeatian elthe presantiim@ntidn) éisnpdssible ta duitablytpretraatthetcatalyst.
anlcadeetne tchflyst RAGel U3 stppSited EAAIGRCA ARl Yard B8 R&tbrably Used
an. .isothermal or gdl %tbatl c.téga%tor. The te@in lefin oxid
" paichals weit. 1. wiithdo potrhact with Bptogeri aqonde, glefit, agg olefin oxide.
single reactor, a cascade of at least two serially
C AR e8dcBEhs’ iR tddRE i) anll (liipadt preferablyeairied QtSn hépeRsian enode or
ORI nbdh. ARl h ffbd Bl hbdude Of reactors

erern a eas WO reac- tors are serially coupled
and wherein at |least two reactors are operated in

p &t thielimlentivicprocass dit isgpotsibla tpusd thersachecoriidffdérent hyipes of @getors in
(sdaged Ei)q]ﬁ (. a8t kDEEDbE Wcdry SiRbhé BFtnE Wactivh &hges in an iso-
I astlvvor aé:tors r'gﬁ a{eoe.atﬁdlnqparalﬁl and .

sﬁaegaa (9" i3diabaye eRetorand iR other, fRagtion,slage; dngege Y thgregf,¢in an
i 15O egmignr @diabatistreactor=hpd tepn “reqetor’@sdised i isgespeskepmprises a
abingle, re®t4rea icasdayle bhat 16452 0hEtiate E6NneLtag réaetdrd) @t [Madt two reac-

f ﬁﬁ. Glich ZROSHSREG in 1ePBr ? RRARIRDF rehclRYRhrRH £ easltwo reac-
ggg§gw ope 4 C react or s

t1on e e the re
{ecRPTAly SURIGE BBE, WhETEIn atleast Bva featars,ath operaipdan parallel. Ac-
f icarditghie d prafersast esntsodichent,staged(i) of thecpressint/inverttian ircarried out in at
Myabl twoWbatidts which EkE dperdtbdincpdr@RL afd StagsUMtof BeSireséhX invention
2Q04RARR FdiRaldp/ 063325 12

Each of the reactors described above, especially the reactors according to the pre-
ferred embodiment, can be operated in downflow or in upflow operation mode.

in case the reactors are operated in downflow mode, it is preferred to use fixed-bed
reactors which are preferably tubular, multi-tubular or multi-plate reactors, most pref-
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erably equipped with at | east one cooling jacket. In
this case, the epoxidation reaction is carried out at

a tenperature of from30 to 80 C, and the tenperature
profile in the reactors is maintained at a | evel so
wdnado7/hdesost enper at ure of the cool i ng nmedi um i RCT/RBR2006/063325
cooling jackets is at |easti240 C and the maxi num
tenperature in the catalyst bed is 60 5 C. In case of
downf | ow operation of the reactors, it is possible to

reacti con h as t
PR3, oL B pEBastaRA phing IRt T s TRE eBbition reaction
rrﬁtt@rrieal auit gt /2 terepesatureref fioandd oo G andithe tempsature prefile in the
Steaglofs 8 meEttaine® bta [uvell sy bl the itanperataiendfltke todlibg ehedium in the

F’Q@o’nﬁ$ g%keéé & A ééEE{nid @éﬁ:etks X@&ﬁﬂqﬁ@%@l@?r&% thb %tallyst bed is 60

nrd&é" cpge P%d%}ﬂe\&%ﬂa}}% petherpadders.ot sqngsiele t? |’~?B°Se the reaction
epanditidas soch 49 temgmcdturen pressuae,fetd raié ase reletvet aroounts of starting

”]T?éi_\dt'lél% SuENHak e dactioh!iél rﬂe@@lh‘teiﬁgss ﬁt?féi §9 N ridfe Préferatlfin a
e contaj nin

opEdlei Bhesnacn s rﬁﬂl&ﬁ%ﬁ&@v by 06 axgi i 3 s

cAs & thi dowefiow apesatian anogdpsit istesprdially arsfeértag toroorsluci the egoxidation

pfe%&ﬁfnr.ﬁta h@tiphase tdastsh Mg S@ﬁpnsﬁé g Eté adueoli$hydroden perox-

rg’gcf i hg éoe ar"%fgg %‘%Sh% aaa}'gt lﬁ%@%— lefis gcrfgl'?a e, preferably a

reac
P'@Qéne(r'thBhaS%ccordl ng to a still further enbodi nent,
the at Ieast two reactors used in stage (i) are

e2UBRHré 9 %‘Eteﬁ Fﬂ'?ﬁ;?ffo%?&é R ﬁje#e d ttﬂ?éeef xed bed reac-

pr ; ifs'a I it tbrrsd Lo usBcat st TRpHBoS Eeeiogt & Staias) and at
teasttcmgge@t()r instage iy, Acedrding tha stilcfodherregnbodiment, sbe bt least two

argzePld J&dhrﬁﬁbﬁe (iy dte Qéﬁ#ﬂ o&rﬁe&l@H‘BVSpe?Qteain paRel, more preferably
pal e gmrea

|
r 8%%3@ %pea %ra hgg o pc-*fqél} eﬁﬁi sgone fttrPe rgg?tors used
t Rstagedb@pdior G @'@Iﬁﬂo@ eanSﬁua@és aicpolipgijaaketip @rder to remove
c anisast tpactially theaedt redulting dmach RAadtidmein A Fexpective reactor. Especially

Eff%gﬁhgall béastltﬂ F@Rford B8 o 95 § Whaérggoﬁ cted in paral-
PPy

connec
%orm%ai afiratgly Jnsase fre aff Gpegsta ) ploygaode,
ré'adworcg mare reactars lsennestect io rparadiel imstage- (il axe earticalad pesferably

rrmbe r@ét%r@r ARltidtutB! tddctord! BE mefi-glfa Gh&YiSrs am@reeﬁﬁmw IMulti-tube

%’é&/ 8§pec{ah)6 é)geq%rafélﬁ sggl?%?cf)ﬁ]{)% r{a:% ; %B{éﬂmﬁg a multitude of
pﬂ@ﬁ%ﬁuﬂblaﬁ flomohiol2d QU9. prgfenatdy from 18 i ReRL: mrg/prpfaaahlnmn 100
t o SO0 more pefgpatdy aombi000fto 000 AAd padiculdfOpr@fedably from 3000 to

P80, ﬁ}l’k@rf&’re ér?dcrﬁﬁfﬁm éétél %@Bpthﬁ% oﬁgél rEéHﬁSﬁ it i€ Possible

r E)g 8{1 EPB ongp C at Et%trgn%ctp paqral e quep ts ? wéeratlon for the
r@ﬁ%@'ﬂ% r@asﬁwestaeq ang tb%lpdlﬂhféfl pregenb én tmmcbuto bé regenerated,

ORith af le@st dnereddicr ahPayseibiRCdvialidbld RAeddchch 6ff the etating rhéiterial or
c !
Wé\t%ﬂuhétﬁ{alt&kﬁﬁﬁ Bler Qtaggbénr{ggﬁg oL rs &t#&c&n‘ﬁﬁ&fmﬁ%o@?or

east one’ reactor ei ng aval
reaction of the starting material or starting
nmés epdlinb snédiure weed fas tcagimgdbe ireagtionh eediauin ssboed-mehi@ned reactors
CeqUipgtdOMth JoRRE feeketd\SthEROArE Mo sPREiNk MRsiichind. ®speaalyl pieferred

t Qn% Jllg aé(jé&h%[éh I@H& ?alis%r%?e}?gmr%s' r%? \gratre? ao%& ish wa%?r and/or sea

r‘é@flef |"V!t'°?fbﬁ'=!!‘ m@ﬁb@ﬁ? If9" @Faéﬂpéﬁ rP@%fefaHWéJeo‘iaF%" ramc%ﬁmr@ndfor
I Iaﬂe:anhleraéehs:lase totheehemisaiqitard ih whistethe wadotor of thedmlonidn and the

atﬂ’d(ﬁé’ nvéﬁl’fbn éﬂ@tlﬁéd aﬁﬁ‘ é?{ér‘é nbéks! %@uﬁ%ﬁ@ rerﬁ?fai( of sus-
uietia) Soes L e

r seaiment fof codiipgithey egaciooh Secdndane coqling evader wificht isepreferably con-
i nvention are used and, after any necessary suitable
renoval of sus 40 pended material by filtration and/or
sedi nentation, be used directly wi thout further



10

15

20

25

30

35

40

treatment for cooling the reactors. Secondary cooling
wat er which is preferably con WO 2007/ 000396

PCT/ EP2006/ 063325 13 veyed around a closed circuit is
particularly useful for cooling purposes. This
wee@comnd@sys cooling water is generally essent Par/Ep2006/063325
dei oni zed or dem neralisedivater to which at | east one
antifouling agent has preferably been added. Mre
preferably, this secondary cool- ing water circul ates

b . o ,

o BB IS BRI ) VP Bl o e P ot

s BRaing waler isasneially oRpentially dpinpized ofdegingriglised water to which at least

consndretifading agknt hasiprefeeseiyt beeneadded Mare prefarably, thieatcondary cool-

e?ﬁgg?éi&ﬁﬁr/c@%tesfb%ﬁve@ﬁacﬂ@ |r§actcfsr'to‘gﬂ{e Agentibf rand,%@@ﬁn?ﬂe, a cooling
eRe

or s wat er . n e 111 . arti cul ar
* et Fifletenpe i Rgwie Giyen 4t 1ng secangint coplin water e dor example,
peafntaradsilad in at [£8stcoatcomtenseirent bipatrexchahgeh by, tforraxampley river wa-

aps madkishGdiaahiioPs&f watab! y a continuously operat ed,
adi abatic shaft reactor. According to the present

invention, it is also possible to use two or nore of

t Mesjaoe dillchastioylas peaterance RgivenHe seing @ sheflreastor; Meesepreferably a
I egttihaduslyvdperdtecestaft s€dctatlahy padioulgtyasteferabycaidntidudusly operated,
pﬁ&i%&tr‘é'shar{’%&of? rl\%f:&ﬁiﬂglté/thb :E;ref%aﬁﬁh\lre%ltion,]rés &ES?Sés?Jl&to use two
the present 1 nventio so relates t0 a process as _
JBEEPreiRL thess ERAELcRh et g W, e 35,@”( phthesg repglarswhichyare serially
s balpledaom dodpidxtin pasatielomereqaeferabbnin parattdl. from 1 t o 20. 000
inter- nal tubes and being continuously operated in

o aperpioeg oSl e 720 ey aithiese B §§%&iﬁw pjove gherein
a i %m@)catgﬁ@ﬁ two glggytaglﬂ-t@be repgtgrsaQﬁcamaylng okfrerpt! to 20.000 inter-
; ﬁﬂCttllﬂa"sSarhlele'n’m ﬁmnmqmtﬁmbmtewiﬁrmm érnweutﬁaééh eyuchavsi Being oper-
TERA DRI B Eplovkd, ehd Thef Pl e LGRS EH actor o
t f Qﬁ'a‘P%'&ssthaftvﬁﬁa?t‘é’éc‘?%}gs°‘H’F‘“§?‘!§Qe°?qr?tegd'a upfiow |madgy gre em-
pplofet. Still morenprefdrably dloe teastionuis aitl Iéast arteadfdisesei rpaciord, more pref-
; b&a})w i|:1 %G{Jiélﬂ_gé&(f ituz& reﬁiggf‘s bgﬁsgé n)e %rflﬁstﬂésrgﬂ%%%fg%bfﬁﬁ%ﬂ Péactors
o sty (hiand (AL R SQpdce $hick Byt i tng tesberlivepagiar, a single i
aHid phase is presest. &yenmpse preferably,.dn eaereolthe xeastars ysed in stages (i)
r eac{iil) Cthe catalystlsoy € trasegoxidetibredction dcémaploydd avfixedibed reactor
t t @ ful Lani Jum. .
il B balasip™ W Al S0ilyf fdt By HEE1 or Ty
pPaplgst e gvep mare Reeferbly & TSR3l ng on the specific
characteristics of the catalyst which is used as
}‘ D¥gshdiRton &t :fﬁ_ebfiﬁé charbctBBstich of ARCEANMWHiIth lSBedlas fixed-bed
0 i T in nd .i.0_or der )
e e e
x , ™
19 dates egthd like,an Bxeditagsstatat THusasttleast end tayer ofcshapdrhipmlies consist-
DI et ok SueIan ol b catpy it lorhgecon
e elon Al alh Gl
f PN SPPH rROnzqpgly Jegep - In this
abantest,ethe fEpini"indrt compaund? aeidtes foya eonippge dhick dobonat.pattiipate in
tfHeﬁ'eégé_{igﬁ P i%nstdéﬁ'ieﬁedumn"t’rr@?ééct&‘?rmﬂiéﬂ‘i’lﬁ]e ek @bRdodr & em-
- BV 308 i prp BRI BexaoE rRachirh BrgpToting ComPRYLS i ex-
campleu stealite, digh-firrdoglpbia-aluminay carhidegsy silicides, epidési axides, phos-
I BRdtéd, @BramfissC hed-a&dic hlRSSds, SAEBRUNSIAIS 3Uch ad StbelS%f tyB8H .41 or
;II 1%?721: ég gheT}qe.%F‘re.{f{g rgfsetﬂe %hé’%@sb%ldu g,‘otggf‘e 8h8 'sgeec‘Tﬁc restrictions as long

as the catalyst is kept in fixed-bed state. Shaped bodies such as pellets, spheres, cyl-
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phates, ceram cs, non-acidic gl asses, suitable netals
such as steels of types 1.5.41 or 40 1.5.71. As the
geonetry of the shaped bodies, there are no specific
restrictions as long- as the catalyst is kept in

W0 xdelmesh st at e. Shaped bodi es such as pel | ePET/EP2006/063325
spheres, cyl WO 2007/ 0003964 PCT/ EP2006/ 063325 14
inders and the |ike can be enpl oyed. Preferred
dianeters are from2 to 35 nm nore preferably from3

t ﬁ\gé’ﬁg AR Gl S, eoeoérﬁﬁlgiegbWeférLéElrﬁla"méths]é?e e 2 RE35 mm, more

er oxi e | S roces accordi ng
tﬁ@ r«%z}uﬁgméﬁo B MM ang wpere, %?ferag'va{ M EPeﬁUgmsm ution

wi th a hydrogen peroxide content of generally of from1l

t @h@ﬂyd%gien péroﬁﬁfeeié BEEPh ¥ rof;éé%rﬂé&d?he td heVihventi®n in"tR frm of

pr ef er ab

P Afisous Solkfedvitra fytspgen beronde fon nh?%f’ge@ﬁfaaw%&?%éq? 90 wt-
p¥%r preferably of/frpgndde 78 wt.-%Acrase arefeyably framctOnie60 wt-%. A solution

ERRMIY s 20 tolidie tianesoat-% sPHedvobeperaxidd i Gartirale@ppreferred.
hydr ogen 10 peroxi de sol ution can be enployed As crude

aqueous hydr ogen per.oxi de sol ution, sol uti on can be
ubererdipg toranothep gnacH@gnt s thepresent |"Uﬁ“‘6¥‘ 8 CrydgagHepuR; yfrogen
eperexitie advllijornpeancbe evapleyedMAsropide adueouns KydnogenrpeseNidessolution, a

T §KoA o%%%%éd WARWS éﬁalﬁé‘& by @ﬁFHcﬂ@rU@f PBkafe with (e§§é?rt|ally pure

St e, B FoSuE s Hiacsas Kiwh 35 AIrRdpiong process
pfeeeced;. Uhearlwsd Fooxsalppdiaoxfi indusioal nehemistryy il regitiop, ygume 3
S E1980 P &RTes A 7e4571. AR tthie brdde@s) thB ehydRgkh Peroxidle ibintedl is Tdbingrally
é%ﬂa?a%& Bg gﬁﬁhBﬁ f@ﬁ{ b Sﬂ%ﬁﬂng gblg{bne%ﬁ%”éﬁr%&}o‘c(? &W:&’e performed

er oxi

oWt ieseRntiallypure iterg af'% t'&h EWEWH?%H%V“EH@GF H@“ﬁﬁ"@s'é rftbtained.
I Aveandingto, ortehersbodiimizhe of thefresent iDeemtibe, thisicryzliecspdion can be em-

%IbﬁE&WltﬁoWﬁJhﬁérpGHﬁdaﬁbrFat' on. 20 To prepare the
hydrogen peroxide which is preferably used, it is

possi ble to enploy, for exanple, the anthraqw none
pl@e@pareghe hdspaendreradidecwhich \Sﬂitﬁﬁflﬂplwn%d drig possiblgdplegmploy, for

pegampléthé @itheiquinitl PRESssB BEardofivehidh dduillg the étire world pro-
0] e

UGl SR 0087 o B s
887 dh BTN 9%095%‘@6‘?5 indystia) GiggstnE, pip edin, Volume 13,

I p@m%@t@:ﬁ&;el vabl e to obtain hydrogen peroxi de by
convertlng sul furic acid into peroxodisulfuric acid by

y I'kggns)ga%% IIO I% Eb&%gwl b g S%j'gfu egnl ‘@ h\?(erlltm%f sulfuric acid into
p BRrEXAstRUEVIG 2¢id &Y Aepdic tOH'Qﬁt'qr'e‘H@t Simnuiianaous eyetERNSofl vdragen at

athectathodayHydogesis pithe yeeodisutfusaihdidl tHea Ieatds driarpércxomahosulfuric
thys td’l?d?dg@ﬁg QgEJE f*an(? Qulﬁlc GEHWhteh id (hEis Bﬁtﬁfﬁ@& ghdion Of

hydr o rom-t 'ements 1s also possib

Bef ore hydrogen peroxide is used in the process of the
i RV eqursep ihe preparabop®f Bydspgent peraxidedrom therelementsps @lsopossible.
connerC|aIIy avai | abl e hydrogen peroxide sol ution of

gl%?dl'i 59% (E%Fb?ude%é &Eﬂﬁ?\e g:gl:%s'gﬂtﬁqq% ﬂ r? t i Ie to free,

r géarp_ ,1%90%5%3{9[ bgveglaglg-;ue P?l’Oi(lae p9 ém esirable ions.
pEsedeiiablet methedsare. iter| abasthosm described, for ewaple, iim USh®932,187,
hpdrapon opexyd U8 55397u760R if ikeWiseoshiyRIte 3eMoreatasasi ®ne salt
SBlle%ﬂtoﬂ tpé( hydrogen peroxide solution from the hydrogen peroxide solution by

means of ion exchange in an apparatus which contains at least one non-acidic ion ex-
changer bed having a flow cross-sectional area F and a height H which are such that
the height H of the ion exchanger bed is less than or equal to 2.5 - F'?, in particular

less than or equal to 1.5 - F'2. For the purposes of the present invention, it is in princi-
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means of ion exchange in an apparatus which contains at

| east one non-acidic ion ex- changer bed having a fl ow
cross-sectional area F and a height H which are such
that 40 the height H of the ion exchanger bed is |ess
whan/emssqual to 2.5 - F1"2, in particular PEFEPIODEIEII2S
or equal to 1.5 F "2. For 1§he purposes of the present
invention, it is in princi W 2007/ 000396

PCT/ EP2006/ 063325 15 ple possible to use al

e@ QEIQIEQOiu‘%Q XfoRSRARY |OR%QE%@85PB(§0§' &:anﬁ'@ﬁ'l Qition exchangers

ers or ani on_ex er.s
‘Prkﬂ é’“feé‘Fh%"gFfsoH 'S RSP %Pr??' aﬁ@|Q%e@Earw&jto bgdised

mas< miked beds withimore ion@xchangentedaingepreiegdd embodimentedf éher present
emb@rﬂioﬁeamy ghe 1R dIrRRSIIdic bR \eRBdnGBrs i§s¥d. mhbwa@feaénce is

GV i s Bl BT, Bty exlelohf Bl o oo rion e

p@nanlemrﬁlrmqre pAsicdpdbpreferablit thakrof a weakly @aaﬁ ABiAn exchanger.
changer and nore particularly preferably that of a

cﬁ@'lslmh@ | RIS BRYMIED - -E;Iaq & |écji“3ut at reaction
ittt Wb i ek
pbly @kliedst 8536 aed shilonone preferably at eagt®0%. Thmrmrespaua lertlaa redctors is
/bane?éuyl .@Z&t ra;ﬁée % nbf ﬂir 132130 g&r}; ﬁ\logar Brefdr woat 19 ®22¥ b&0The
eI O Sy e SR Sl gy o Do, mor
Bfe b'vm25ﬁ%ﬁ§)@rﬂfﬂma€'°@ﬂ”! Préf%%hiﬂ e 304 @0°Gis in the
range of preferably from20 to 70C, nore preferably

%Bn%gg {RC ?&fé}ﬂgj inQéHt %) !g)fé i gﬁ ﬁ?@ﬂlrfﬁrtgm ?bﬂ tﬁé’reactor
P ACIBR (SesHrS S SR GF Hle J Bef R A5R. pIgpuC, Ry pblained there-
r Farptessentially cnaigts of ipjopgilere biide dinkesdited qomenene smethiheol, water, and

PhRfsigen Jeroside! SmAPbRIcARE greieine: from essentially

consi sts of propyl ene oxide, unreacted propene

met hanol , water, and hydrogen peroxi de, annd

offEFiRg ‘Oya FHP@HS?’I émb%mﬁxﬁfe Saedarw@ct ’B'X’&"?JP@P'@W frgm stage (i) has a
e methanaieohtent inghgrande of from 65uUn &5 abt%| espaciiyopreferatdyeof(from 60
ht‘bS?cﬁvvt DR 'onQRé‘{oQéltwéudFt Bhﬁ'lerﬁ'&ﬂﬁ‘:t ﬁﬁxturéoénn%@ertdantéﬁt in the

oo oL B0 B SPGB AR RO THTL10 B0t base on the
wiptal weighhefcthe praduetieixturea agrsopylent osige Sontgntip the range of from 5 to

espatinl éspepinlsf merRibly ¢fffrohl 0 19wt 06, Haskd on the REH dighhof the

t Er%guét% Qtl.:rev‘?h@ Qtprﬁien[a %Sntgﬁtqg lﬂ?é a@ébt‘fr&a gatﬁ plro\%\y L/cb ré?pecnally
eE'i?&E?%\Y Pirag &ep Whi%y b@ﬁeq Proihe dotalveight Gf the %OGH%MU%
the total weight of the product m xture, and a propene

CﬂBéo‘?d’lﬁ%}tonsté uf ARBcted fdp@ﬁé ib éﬁarﬁ%d%om #e n%ﬁtQF‘eCr'eﬁJlildg from

f t he
§ e%e Jhié fpersf T O F s 8 Raseg Qfery Hitapld Botnod. Pret-
( Piably, \hisseqaration I capied ouf by disijaionusingrat st one distietipneoolumn.
r Esaitcaction rhixtune Sfaistdinem (he) at I€Hst enesrepetor preforalilp froddehe at least

C%%s&s.@ d%&d ﬁﬁﬁ&g@ {)abérﬁpr%\f@rdﬁre%életdé}ﬁda;%ngeﬁ Bﬁsﬁenepéﬁcfe metha-
coftntyber ani Jumei Rypper pasiih b s i
mTBtQ distilagipn gplHed i$ PEaierably ogeratashatta gpepreesvee of from 1 to 10 bar,
phefeeprafdrably 6o Metod baremdie prefdPablyealiram I tusaebtarl dnd still more
é@%@aé%ffho?ﬁm ? Bhr\cH 25 ?aﬂ eP'z Wé’ﬂei‘q 5, greowl £8E1.9 or 2 bar.

éF%E‘i"B%*" ?%B%H?P'P'B’ORI 8@6 e ﬁmtbﬂ‘é'”l&f‘% f‘ﬁ q'%lﬂ'gf&ﬁ' CHIMhbes fam S to
Tﬁ@ pigfertablylfiaim thto&flandesperigly efefarallly frompértaée dhedreticat siages.
pressure of from1l to 10 bar, nore preferably of from
1to5 bar, nore preferably of from1 to 3 bar and
still nore
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preferably of from1 to 2 bar such as 1, 1. 1, 1.2,

1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9 or 2 bar. According
to an especially preferred enbodinent, the distillation
colum has from5 to 60, preferably from 10 to 50 and
VeQ pzioeBdsy preferably from 15 to 40 theoreti EEI/EBI0Age§32S
40 WD 2007/ 000396 PCT/ EP2006/ 063325 16 According to a
still further preferred enbodi nent, the reaction

m xture obtained from (i) is fed to the distillation

CQEéHFEIné’fo 4 tiifurtre? E}e?erl?éa e"h%otdﬁﬁé?ﬁ etﬁé feaktich RBtRPe ShiAYY from (i)

th I
b Bies ey Bl e ol i 246 o episl fpons Boigh 1B, pret-
pewdlydom o 20dhestsetishiratapesibelewshe top of the QOQJ"pT ef erably
|n the range of from40 to 60 C, nore preferably of

g%nu?dfﬁp(%r&m%SCﬁh r{#)d?%l E’n%dé}s c{bﬁaerge%dfrgid'ﬂ %tgq% g() is preferably in the
praélﬂe OEHeR 48 &8 . mpre ﬁreé?rablzéagfforaﬁé to ot F’é'sebiﬁ’ah?@‘@rfe@ lp the
adktiiatier adlume of ii)i the pradhge mittureris préférablg He@te@, upninrag least one

pﬁéﬁt%&@@nﬁe% a feffpBiaifle iiPthéRalge éerdﬁFS@ el trﬁor@rbreferably of

H) ;It%t E t,$e present invention, heating up the product
DANBEQ ¥ ned fromstage (i) is carried out using,

at |least partially, the bottons stream of the

dingédrdiihgto éh’bbﬂé‘ct)buﬁ@ pfé&er&tu%ﬁtudd heatinglupdhe prodiict stream obtained

' %ﬁ%(‘i}a%‘e oL Ope%% 8&@{ al |e?ﬁﬁb%igﬁ£?%°rgm%9%§éaﬁ? ofthb '&Ys&l@tmn

£ Bolamp ofstaas b Bhs, é}eabln;egaﬂowf fthe, fyasel epoxidagionpeaegss is im-
e peed. #cktordipg éd erpadiéryed)émlﬁcrdmerﬁpoftﬁmrr&SIDtoo/bmf%x there preferably of

b%mmoabo 625N &Y ﬁsﬁ&efer $fh|%n¢9@fd‘|doa%'o@fhe%h9rﬁ§‘ stream
- BFEion gbinLabe lrTaliR colofin w55 i DAt ey 1 EITE ppthe produc

r akepn obtained from i) framsste@petature inethe rprgecaf fioe 4htor3pe’C to a tem-

r po@tir®h the RS of frain 89tdZ0 XN At the top of the
distillation colum of (ii), a streamessentially

nsi sting of propyl ene oxjde, nethanol, oxygen and
c A o B GilREH oSG hetSRm PRBvHdly SopSiig of propyiene
coklderrmethanotnoxygﬂneandsmtdac’@d pezpehe\is ngtaled/aQ«tehe topof thetcolumn,
Ofa miRlre 18 "oBtatnBG%aOiné aVWate @onﬁzﬁ?éﬁ{oﬁmo)‘e fHan 0B Wt. 190 Referably of

Hgtnm%eih xo 4 &1 6"%%83 gl morerprgfgpagsrcﬁ?r ég*\Xrggﬁ%&eé VHD‘% and hav-
c fgtadiydragen ﬁ@&ox'ﬁﬁ cantenfoh ”Q‘GOOfB Fhan 1|9Pé’P@r amf%rataiv ofyipt more than
20 pihama sAbmdee prefarabhtofaiat Moranhiae 10ppieiraddch cabe baded on the

TRyt v@ier@'? oiﬁ‘-epﬂﬂmuré Bo@med a‘?ﬁ'?eetog ‘ﬂﬂe &ﬂu%HePreFePébW this stream
CreHhoSmeb Aol ot G A et rebuen B a7 -

ofind sti¥yrmaye Preferably fram 0.0% tody et fr.ef erably from 0.03 to
0.75 wt. -% and still nore preferably fromO0.05 to 0.5

W%\t thé’ bé’ftgm%f %Q%Iéﬂﬁéu‘oﬁ %&E‘n oL € t%'aﬁ'nt %éﬁleﬁﬁaiu;‘? %oﬁé?%tﬂgrbf ngethanol

uWF?é@f' d‘“F%?E'ieE d@ﬂ"’ﬁ%’r‘ Bﬁﬁ%@e ' opigingdlnAthe RottpReofiibg column. a
ofnixthire is obtaimad havingra prepese icontebt afi nok chorea than pOzppor, eferably of
Cadt Rdve thdn TppAALE sﬁuhmsreﬁﬂe@mny cﬂrn@{ AorDihYn gfppmn ahd having a
{TEFoﬁyugHé‘Bx &é’m‘%@éﬂ t 3F otarﬁarle théﬁ“éoe Al pr &él%g y of?%ntt .ﬂ&% thaH 20 ppm
n8fd &k @Of%%rﬁf%'sbﬁfnﬁ'o -1 éP%rb Q/ PRI Hoeadhgrase ihagef op the total

p peigBbofdimdmixturé bbtained ajthe bettanbiithetolamh. nore t han 10
ppm in each case based on the total

Therefore, depending on the respective point of view, distillative separation according
to stage (ii) can be described as separation of unreacted propene or, alternatively, as
separation of propylene oxide.
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wei ght of the m xture obtained at the bottom of the
columm. Therefore, depending on the respective point of
view, distillative separation according to stage (ii)
can be described as separation of unreacted propene or,
V0 2r/pBovel y, as 40 separation of propyl enBCHEPWEG/O06NRS
2007/ 000396 PCT/ EP2006/ 063325 17 According to a
preferred enbodi nent of the present invention, the
evaporator of the distillation colum used in stage

(hbdordiSq & a|pPdefredP@mbédimbat STRRE BlelEntUdidhioRthé 8@forator of the
p.r%l a top, strea .(.Tdir Preferabl from5fo 6Ort'||
bsiiighion uipsel § 9408, 10is af lpest gty Gdiated uPip Ay fesst partially
pa éan:steeamy(Td). Grafergbly ofrenn 5 6 %; Tere areteraylom d54p &P apdespe-
t bigllypraferibhifiom 20 tof 40e% & 6itd) brebuseatd Gperate v @vapbrator abibe distil-
.(Ia'ti% cdithni of SR é&i@??ﬁi}, %dél{da% fﬁs r%&fp‘?éf@%&o&[géiﬁéd“iﬁqhe in-
in %e In- v,engl epoxidation ocess 'In a wor tﬂg

sYenje gRexidatinp (PRRGSST N 3 WoEhWR staBs whetsngthapgl,s gerarated from a
C ovRure somgrisiad wateaardi atiedsesS wit. Bbofwhethdnahfmore phaferably water and

e Raft heohipolind Rbfihy BCiing torhXetleeoef HE dhlRaroP hd ter
© AR Wt = SV Pesbr, sy2h o6 aloBRkel oL ES Lo bR Spigpvde
agnd/erropisnaigshyde, ot ethen epsppuedsiBich A8 digkolanes, and at least 60 wt.-%
PoOPEeMaad dnhutdeast @he Q{i;lﬁﬂﬁtifoﬁ Qs[ﬁtg@LtB Cbtain @Mmijtired (MK doipiSing at
a eas, - [ g
e ts WE A bl eidlp @ 10T R Vator Sl b Ik omarising
aftleat JAwt-g8 ofwatess, of et hanol and up to 10 wt. % of

water, and a m xture (M2) conprising at |east 90 w.-%

Of’réf@fhgi,- thé Pkl RS hieh (MAS afld XD &ref dbdihed) isCobthiled from the

an r btained. 1.5 ob ned. from.the_ , separat.i .
RETA j_,gge@r Ry B teratl 5 Bt SR i ot BER 38 isifbtion
| eelumn gped inistage|(Il)ari exen rease graferaklisPbiaipeskin ghe qourse of @ work-up
e prBessf 8aif meﬂ@ﬁﬁbt][-e,am, _egw Qlonedp pracésseomprising, fefexample, at least
- - r S - .
ot SR 858 Such oy 85° S kATt AR o Bt ot Pmton
55 e, e2s! one ciRtlaton siAge SEh 88 PriCiNeeIBion, pozomip distl-
olation; dnaational distillai@ngyr dhedike corg combiriadion of ab Feastioret suitabie reducing
Sttage and/@leddt ofx$UiaBIk sk Sardichidtddeat i on, absorptive
distil- lation, fractional distillation or the |ike, or
a _conbi nation of at |east one suitable reducing stage .
afigcosding 0,3 slilbiyeher prefeped eabpdimant die distiigtion oqkaen H?ng;'“ (ii) is
t cordigsred | ds dividinh ewallpechiren hadng b deistrong sideludftake, preferably one
di3b ofrlaRS | EHBrerebyL TR: HiSRRMg! walllddiumd Prefefably AE M 20t0d60, more
di vi di vvalh cgé m ga [ at | east one side-offtake,
pP% eé?bjgfr?/mg &e H-nggr_e ﬁ\fts{.%a%s.' Preferably, the dividing
wal | colum preferably has from20 to 60, nore
pTRé apedd cpmbinedréglon of O itfvacdret oftade Sdrbgtie divitingWEIEEolumn

c Fé?érgtﬁ)ghése .nqlg t %gto/!;] Lot l‘é? ab\ ?r 91f ét@lﬁ ",@,ad'f#h@l{) lﬁ'gn er of
Eu ek oy AT e e
t hesorern Bda b0 84, mpse pieferabiy frem| 18rie 30 #h thecsirippiignasction of the inflow
0S/ p&t bifergbly hae ﬁiofhf 19w B, nﬁlfr@fpﬁif?’@bl{ frof230 td 604 the sHifping
< B, or HeARl@ Bt prorBALg B flond 6% g Focie bidufifrom 15 to 30
78 dhe ayichmepksestian Pf ther fiakeoparopigteralily haseframy 19ig; Ty %, more
s prefarably Gbmt 20etodd’ %alead e bwpr edndyiedl fegica of tireoinfidw tiod S6take
YpartBf B RbIBAM &Lty HAR bR § B VU3 Mord prehfaiP irdRBRHBO %, in
t th fftak t f bly h f 15 t
654} g B Utal HulroBKS tRGHcB hgeb APy clin ' OM 10 L0

It is likewise advantageous for the inlet via which the product mixture obtained from (i)
is fed into the column and the side offtake via which a part of the methanol, preferably
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preferably from20 to 60 % and the | ower conbined
region of the inflow and offtake part of the colum
preferably has from5 to 50 % nore preferably from 15
to 30 % in each case of the total nunber of
whawreadwal stages in the colum. 40 It is | PRERP2B6/063325
advant ageous for the inlet®ia which the product

m xture obtained from (i) is fed into the colum and
the side offtake via which a part of the nethanol,

géﬁF&g 8@%/50%@&96@%@?@ l@f L l1fﬁ€2@®z§/s%@%4%?§g/reie§?i loffffd?ﬁfs to
730 & SressbRi eieratthTioh 90 0,259 or e meharbl, ke off as in-
ptesmediats bgilesand.rsimpee prefepablydisectly frd basck tastage (i), i hearenged
okt diffsrentheighty iRiE edlemb edidtie t& fé pasitioh lof thertReoretical stages. The
. t. i
DL el Ui s o ' 1518 2 o B om o
t &° theareyerl stagghakave ORRelpw i 94q ket ages. The 5 inl et
is preferably located at a position which is from1l to

2Pne SVERgRIR CeIUARAlLked anﬁéb ?rob@ss okthe &sﬁnﬂwéﬁion% FréfPably con-

bel t h d t ake, Th d L.
c B et e Hotied AR Bullandolf néio s Al bppepg or as
pf &rek pelump. kasexamplgt i poasible & usesshaelyrelRkqr neesihipggking having a
C §ypecHic Buifged ard N fidAt KOM e 00000 e’ eprefsratty frgmosboas 250 € 750
a b . : _
oL B U pelRho. NtFRieRind provBel BR0R e Epdric Snceieq bom-
£ PigRe 2 {Q ATSBI@IOHBCr BRRIIRALBRGS f r om about 250 to
750 nR/nB, as ordered packing. Such packing provides a
hirdiie 286w F;i‘abhtﬁﬁe@fof)ﬁf@h@ﬂér}/ othmoohlinﬂi?ﬂ'lle lobion &f h‘@gzolunén divided

SUuf. . \ | , . \/

R o G S Bhich BBBAE of e, Shfifient' Setih bE e JRAYF part, tre
t HEPRIBY BeRtioR ofihg offtakp patt{be girippiag sgctipal af thejpfiew, part and the en-
cocrshesit Sectibn bhiheaifftake ipart,ndr paets thepsof dsfare ipeovidet lvally qoderéd pack-

t rﬁ? or MnlabRRaBlng %E;dﬂm@fwéllpﬁn Eﬁl‘iéﬂﬁ%hﬂﬂétﬁlﬂg& @ﬁ[lese regions.

i ppl ng section o Inflow part an

ri chment section of the offtake part, or parts thereof

i $hexdifferantiali pressurd ever dhel divisingpwalk columg cen beautitized as regulating
pparsimeter forhte tedling peveraiThe GRldien i advamtagroddns thraé®dut at a
[ 0 | I

(e ?h€h§§4pm£ﬁﬁ°mcﬁ@u@n%&§*ﬁé%%rbﬁr?.*ﬁ"?i i G-k igftaply from
pAfRAPREANG T MrR PFREREDIM §f tRid o 21896 srhads 1.1 Tat i lom Ti% 14, 1.5,
aah7ab@oludbr2barri ed out at a pressure at the top of

froml to 10 bar, preferably from1l to 5 bar, nore
prefergbly from 1 to 3 bar and still nore prefer o
o7 iR 5 aR prpetzRiyipalipa oit & lemperalirg Fayfbogrog 85 (0100 °C.
26ote @efetably, frdm 0 td 88 °Gr Tie distillatiofhiempesature isameasurdédsat the bot-
t ReoMheicRenbl y carried out in a tenperature range from
65 to 100 C, nore preferably from70 to 85 C The
distillation tenperature is nmeasured at the bot- tom of

t ecappRaeh a digideg, walh s@lurap isusgdatineiieg ofidiel digtlatipmeolugn of (i), a
usteshm edsenfiedly coqsistihg bheroplylera dxidet mathaaoll cxpgentnd unreacted pro-
ShERAN ShisReY. At kHeViof B8PSl uith, AT miRLRPK l0BRfeB HaliRg a water con-
B Rt R O bty rSBiaf ofel ance Vs g ?ﬁil'& more
aPigiarally eoret mase thagr S08crPm@nd haikige atudraggmpersxisiecoatent of not
ofnofeothareo @pinh prefefdlily et marlthain 20 lppimcand still more preferably of not
more than 10 ppm, in each case based on the total weight of the mixture obtained at
the top of the column. Furthermore, the top stream obtained has a propene content of
from 15 to 35 wt.-%, preferably of from 20 to 30 wt.-% and still more preferably of from
20 to 25 wt.-%, a propylene oxide content of from 50 to 80 wt.-%, preferably of from 55
to 75 wt.-% and especially preferably of from 60 to 70 wt.-%, and a methanol content of
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35 preferably of not nore than 300 ppm and having a
hydr ogen peroxi de content of not nore than 50 ppm
preferably of not nore than 20 ppm and still nore
preferably of not nore than 10 ppm in each case based
Vo 2a0eoosest al wei ght of the m xture obtai ned BET/EPHWEs/6842S
of the colum. Furthernorel®the top stream obtai ned has
a propene content of from15 to 35 wt.-% preferably

of from20 to 30 wt.-%and still nore preferably of

f o548 20l a, %ré’ﬁrefe%blyf’of%ﬁp‘l’b €¢7 S %t0% 28 ’é&ﬁﬁall?referably

PR ki ga%gf G pSetin Pl RN of P8 stam. Pre-

afbly, Wettﬁeﬁma% A @heXygen mtemwfremcﬂs@‘eto 1 wt.-%, more preferably

Pfedrh BHRAG0 6/ 786wt 3%%and kil ﬁwbrmpréfetafmly&ﬁ)nm.os% 0.6Wt%.

preferably of from75to 17.5 w . -% and espeC|aIIy

pr ef er abl rom10 to 15 wt. in each case fs

oftt thR&idg "e\%thslﬁ’tst'%mt‘ RRIUNBA §tf%a€h?ﬁse y consystipg gf methanol
t Bbndwatepissibtairedh Abtbe sideoffiaye of thercolimn, e mitturers Obtemed baving a

V%eth%olrﬂéh@npéfeét @éa@pb.‘y wt fop %i@ra@% at Cﬂeé},t 36 wilo, aHe @f‘lﬂmore pref-

romQ

< igblye FaRL -4, 3% Py P ure ottt tot horp By G o Wotera-
e§|§é1ﬁtnpbmpﬁﬁ tam Jisswiigand stifemergriseferablyqof,aet @jore than 2 wt.-%, in
obach dxed bafdd dhthebEweiGhit cfKiee iixtirb @btairedrat theasida-ufftakecof the
[ |9,?}I_ai ned having a nethanol content of at |east 95
-% preferably at least 96 w.-%and still nore
pref- erably at |least 97 w.-% and having a water
cBhthentotiom efdhe wiistigatioh xalufnwa. stipmpesseetially tondisting of methanol,

RERr hh@@n%e&ewrgdmb’eﬁﬁgroﬁﬁehé oBRIn8d PAIEthE RRbM d¥fthé'8blumn, a
n%rxe%% |sant%|H¥\5 havr?i%agnroon%ﬁg I?:oﬁtgﬁt ?fth%g ﬁ'l%reo @aﬁ %ﬁfp{pﬂf{ ?Leferably of
t Re m%"@lt'ﬂﬁﬂww pRM ARG S\EIUF?"Grﬁ"%fP’atbwe’fd‘PsT“PTel than 8 RPie RUGHaving a
a pebylereroxdss eorttérd bf yotaaore iteni 500ppnd, prefedably @k not rMdrewsdne20 ppm
aQﬁ’d Sif Fr‘.a.%t F%W Q0K rRs6 W I%0 | Emom &dchedise %’és&h@n the totat

p?vtsfsﬁﬂ%%aeo'ﬂr@ﬁ Oer'nﬁ%rﬁn%F“%tf%aﬁh%eo'wahqa' e orably o

not nore than 10 ppmand still nore preferably of not

AL Raétpart ob tHesieamitakdmeibnh thedsideddfalRy Higiding wall @eluadIak e recy-
SEIeE % sgf%ﬁl |r§tP %%858') %P[ﬁ}e IWEE‘F“?J @?l}é/ssoﬁﬁegér?ébl?qt?e BQ@ %2 Ghore
P Rrelaggly ab ot 98 Yoot ey syBag teken o g SBROMAke 3 redyBid ino
mstagel(lla obt ai ned at the bottom of the coI um. At | east
part of the streamtaken fromthe side of the dividing

\N?h%rﬁ%ﬂ% ﬁt‘l\}g E%?gnétl)ﬁven essla?% @%ﬁ S%%fvaes eﬁcp (%{&t&gge rﬁéréin at
nigagt 94 /oeqféheeir%ﬂﬂatakeeérem the; S witake of Gerdisiiatioarahim used in

t [ik amd rdeyctakifittalstagalie recycled into 25 stage (i).
Therefore, the present invention relates to a process

a ri bed above St

TP T girar Ak R STt R el . sl dod e gt dis-

c tllatiem celdrea. essentiglly pongisting elbpetharpl. water andueeacted hydmgen per-

Theiddy0$ thendedstorthe redck eNsthge (i)t Pefataisiy,ithe dbttanms stdabmis cooled
Eﬁér% el .w&dueéa/tn@d [ ke flb Stor bkdm@id! G- eum.n or two-

sent consi st blnq &e{ 430 [eact e

hf’ L) mg.erpore prefera yloa temperature of from 20 to more prefera-
bly to a temperature of from 30 to 40 °C. Still more preferably, fresh propene is addi-
tionally added directly into the reactor of stage (iii) or added to the bottoms stream ob-
tained from {ii) prior to introducing same into the reactor of stage (iii). Alternatively or
additionally, fresh hydrogen peroxide can be added.
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oxide, is then fed to the reactor of stage (iii).
Preferably, the bottons streamis cooled prior to

bei ng introduced into the reactor via, for exanple,
one-stage cooling or two 35 stage cooling, nore

WP E0EPWBISy to a tenperature of from 20 to 40PEI/EBI0PG/63325
more prefera- bly to a temperature of from30 to 40 C.
Still nore preferably, fresh propene is addi- tionally
added directly into the reactor of stage (iii) or added

t Phé BsledWity an‘ﬂ&lssrbé(ﬁl@mlrobtagé &iineith fcspedt to hydrogenoperdxide is pref-

(PP S DTGl s 0 o
RETET EP2006/ 063325 20

The sel ectivity of thls reactlon in stage (iii) with

r ‘Fﬁé’@éléct&iﬂ/ &Xﬁb’ &Q?eﬂl pPSe8Y Ind®ades (rPfonu with A2 ¥ct't6‘ hjdiGgen perox-

¢ BB mslergl e e B 7 B SR, P rpé%(fsfagm ;e prom 88 0
r dh&eand-aanicpizry referably intherange &emuaﬁutwﬁ&f the over al |

process in stages (i) to (iii) with respect to hydrogen

p?ﬁé’f&tal% argﬁeﬂ g% kifid S&ﬁ? ston' 0 F&?raﬁlﬁ{égga tr ﬁ%ﬁ dﬂo?e ?n%ferably
p%‘r 9?% B?E ﬁ Y &F ‘?’QB'V it 'Pﬁs"t%ﬁg @éﬂﬁ@a'f“ﬂélﬁﬁ'mef@[?bb’eat st 99.8

Te total hydrogen peroxide conversion is preferably at
| east 99.5 % nore preferably at |least 99.6 % m)re

f 0 Leul arl

DT atiorimitre i tedRond sipb8 1) chitbrab s 2 miosPane] G i rom
sPA e 90 it %, proes erefasally Rbiory 69ctofidnwl-% ard eppedidly Pf%?rﬁbly of
5flom @020 80twt~% baset @npihe fotdl alaight of thé Fexetier) mbdur8 SThst watéb con-
a{é‘ﬂﬁﬁﬂ&&aﬁl 'ub{ tri%lr r%%? om 8fto 4 rvﬂmﬂﬁmfég r%%ré{ﬁl of%?om 10 to 35

A RSPBBiapBler I AToR o5 - b ﬁeﬁr@éﬁ%m wpfahEor the
t eagonmixtuye. Ther propylesiecrxids! gonteint, fprefaraby in dhedangevof from 1 to 5
aRE-9% SRGE ipfaféreblp bEfreh akb ¥ wa Lo fang @sae’c.dup pRsferdbly offrorR 2368 wt.-
O% Bg%dto%tt% to 'v%g#t 811‘ tpé peeactléneﬁﬂj‘ Wh@ﬁéﬁéng con:l- M preferably

P oy g t B

ngg of frog 0 toof WFrt/P é“?fPé’F@P’é‘Blnyfé'meQ Bn? I’t t/e and gppecially
%eﬁnablyesfrfmm ald ywpiefoasabbrythefotélaight of the Bsastion midure.
based on the total weight of the reaction m xt ure The

p en ontent, is er abl Q._in,the ra

P ERERtRfuc i ek Bink ngisPoridc B 1) B B T o iy e o
egtea%u(laqu ;the wwﬁw amoysaaﬁﬂdﬂ\tl@mﬁllm atdeast atportign gf ke gtream taken
t fremtthé adp ofethg latstition eelumaad tstage (M e@tnmeaoorfrth@eqowmdumt product

Mé?aﬁeﬁl?r%% {h &E%Jl&eof sfa% t(ﬁi toil gﬂ.?e 'vv)hl&naig tllib% fed into
I nve

| S5 11O AbRi VP e b AlaYely il SRSSIE SOREASlY foarh the

t pioduct naigtufer taken fremttbe resfctar log stihget(m) and pbleasial portio Hf the top

Sktagen of the Gieflabén eOOMN rlﬂcbté@et (i) e spigedWt thi1xttdd re@nbodiment

(%F%glnfﬂo MR eBhslefefebBled %r@s%ﬁ:tné%h')%;rrgg?ggbgﬁ%mr}gde

i nventive process. Al ternatlvel y, it is possible to
s Eparefates lagcdrdingl td & ereferresidanchodiment of thetpaésent invention hmixture (GI)

[fé@% %Eag@f(llﬁéi?ﬁé irfvbhtivk pwcsés@borln el o 1BAY 2 tPP0 Qk.-% helore pref-
[N [

§I%8ly o‘f ¥r§l%rg tﬁ 1 W i ﬁ. anﬁ% |I[ m?}}e Sﬁ"%l oﬁ]ﬁ' %E%t%\l\ggﬁei&’ of%rotpﬁlene

sP’F"é%r?é "Q’F‘e1 tPéQa’(Ytdédmaée @'Sf?ﬁbﬂ}t eftfiopy? Atk B vt (agd)stllb@pwg)ref

perblyrof rdm ZTtb rvetf-%rof propesaranit ogfréra 02006 1t@ 8 evt.F¥dmore preferably of

e dERL W-of ARt Qi FRFE brefdB bt RS 0/82th sPwi -5 of oxygen. The
methanol content is preferably in the range of from 40 to 80 wt.-%, more preferably
from 50 to 75 wt.-% and still more preferably from 60 to 70 wt.-%.
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fed to stage (I1) of the inventive process conprises of
from2 to 20 . % nore pref- erably of from5 to 15
wt.-%and still nore preferably of from8 to 13 w.-%

of propylene 35 oxide, of froml1l to 10 wt. % nore
V}S‘Pé‘?’@?&?ﬁﬁy of from1.5to 8 wt.-%and still ReFEP}YPEY6332S
erably of from2 to 7 wt.-%of propene, and of from

0.005 to 3 w.-% nore preferably of from0.01 to 2
W.-%and still nore preferably of fromO0.02 to 0.5

W . -% of oxygen. The nethanol content is preferably in
tBpqbafge of from40 to 80 wt.-% nore preferably from

5 5w. -%and still nore preferably from60 to 70
w. % 40 WO 2007/000396 PCT/ EP2006/ 063325 21 Stage

( Addording orstigeg|l} of the myentive plocess, phopylene exide ssepanatedom mix-
PHAPIG I PRYIVRE rﬂ&tdréf@ﬂ%éﬁ'nﬁﬁﬁﬁb propenddnd-oxpgdire (G) to
give a mxture (G 1I[) "conprising propene and oxygen.
Separation according to (l11) can be conducted by every

s Gepaiation aeeerHivg to (b san pe 60 diiy\everycgyitakie methodsMost prefera-
C bipdsephetiois cahdictdd Btdistinatioh0 Separ ation according to
stage (Il) is preferably carried out in at |east one
distillation  col um, re eferably in on L
o PERAT o SSRTAING) 0 Hderd Lispralsraply BaTied ot 7 st opg distilation
f caumn,5mere paderabiyrie one disiiatidn golwhin.fRreferably, this GBuramtias of from
e5RE 4D Mnbie HERFDIAGH HonPf0td 851aha dsPecklly préfeRbRtdfFam 15 to 30

S e distillation colum is preferably
o%’%rg%?%aé%tggg% top pressure of from1l to 5 bar, nore

preferably of froml to 4 bar, nore preferably of from
1 Thedistillation eohnrs Isipréfenaibly @ppratddeat a-tof pressure bf foom 1 {6 5 bar, more

bafefctaliifofford 1 td 4 bar, e plefetably offrork 130 31baP and stilk mdreSrefera-

. ¥
1.9 ar. Accor e pr t ,nyentLon, the
by ebbert 18 ppar £eRed: Rt 3R T8 17nb sl 88T par 50
tion colum conprising at least 80 w. % nore
paedoedifdlofth@ prebért srivefifonyhe iixtufe(GH) Brobtainedli=t Heyto® bf the aistilla-

8 Y j f 5

S 29m Srs  U80 AFaRb By S0 ot
oPaPl Lo §5 Brdowk- % 8nd Sl moss, PrafgraBlyatdrom 8 19,90 p kot pro-
Oréng, @andl &em @.Hdm 73wtwbe, midre preferalpy dber Qiblty 3fwicth, tncbe prefeably
oG Fle bh SRR, RoR, pro R Kot 03 (R ar apd sl ore pr
Y\%’@bl}Xroo(fe@%rﬂwﬁ\e/l&Vﬁc{ﬁ?pr?ns possi bl e to introduce pro-
pene into stage (i) or stage (iii) or stage (i) and

(In ihg casterthefithe procgssaofethp pegsentinientioh) itls passidleeta éntragiuce pro-
pg@rﬁﬁ% étd%;e%i)\&P%tH&@(ii\’)%P h@g@?i) BAPRF3S chénibl YRS rHent iPFhich
about 97:3 t0.a ouf"J 95'.5.f n caie chem gﬁlqngradf? 3 ¢
pPOBRMLISPLesgadl a Vee AR B RIOR|ES|YS PRANE.AFITANT 8RR P13 g hou
365:pr ingasg ghergical Yrade, propensria Liseds the mixture (Gik @ntagditionally com-
- prisaf upplooTENE-%, [prerethbyoftifoeh § & ab wtViBiof btopahe, Baxédi bR the total

(G f , according to a preferred enbodi nent
o?eitghte()fmg@r#teh ‘nvention, mxture (G|) obtained from

(I'l1) and fed to (IIl) conprises at |least 80 w: % nore

piTedrefores lageanding &aa prefed@dgmbadimert ofhthe ereseatfinveabibry mikture (Gll)

f bStEINSS frbM (APandt fed tG{IANGbnSdrises afTBast 8DNRL%I Alte/preferdlyosn least

8§5 Lv?.-%, more preferably of from 85 to 95 wt.-% and still more preferably of from 85 to
90 wt.-% of propene, of from 1 to 15 wt.-%, more preferably of from 2 to 12 wt.-% and
still more preferably of from 5 to 10 wt.-% of propane, and from 0.5 to 7 wt.-%, more
preferably from 0.5 to 3 wt.-%, more preferably from 0.5 to less than 3 wt.-%, more
preferably from 0.5 to 2 wt.-% and still more preferably of from 0.5 to 1.5 wt.-% of oxy-
gen.
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90 wt. % of propene, of from1l to 15 wt.-% nore
preferably of from2 to 12 wt. -%and still nore
preferably of from5 to 10 wt.-% of propane, and from
0.5to 7 W.-% nore preferably from0.5to 3 w. %
WR7/HM08%6er ably from0.5 to less than 3 w. -P/GT/W@S/%?’”S
preferably from0.5 to 2 wt2-% and still nore
preferably of fromO0.5 to 1.5 w. -%of oxy- 40 gen. WO
2007/ 000396 PCT/ EP2006/ 063325 22 Therefore, the

prr@e“reraﬁe e prigesh bEHE PreseRtiBvEntioisi esp&sidi§ Guitdde/toTEinbedbxygen

o nrfr %‘i‘i@}ﬂ%fs%ﬁﬁg r% %rfohgr{%ggvrfgnltj (9? ﬁrotbatﬁaﬂ 353:11? %Oﬁgnﬁularly far more
1R 79 84t al Suoh A At 8041 Tocprelerably fa™ 834 55 wh 5 A gspecial

f prefar&ily ofdrdab850.90%tad especially preferably of from
85 to 90 wm.-% 5 Still nore preferably the m xture

o N okt 55020 0 B
( ®na) coropauat isubjected ta pxidationoPnefengbly, rﬁGHboqmmwelesthn 1188 ppm,

t l‘i‘aﬂa ;ﬁ@rer:um lagithaih 50 bpMing sEil MbRY wblerablyaiass thBRM0 bPmiPbarbon
ﬁ&{ﬁ% nonoxi de. 10 The evaporator of the
d| S a

tion colum used in stage (b) of the inventive
process is at least partially operated with at least a
pand evapolaiat of the Hiktilldtien cgluchassed nesladecbpofithd owentive process is at

a8 faHRafly B;Sbrﬁea With Belbagt AbRA , (P4) By d¥sEMRAthersinabove.

i nventi on, 'east one feed stream15 fed into stage
(1) is heated with the bottons stream obtained from
t Aecosding) @ dusibar embodimagfeof the present deveationy at lsastne feed stream
efodasto FBigk (10 is hbsted Wtk &R batidva strieam, oblmdd) frons theldoRinegked in
fgtggg_,_ﬁgage (I'1) is fed into stage (I1l) . This process

a r)red out preferably in cases where (G1) as 20
obtai ned fromstage (11) has an oxygen content in the
r Acapeding tofanerendotionent oftthe ptesend inveplianf &314 sk pbtamedHirom stage (1)
I BITEE i s’fab@'ﬂll? traisGridess 1 catiet il fréfer@BlySin RaSELWAGE Y GII) as

' th%ﬂgd frglqgs r{e)nMs aﬁéﬁyé@n g’on\{%ntt |n/f’ne ’g’;ﬂ@g ?krgrq étg 7 \?rtr )/o more

i eregqﬂﬂhéaiea range-Af frops3 1e §art-%n en% ﬁ‘i'"t @med)refﬁraé’gwe dheyfange of
sfrogd tbéfwdr%. it is fed into stage (111). Especially
preferred is an i nternmedi ate stage in which the oxygen

conce cre sed, _Thi |
cRarag Bl et eatstimerl. (ol GRS gop ?r?ep IR BiscR o =
f Iegﬁhoyeég@;ab{q lnyerrnerbate singe Rgigenit isdert vt stage (11heEspapigly pyeferred
f isam iftemédiate e&Retih anich thé ox%en Roticenist®inedfaBlIyisiincrédd@d. This

r
B RO i L i i
t AR 0%495E SRMERHR His;ragge ¢ H@%O i egp tel?nlas“dr I'ﬁ:ln@é'l%@r ly in the
t teage oh o X0,gtn2 wt-hat @t stidfmare erafenablyrire theerdngen ofofrasn fgeto 1.5
(Whlod. Préfetablyt the oxpgtdecofienf sfames3 nhifures\¥ incr¥asddboghdtited oxygen

emér}(o’r gl Fe%@&’% biadd O inlth Panklh of #3m 3067 %! mgee pre-
L i ey g g toll of i 3057 ', moe

AeeBly i 19 rensecs HoBY Lo neae Stilsmprecrelerbly iesapge of fom 3
i vewt%on, this internedi ate stage

According to a preferred embodiment of the present invention, this intermediate stage
wherein the oxygen concentration of mixture (Gll) obtained from stage (il) is increased,
comprises, more preferably consists of, compressing, cooling and condensing the
gaseous stream (Gll) obtained from (Il). Preferably the gaseous stream (Gil) obtained
from (ll) is compressed from a pressure of from 1 to 5 bar to a pressure of from 15 to
20 barinfrom1to 10suchas 1,2, 3, 4,5, 6,7, 8 9, or 10 compressing stages. Sur-
prisingly, it was found that this intermediate stage allows for separating a major part of
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wherei n the oxygen concentration of mxture (G1)

obtai ned fromstage (I1) is increased, conprises, nore
preferably consists of, conpressing, cooling and
condensi ng the gaseous stream (G |) obtained from

W@ pOP7/0G93%f er abl y t he gaseous stream (G |) obPQl/EBY06/063325
from(11) is conpressed fréfm a pressure of from1l to 5

bar to a pressure of from15 to 40 20 bar in from1l to

10 such as 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 conpressing
Sthagfetharioll and/prr & SiaR@|part df therpropéraidsingrisad it {GIB as obtained from

opﬁ%g%ﬂt% bR Rl ESdob el o @dﬁnsat'on

IomABFSTUE A B Toolor 4% 1C 1 e SUpESTEaN fSDe Rt qratharpLotigined by
asucxhtnoadmsdtldrr loas Sl(ch la) lowlusygenrconbéntrationpthahisi can begecycled with-

aStﬁI‘f@%%@' pwcsmdﬁta&ﬁé .%eesspfo%ﬁrﬁ&é ¥s 3lvéht eflasgsmatth@gbuvent
b 2 88 30 BB e sy hlenl MothBie o} Mk Yyrpsinay

stmsnd that gorens ektained Ry suthy eandenpation bag suchanlowoXygai cangentra-
Widrhthat ie\¢hn belrddyeled withadt frthier purification it @hepprocesssior example as

. t,. nt mxture
ey ef O HER ) By the BosEMTRBRIHET 1 o
Moreover, it was surprisingly found that propene
obberefoel theypresanh inveride bt relaresia g psomelss as deseribed glave wherein

csétweeﬁ S@ged {l1pand hmt theSmikt@re (@) baed aemi} BRubjebtdd td\@Neast

rﬁé {nie%%%?lg c{on'népes%lo s%q%%v%fe?édﬂ prg%a{cgﬁéﬁgﬁing %rgésteh "¥ma
Yﬁ)’é?]?lbtﬁ bPOt%@"é?@fr"@ °?ﬂ@a’present i nvention al so
reI ates to a process as descri bed above wherein

bﬁh’gﬁﬁ ]Et?\g‘ri‘nﬁ'eéén&)m\%ﬂﬂor( 'aLsg% pglattél‘?td“tax Hggés;ts(% ldbscribed above
D EPdisen Sassh (0ae I 46 ritn CoBiopiainne TR0 i swbispted o

( dl Ipgstoge corppressienistagewhereinybe presure of (Gdl) B Ibqeaae@ fegm a value
val U Pbarldatvalud Of Psto 2015ar AsrRIolibréla methdnbEis RE REstPartially sepa-

mﬁﬁ“ﬁy&%ﬁ&&&gl@;@%ﬁ?%sg{ﬁ%%?s as described above

erer'n between st [1), the mxture
(G1) obtained from(ll) is subjected to at |east one
c Angardingly, othe spragamt vientdm atsherefatess s meprofessCas Xeswribed above

| AhéeAREvdanagRs (1B dA8 (1119 fthel mixur® (GR robwn@m g.sOEubjb'éted to

t gt Iggst 2»85 mrﬁ@'g %ghe%ﬁéc{] g{%mgﬁé{; Lrg%%i ? ﬂf C-ﬁﬁ %@5 410|n¥ a value
s@ @ barde @dﬁah@%f 15¢p 20 Bﬁége%whewemeﬁhewl a8 %Etpafaétfda%%t least
t oneacqliog @ad casdahsmgrdtdyed aad whereimther eethalie tsivean tblisagtetained

(hdg aﬁ%éénl b&nteﬂth@w 'En%ﬁ %o Gfidv YoroREfliRg dnd 58 W;F]Qrétbb)métﬁanol

subj ect ohe conpressi on stage wherein
tﬁtéaﬂ?'gg’sﬁ?%(aﬁn?@'ﬁ is increased froma value 25 of 1

to 5 bar to a value of 15 to 20 bar, and wherein
natdoadiegly, i mes;ﬁamrmtumnboh alsol @Rfids tDRACPROSdsi 8¢ desétibed above
CRRAER AR s ORI Rudlg G\ Bl f 9 Bt
86 P YRR oS HATNSFEI BBIESSLLe L) T gease i 7 yalue
apid? torS paritp p. vaBe ohd & de @0 gt ynd wherepiy roparte is at/leastipartially sepa-

atHiey thyedtddaBoriecodliny ARRDRdéEingetel bed above wherein
bet ween st ages (II) and (I11), the mxture (G1)
obt ai ned fromé is subjected to at |east one

GROrdiagly. ofe sRrESRIT Ve tieTh alsAereltess I, AePgFesscRs ydepdibed above
[ wheremstmdméencstams%la)l and (I11), the mixture {Gll) obtained from (l1) is subjected to

at least one compression stage wherein the pressure of {Gll) is increased from a value
of 1 to 5 bar to a value of 15 to 20 bar, and wherein propene is separated by at least
one cooling and condensing stage, and wherein the propene stream thus obtained has
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of 1 to 5 bar to a value of 15 to 20 bar, and wherein
propene is at least partially sepa- rated by at | east
one cooling and condensi ng stage. 35 Accordingly, the
present invention also relates to a process as ’
V@ 3WiPWEY above wherein between stages (I1)PaREPPIRERIS
the mixture (G 1) obtained?rom (I1) is subjected to

at | east one conpression stage wherein the pressure of
(G1l) is increased froma value of 1 to 5 bar to a

vanh dRygeh cbhtehbloROerldagh tdBNbWMGE rédydlingr the &8parkted SRR efleam
oaéta#ee@satndf&pg@ne cool i ng and condensi ng stage, and

erel ene stream t hus obtai ned has WD
2007/ 000396 PCT/ EP2006/ 063325 24 an oxygen content | ow
eAceogtingly thel presdnbrinveatigre laisogrefdtes & papatess astdeatriped above

Sbvhaem bektvde? s‘iég'ég ?II)(dnH (ﬂrljl dh& mixtdrk i(GH) a‘b@&ﬁ&dchdm (1) is $ubRcted to

@sent i nvention
dé

359 ot BB vt Sait e ufe fsSeite BLEEIA infBasgg rom a vlue
(Pi 1105 bardo pivaiug o£15 ta 20) basiansi whagein methanpl and; fsopene are at least

s patiaiytsefarated bytat leastsine @oeling @it lcesddinsing staage wWher ei n
the pressure of (GIl) is increased froma value of 1

r val f 1 2 [ nd wher

BRI o0 PSR e 2150 GRS K4 PRSI, o8 Bsrrzpd pbove
byherein kebsaenctages @l andd ! ribe midure r(r@il)rtg:tasmas@mm (i0 is subjected to
Aﬁﬂ@ésﬁ loR8 b¥mplebBoPEEgE WherePMRE bie8Surd bB@II) & inéreSsddGrom a value
P i S$ P?Stodféa er%' gfel% tggpé%r awd %{h%r@n 51% h\gﬁglna(n?t%?gpee%e (alré l;epa-
[?é? by eldeass on%\eoq"@aaﬂd ewasieean% pl@ge,i 1 vhesgje thaeetbanp! stream
t bed propesalsieeant tHuSi dbtainel haver eraeadeh rconteat lowl eneugtoto hliow for

LR clﬁéﬁhé&pﬁra\’e%‘ H&h&ol drednParidp rB?éne s?r@gm‘ms 5@gB (i) and/or (iii).

nmet hanol and propene are sepa- d by at | easSt one
cool i ng and condensi ng stage, and wherein the nethanol
stream 15 and propene stream thus obtai ned have an
ogygenigont ent | ow enough to allow for recycling the
separ at ed net hanol stream and propene streaminto stage

i) and/or éQIM) aalll 20 According to sta% ,
(f‘F‘F‘b’d'BQ t"t‘ﬁ 9 érﬁfhevavear%%ergeesstrrsoaxwewﬂtpaﬁ%m Jeigture(Gll)
nisxatueast (partia)ly rédsiced by eeasctiop aith inytilogen édtheeptespnce of a catalyst

I 8GRprisTHY SH Al 41 Yeds08RMoble hétgl. Presence of a catal yst
conpri si ng Sn and at | east one noble netal. 25

Accordin preferred enbodi nent, the catal yst used

i ficgarging %Pfﬁfﬁﬂ@é@rreﬁd'@rwat theccatalyst ugasdn (IBheompsispeSrapd he at

s leaplooTiesrsbbienmetal sigpsited oe at leastaiNecsuitatiia bytalystssuppart. tAs datalyst
ﬁoﬁftoxm%% PrisSor afyf bﬂl@[)&hﬁglﬂrshﬁ d?fg "o 63 rlﬂSﬁtlon?d Mo pre-

e s are t nt
eéfeﬂmsmﬁ% oty Al Ripots, me caiden g 5% Ficpoionices, zi-
s gfcl‘rrlragmges iaominion axisles, niehium exides) hitapiuinyexidesa maghesiummpxides,
ox.'hd @Rided) | IAMhAHIMDBXIEEES cediunt dRILES) tAXXEARS, clAP.ENPRI IkE) zeolites or

)gx‘?rés of v b fh Fbxbfjt%?seé é&[‘&é&a&h‘ 'Hr@éhé’c?sr eCs‘?IgEblr'Enmay be amor-

I N OXl

O i e G i b BB e oGS b S SHaRt iscap nert
Th@p@dppﬂ)rregam;o the redustion fghaclicn ciiiitl). Guitalre geciitdsiimduderreclite A,

C 260liREX [XRbIRE Y, hilyb SiicdZfites sldtyas ZdoRtes KIRIMH 45 ZSM-Brant BBEdlites.
support with regard to the reduction reaction of (I111).

Sui tabl e zeolites include zeolite A
According to a still further preferred embodiment, the support comprises an inert metal

oxide selected from the group consisting of aluminium oxide, preferably alumina, more
preferably alumina selected from the group consisting of alpha alumina, gamma alu-
mina, delta alumina and theta alumina, zirconium oxide, silicon oxide, niobium oxide
and mixed metal oxides thereof. Suitable mixed metal oxides include mixed oxides of
silicon and aluminum, silicon and zirconium, silicon and niobium, aluminum and zirco-
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zeolite X, zeolite Y, high silica zeolites such as
zeolites known as ZSM5 and silicalites. 35 According

to a still further preferred enbodi nent, the support
conprises an inert nmetal oxide selected fromthe grou
WOQHYT/80%g of al umini um oxide, preferably al Bf/RERUGH{GARS
preferably alum na sel ect ed®fromthe group consi sting

of al pha alum na, gamm al u- mna, delta alum na and
theta al um na, zirconium oxide, silicon oxide, niobium
oniunhe akiMhirardand piesiumeziadoniami aheisnidbien eadfiminGmi dnalilieomaxde girco-
gﬁhﬁ‘ll alﬁ?ﬂlrﬁhﬁ? ﬁd“&hdbﬂea Hindfin? slidss af moﬁ.th' rhr%}qum or alumi-

m SI i can an ZI I cani S| ni.o
R Sigan o SRS SkToRNS s oriok L PURS Gt baspre-
néantnas aunegrdr easantially mirealphanaluminac garnmemalumina idelta alomina or theta
ablumriaunmr&iéd t5d AlLeMamAsGleZdah 8 pratieHis MikiuFE 6TURb afvde, or four of

é?cﬁ'ﬂwﬁ‘“ﬁ"ﬂ%ﬁ' um silicon and ni obi um and zi rcon um

u d silicon and zirconi um and ni obi um As

to t he al um num oxide, it can be pre- sent as pure or
emewlbrealtheyprps:m mbplim ralatemtua procassas alesdribed aboked wherein the
o b&‘f#(ﬂ 5‘ g LHtﬁé%%f rl?:%le%éh?? &HrHBn?é‘s', &Retal
G

tﬂ’&%eee'éﬂ%ﬁﬁwsﬁ[%’m Ao e

° oY ‘é‘f"ﬁm@"‘g P “'Bi“@s%wﬁa FFRPEIR: ABR nie-

r biuetaxidet o a process as described above wherein the
catal yst enployed in (I111) conprising tin and at | east

OREARL & ggaﬁa{m&ooams&dﬁmamamaeéragem Wi RIUP RO brogess as

coh
z f"i’%’ﬂ?ﬁdaab"aﬂ o hﬁredi‘ Bi caﬁ% Y@RF'B%IOY%'E dHy P?\"@P'?Sdf'gat"'b?"& rlpastione
enditdel imrakal tcomphissspa esetal toxideveuppord seleetbd tfrem the groyp ooresisting of

alﬁlrinﬂﬁsﬁfdohﬁdaﬂpﬁiﬁﬁuw;ﬁfo@ ‘tf'hlliég ggeft%ttzﬁﬂrs‘( %Eeoemupgﬁﬁe' plesent in-
sipr SRBL refhectly Stk B olipinop S arRaRuelS SRSHH BhG e Bl

cEﬁSB‘P‘%‘V‘P'Y}g of alum na, zirconia, and niobi um oxi de.
Thus, the catalyst used in (I11) of the present in-

mﬁ%ﬁﬁ%fﬂ’étsu@rfﬁ{ f%Fé'fféfr &? rﬁofhbaﬁré‘se%'t ':dv%ﬁtnc@”r‘élae to a

1 Ca, respecti ve
ARG "’Frd’%??f gd égPY W'F?E?'f‘ﬁ'éer alg 'F‘E'Fé? pelected oo '?FEWP”P fnsisting
pefeaipha aliminanganoma ﬁwlnmaesielta)alamlrpr thetsauminadad @ mxtude of two,

amegg@oy\faa.raiﬂﬁbém,ainammdég_ is selected fromthe group
consisting of alpha alumna, gamma al um na, deI ta

alum na, theta alum na and a m xture of two,

f Mare Rspferably. theiainshpuppP akthe satalystempleveddn i qamnﬂﬁ%s at least
09@ .6t menepefietablyf attidest 8aMmal-%s moenpriefeyaty atrlegdt|96)wt.-%, more

féwﬁ I@ést beas 2’4" errﬁgre%eferébl gp fe%st@&e»flt@/oa&ld/stlﬁ'fndr@ Bréferably
Ay Sy T 7 pBE B, Vsl & 55 S vy B, oty

ggrefmrablyy(;mt@ﬁt BUPPRt egseitialiycnoagisty of alpha alyminagg wt . - %
of al pha alum na, based on the total weight of the

ST‘?P&?QFBFe tr{:esﬂﬁgérﬁ”lr#vléntlcﬂrr%falfésatglay robdis afsa%egb%da Qs%ﬁere.n in
R

R D elalon I e 1 et 2 e ingy SRR 2bHS A | pec

above wherein in the catalyst enployed in (111), the
eligbfofX ittkeprederit itreRtithDRIates 18 Aprabéssadsiddstiibed above, wherein in

the catalyst employed in (I1l) is a supported catalyst, the support comprising at least 80
wt.-% of alpha alumina, preferably consisting essentially of alpha alumina.

According to another embodiment of the present invention, the catalyst employed in
{I11) comprising Sn and at least one noble metal comprises a support which has a BET
surface, determined according to DIN 66131 preferably in the range of from 0.5 to 15
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Therefore, the present invention relates to a process

as descri bed above, wherein in 35 the catal yst enpl oyed
in (l1ll) is a supported catal yst, the support

conprising at least 90 w.-% of al pha al um na,
\gr eferably consisting essentially of al pha al um na.

Q2W %Y t o anot her enbodi ment of the preseRET/EP2006/063325
i nvention, the catalyst em}Foyed in (Ill) conprising

Sn and at | east one noble netal conprises a support

whi ch has a BET 40 surface, determ ned according to
Dirilg6 Gribal prafeehisty ablirymi hid he5 matfggenavé pheferabl).db fiom 4 %o YWD m?/g,

2 i firon? 7 0 $1 A2rgY

o Ofe I ST nES €I AR e PRiab Bl Rkl & #8903
n2/g, nore preferably of from5 to 12 nR/g and still

md herefore e prebgnt irfvefiticomertesdo lprogdsg as deberibed abeve, wherein the

g ea\a/@&tenhmw@iatiﬁ i fu.qheab@rﬁrﬁsés@ d@bg&@ﬁ&i@rs]a ?FT Iﬁglﬂfe]i}ﬁﬁiite}]eé?\ined
St R i e R T

according to DIN 66131 in the range of fromO0.5 to 15
nmAtcprdiAg ta prefgrddoerabqaliraére the dcataiisbdiplepdd int(HB compadesst sup-
e% PR H'da@, d Bt‘r)sugé’ég%bt% inéd %H&)‘rdiﬁg’“t& DI i6§’ih1hﬁ’r§fegérbﬁﬁﬁ the
surfac term.n accordrng,to, DI 6 efera

 FBR QT o O 8 o, PR PSreSshig OHfi9my 14 5 gl more prefbrably of
pfrefned talJiym?tsf, moreopreferably af4rom Firiey R mitp ped fillanere afsfsrably of from
f 706112 hay, Whefdi this S0ppert I & it kide Oprefef Dy & nietal brideBeBcted
aﬂ-gm%é lgk' Jﬁoéo%sigtrin?: ?fr ﬁ%x oncd érz?rm)nig to?dd%& :Hglln%fum oxides, nio-
wher el n HiPs SUpPpPOT | 1'e08 et al o>_(|cf1e1, prefera a

metue) OHYESRNGBiXed cxiges ﬁrfeé?ﬁftqﬁéjeéi?'?ﬁ?ﬂ 9N "BererRye grably a metal
s ibkide salectrsd dres, the igraupnéansisting ofesdrcorilmmxides nalominiles pxides, nio-
NibRim SidtFaAd e ddids Mer&d a8 UbstFBed BV Oktill Aforé! BRArABNEE metal
abQ\ée, | reggﬁr e%erablpy a n&t al .%5 OX der serl Fe([:?:ﬁ?df”?'[‘g fou
t REdE seiged SRy igpparonsiSing.of; FmiBR; 148 e[RRI, oM, the group
oxPrpisting Af alpha plymingx baamaghiMing. detia @umnies; theia alugtinaand mixed
desidés theckoPdodkRcritsidd dbbvdretiempregiréfefdbly\algharghiniiha. oXxi de

sel ected fromthe group consisting of alumna, nore

preferably fromthe group consisting of alpha alumpa, |

giﬁﬁ’ﬁ&’é‘f’-d%‘? H??e'HéP‘fe&%%ﬂ (fAteHio 7 H%S%F%H?Wag%ﬂiab%x\é rein in

o fhieckatalysh emplofedhis (M s supedrtedieaalyst.dhé Blipporiroemprising at least 80

P we % roR Ripyia HiudhiRa, 3 rertadRy- cofGistiiteébRtidhy of BRhRRMARY, the alpha

:AEM;‘H?&A r?-,{bn{ge% ﬁ&?sde%e(? hefl'agcoring 3 Dﬂ\‘?%ﬂ 41b§£fe%§>’ﬁ'me range of
ereinin ecaawf)és en‘po?edln 11T TS

sfppdt-+ bl at/a pare, prefaably gl fom 1 totsd méignor prefesably ofdrom 2

wto 14 P#/gf metepivefeedblynofriemm P iteell 2 méfkgl andstith siosd preferably of from 7 to

eggeplg al |y of alpha alumina, the alpha alumna having

a BET determ ned according to DIN 66131 preferably in

the range of 25 from0.5 to 15 n2/g, nore preferably of

f Mhencatalyst suprertnagcgrdingoioethgr presank tinventign fsr praferably emplpyed as

NdoiHingTPfeferpddejoonittey aed, fdriexemplet pellbl rifg-sBaptddhesdt] $phere such

mag %%S&q{rqml Jw %fphérreoﬁ}li?ldér‘? coﬂles, %étgm -gt?gnd: 2l é(ssgtar-shaped

support accordin totde resent,. invention iIs o

pFE%E{%‘k?P?w P?ﬁ%@& sfrand. emﬂaaidwetgroép@?qr&g geometries is pref-

gembint in ithesraage of fram 1de dAphre, mpeel prefierabiyi ofdrooha e mm and espe-

pelallepreferdpnesfarori®id 7 mm. conpact or hol | ow sphere,
cylinder, conus, frustum strand such as star-shaped

strand ér cogwheel - shaped strand. The nean di aneter of
prMOsLRTRiefTed 8EPMmetHesAre SRNelpeand yingRrs, espeqiaiy P ¢ spheres.
f Poeferably oofl oremhambrvet.-fir efftee aptheresohavier adiatheten o8 lessnttend3 mm,
€2R& not more than 5 wt.-% of the spheres have a diameter of more than 7 mm.

Generally, the support, especially the alpha alumina support, can be produced accord-
ing to the methods known to the skilled person. Advantageously, a cylindrical molding
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cially preferably of from3 to 7 mm 35 Most preferred
geonetries are spheres and cylinders, especially
preferred are spheres. Preferably not nore than 5

wt.-% of the spheres have a dianeter of |less than 3" nm
YWNPOHBR03Y0r e than 5 wt. % of t he spheres havePQl/BPHAEE$25
of nore than 7 mm 40 GenePally, the support,

especi all'y the al pha al um na support, can be produced
accord- ing to the nmethods known to the skilled person.

A:év FrodRea AySikingaofCallimind rHydaite (FBedtdtdehie)Ofbindep @39 @ptionally

dé#ﬁ%’%&gg@ﬁ%?@? pand brd ﬁwgpz,@g,ug@%agaedm?xaf agyfpgnt@gaﬁwa@agraph-
aft¢iMhsfe tﬁa@?tamarghawﬁg acisy Py 8Acing ab’{/ INRH ’ﬁ'@' gfor prefera-
ablly lwanomtlnsomﬂiy operajech pkirudet. ptibvballyt @diingtof thepmbidings can be per-
Sfoﬂ'hf&‘e dgr'; na éréxﬁus'?&‘i og@é ¢99bgtlﬁJdé’gts%End§1ar@;Hrft%§Lh‘§$%bly at a
Jsrfrafas ! o ldoﬁﬂ&? e SR L 5t Blmestiy glrom
d4eQ WQBODhS ferretgebbiirgie 859 $.h, vreéerébdv al e@t@utpt@rﬁy@n@p@cmer
dsiussequéntef @i aﬁlcmeatm@dmtmlatcurcmeafat fartempdRturé of p@ferably

%@rﬂ%&% 12@8% iP5 ‘?Jt?@%% rfér aa?w @ts}kg%gﬁ{e? g%%d?lfel fLEn 2. blz}lt}?ma-
i ively. cgAnatiansae §PP5WH‘98§FQE§‘WJF°"‘ a glingroaiin ’5)9 F’S{"HQOI’Oe mite
cnl x singld appardtusgucls ab iamalffe) fwedce, peferalily aith engratiadcusly and/or

oﬁlséﬂ'nﬁglﬁd'etﬁﬁl iNcreds ﬂn@QQﬁtJr@ Meédanfeal ﬁoﬁ’erﬁé!it Adyth Sibﬂ?ﬁtructure

PR sdeor e '?faﬁ"e%%% Shote a@dgfs&sswﬁq%ﬁgﬁmﬂ%mw al-

nBing: Alieroativelyi shasinogs ea@mme@ Ibwipsdetizing ageasding feEP 1 068 009 A1,

apgrRcallyipageus in@ a0 to patd % iiné 85 dathe, puplishbe daturyertd Ihitasge a pel-

C%ﬂiécﬂﬂ&h‘lﬁ %5 {fﬁﬁi{z‘ nr% %?Q& gé‘l}éﬂ'}ﬁ d’esgﬁﬁe{q‘?ﬁﬁg%m 220 are pre-
ani prop rtres an

%rn;pgratur C e pore
st§Ct ure of the support can be influenced by the
chosen ratio of pseudoboehmte / gamma alu- mna.

Ant 6f 182dt loHe hiible FeH) cHEplised eihb @aRRE té&éoﬂﬂigl t@tneah\v&uon metals
S, gk s ORe Ao thearilo EXAREHG L Fe 38Ry ey, R,
A3 Ln "p@lt Aq 27q 2 Sepiue ofi twg or é"%‘hﬁf thpee| m%'ﬁ@%dﬁ?& one
pad)bleemetahsPdd B Pt dnelch mimtukdSofGwd bBmailof tirese pritals Sechrasd mixture
Qﬂgfcﬁé anldBRF br LRI B B F7 B¢ or%%fé@rq?ﬂ aghrdteﬁlgarr gf?ﬁéﬁlrx%scif Pd, Rh
Cglht 8‘05,%?'8@3(*88 W?‘egrﬁ’fe??%edne %Iﬂ"%n& sting of Fe, Co,

N|, Cu, Ru, Rh, Pd, Ag, GCs, Ir, Pt, Au and a m xture
Ofrhérbmré? thel’fﬁéﬁen@fnvérhiaﬁ @lsERbIales fo ir@bsé SPGdscAR] abdedveherein

, 4 [
B 048 o’ honE iyt W o Saghiofol i 58 ne
PEreseRt imHentiye propgss:is salegied fiemy e swupowrﬁ'%s(%m Rf. Bpnd a
Rhixture df Mo armeorerthegeqhr Mést praferabliibe nmleﬁmtai édplatmum. According

p{oasdéwabcﬂt%euwaem{eemetbhwé&&ﬁm theWrB0Y LORIsBhG BF Pd, Rh, Pt

"EhPL B 8 8 8553 AEe0E TS| B ARPN B AISH 0 b Bbrerably

eﬁ‘fﬂPSSﬁ%IOP ﬁ‘ %‘PB‘Q{E heying & BT %‘-Hf@"e getegvined perReting {peDIN 66131 in
pthecesge offraeDS&dbed i rAccbrdingrto apothemaspett, thg aifieddtione metal

Rbeledtéd R tl°?le?2 b(w{s%tlﬁ § of PO R, PFBAEa ti_LRUf twéVBﬁr‘hore thereof,
PERLCEARlaby AdtRRC 3T ST ol brolsPath) B ot LR oxice,

gmgtrprgfgf@jysqlurn@aostlll pepre preferpply alpha alumina. According to yet another
aspect, the at least one metal selected from the group consisting of Pd, Rh, Pt and a

mixture of two or more thereof, most preferably platinum, and Sn are preferably sup-
ported on at least one metal oxide, most preferably alumina, still more preferably alpha
alumina, having a BET surface determined according to DIN 66131 in the range of from
0.5 to 15 m#/g.
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and a mxture of two or nore thereof, nost preferably
plati num and Sn are preferably supported on a support
having a BET surface determn ned accordlng to DIN 66131
in the range of fromO0.5 to 15 nR/g. According t
VHhHOAMO3%spect, the at | east one netal seleB?BBP¥$%Wﬁﬂs
the group consisting of Pd2Rh, Pt and a mixture of two
or nore thereof, 35 nost preferably pl ati num and Sn

are preferably supported on at |east one netal oxide,

nost preferably alumna, still nore preferably al pha
gm‘ﬂé H@a‘? é&%ﬁr g{s&@: |p19ta¥8r§%£18‘tﬂbe£m%®§]s°&%e at |£‘%t Bé,e h&S hnetal

PENc: AR O%I“P’ﬂﬁefét'm% CGP'WWB'PY%P éPaBﬁ &y éBffthe nt 'nvent'on ‘cata-
plysts areprefernetl @bmprising feoval 0500 &toet Qowiefe madvé presarably FromtCed005 to

03 whlo,! Ramt r@f@%blﬁﬁﬁll 0084 #81 v\&mﬁtmd% r&én%Bly}fro"M QS 0.5 wt.-

Sl et B o e R et 7 o B35 a4 ol S ey hOfﬂrPan%ﬂ 10 wt-
ofe, mosgrpreferaply of 0.800%0i0 §. wivnlh, P0g pefyagp from 0.001 to 1 wt.- A more
Perbidrabipi6m @826 0.534.-W)iahe sﬁlhﬁbr@ paéferabry fﬁiﬁeo Ofl it 0.25 wt.-% of

! {h?]altt %taktocfﬁ§§%§!etn9etél%ﬁg%ﬂ%%%t % {J}\% rﬁt%tai e mc%‘éh E:?:Ql Hased

sPa e tote| Aot of H@ gl leaskene F‘ﬁ(?éﬁ’f'i’%ﬁ the &P&F’O"'I %?%"t é{'r‘@e cata-
plyst prefeeably alominias moce preferabl. HpHelaltroind Oandt still Yorenpreéerably alpha
pélﬁﬁ\ﬁi’a%k/hﬁg farEfE"f' Q:r@@@éet&ﬁmﬁedsad%rdm@to B BePI£h Qﬁ@@'n@’e of from

oD8TaI5 g, ¥ s s e B eapCina fapie el 5 GaroERYcpesipted from
withe_graust cogpistingref Fey 6m NI, GO0RY RN, m, Os,f6Pé A 21da giintyre of

ofwolor(Agts df thdse \Mietal$o mdre peeferablydicabihg g‘rdiub"mxﬁlsgﬂﬁg bi(tde Rh, Pt
% an

sin e St Aot Fip el W Pl prefefyel] oty 21

at | east one noble netal supported on at |east one

nEhexkfomx theapresent inseritioo akse rélatee tb a pdcess ashdesculiesl abawe wwherein

o&etcaﬁn,@i ethSigydd iR 118) éB?ﬁ;ﬁisle?brﬂ@ ®f ol \ﬁtlll%J@frgn FHAEFAND.01 to

| Dok UE 3By L Dbl ARl il WP co UL PEEHG8] i o
hﬁvmﬁ@ Rregsot '%W%@Y%e‘lh&qlﬁr\@e%l“’a@écﬂr efefaglyt kavimona B61 Burface
| detemenacbargerdofg tb DINE603 Bintte ddmgaidf lomIdb watshmeg.Sagretpnefera-

?ﬂg KBRS 100 SRl Fstill Fiopd 'p:r‘e%r%)ﬁrﬂﬁ ?% X1 ﬁgjﬂect ed from

group consisting of Rh, Pd, Ag,
GCs, Ir, Pt, Au and a m xture of 15 tvvo or nore of these
récearding teoa di irgh pedferedhembédimantt dfshey pespnicioverition,i thg cefalyst em-
Pployddhin (i coMmprked k0,05 €0 0f1, ke Prefdi@biIg frbMa.68{o 0.8 wk.1% of

”gﬁ %n? rfr%tnel'j P@go b3 moPet bn@ﬂe’?&bl H&% (%V t% 0. éé‘%t By %?g% % Ieast one

V\M% ﬂ}?ta'¢ ﬁ@pe%?dawét '%%WSVEEXW Rr?fﬁra)b%ﬂwams Berg P@Fﬁrably
Oalpa atring? Anditstill mdre prefarabin dl;macalnrﬁnﬁ)havlog aZ2BED sifacat deter-
- %rfa,-ﬁ ae.t,ora.H RPDINEE 12R .ra{rmang@ SHoRP0.5 kd1 8RR ﬁ@%@le@ﬁ%@n@ no-

t
Che i %P&‘“E*%*bp?ei?%?iﬁ?mqﬁ%@ﬁ?féecgnﬁéprg oo N . Ru
che?dnﬁseQSalbc%r A9 Agd & e ‘86’1‘39" mﬁrqq{éhqsan@@alafmwpmfera-
Oblp floon the gnilipgsonsisting ¢ Feif RhaPt drdya fribaure D tvo drdmoié/ theraofl and

s§ﬂ||lnl,orggfe$er|:gdqfeﬁ{geﬁgtmuﬁqrom 7 to 11 nR/g. 25 According
to a first preferred enbodi nent of the present

invention, the catalyst em ployed in (IIl) conprises
f Aegiording® & gpcond prefasied epthefligieabofithe piegen insntien, theomtalyst em-
Wployéd inf{Il) &mmises fmofthen 03 vT:tO%Ombre prefepatity fedre 02Dy wi.rume 10

pr ‘:%» trﬂorg pQ&en‘.A:Qer f|{9n95 1th1 Efo %t %or@ :Bﬁgf{ergﬂglh%n{]ﬁtl ?lto 1 wt.-%,

art
,ﬁglp prferabiy 5qn9,012t005wt A,andstlllmo preferablyf%m015t0025wt

% of Sn, and more than 0.1 wt.-%, more preferably from 0.1001 wt.-% to 10 wt.-%,
more preferably from 0.101 to 5 wt.-%, more preferably from 0.11 to 1 wt.-%, more

U--
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al pha alum na, and still nore preferably al pha al um na
havi ng a BET surface deter 30 m ned according to DIN
66131 in the range of from0.5 to 15 nR/g, the at |east
one no- ble netal preferably being select ed fromthe

W} YH0WsHsi sting of Fe, Co, Ni, Cu, Ru, Rh, PEHEPARH063325
Os, Ir, Pt, Au and a nmixtuf® of two or nore of these
rretals, nore prefera- bly fromthe group consisting of
Pd, Rh, Pt and a mixture of two or nore thereof, and

spnerdramqomn priefte 015a6.-2e aivdstil ntdre Preferallp fréM@OTIko RS vt -8 of at

'kgh gnﬁo%flefHe?a‘i' ﬁ{EEE}r‘PééﬁEﬁ‘% H;é%tai’%?ﬁ&”ﬁrefe%y%rh%a more
oP'ffP«m i\ IphaEing; Igmve felsiehly Alpba alyrinachavip pGiET surface
wiletedhinetaceonding fte Dt 6§1 FirimtheGadgeloffromE) . Sita 13n*/gdheat least one

PR&tIE ek Mrefdr@cm( Qelﬂd- sél@ctéld %m'ﬂ% grollp 'E:Sns‘i’sfhﬁ? of P{?'o%) i Qﬂ] Ru,

B 2,08, Bty a R s TGO Rk § Pkginaigl Thgp prorera
pblyffrgmatbe grqmmngstmg)j Fw; Rhoft @d@Wureqq{ twanheyy racre thereof, and

pstifnagrableferfedbaing. pldlihuio 5 wt.-% nore preferably from
0.11 to 1 w.-% nore WO 2007/ 000396 PCT/ EP2006/ 063325
referably fromO0,12 to 0.5 wt. still

pY"é‘ﬁ"e 310 the weight rgtia ef the, aUe%% ONg "0% B‘P@Zt tin ‘I’fé'%\%‘t"at%h% e"‘P'OVed
niokllig ofrﬂrlea:lreseatmpentlba,dhene ané nb epstifimfimitationss we@ht ratios of the at
g{elﬁétq{o%m Mefl, LH?%g?rgbl rﬂy‘r@ sd’l’éc@efcﬂ;rné\ﬁgﬁe gmb%oﬁé.étr;i;rtﬁ PRI, Pt
St ol oP bl e efedt el Mo ppettell Pefha Plakinum.ip g ave
ol & fapgg preferatly fremdpiOdo 1¢0vb raare pesferably frems!:4 -2, mere refera-

pbligfremat? ko 1&6agd stil rereerbfbrabinof Asougn dup consi sting of

Fe, Co, N, Cu, Ru, Rh, Pd, Ag, GCs, Ir, Pt, Au and a

I xXtu f tvvo r nore of these net al s, e refera-

bl SErP P e pesSsnE iserion e P RS i = prpcesg s aovs, wherein
rﬁmthemaialwt emndpyed Imﬁﬂr)ethe weighbfatio shthe at teiabi onediodle metal to Sn is

panﬁ@fdn?éiohﬁirﬁlﬁl:mbQFOi.Z]Ufn 10 Wiile as to the weight
ratio of the at | east one noble netal : tin of the

cat al yst enployed in (Il11) of the present invention,
t hidse aegopdinghtosgarrpiered pmbpdimeniyefdhe wersgmtmvleateqnowecﬁatadmem-

aployddsiaglil) nabprésestrom 0.0 tce0.28 aibl% ob&hragd Sehe 0t th 0.25 W% of
t BEsPhodY &PA Fﬁaﬁ&lhﬁ%aofn e%@h cﬂb belRkd oﬁ% t%tammél lecff affmina pre-

P o Eaflys{, T spha-Biing Rayingh RET BUTard ‘{???’F‘ F bgercing to

t BINLER1 31 in ther @nge ef era ity 1l ma’Yg andithe oveight ratiecaf &t to Sn being in

pthefréiga-of kbmbil:¥tof 1@ 1: 2 to 1: 0.5 and still nore
preferably of about 1:1. Therefore, the present

vention al so relates to rocess, . as d scri bed above,
WRRo PRI i aeapgall Petpies SRRt OF 16 rsRent rgio the
r catalpstafmpldyeddn (Il eshprises fMoobD.65 e0H9 wio%Sof $8 and frotrh@05 to
r 809 et 0% of PQéUp%ol‘ﬂedéh a]l tvh-Blum?d, ikdeh caetsaked Blgtﬁertamelght of
pgl?ﬁnﬁa Qq'gse% ﬁe %ﬁys? Ieé FFPPQ aﬁ.l‘?n%g gée‘g Nq? 4 tqunsLlA)'ffo% getermmed
0Aceardlg to N FB1&h el rans A o017 101 'om9e 20 thevgalght raio of Pt to
s&ppangedherargbphﬁnerammbnawl n each case based on the
total weight of alum na pre- sent in the catalyst, the

¢ 5P 0s aiokel AR el ler@f BrinplRiell TR BEESH fyBfkion,
tW@ cﬁglygh@mplquan &) mmgrgegﬁoma Hf0iG25 wt.-% of Sn and from 0.15 to
0.25 wt.-% of Pt supported on alpha-alumina, in each case based on the total weight of
alumina present in the catalyst, the alpha-alumina having a BET surface determined
according to DIN 66131 in the range of from 7 to 11 m?#g and the weight ratio of Pt to

Sn being in the range of from 1:2 to 1:0.5.
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the range of from1:2 to 1:0.5. Thus, according to a
first especially preferred enbodi ment of the present
invention, the catalyst enployed in (I1l) conpri ses
from0.05to 0.09 wt. -%of Sn and fromO0.05 to

VO 97/03%6- 05 of Pt supported on al pha-al um naPCT/FiPJ’é'QQfW”zS
case based on the total vver‘?;ht of alum na present in
the catal yst, the al pha-al um na having a BET surface
determ ned according to DIN 66131 in the range of from

TAtcdordidg 1524 Brefirtbdidntbodrhedlithe aataigst@mpiiyetion (IBNhdsed MBiuicon-
tfage Bﬁaﬂgr‘?os?ﬁ Jtr?%rez?r‘eféré'b d)pathB %5 ﬂhh}s n}o‘?ﬁ%‘i&blﬂg al Rno& 0.5

secon

ot ETR ProfprROYCaIITAS) Ot Witk GURIA AEIoTabl 8t eRshSOp st . more
f preferdhlviat rhast 0.025wtwho, mobé prefeBabhaatomdst 01908 wi S%tand sl @bre pref-

V‘érabl' @t?ﬁosf’b Oﬁ"rll%ﬁ?o%t ﬁdeaféﬂ cﬁ&é’ Bé‘se%' ¢iMhB dotal \Qelglﬂ‘fd? S?\a&ﬁl the at
al um na presen

cgf'gllwgpoglfeﬁ'?eeﬁlpﬁ?gmgpﬁﬁﬁtcﬁgal’ﬁ&w ng a BET surface

determ ned according to DIN 66131 in the range of from
7Atsordidg 1624ngthen Prefdidweib@timeng thedcatblyleniployed th @) Hagian®tas-

P%E%E{?gg?@%gﬁ%gﬁng% %10"@ gl%fegal{'?\] atvpoglolo\ﬂ ngﬁtﬁg preferably at

e MBI Privhi”. Mare peeferably af ’“@ﬁf& ‘b%é’ﬁ |"PP’$P19F‘3’3‘H&§t rmost 0.05 wt.-%,
| mbke praﬁenah‘y—atlnmst o.of wht-%m)sne prefetably %t most G005 wif -4 aral still more
abref@eatly ét Mést 0701 WRL%, iR reﬁf:r%é'@'blé.séﬂ o8 totll- waightor SiYand the at
g@) etcgle abI at N mtth }1-|W; % nore preferably at

(34 8™ op‘?‘f‘Srle ﬁr bly at nost 0.01 wt.-%
nor e preferably at nost 0.005 wt. -%and still nore
pAedording toad lstill mbreprefen@d @aibodiment/tthe tataigsthrernspoedliagi@yhas an

OElkélrr%eﬂéP&%'ten‘(‘ﬁh&El alP:fnet'éP sé’l&‘i‘edaﬁo b aq%u;?%sﬁﬁﬁd&Na K,

o Ficoe oo 2 st et m?rﬁé’r%%f?%w%'i“%trilp‘%y/‘leﬁ‘oir%p’ rabjy at most
h@s et h’otme mefanabbroattreml of wht%mete Prefarably/@t most0.05 wt.-%,

pm@fee;sraiélrauyaét mBe6d.03 wits, MorePréerablyet Rioatd. (voﬂrt -%L8hd&tif imore
pP%{e%bl%?/f’ m&%? b%o%ﬁfﬁog% W%.(h %e%gﬁd (Qn t}le tal VB(% Q/HIB[ §n anq the at

nore prefera
o'%&twm}@wlé’%w@ﬁ@dﬁa - nost 0.005 wt. % and
still nore preferably at nost 0.001 w.-% in each

Cﬂé&r@ﬁ?f‘@a%mtrh&et (RbRired@hibBEinfeht, e 286! E‘PSmﬁB ed ﬁ\aﬁl'i ) may

CBorapie il sl ST a“%@%e”aﬂ&da?‘i%aﬁve%%@@ﬂ%w@w {hd sum of
ethelapyouatsi of these Imetaig, soraprised lirk e icatalysbandueaiauiatad as puse metal, is
abkmbdét 2wi-84, nwee pepferablgat edst 1 @M% hﬁo@rpﬁéf@ra@@rtﬁ infdst 08 wt.-%,

p{)epégr glerabl )}'%t rﬁw Oqswt 9, fidre éragl}/% g a%q g@ﬂf -%, more prefera-
Ug rmfr ﬂ?oé? B"&?&T‘R}Y %ttm?ﬁSQtooéwi -%@nd sfill rﬁ%r,eéureferably at
pm‘steﬂ a0 wt. &, imeath CaseDased ofthe toial wemhbbieSralahtytlmt atriesst one

Onéble Hietal PlessMiifthBlcaBRERDI Y at npst 0.005 wt. -9% and
still nore 20 preferably at nost 0.001 w.-% in each

case based on the total weight of Sn and the at | east
oheergfars. hepreggnt b‘ﬂ%@@ﬂta'ﬁoﬁe'?ﬁé t‘b%Péﬂ%%% as deseghad Q?QV? gvhgrein
sthel datatyst emplogddeinr(Bi)l hesrao dikatemital tdrdent af adtyradredngn @O@Cwt.-%

I anc( b hikall¥@Yearth PRI icdRte A dﬁlote mgfr%ttgéﬁo B0F4wRIo ahlgakh Bfse based
7o i S, B a7 e D6 T e e i

and calcul ated as pure netal, is at nost 2 w.-% nore

pAs teetha bplication®fthe at ledst offe nomIe énefdl ah@ tivbhiy ted suppsit, tHefe are

Who s;%ciﬁc limitations. Preferably, the at least one noble metal and tin are applied by
impregnating and/or spraying. Impregnation of the support, preferably the alumina and
more preferably the alpha alumina is conducted as principally described, for example,
in examples 4 and 5 of WO 03/092887 A1. Impregnation is preferably conducted in two
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nore preferably at nost 0.1 w. % nore preferably at

nost 0.05 wt. % nore prefera- bly at nost 0.01 wt. %
nore preferably at nost 0.005 wt. -%and still nore
preferably at nost 0.001 wt. % "in each case based on
WOT/BEI wei ght of Sn and the at |east one PGHERGH/EISLS
metal present in the catal y5t. Therefore, the present
invention also relates to a process as descri bed above,
wherein the catalyst enployed in (I11) has an al kal i
nEtkpd wherginata fipdt sipl, tHEDSUPPbA BNmPredRatediwith-2/Boldtiofl ofithe at least

t I t
V\i)lll%ab/étpeem%%r efgfeahg %&BU@ Q@ré)%re[égﬁbu{@tﬁ dﬂﬁlﬂuﬂtrﬂ% golutlon
afffl ta(ﬁ%f dyingcthe calglyst 1§ dpPreafRiedin %F%%Oé‘ﬁtSt?HwW%% solution of a tin
cedrepousd, préferably & Be-llaghidride abiution, @hd thecthas obtamed colalyst is dried
ngl Gidikdgal and tin onto the support, there are no
specific limtations. Preferably, the at |east one
noble nmetal and tin are applied by nr'pr egnati ng and/ or
s Preafinatiy oblaingd cginivst bas @ prefereedsabsgrian of 4imedsé pdbland atpseferred
ahigtlrd stre¥3 bf Adrahag 10 Mefie theldoyiteki ¢ tied pleserlinvghiim, abrasion val-

CQékdéPﬁtdS{é ﬁrﬁeé’ 5@%?4 &’%%sﬂ%@ Jggg %i‘ |nft|‘?é o&ﬁé&?ﬁgtﬂe Rrés@nt inven-

phQtt &P&EP rRsSiYalyes atp q‘%tP"E‘w&d\%az*BﬁFPB@Igg@%% E(zuick company),
PCT/ EP2006/ 063325 31 steps wherein in a first step,

t b%fe%m?%é cétﬁl strﬁ% QMR %evyrcsfﬁb he Phddinl ik ®fnsiyi8 pAdferably in

ast taI nor e
Farbrasi 452 205 Bere P oBP 7 "o
after dryl ng, the catalyst is inpregnated in a second
séAecmrd/mg o stageo (I :th!ﬂmﬁciurél (Ggpcohmrsﬂgmd%erpméigmhbml @) is re-

solution, and the thus obtained catalyst

|§dé&rrgﬁhﬁgb%ﬁd cal cined. The finally obtained cat al zst
has a preferred abrasion of at nost 5 % and a preferred
r Sppdisiegly it wassfoud thet ia (Hhanyden tan beneffdsivabpremmved Gomt(Rd) by
PagELING theWBRE h ?ybﬁ?% geAbloRgdetaticRbt vallRs which 6 EMaNEr ¥emh 5:1, pref-

a&%BI&d%rﬁLﬂeF Bah'3y Mk ‘t‘ooﬁ% 18%oré Bre(tfé}gbig %ﬂwtaﬁé?tthé’rf of E&al to 4.0:1,

dE‘PE’r mef?aP'sb?m%lfef 3@0 %ﬁsaal é? @rs‘i Bt "(ozwpaierewﬁaw)o'ar hydro-
Poaf epmiglen ratichis it #ieatapge floas.4:1sthel. $:1f mpee prefefablyefrori 02:1 to

M0, RighekordRRsbly ok 6.3PF Bl ADI Y 10 the range from 0.3
g/cm nore preferably from0.6 to 1.2 g/cm 15
Accordl ng to stage (111), the mxture (A1) conprising
oRGepEdinG (st enenemibadinpent (of Itl)e preserd inveotiay the malan fidregran: oxygen
Statip i prefe@bly frod 0MAS td G10M] nidi@lpraférakly flojn 0.8XVtg€370: ¢ anoreQrei-

ﬁ%{?ﬁfgtﬁo\‘rﬁéé’ 11E€ TBMUEhdl il Fofe rlafer&?%&fﬁ#b YSiphg%:4 he ol ar

gen : oxygen ratlio at ch are snal | er
than 5:1, pref- 20 erably smaller than or equal to
AAgcotdingrtsr anofivee eebetimentofethé eresehtzinventiore demotap hydrogen : oxy-
Mg&rabib 6 Brefdthily FOm 1.84 th 33811 OfhoRPiaterdby ok 210:1 &%3.15!1., more

r enzratio is

Bl ih 24 Vs 4457 o m&*@‘eﬁefaﬁ‘iﬁgmp@éﬁor% B1Y from
0.2:1 to 4.0:1, nore preferably from0.3:1 to 3.5: 1.
2bhekelony, diwag fmmddlhm treneodbivaleh bxyaken ey beraehiewd in the presence of
I BMﬁ;EHrétﬂB 1bh%n8érﬁfrat.$nédapm?o nOBMEE dxy @.t is%ﬁeétwely removed
pfr@miéﬁﬁ tr?/ga (E?nierm% Iog% #r%qen % 'IS;;?FPB% S mjn:gret %re%raga at least
bl %s More praferably,atdeast T/war\drsalhmrwprsferabmatfseaft 80 %.
Accordi ng to anot her enbodi nent of the present

| NS Rak b of (BR) WRY AYdrbYE iRYMN is” pr8P&¥ably carried out at a pressure from
0.1 to 100 bar, more preferably from 0.5 to 50 bar, more preferably from 0.6 to 30 bar.
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30 gen ratio is preferably from1.5:1 to 3.5:1, nore
preferably from2.0:1 to 3.5:1, nore preferably from
2.5:1 to 3.5:1 and still nore preferably from3.0:1 to
3.5:1. Therefore, i't was found that the renoval of
WRyYERGe be achi eved in the presence of PCT/EP2006/063325
conmparatively | ow concentra@i ons of hydrogen. Since
oxygen is effectively removed 35 from(d1), the
conversion of hydrogen in (I11) is at least 30 % nore

r} neérema.ihétrym dtalé,e06ds fordd tHat p’i‘b’&s@rd&ﬁﬁftﬁfrétﬁd?yof&bni (2 Gl toa Bar are
0 0, I

o s n, (% Dot o8 ol Blaje ol A S KRG i o
offrregy frgm ﬂpé%é%gif kejng-morg piefersed, gpd Bam 101628 BF Reirg eygnymore
f preferfed5 to 50 bar, nore preferably from0.6 to 30 bar.

40 WD 2007/ 000396 PCT/ EP2006/ 063325 32 In an
i ndu t hat g%r essures i

i al le, it f ound t.h
ey S5 v o A LBLRBRAB R 45 gar e
8 @otsiie.hédragvendt i possible te eendutt thenprodessourgier Bpresseternf from 0.5
ey €8 Pacor fFdh omglto for e L@ 180 AssR tob&Inddct R feaction in (1) at a
I f n

DRSSl 3f esBUfan' 100 ot & &0, 09 30 s AT S B r from 02109
pPaSE P 0.3 e & s of o1y 0. 4dp /a6 Af ieem D50 Sbapgrfrog @.6 to 5 bar.
possi bl e. Mreover, it is possible to conduct the
DTRS RoofiiAR at dnph Biheton in L haic odtis gsfefily fleds! 90 °C,
? et Prsferety giieds) 167G, o BRdipty 5167 280t he e prpreravly
sipast 280 &. glenfpetatyres of morg her 260 4@ are espacially prefesrado Thus, pre-
t Gerfbd kndwarod thef tempe@tude hOwliciDthe redctibh ainll)).id carfied olitas frérh 255

o . r

C(ﬁ, @ﬁrg‘sprrggf:atb%r&ﬁ 9@2? :P? ?;{S 9 anb &fil mylgarie?éli@cﬁﬁs AhMr0 to

R

at e¢ Ifon 1n is carrie

plsé ably at least 100 C, nore preferably at | east
150 C, nore preferably at [ east 200 C and nore

gnﬂé@f@alwe @bgidneﬁn) ig é&g&??ly eaRBd ngtléﬂ S?ré%fs%@]?forﬁ} @e.m@emoo bar
- 3o 8 ChPerBRET BL A edss HF e e KT 1007 B0 30, ol reeraby
( IPrespuredroay il tod bgpand a teminertonsf at lgast 260 &C. Arspeing to an espe-
]|? ciafle Igegtdrtfdfdhﬂm:lﬂ%t %ﬁ;}thé Fp;es@nainfr}rgibh,l the ge_at’&orphq? IE Lsggﬂrgied out

2P rb From3ftto 80 bAFSIE ratl}e floffrhbrear F50l °¢ Snore
B&Filéé@g?aﬁaﬁ%%%%e %ﬁoﬁbo%egéﬁﬁér Berelgig fensgio §d °C, more
f peaterallp at @ peBsure, fromp 1@ tp4 @ barrand| a/teppessature Fame265rto $50 0C and

t gtiiRPofedrefarRBlyait b pradeltitone1®io Zbar @86 & tehfbriture from 275 to 450
Acgording to an espe- cially preferred enbodi nent of

the present invention, the reaction in (lIIl) is carried
out at a pressure from10 to 80 bar and a tenperature
f ttovasrenrpeisinpig o8 @hdt thetdp@cii; remotiony copditid s sl the age af the catalyst

|tou~,s.$. mn@ &4 4Re héb@%emE?@mqtnaost BIRIRRAEY HI&?an’i Qﬁﬁoarf?illow for
nor erera e ure.rrqm Q

43" ety Bropend EvBR, By 1S B8etsic B o pro-

mBRee BRdipPRbyploguds such s sarter dioxigmia ot Mestop % Jnorgmiefgrably at

t emgsed 86,umneref preferabiSattraost 30%, Mord prefepablys atr postsd #oand still more

f?pgfg}agpg;mg,g{q ggpecific reaction conditions and the use
of the catalyst 30 conprising at |east one noble netal

and tin, nost preferably platinumand tin, allow for
Hydrogen may be added to mixture (Gll) as pure or essentially pure hydrogen. Alterna-

tively, hydrogen may be added to (Gll) as a mixture of hydrogen and at least one other,
most preferably inert compound. The term "inert compound” as used in this specific
cantext relates to a compound which does not react with hydrogen in stage (lll) of the
present invention or which reacts with hydrogen to a negligible extent compared to the
reaction of hydrogen with oxygen and thus has essentially no influence on the reaction
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an extrenely | ow propene conversion. Preferably, the
conversion of propene into pro- pane and/or by-products
such as carbon dioxide is at nost 5 % nore preferably

at nfost 4 % nore preferably at nost 3 % nore

VP Z02PUPBI6y at npst 2 % and still nore pref ePaBEY2084/063325
nmost 1 % 35 Hydrogen may B2 added to mixture (G1) as
pure or essentially pure hydrogen. Alterna- tively,
hydrogen nay be added to (A1) as a m xture of hydrogen
aﬁ@boﬁtl‘rnd ®AgH). EREmEIBAICF suchmeédt cpmpbe@Tdsldry nitrbgeh, argon, methane,

Rdfr* paﬁé‘%{&t&r 8 th{a ke, 'Mo%PﬁFBf% &hg&g&aﬁg aE&b(?‘tB ééu) as pure

E%\%Sﬁewal’h P'IW&PB‘QBW‘% H‘ %ﬂsﬁéé“'(“ﬂ‘ﬁ giftiafly, congstipg @ rB’HEOQB“ and
| waientsi used othe whater ftontealicef saidi iixtuny darobeeim the rangeenf ifiogi Bff éo 15
ext. smu&qmrnedtd 10 W19 or' TRIACS taP1D WE-24) BESLLISH thidtAl weight of the

AR RGeS P R AR 5525 hct o i n

to (I'll). Exanples of such inert conpounds are
Nirhé¢ agrtion 8ccdfing WWEIIN @8R be cbreanRY iP6m) NS, thiwata? rmor@ reactors

t B drinfiste oM?ﬁEh 8;5t[6§1§|[yas*él-r¥|{¥ &M&é&’gﬁd?oﬂ of Sbe fa‘ﬂé’c?ﬂ ‘a%uérenl\é mixture

nf@JBd‘fh@ é%ieé*ﬁ? |aa{P?‘§§°’§6ﬁ§Fé‘E'¥‘?9gw'gp WWG"B@@H’%M““%‘@F“P"S'“Q
i anciatdelst bimeother, sosiorefembty indrt sampbund xrior ® heing fbé intanthe reac-

1823 mﬁ;ﬂmv@; aﬁcr/@mdaménérg a§ep'ir% stre%%pﬁ;uragenfdr%&tur@of hy-

fromb5,to ased on
wfrofitn and & 1eh b eP sy farprébi i Sonfiond Bah S Yeparalsly fed
alt e reacklii d. The reaction according to (111) can be
carried out in one, two, three or nore reactors two or

gR&F%r&ﬁ iqﬁnﬁ%ge% ahlhﬁnﬁﬁrtﬁ rle¥erﬁ WQ? i%? rthe feed stream
¢ P ?hs TR0 Brey (o eiria B0 G 4R (GREIR™ 115 BB O reralure of
nie)astu‘r@ ‘Co e preferablydo attemer@ture)fremota@etp 308064 more preferably

Pireh @00 300 T0drid St R Hréferdbly fdm bSO Re3000cf ed into the
reac- tor. Alternatively and/or addr tionally, a
separate stream of hydrogen or m xture of hy- drogen
aRy way of exarmpigRoms efesonceiipble ?ﬂ%’?"&’%"oﬁ’? '!Sr‘i’ér"l'h“éb?ﬂi’@[ﬁﬁ‘& may
c beutzsd feetha resctidryadeediing ta stage (i#) ofdbecinventivd5 Accor di ng
to a preferred enbodi nent of the present inventive
roce t he tr totherec
PSR 1P e oTBaia, I tnacirtafpitngn o () o b ertbupein @
£Inae-type dspthermageatonwesein thef shelh porppartnent isdiipd wih thedfixed-bed
f eqtay$tSe descrdet aboveyane aRtreara roamsm antl h9arogéort e BOto§en con-

a%% hk{tur&‘ﬁﬁ@se@ﬁﬁ%&%mlemxg& g?&e % n(ﬂo%%(r) @Io@%o@? rW?ﬁé CPref-

oncel va ernativ ar e

whiae 'WE?)%‘“SME% lept opg £epling A9RMH & Rassed thevg H@o“P&l igpoils
t of the aegetqrs.| A9 carling lagerits) wealen ang/or Ad coaydbengsedo Ifowader is used as

abddihg abMeit ctan fbeh%éétfd)ﬂtﬁe RPACBENEF 48arh lsubdecq@aMiybafter having

\Aﬁgsga[[.ﬁ. hq 5 Li nde-type i sothermal reactor
erern conpartnent is filled with the

fi xed- bed cat aI yst as described above, and a stream of
( Bcdordiagntb anadhvan griternetivet the regctioo gecordiog to {IH) camioe perfarmect in a

pﬁéai%ﬁcrtahg@fttgﬁrattéhewﬁﬂ it 8Rfind MediIM NN QErtibdl ol R¥izontal con-

nPguratlorrTrls) are goncervable where the cooling air is either drawn into the apparatus or
pressed into the apparatus (see figures 1 to 4). According to this embodiment, the
tubes are filled with catalyst, and cooling is performed via the outer compartment.

According to another alternative, the reaction according to {lll) can be performed in an
adiabatic fixed-bed shaft reactor with back-mixing without direct cooling of the reaction
mixture (see figure 5). According to this embodiment, the feed is mixed with at least a
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erably in downfl ow node. At |east one cooling agent is
passed through the cooling coils of the reactors. As
cool i ng agents, water and/or oil may be used. If water
is used as 30 cooling agent, it can be used for the

VR AW7/ABYN of steam subsequently after havi n§CT/EBYeEYH33LS
through the coils. Accordidy to another alternative,

the reaction according to (lI1l1) can be perfornmed in a
heat exchanger operated with air as cooling nedi um

Wpertien bf tre ptddudt stamRior BoYiny infoled ind® tHel rgadted ih @ach amay that
fﬁ'leecz?dré(ﬁ%% ?eﬁ%le%tﬁret ’?r@reﬁgé) L ?&oﬁ'dr choseft 'ch[ﬂc% iﬁ@v‘for leRidple at

tu
f M98t arp tpg;efgfr)ably@é msgpq]gc{ okepre e@p{py | ARst Eh%‘d still more

t pledegakly et hodt7@dCwi t h cat al yst, and cooling is
perforrred via the outer compartment. According to

al tern [ ve e reacti.on _accor di

JRfnglort SPRATE Teag, B ARkee pRSERS, ot ehsh Y e above-
r dasprlbﬁ? apparatures icanibg |snlgeh|~i qambinedd|t issrassibledp combipe at lgast two
I it fe@ftorsnduch Wk @wd S thrdd GUInBreS9haftAeacidreiont Esmbile &t least two

2%5}‘%8@%'5%@% E%%o%ﬁg%?g g'roY’é\ghQat%&? ﬁérrs o‘?tcx\gmbme at least

Ptiede-ype isqiRepal spadtass Sushas tPwias '?’@%l of MPE kinde- W%%@P@P’ma'
[ reastmm Ifanesessanfydttis alsh epossiblatuabmrnbme apleasitanesshath ceastos avith at

| foaBEbRh b Qahé}i%fﬁ@ercér' fol @Rlbine3dtUgast fonb sﬁéﬁ%&cﬁ)r%th 4t0&dst one

grnae ‘ly rr%ec{tﬁerrr%glr%ﬁgor gntgfogpgmeft ‘Jﬁasﬁ%rge[ ﬁ%ag éc%aéggr with’: gttleast
Depe hiafertype isoipemalireactere f dwo of MprecanpaEivRes wEe graRieask it is pos-
atiblea@ sbupleat Iedst twocof Hxoapparaieses seflig an@pedtadass Bd of the dppara-
StUsB@Peréﬁlgmt't\ng fr mble égﬁaﬁmé Qteesetnglhf:&ﬁyl'ea andht Ib&ﬂ%o of the

react o or thnree' or re
r BBRAB oS RSEIBaH LR Toum Sach e, 168 {yhe, AHERGG: Gto which
s (RN imfedisubsegrentlyrafier siagenibii)ean batreely chesegell.<.@ra shaft reactor is
C e8Iy Gowbled WiBA hd&t dxdRarigbf dEHY d4Rcbd B IMie tHEPdhatt @@t ist, the

Sg%'aya%trggﬁlﬁlfo? (Nh cthrtﬁgn Bélné"?{ ISaét é:l%ﬂ%" Ye%einﬂgstﬁe ?S&tr@(khanﬁer It is

aflsp #98%bI9 FPefeghé@U) 'Fted'a‘t B?at\ﬁf‘?n?”Q?’ rst g Progyist §ieegm then being
e atlbast gartiaky fed onta theishafreattol. diae ., arshalt reictor isesmdélyrcoupledh with

afa Lllrﬁﬁft eor'eﬁctorl—'(@ﬁbetfamﬂé%d S {Her Bt réé’cﬁﬁtf%rt tﬁé Fo‘auct stream of

ﬁtl‘}b "?gs%ﬁ?ﬁeﬁ? Hartlalﬁrgftggfrﬁo qﬁﬂc{%p% I:eaﬁ{glr éte 2%so possible to

afﬂﬁdr(ﬁt @tsstharL@d@dm riegefor first, the product Stream thent kpingoal east par-
atiallyefed intd e shbift réetarP R ey, USEIRdS e addctorad gériatly Bbupled with a
| ﬁé‘aﬁtexéﬂgh Qrf él ecaﬁ'%@%cﬂnto Eﬁtde &}é&!torgirst th% g%ct%eam of

at U ar e.
or\"t*rct@%% @Z M e&r'r‘tﬁ a §xchapger; Lise@ ~°1°r98ﬁ?"8,1%é‘hfeed
o(@]l@rl[\totthie hegtmsctm‘ngereﬁstt the pmtﬂm:t ainéanh thepGieling atdedse gartially fed

smmgwﬁblweaga@ér st age (I Il) can be freely chosen.
, €.9., a shaft reactor is serially coupled with a

heat exchanger Gl) can be fed into the shaft reactor
f frpegrding F?earﬁ‘ﬁ‘eb? Rivesmixig Gt isded dro arcascasaiohst lagst two seri-
| elystoupedtfixed-bed Stedt reattorstdueh las o, dhreb afiogesr. mére sesally coupled

arﬁéa mahlrsa&&sfrﬁ&d drébrablyl thb Qr tHitEe BERI %@a@me@d bed shaft

AL R DR PG L (-
E!% @ is serially coupled with a Linde-type reactor,
(Gll) can be fed into the shaft reactor first, the

P Fl'gétﬂfot‘e %ﬁeL vemh%otrgﬁfesqg ) T)gocggs e?eaecsrcn Do & tt)o@e ! \Vherem
in (Ilt) reductron o the oxyggr? s carrred out in at Ieast two seneﬁly oouplerf reactors
preferably shaft reactors, more preferably fixed-bed shaft reactors, still more preferably
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25 feed (G1l) into the Linde-type reactor first, the
product streamthen being at least par- tially fed into
the shaft reactor. If, e.g., a Linde-type reactor is
serially coupled with a heat exchanger, (G 1) can ‘be
W76t he Li nde-type reactor first, the pPOUHERA006/063325
stream of which then beind®at |east partially fed into
the heat exchanger. It is also possible to feed (GI)
into the heat exchanger first, the product streamthen
bgion&r Mkee! BRAIbeR AN bdctors @d e’§€ediam§l PréfBblyi tide-fixédBed shaft
reacttor. According to another alternative, mxture
('@aFf’rsrs fed into a cascade of at least two seri- ally
coupl ed fixed-bed shaft reactors such as two, three,

f Atdordiig W akematilel sheep Wabtado shafkrdctorrars legiipped with an exter-

rﬁé’}%tr al ny dih§%o bhothdH fr Ve, A Logh at
L e P G o iR W SR o
f fegttors. Ap.to TIhserpeéfelrai embadiperds iérg stillnmeret preferrati dkat at least one

r Erloaﬁtﬁ Strbdin ﬂaaWnG‘é nafﬁaéi&% EbdAeafeh %ﬁng MQH@M&ctoP Still more

(1 redyct |

| sty S5e ot Sl e Alhep Brar's, FaBling ByRipo fea imo
sth\amextrre@nt@rmlor h@n@fqdrt@ﬁémrm@r stage qkthe b@@"‘té’ﬁ fracess.
reactors, still nore preferably WO 2007/ 000396

P&JAIE@%@%&%@%’& bé?ﬁltfc‘ﬂﬁeﬁ c&;}gﬁg % aﬁg‘gu#hebﬁje @Q@J g Especially

sPrafarred is:caofing §a ah'@@%irOaP r'u‘&a‘t Febpngen Allerngtivaly, andiqrpddigpnally, a
| steesim wivioh dshiaf ie feddntb ar giverr eeaetgu cappbel codléd oabroeghtdo -a desired

n@hp@fatdr@bﬁémlbeﬁ@%ﬂ iHio %Vrbﬁﬁor bﬁcmﬁhr& al fQrtrd %Er@ﬁ‘ﬁ such as
al tern re err 'east one of the

skHpepa ye%[@@tﬁbyj %Fe@f"e r?'nglhy rgﬂ%ﬂ‘t reactors are
desi gned as adiabatic reactors. As to this preferred
eTigefoR® Ribcortihg itS tisié lelnibomafeat pf theepresaht tidv@htiat, thes amiture (GlI)

f#?v nP5AELIAD oPinb FRENVEDIORMS R ko E?é?\%e%tu}esq}f%fﬁbﬁ@ to 300
o 50 HOOSP GORIES AN itk is 3P cmore aelprably fom g8 i300 °C
ppmcmrto beingdeciptd the firsttreactdrOofttiee cameade pkaiceast taodératly coupled

bmeegar?ﬁ%gl?ﬁ géa@tof'éé Pribet b%tr@qsd mio the @.aidrrm '?échd? @gt%‘a@@éompns-
S8 riliBast iy BSedin ansep By cBh Rt 3 Fidkassly e .

at | east one heat exchanger. Alternatively and/or
amgstt pr@féﬁblyytheaam(ﬁnt eanydrdsgwmded isvad)éstédeso that theamglaiv@itio of

@% ehefs §rﬂ§||e? F sﬁ19||e‘fi1 H%ﬁsdr %@ﬁ’al 1054 5, more pref-
Wi

e rea by’
SHW"%ff““ ?’Lﬁ‘i“ﬁle'i" 43 %P%ﬁb'%ma'&é% Al e]qiz'a' to 3.5, more
pprefesabiphsmpalier thanerragoalrtp 3. Stilh orey phefegably, tieh awlaf bydrpgen : oxy-
a?ﬂ‘aﬂb ROinttee At é fremam ¢ neats: pfmdr@?re?ér&lﬂ ¢ ftbmi 0@ 74 & @M, more
oce

%fe';gxst@ flrltgsrﬁ H(Sq[ oéi ? lI erﬁgr{eggefgrlaa?%o‘w d% ?(I SBhI 1@8'12;/ ;%Qi%k%&% from
5054, 10 305 b more PferRly rom S DS 0:6 g8 stilenam@ralerbly fiRpy Q71 to
pt.eflerably from 250 to 300 C prior to being fed into

the first reactor of the cascadfe of at |east two

E@Fén %éﬁdec ?ﬁ{f gﬁ‘ﬁﬁrgﬁgésglh? ?gascﬁgnai h{ fir %%ét(i tarrg 8}[%?&3[&? adjusted

c¥hipat ke adiahalinigmeg@iure fcerse Jpihg f@t ﬁﬂ%ﬁ?@%@@@?‘?%dl 390 °C,

Cmblr&tﬂy Q) °©,f mdrg ¢refgrably 80’ Coatdiestill tmerd fieferably 30 ROsMost prefera-
G hé %ﬁ&si!ure‘a'ﬂ %h%ﬁ%&‘lte]@&f hb{ HeORSeadslad chried BLL R ﬁ‘{hesn%nge

i ptom i gl D

pharf more preferably from 10 to 40 bar, and still more preferably from 10 to 20 bar.
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erably smaller than or equal to 4.0, nore preferably
small er than or equal to 3.5, nore preferably smaller
than or equal to 3. Still nore preferably, the nolar
“hydrogen : oxy- gen ratio is in the range fromO0.1:1 to
WO §07/000a%r e preferably fromO0.2:1 to 4.0:1, REFEPB6/063325
preferably fromO0.3:1 to 336:1, nore preferably from
0.4:1 to 3.0:1, nore preferably from 0.5:1 to 3.0:1,
nore preferably fromO0.6:1 to 2.0:1 and still nore

p‘l’ﬁé Bfo%hbWstrfeéﬁnnlem?g thetfidst réaéerllts r;aﬂ'érffelafttsf’cﬁél k8coMdteactor of the
£LQ0.in irs

fRPEIE 97 b o e BBoded oper, WP b B X Broteratiy
t brﬁﬁemé@ @rtemper@tue%@%fmrn 168 do BOQ $&. mergdreferablycftom @P0 to 300 °C
exnestil Mére ptaferaply rbey 280l ty 300 °C, If nedess#iy.ef stredid gorBilisidg hydro-

ag&h %éféﬂagg"i mﬁbé%{]n?gﬁgeﬂfig% &ﬂsu&ng“&%ﬁ;dlﬁl{g% €5 %ddid ¥o tHeNfroduct

ctéfon I°n |rsbayreac or, |

cSifeameigayng the §5t reagiofe Mostpygferably, fiegmqugt ¢ n agdedis ad-
pjustedsatthaf tter roofard@tio of r&@rdgan oxygee igsradiier tiiah b, bnetambl)()smaller
t hafQr R8I to % em%eérek?diﬂyysrhélrémtﬂé?\ 6r0e<ﬂ!a| RA4.0, AdFe preferably

byl o e Bt FLE, sty o bt o il s ppre ot

| erabiynt@emrcéarmya@een Yoo ratlg i Inéhe freage tremhk1 &g 81l dmore pref-
r e@blydton® 0.2 hid 4.0a5 aRetepreliratdy from BB g 3iH0 evepréfombly from

SENE o ﬁ%&’é epréf@.%b %SWG 1% SR hore ?&%%@B@%\h 0.6:1 to 2.0:1

from T
P Sl e pfefeam%@ntoo? 1@ s, Ll Arodisr wregrUpayngng st

f reantop &@nprises 60 a@ountfofl hydregendn the pefetredranges, itps ncima@ssary to

hy&H &n SdditRRal d%&ﬁ%ﬁhbhéingﬂhgﬁﬁ-dg%ﬁm essentially consisting

of hydrogen, is added to the product stream | eavi ng

the first reactor. Mst preferabl t he anmount of

hyor Bgesuraanetemperatere gf the reactiop in grsecens 9artar arereferagly ad-

h };udfed gerthat tha yadabaticSteswadatuees iricheage n tn@r slcefidibdagtos dodd ot ex-

Bady o %qHﬁa'ferESl}{ 605 @Bufee% eyF‘efb@{m Ay hl' rﬁéretp‘Pé‘Qraply 70 °C.
h

| to 4 an or
3’3‘981 ArEPiebly;, b dressi & aichdne BRgions Mecemond Beaior spmipd out
nisrie therrangel ora @i Y00 baremors preferabil fogrer 0:to 8Q pge marepieferably
| om0t 80 ban afrd prarerabiylfrdmt10 4 40 bas, aR® &Rl PERS preferably fiom 10
ffq?ﬁboaz 1to 4.0:1, nore preferably fromO0.3:1 to

1, nore preferably from 0.4:1 to 3.0:1, nore
preferably fromO0.5:1 to 3.0:1, nore preferably from

OA6cotdihgtozh® ddsired achoahti df bxygen ¢o be eveved frymf(GoyinGtage 111§ of the
Linvertive pRitass, |tfm5ﬂ§‘e Rééégé‘é‘r? tosfefe ﬁrS&Ydt BFedh ‘f‘eatifnb $e second

react or

pfeaFF PLiTe anesRE ntp at fegst gie ﬁawﬁr&%@% Pesterablyigg ozipace com-
aprifesityae br four sesialiywnpled stastprh yrire grofarabiythres sesisly reactors.
tenperature of the reaction in the second reactor are

p’rﬁfse {2 Prd H‘?Igg\ﬁn t(Ple tsgg}ndt g&t&qé f’?mgﬁ'fé&o aetﬁp f %%tHF &t the

oes not

i ncreé

pFeErca ea%%?f do bemg nfﬁa an BrtB“F dhighreactap the ma!ugt F‘F?a"?rdﬁ gre e’ab'y
pbrofightdd laytemperaiure of kars 150 teBed 3B meret freferablysfsam @0@ito 300 °C
Wahd &illtriéte pRA6raDIY frol250NE 386 CONEnERBSAP a stfeafPEdrhtRing hydro-

r

y %rabﬁ}fé g%%@?& E%@ %Qstagréqg l%gén %%d‘ae? 19, he pyoduct
t 6"9@@1 Ao FR%%GB%TQ@F%MPSF pesarally. it aowalrof hysagen Added is
nadjested b éhatlthg niadlaymatid) of hydr@genbacxygeb is\emaliati thgn Hp ptetfezably
demhile? %awmtéra.hau% 40X R0 pkerBBly SR Rad 5P83uadd 4.0 Rore pref-
Steraagﬁ sgnallei) than or equal to 3.5, more preferably smaller than or equal to 3. Still
more preferably, the molar hydrogen : oxygen ratio is in the range from 0.1:1 to 4.5:1,
more preferably from 0.2:1 to 4.0:1, more preferably from 0.3:1 to 3.5:1, more prefera-

bly from 0.4:1 to 3.0:1, more preferably from 0.5:1 to 3.0:1, more preferably from 0.6:1
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i nventive process, it may be necessary to feed the
product stream | eaving the second reactor of the
cascade into at |east one further reactor. Preferably,
the cascade com prises three or four serially coupled
WQHWT/B13% nore preferably three serially reaB%/HEEZ"“W”ZS
Thus, the product stream | daving the second reactor is
then fed to a third reactor of the cascade. Prior to
being fed into the third reactor, the product streamis

Pioed @1 akd ¥till 6@ padTerabl fdni ®1P L6 aur Fha, iftiieorodid stréars(@8ving
gtrhg%g}?tg cf H;?S%tﬁ %tﬁ%lag{ gﬁ%@glgr& of lh?cgg tagelggtgbgeradnjeh r%@ it is not
cORREESATY Kipdaadrasditigas streane Fepening hydeagpRam essenti al | y
consi sting of hydrogen, is added to the product 35

SThe FES.L, Q‘Hn Qeﬁ\B&aE%Qf‘ﬁerrgé‘& Rfin I hird P8 éﬁ'p}’efertabl? ad-

anmou q S . usted so t I
r Mgt sgft agﬁa ic é‘h‘“? @cgt.lﬁag i fhe; sogan rea or does not ex-
peasidet0RIT0y preéma!blv 8o "Ghmnrecnrefstﬁ!p!yl 80 € andsstillyrore preferably 70 °C.
pm&@ré’@}a‘blys el drédsudeit vhith tﬁﬂ Felctidroin 4he.0tl'ur'!if&fa'éﬂtolia isedarried out, is
e

rnatﬁ% ¥?r§gg9f orq‘TJ H?tttgl 400 ﬁ& g‘%gg péf&?lﬁy i%?{eb’ fo éq Er abﬁ% ¥re|§erably
5011 Orig &9 See More BrpiRGRNY fram 18 tp 40(bAr. Ana SLAERE Arelaably from 20
Otol40lbaro 4.5:1, 40 nore preferably from0.2:1 to 4.0: 1,
nore preferably fromO0.3:1 to 3.5:1, nore prefera- bly
fromQ.4:1 to 3.0:1, npre ferahly from0.5 1 to
SAGOrd G auhes AlerBitie, (B RGD) 5150 WA Bagiss siore preferably
PEFINgIRIAFC L8B3 aBre Feferablya single amdfi-kibe rdactapaad more preferably a
PEiRGIS lrﬁet& ted matPtibe redctdro Sl Mork: prdiBkibly, tht iR X6QBEE multi-tube

%eaﬁfg eeagl 'pQS’ Wlth Eﬁlté:b‘:f‘s? gl eéi %%EQ Lo %Qq%)i:én?cﬁr% ﬁneaﬁm?él{%lly the
nB%aéé%SA‘FVQthS"‘atBG reaction i the Eﬁ?&io" ﬁ?’&ﬁfeféﬁ'yﬁt lgapiPS % of the re-
hgctioo geat arb réhevedr Biismoe @afdrablyyfromaisuo 5%, mbe preferably from
r ?@E:t 3% dn@ kil ﬁloFe!"brb%rébﬁﬁfP&:ﬁ 758 85 B &tkd Rlablondfat héThR6ved.

5 Sndsh & el BurEPing daun shetabs S 16 f5reove ik & parfy otgpe rec-
Cliomteat, peetf prefgtsibly on CS5dadSsthi of|thenmastion beatr Albsyitaplp @oling
Nbgdntapﬁeﬁf s amblvyed. Eepedialy pesferred anshdiehaltdivls; BQAd 8l driwater,

g&‘cht %\%r hﬁt%?tb?écﬁsﬂ witor én%&r %H% wa'te? \61‘1.@1 E%Emre%ﬂ %aéef P ex-

nore

pF'@P'@r arﬁfeyabbob? tR5en fiom @ riger %%‘{0’ "i‘h?raé‘dﬁ?’ SPBCIA5P O frleo?Hem'ca'
1plactoin Adhidhathe reactbradfithe inmention @ndftke atvcgss ofdhe A®enticn are used

baﬁd aftief Qﬁ)d hé&s%}?tshﬂblé‘}én%vﬁ%ﬂ éﬂ%perﬁ'ﬂeﬂtrﬁét@nél gy'fitrétﬁn and/or
e e b

 beiog evregialy prafesedr ef erably a 15 single fi xed- bed

mul ti-tube reactor. Still nore preferably the single
£|or?é | ﬁ%gvéTHeHlonteUk%ﬁw fCRGLRF i &e@qh‘\bﬂpﬂ lgbaPdtRs are

as to

A i e BRI Y b Bane chrom e T ? zlcF‘B Porkfgfagly from
p28fletp 381: 1, mare peefarablygFome2di: 1 tohkS:A @nd stk mone Aneferablyifiem 3.0:1 to
removed. Still nore preferably, from65 to 95 % nore
preferably from 70 to 90 % and still nore preferably
from75 to 85 % of the reaction heat are rempved, 20
THUESE BPoVgaeulipnad SIBgIR GPaFIQT R iMRPdy AR feactor Fasce ng‘? e p@ frtermedi-
t atercontingds oerepsagy.Suwprisoglyok was boune that efféctive teswival afroxitgen can
Pb& hetialedusingiddle teucte, Hod réf&ﬁbl&%@%dl@fhb@‘fﬂéd béd feactor, at

Sté'eﬁré‘@%@haﬁpoﬁqsno?w%ﬁ%ﬂ%% i p%‘?e%rﬂ%gﬁéia‘h foS P8 oy only 2
sB@!Hthgf 'ihP\I@@Ct'mth@ﬁt "Wb@ﬂ@f%@b%ﬁ@@rﬁatﬁoﬁ%% Sastabe éﬁmoved at
wedrsaratively low @é@perafifes, nioel preferably from 260 to 350 °C, and compara-

tively low pressures, most preferably from 10 to 20 bar.
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anpl e, preferably be taken froma river and/or | ake

and/ or sea close to the chem cal 25 plant in which the
reactor of the invention and the process of the

i nvention are used and, after any necessary suitable
WA suspended material by filtration BAHEBI06/06332S
sedi mentation, be used diré8tly w thout further
treatment for cooling purposes, with oils being
especially preferred. 30 In case above-nentioned single
reactor is used, nDIar hydrogen : oxygen ratios are

pbgﬁ%é ﬂéﬁl\g&s%rbleatﬁ éﬁ{e @g{ﬁyreﬁ cr)rtgqr?pé%@é? At%asg[v%mfactors in
moarallg) r"é?sé pr@fﬁ@bly ﬁ“ﬂw rg. OP"WB‘OSS Bropegmif they Gatalysii a first reactor
phad bsenbdeaciivated . 4h (ndesired3exierit. In3bislcase asaction is stopped in this
a%\%r gﬁ@%r‘&ﬂﬁ@d H A9E& roﬁé%&&fnd' ead&est: thé] Barafiél tb&tiors in which

Rt r%fmemtﬁggawa 2052 L WL G Ja o reanime

oimgbactorated datalyst bil the Stst e3ciog isceuitabiy) regenerated dnsidengraautside the
prief @aally ay nulti-tube fixed-bed reactor, at |ow
m)l ar hydrogen : oxygen ratios, nost preferably from
1 to 3.5:1, whereby only a portion of the reaction

h@ﬁ*ﬁ Pposgiility pf sing east PF%FﬂaWQ’ WB'CB?ﬁ opnnpgied ingdasaliel with a given
I esadioe darabe 40 GppliEal tateavie reactonof thenptissr adboveedescribet alternatives.
ph@ﬁ@é@@éﬁe@éﬁﬂ% g%ér(bagége%r @%dﬁé’rm?é'aé oﬁé éﬁf‘lé’ rdairs cou-

eésures %era I 1‘r|om J
281§ /’b%ﬁﬁ'%éa'l:%i“ﬁéﬁ Bengasedgl cosy @Heral ly, |t is
possible to use two or nore reactors in parallel. At
:c FRSrbfotd\AcERaing & thid é\nbdﬁﬁéﬂtlwlthdméermfﬁ&@tioahhhérah laGsingle re-
o (0L PURSE T ol 5524 oGl 2, G koo
| FRacker and goee prefesglly 3 pingle fé?‘bb?fb'&“'it futieeacter is emplayed, dhgymix-
c uné (Gll)debving siagd {Hpst the imvestveqmatese isclieatedad attamperature of from

Pas@ld fdo e %?Jr@nierférably\hbﬁ@oottb 806 8 GhH I hw%re%‘rbfe?éﬂ?ﬁom 250
o G B, (hoseiie e ol i Up Paipa IR i e Faig et reactor, a

r 8tRandeoMerising; hydrsiopn.rrseferablya Weeanresseetiatly censisting ef hvgeogen, is
f nticdd oGy CPrefeﬂdblyThh@ re;&ft;ﬁllé)bénfgweafasu&th@'mt ol €sx@htially iso-

Oﬂ%rrhélarﬁé&ér ta'bi% &%W&BS& s[]c %e!a c\%l}n‘& jﬁck@i \Hrd pro-

ﬁ%ﬁs oéﬂfﬁ%galaézg@ﬁggggﬁﬁm éﬁqﬂa, r%&pqr ure in the reactor. The
atﬁumraiwsmfltmﬁeebmle@medmnca-piaw lsfsoutalﬂy adjpsted dating thageaction

088 a8fo hilftainaR ebedntialfAhaintBin@Rl H4birs8 dnfferstdda. have at
| east one parallel counterpart. 15 Therefore, accordl ng

to this enbodi ment of the present invention wherei
siThgIPeoduet stegaprpleaving the lapleeagtan pf thy caseagiee Prafgyably the fourth or
r érdrd too secand reagtar e eregiveferablysthaen flueth for khird réamtorf stitlenore preferably

r ﬁfécthﬁ’ci ré%@ﬁlJr rﬂ?rl@a\:ﬂ{ ecf@ rsﬁ'ueieyreéct&' 'HQJ; &n f 5(%9%9‘ R&nt of at most 500
"By gt presEay A ot SREedhl el R alBoR o agm, o st

t fnoge prefeprbivatimast 860 prrbm 150 to 300 C, nore preferably
from200 to 300 C and still nore preferably from 250 20

t ?hég%dgct el Iéé\mﬁbeih@%sft (?Qadtcﬂ'td? tﬁeh@ascgéé ef thb%lr?;ﬁa' fédctor may
@4 nt EV e sal d [ ﬁ‘? nE ng
h? {5‘5'@ COIPRIFSE Waltg'y fé”‘?ﬁ%&' eéé%%’ﬁf‘%’aaq'\f ?Wﬁ& §t F"hﬁ gynt of
hgtimesglld, wii-%, peetﬂmldy alomesti 7] wt.-%ranst sl atdrg prefarably atmestdrwt.-%,
l Baseandnl tHE Weghesf ths picaastsiban! Inaris @Béd, &lid profeid thdl@idBroduct
f?t%}n‘?fe'awh% thelast ?ééc?o?'o?thﬁ%%daﬁg oPE%r.l:?nngr%S&orai? sutjeded ta®ool-
mg so { ag at least a pomon of the water is condensed and thus separated from the
product stream. The condensed stream has a preferred water content of at most 0.5
wt.-%, more preferably of at most 0.4 wt.-%.
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vided to maintain or essentially maintain a desired
tenperature in the reactor. The 25 tenperature of the
cool ing medi um enpl oyed is suitably adjusted during the
reaction so as to mamintain or essentially maintain the
VR 3H07/83%enper at ure. The product st ream | eavPRYEPIPR6/063325
| ast reactor of the cascadé? preferably the fourth or
third or second reactor, nore preferably the fourth or
third reactor, still nore preferably 30 the third
reactor, or Ieavi ng the single reactor, has an oxygen

CPRd Sé‘rlénngl &Eﬁ“ﬁ’?g rmmﬁﬁqg@c%sfe?f lﬁévgtbfgﬁ)%%paf'&gd is
pﬁ’@f‘ép'é‘lﬂeg aét’””ﬁ'd‘?t }ZIBU‘ thp inventiys aﬁlct stream | eavi ng

the last reactor of the cascade or the single reactor
mFNeref%% Db S0 Rvbitioh ISR biaRs Wath %Fooe§§ aPiSABEd abdgé Shherein

e G esRR o s o RARN BBl of sy e npm.
at rmst 5 wt: % based on the weight of the product

SBfile@ote préfetablys(GIRdfas anhtoxygentonieat dfed mobied50tgpen. pr oduct
strean1|eaV|ng the | ast reactor of the cascade or the
single reactor_is subjected to coqgl- in

t hat at
| & SUrpRINGYofouBd that éh‘%/\ét‘%fﬂy iCeMPEtRTeiRS 8 nt (ks the product
s efpsamatidinéd Gromtthe 1a4Drepetodaicthe stscaden prafesbtycthe secomd, the third,

Sbftﬁé?ﬁtﬁ@%‘e&t&rrﬁ&@ﬂr&g B?ttﬁ?é thQ@ BF ROk Rfaci aRPSHlll rkbre preferably

f t
i bt BB, B FeChsBitot Gt el i tnd ol radir. gan e fec-
v idedde panathe mbfvraRGHLALRRsL paTHall th tpedesiErthiemperature of from
sestatoaaamd’c intore pretorahp fram 290 ta 00T tand &til( fbtd brefet‘ablyhf&)m 250

| R B OETSnaind MBS SN Bacible Present Invent on

so refates to a ocess as descri bed above, wherein
the mxture (G11) resulting from (Il11) has an oxygen
c dherefore, die presentonventiéraalse Peovisieman ffigient hest iptegrated method in

pﬁvﬁfcﬁrtﬁ’é)rbbdu&t@tﬂehh SASNENFrEN YOG s 6l usdd ff bRRGRg ielfeed
th%an‘?‘Q e(dh tov?ﬁ e?eWeﬁ%rﬁbé}‘?lWe Js%yunfcﬁwrﬁfucﬁd@qu Fb%%:&% in (I11).

obt al ned fromthe | ast reactor of the cascade,
pTbdse thepresdnh ewemrtivoraiko relatestttiarmlocess as dbscribed abdve, wherein the

r ﬁ'@&ﬂisrtg Irleavmﬁrtﬁe Hs?Bﬁfh@bsleMalﬁl%uf)lQﬂ rr&S’ac‘Ebrrs f@é{rlé&tr ﬁﬁﬁﬁfﬂsed to at
* Boatrartialy MRaTn@ spaih Y foutarmeratiiedh iR g gf o 1o ga 300

ef¢ec- tively used to bring the mixture (G1) at |east
partlally to the desired tenperature of from15 150 to

r 043
er‘ rlg ﬁ'n]g r%e%%gme%ﬁtlérg%gbég%tés to Qopr&i:e%gd?ssﬁé érﬁgﬁ) aBove
f"?"ftgfte 9%[&%? S'Wﬁé}eé?t r'8, at {Gﬁé W e to 4t least par-
i hallyrneaidhe albgwe (G b ddemperaiafe lnctmeemngmefaftom hleigr3g0 éa.
method in which the product stream obtained from(I111)

( T %s[e it brX&i% £ of ﬁw%gaéés{éht ﬁ%&éuﬂa?h rkgstéﬂib%f (I]%q'ﬁlxtu?eogcﬁh o5 B Rgated

ure
Fs)ethp@a%f?" teme(qttrrﬁ)bv ampyoﬂt*ﬁet PCBARI §- &\/@h?'ﬁ@ﬂcaélhgﬁi ex-
relhamels vthichaisproolbeger Ieessssy bhdxe theamosteprefshahiye continbausly con-

”Ugééétg ?rsob]&%\(é ﬁhﬂnih@ @nd Q%ba@xcﬁzﬁh“ge?@iéd%ﬂ BfingA g@agﬂo the preferred

peﬂpeéﬁ‘ﬁ"? '%%réfentbﬁg"erﬁr&ﬁ{fg %ﬂe@@/ ?t;{a‘f'%d °F @[‘H}erat ure in
the range of from 150 to 300 25 C Accordingly, the
pTRerefote, iadv@aing tha pref@raded mibceiiménm oft ther resEds ink8ntion, the liquid or

dg8dolif Ghord PRMErably gaseous mixture (GIII) obtained from (I1I) comprises of from
70 to 95 wt.-%, more preferably of from 75 to 90 wt.-% and still more preferably of from
80 to 90 wt.-% of propene, of from 1 to 20 wt.-%, more preferably of from 2 to 15 wt.-%
and still more preferably of from 5 to 15 wt.-% of propane, and of at most 500 ppm,
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wherein the m xture leaving the single reactor is at

| east partially used to at |east par- tially heat the
mxture (G1) to a tenperature in the range of from 150
to 300 C. 30 In case the process of the present
WOTORG08% i s started, the mixture (G1) can BETEBHOEY3IZS
to the preferred tenperatur® by a support heat

exchanger, e.g. an electrical heat ex- changer, which

is no | onger necessary once the nost preferably

Cdtd priefersdly ol nost 400 Bsm Phoegsefeladlyrdl MitsD GO PSM,; &nh@g:tSrefera—

r {

¢ B SEREEA08 Tt o<y oREb Bt vkt el 18 SBFUEIURR,
from(lll) Therefore, according to a preferred
emb@d:iatalyst iadd trhstage e@l8nis prefegatily dm, thd hrende qlifdmoi50 to 1,000

g+ rrﬁér@rp?éférﬁblgﬁﬁﬁ&HQOﬁTd(fw go )@(é(!:atalyst)*h) and still

2 ”? Ao S T FCH

preferably of from40 80 to 90 wt.-% of propene, of
f IogBsd tHeOcaldlystuisedfor 1B r@aclibr inastagel (1) @ ddatvated, it @ad be replaced

'fré%hl ﬁ%pﬁk’d d&al%fﬁ;rl %@fe?{bﬁggiggé‘tw%td\)%%ygglﬁ %Hé@gé@gené?ated

PM‘PI ot &y ResBledo reggnerated egrtivatedialyshan replace
pthe remainiag [podioe by lﬁie;hlgapremd c3blsipp lthe neactonmf stage 8H) ibkarried
abut%ﬁn@e@@lyf’ﬁﬁbﬁ@ fdric, Eﬁér r%aéifoﬁﬂ? rsﬁ‘J‘Bbé(d of th@treé?ﬁélt once the

L DA, oS s B A ol i e
gte@s) gnexraraligt eagtor.)If g catpiystispised aluﬂpyn%wn meden the deagiivated
7Eé}algétOQkﬂl(de(%ﬁhlatéﬂSdnhfk)Jdﬁtﬂﬁl regjehérated Dt gitatyst isauldey i fixed-

9&*111%99 ih eaégg s&(a@)ﬁ) 495,5%%@ rxéﬁéaeré}éd oliBicf %%»eerefa%r in a suit-

st use eaction |

bR ePRarpLa Wi elshige TagaaEan SShNRYRRAIP PoRIUR R mcivare 2
cgeantlyated cﬂaiestdo abdegiredi edent; peferably bt sucynsatn éxtend lthat #p pgriorm-
r B8NS hadrfbr corhBieldly R8iRYd: colripated t6 fESHIPhRpared catalyst the follow-
re ﬁr@@érﬁﬁ'ﬁg aprgc%s§ 'lsogmgloyéJ]%h%E%%%nPy?e:]e& 1§58 é% ¥Sbif tr?enl%llowmg

c &leges, fost prefqrﬁtéy .aléa eofﬁllqy\rm%ﬁtag%s @8} 19 (dﬁﬁ gogrwhighgessentially
o ubnsistedfiall obihe fgllowinlgistayes ¢az) teefdd).r ed, the reaction is
stopped in the reactor once the catalyst is

S PRI Bt B e fheafs S i Yl hea caavstwer
r eact 8rsuitatie ke geat piefprablyi ritregeadfor @ timespdfivisnd to reppwe propene
t he deﬁéhtlaﬂ@tcﬁﬁhp[bfelyc%rﬁlthéﬁbactﬁr preférabll, Yor 2GR inttiedrangsl of from

sl 281140 k89 RBIABbrar offdfn £ 7 X 3h hbrd 8fbudel S6REH 105

ot s1 BeAt i DPUTG P PG 15 ieacia (e TRAIOR o ave yira fegperature
al | saf whibh ¢her regetiver hetli tokent gadenihqreds Pdtemamehs ithe esatior can be

react b&cﬁécﬁor%eaféﬁ@@hb&@?e@%rﬁ raiuVeS,snotrQ; r§iRgi red extent,

i) PR3 o2 cBUEE I £ b8 Phyre Shosbid @"?%5% B gfeforkSy it
prep aP &as waﬁﬁe"t'@’w@ﬂﬁ'ﬂ'w oy Qeﬁg‘“F‘ aatessiere H‘te“ gas such
pr oc eas nitregenaridinr edrbah idibltide OPeferatdys thet oxlygerstontant obthe gaemix-

fol | o @ frobt 6998 30 VOIS, m&&%b@ bt'réétrﬁérh vﬁtiw the) sasf mlxmé«fc&apns

t ages, (aa

S oPegidder, 'ﬁf%weﬁgo g e 5 7 ga’ﬁ ot 0.2 8'20 By g pret-
t he re@blydtomt.3tp80 ariecnreferalyi feom 2440 o hslt istedll more preferred
deact tovat ed cat al yst vvlth 25 a suitable inert gas,

pref eLa%Q by ik 'de!a&r(!a tlm)?st:wlil'fé ?Hﬁx’uﬂrg e%?éﬂﬁ¥l?y consist-

propene "' essenia e rea
pr ef er abl y Hopf %‘i‘yg‘? "q at 'Fﬁ% ang defst gas for 8 dime ot from 0.1 to 24 h,

more preferably of from 0.3 to 20 h, more preferably of from 0.4 to 16 h
and still more preferably from 0.5 to 12 h, wherein the oxygen content of
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0.1 to 48 h, nore preferably of from1l to 10 h and nore
preferably of froml to 5 h. At the beginning of

purgi ng the reactor, the reactor can have the

tenmperature at which the reaction had taken pl ace
therein, Alternatively, the reactor can be 30 co
VWMH%’%O(O@& to a desired terrr_ferature prior to BﬁT/E?W&m“?’ZS
(bb) Treating the catal yst hith a gas m xture

conpri sing oxygen, nore preferably with a gas m xture
essentially consisting of oxygen and at at | east one

i ntert gas theugds miatsirenis tpreferably amthe sangecofirom @il ¢ b,deore prefera-

Pref er abl y pytdy ﬁoﬁ?‘ﬂ/gm ﬁﬁ’d‘&tﬁnﬁorgfpréf&ﬁblg fﬂﬁthﬁ‘réﬁgetdf F8m 65 to 5
from0.1 tog 39 vo tre oTEnt wth the

gas mxturg c Esgéoﬁ'trq 3><§ e% qrgvé’ 388 out for a
time {beb} hireptdhesudhitreptedinatalyst with agammlxﬁﬁe esgangiglly consisting of
er ably froexyged dnd diledst onemertiyaeffer &g df fom @140 48 M Zhore

It is Sgl—éféra ro? fﬁﬁ?f] 9(6 e atne rﬁ@‘@aareifelﬂbg; of frfrﬁt2 td18s h,

deactlvate cataly ur'e ess

consi st- i MGen ﬁ‘fﬁj‘éﬁgﬁhﬁﬂ‘ %Y? of g‘&sQanH'ét”F%@r'i'g §°¥18f’"99 the
time of fr ocomt@nthbfthe ghs rhixturedsedun (aag), efherairbthis @fnteht isrprefera-

gt |3| |t Orrg? eIBI r'g?éerefg:%/@sﬁﬁcﬁplrﬁbr@fhaﬁ 50 39 thoted r@@rﬁbly’j‘mrom 6 to
oo 3 T 40 8 B s e

oxygen con ,nr{norgfpr
t he gas ni f @ 1640 7 wqlh ety as abauh S, 17y 0.332.5 ¢raih vol. 46,
t @cp, Purging the Adaetof with layi itdrt §asoon Hmiktire ob abledsttivd linertgases. A

f f
g;eag%@@f? iﬁbraags rsa@gggﬁ Sfta{g%n%g) 8 rbﬁst recfggggb Eut after
t he sﬂ@\e R 8%“@'&%'%5! 3 fatpng PR Pﬁ—‘, ferably gsse :ally Al oxygen
essenfromitheeadosi sting of 5 oxygen and at |east one

I (aa t Téating 186 catatystmatan d BA) & whtha@1cA& dhe gaardﬂferent from hydro-

pr e é&f&&’ygvh rtﬁ%élmé 8r a rﬂpaq‘gge Puin eﬁ&?rcﬁ' wr%ﬁh o{]as mlxture

from e oxygen co
m xt UPUNRISING; @’I‘F@"at&bW%'Ytqﬁ'l‘és's%rﬁféw#me?n and ab@gst one inert
m xt ugas, oswith & gag ahd)re coimprising) prdferablg @ssentitlly conpistiigesfarydro-

bly i ébﬁm dt 3oy mftﬁé?@ag‘arfﬁrénlﬂﬁ&n% b/ §r@andTFPaE\fﬁ1g the same or

preferab

P 500 Srmbadbie rofiing aftst or X A Bar wiRLRe ShjEreng. BRADY es-
15 t osgtjallygtonsisinguaf ydragerbans at lemst qrm fgriher@as diffemnpfromHydro-
vol . - §én ar(dcns)vmauh@ bl bhe cbnﬂp@rhlé réducihg®ffettidtat @A8t 6He inert

Ianrenr ?é%iégr IQ Sth %I ag mﬁretcg&ghaﬁé cprgglsa% m)sé?rﬂf I?J ?6'{5%&? of the at

car r i E8StO0E 93F ﬂ“éY'“ E&‘Pé&é‘e(% §) CoMparablayeducing ?@S&?ndaat least one
port i ioert gasrigegmeniea@bidingds {edjtis pbidformat Ifomyrge,rpreﬂafably in the

Lr g:noltahﬁe bER&h Ol to(&ﬁCH m@r@ﬁ?e'féigblg E‘SmQﬂi & %‘ﬁb an Hbre preferably
hycr oroh0 o 2 A gﬁé £y B Sl S e o § Wy pror-
ef f ecerablyin {etrnge ghlsomilxto J08 babdn?femfﬁrgblyﬁm i@ §p par and

essenmbe grgfecaplySiosd | kg2arhydr ogen and at | east one
inert gas, or with a gas m xture conpri sing,

26 LRA T ErBSRTbIES e BRI 578 Renc
h%ﬁﬂswgegeﬁ dasg inhpe ehanggd.dberrimresiterercad hei ingfeaselaxt decrgased con-
widuously 9 Stepiwidelsrecob MJolblg iand steprveibe vhbilein B8 respective tempera-
ture ramps can be suitably chosen. Generally, temperature ramps of from 0.1 to 20

°C/min are used.

If at least two of above-described regeneration stages are performed, it is preferred
that they are performed in the given order.
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sentially consisting of hydrogen and at |east one
further gas different from hydro- gen and having the
same or a conparabl e reducing effect and at | east one
inert gas, or wwth a gas nixture conpri sing

WP dEPUB0y essential ly consisting of the at PET/ERMEG/063325
one gas having the same or A conparabl e reducing effect
and at |east one inert gas. Treatnent according to

(dd) is perfornmed for a tinme, preferably in the range
OMoét'efekibly, {He régerferatioh rpﬁ:oawé@ﬁ;msby af |ea§f1(@a|| lzmﬁeaerﬂﬂevbn more
a sti nor e

p'% era&gﬁglﬁgg%eﬁgeh@ﬁk% ijl%d Brgessure pref -

erably in the range of from1l to 100 bar, nore

psmf moadobr;efa‘ralﬂyn the tregem@ratian protess 36mpuises girledst (ad)l wherein the

a8 eggbnlﬂélfy cdngrsféaﬁ %rtH@@n L BBPRR&bI &eh dte ﬂl'éfé'l‘bd (aaa)

rgtg@)g[)ﬁtgéoqn &fﬂgﬂﬂ ej'ern 'ﬁi %pgtg\é\o it ener alfﬂgy oonsrstlng of

i mgeagetuatdeaaﬂ eae vad gas wihan pxygen egmtgnt@f 2§Q 2 polnbeanddn (bbb) a
C g4 ixtiPe!8536nBdIf cHhStingich Bxyfar oAl At reaet dneSREtgdswaith an oxygen
t Sémﬁ{t %r ?h%r Hr%.ﬁ 5rt8%svo? Z%ﬁ aFeeerﬁﬁb{{ %f@ Wﬁedn e(\fen more pre-

feé"eﬁsteﬂ redPF'"%Eaf'r %%§§f't'3(' 'V\B""@FStsa‘EM\Y eroae% cri bed

regeneration stages are performed it is preferred

t BAf mbf ?ﬁ f@go ss%é‘s%ﬂtrél’l? <ci@ﬁsrstéfgf wherein the

’ / bly 1h
2BE B iy e q‘?r;w?lrogsg & Vi Bay R eltened eee)

egeth (bbb} are perferfread and whereinrie (ang) AgpagaBixeiss essentiglly gonsisting of
coxyges bad afleddy dhonen gaSith An BBigen aér&émroabltds vdIR% and in (bbb) a

r &EHE&F& E%nﬁélg%ﬁéstﬁﬂg éﬁéﬁ aﬂ& ﬁ‘eﬁ?t ongeﬁ@rt q!%%{fﬂ ah oxygen

(Biyer Emerh g i 17l -toaen sEEd. feskaereiihe plugl s gssen-

ptally nongiets aofi chitvaigen,eand (drd) whem)n, veasnoné prajeresd, the reducing gas

egsRAtdIflcbisigtootiyaiogeg of oxygen and at | east one
inert gas with an oxygen content of 2 to 5 vol. %and

in (bbb) a gas mxture essentially consisting
o%y@érﬁumﬁ@ma'v fpundsthatgn stagadhb) o ihe quwveﬁroee@s@ enlv a very small
c ambenttof odrbom diexidl dafofméd ThOs,thé midtras ebtampt dpedstagendl!) pref-

égr‘?sl) g"&ﬁ{ﬁtﬁké‘ a1 rsr‘é%nz M?épo f&ﬁﬂf Sfjmogthf-‘g MR Y4 B Still more
PR P/OR 1 PEdRRErlbaRofie faese aBtitk (Rl ey ino stage (1)

ceemprises abdut 0dayt. anrceibnnﬂhéldepur gi ng gas essentially
consi sts of nitrogen, (bb) wherein even nore preferred

(ﬂaﬁ'ﬁ} ion %‘?t »&%gfgeér}]cﬁhg ) %%ﬁgﬁs?lg%d([w 1!%1 &eééht rﬂvgr‘?t (Yeg)rocess

P GaLke Apranmied for §.25008PS HNB(R OSERGARS PR BTRCUISHY tSmayedfiom gas
volixturés aomdprising( atbbgst aonegaafinnvhithu isedifferstnfranalpropene and oxygen.
Ce0H §dd Mtturds rﬁé;‘/ BE, ﬁoﬁé}&nﬁie |nﬁﬁ§rtes Q:Bﬁ. hsﬂﬁg’ Ethgﬁéar\M &g8R and

or@éﬁl?ﬂ'ora e )tug%ho V\H)rocg%e cﬁ gﬁr |tR en Oé gs egx%et déellrﬁrmg com-

ca?rm d¢Tas ren ther Rygeant maﬂrarloo@éao ﬁ PraGpER [GrEPEOVING Oxygen
pfrerh er geesomixtulee coregtistigraxygers andeas olefin, quéfyrablyramems by Bubjecting
iy rﬁ&ﬁr?e to@wé& u\ee%ag%twrréré.mreqixy érpcsa?frbngé% thi§ nﬁ:&é\'@@s at least
( E)r!r rglly reduceg b{r Ir]evae ion wr’ﬁ’r r?ydo gen |r’| the prgsenoe o{ Q/ caslaqast comprising Sn
and at least one noble metal, preferably a catalyst comprising from 0.01 to 0.25 wt.-%
of Sn and from 0.01 to 0.25 wt.-% of Pt supported on alpha-alumina. If necessary, also
other stages of the process of the present invention can be applied or be adapted to

these gas mixtures.
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amount of carbon dioxide is formed. Thus, the m xtures
obtai ned fromstage (I1l) pref- erably conprise at nost
2.0 mt.-% nore preferably at nost 1.9 w.-%and still
nor e referably at nost 1.8 wt.-% of carbon dioxide in
%%‘@”ﬁ‘? Wture (A1) fed into stage (I111) 25 BOHBFIEEY3IIS
about 0.1 wt. -% of carbon?dioxide. Additionall y, it

was found that, for exanple, stage (l111) of the present
i nventive process can be also applied for a process
weexe (xygen has to be effectively renoved from gas

m xtures conprising at |east one olefin which is

different from propene and y 30 Such gas m xtures

e Buxture 3115 obtaimed Trom stras Aol Sinvantive, PcHEeandhworked up
ofuythemanail usedssifeed Biream épasudatie crenpcal pasess Podferablye(@lll) is
V\M)eré?mé %ﬁbr&h e%h Eﬁ&égﬁafe%'ly ﬁ@pbﬁ&m%@ﬁém@:@qﬁ% (GIN). The sepa-

ent
SRR BoRs AR gﬁéw% Bamte’ S sUEHR e fore profer-
cblupﬁhe @rquneﬁgme@ Blibliefa-introguced ap faadystreamdnte stagp (1) of
Sthejim@htivedprodddss m xture to a work-up stage wherein the
oxygen conprised in this mxture is at |east 35

artially reduced by reactiopn with h dro enjn th
o herafhess tog Pipsgak g PN AR STOcERT a8 depuies e, the
nptmb%srmﬁmbnallprcempnamg y a catal yst corrpri sing fromO0.01

tavp. depardting &oﬁéﬁe ﬁﬁnﬁrﬁﬂttfré fon | PreBditinPfréim M) Whd r@/mﬁf)dtﬂng the

suppor(ta eda ‘ﬂ 3 $em§ mna. |If necessary, also other
st age§ @f B Brb 5( of the present invention can be
applied or be adapted to these gas m xtures. 40 WO

260pdraitnIe @VP&H tRgsHdhO®b 3ctordingd afy adieabld MpthddiePreferably, pro-
& Sepdrhtbli In @PLrRInD &SI mﬁéﬁ%sﬂgldt oo tlllatlon colymn.

ventlv roce urt er an use

aMoptRiefed e%‘?ﬁ Btl”atéonsﬁ‘{"é{'bﬁé‘s%em cal process.
Preferably, (G1lI) is 5 worked up, wherein even nore
pDRtiRitBR i (v s PRsaRbly TafRABURLES pfersgmz (f3tHe! rhngel 6Er e P8 to 35

" BhE TR SRR 6 08 45 S bRRGH) KA €0%bar, e
S Erﬁﬁ?‘ﬁ? @8'"9 r“Eﬁ@F'G@'-‘ iat )hel tgp Pethp ﬁ’P'IUHE'u HiAg 3§’p qtu@%@n @Ip@grﬁrefera-
i bilydhasing@€fr¢r)20dé 200 heorenvefatablydropr 6@ est50 drdl shillenced prederably
t ﬁ'@m%eﬁ 850 tHeBEEEY sRBefIFféhans idhsst pFé?er@bl bBfated af'a side offtake

de ed above, the™ process additionally conprising

( f}ﬁ B'gpatlng propene fromm xture (GI1) resulting
from(I11) and re-introducing the separated propene

| Mhe ptdppne Shedoe pbtarieddrom V(| W)st preferadlyfRint €ie@istillation column

a { [ o
%gésb‘; |g éf\]g!téo&p"i’n ;1 5{!@5%”% Frf’ﬁ: B?\"e%t% Qﬂeasft Jof X - /:PE;REE:ne
aPaged aoitheiolal we |18 ?t[ﬂ?"b&dﬂ all I\FB%PWB?%%%F&&B] ‘ii’ta'
d{I¥} mby avmpriseal torfrwii-S6, peaferablipiup to 4 mat%@nopane (Ih\épse (Gl con-
pfaﬂfseme} Hn@@bfdn%myplﬁi&haﬂbl %QE&%Wnﬁs'd?? cBRp fz.%atqﬁ tgé propene
rom 0 bar
Et?and s%'g?cﬁomi@)pf%? era v?e" ?%“ﬁ% %/o 30 bar, the
pressure being neasured at the top of the colunn, usi ng
aMdsisprieferattly, dime pmipaine sioeaph eb@inel|fsorh V) ngmpriseb rab mdz0 50 @pm,
Z%re aiefeeamv 8t b0V, OkBré Breiictathy Bt MBSt W pdrh, MBHE Preferably at
osteioappnY and still more preferably at most 10 ppm of oxygen. Yet more preferably,
no traces of oxygen can be detected in the propene stream separated from (GlI}).
Since this propene stream is preferably recycled as feed stream into stage (1) of the
inventive process, the present invention provides an integrated process in which pro-
pene is recycled and, simultaneously, the oxygen concentration of the reaction mixture
in (1) is effectively prevented from increasing by substantially removing oxygen from the
propene recycling stream.



10

15

20

25

30

35

40

from70 to 120 theoretical stages. Propene is nost
preferably obtained at a side offtake of the col um.
25 The propene stream obtained from (1V), nost
V@beferab fromthe distillation colum wused in (I
M PYEY at | east 95 wt. % more pref er abl yPaI/EPH4Y 63325
96 wt.-% propene, based oftthe total weight of the
stream Additionally, the propene stream obtai ned from
(I'V) may conprise up to 5 wt.-% preferably up to 4 w.
%propane In case (G1l) con 30 tains water and

Gde?ﬁbz?lv{gtﬁ éﬂ&%?ﬁﬂﬂthgm&)@ ﬁweﬁ@ﬁ%ﬁ&ﬁ@i bgvé:mrré&??&jtdé{ e (IlN),
@eo‘&?"f njnverfion Xpus; PraYides:a Aighly in rRIpRasE: '8 tt?'é’érﬁﬁeat inte-
optatiomasiwéll asnin térivis of corppdusd secytlingpst 50 ppm  nore
preferably at nost 40 ppm nore preferably at nost 30

ADSt 2 .and sti|l| re .
oPiosf T & A Biefel ot i o aipa RRIGH g eiocess 7 Biciucig
pP@Pﬂﬁ%&ane in dravidgd dbe Q'foc@sl@}@@'i‘p”@'agl be detected in the
pr{ppersackig sraperepty Widesheh perox(deih the presinas of blthtilyst to give a

Pr OPeREh | f&h@.&@@%@%@ ASUCk ?@ylfeﬁggx.as $%n 2107
hventhd b? Srcireproperen g Bl 021 328" propan, 2p¢ ghitgm 0.02

i nvent
pene t@ﬁwt;%bé@kyaem si mul t aneously, the oxygen
g??gggép{la?tingrbréﬁylefna%xh??ﬁim m‘kélﬁfbmsurts 4 thisktbrd (GB), optlonally
Ferov i 30y ﬂqgffe%‘%nﬁgffq%e%%%@n@s*ﬁ"? oS U A g, of
2007/ U@D@d@ M#‘E@Z@WP%S@QS’ framn 3rig ‘O’h'e/v of pxygen, freeach case
heat baded@nahe otal welghiod tlebesixturd Gliyabove with regard to

Elﬁ‘)gerédhhh the ngge o oceg&d inr%ﬁf‘uﬁ‘é &) df?ié%spﬁé?ﬁ'é"?%§ réaction with

o ot 1 Berotenn fre SreSings 507 ratalyst cummpstia fomaLg b G2s wh% of so
Accor dnchtiom®.Ql orb2ewt. d6 ok Rbsutipaded oo filphaaluries éhﬂ catalyst fur-

| nventhep Raviry & SIkASHethPdonBinP Bkt Ribre tHaf YA . -%xdrdeani #kaline
pfOV' g&% mEf&Fco‘?.'ie‘h‘ESrSr?e el pﬁﬁ'dlﬁn(wt)vr%a% h%ss{’ﬁ%‘éﬁ%ﬁ the to-

0 ve {8l WoB ol the pleha-alimVip Aresanb nghe Al e A Siumina pgving
of preBHTesuefacx determindd dacordiryy tbdIR 66101 vit the ¥amge of from 7 to 11
g%egﬁ# %n@rtlﬁéo\ﬁélﬁht rio &FF Sn Qémé G the \Winge o%‘r@fn 3 PPHS; mix-
separ IH? )pl}agwlae%%feg?ﬁ’%gw S?Ht?ﬁ(%)?{ gﬁpp’ﬁf '% give a

I upep gpropspe fremamixture (i breseling h@@d%én@f@nw@wg the

Corrpr separgled propemanhabing @ [#eferbd Yxajenwoaeaner, 100ppm fat ast into
to 10)/\1( -% of propane, and of from3 to 5 wt.-% of

15 based on the t ot al ht
CHESEiin T, TERARERE rpdcfo Spetioned Ace sRyRERIIB IS SRRl 255
i 1o 8 rreore @réfgrably ftoonads twe4dd U kyd byll mewcmrefamhm frém 260 to
hysly agjeihdi 41 of fresduFe MERE farfdfe ot oAt €0 1520 BAHTRAD Whe@inf ih QM) the

OP%?&e?I i a&c?etdv\% an %fn%pn %3 thy Eﬁne ﬁ'la%pl’qilg%%g It @St f°\8$g-en i the

t Rege ALl 'ﬂ a1n°z§l @élqn rret aI content of not nore than
Owberginwn. (lll% thadeduttien kemictioneis preferably carried out in at least two, more

preferably three serially coupled reactors, more preferably shaft reactors, and still more
preferably fixed-bed shaft reactors, or in a single reactor, more preferably a single tube
reactor, more preferably a single multi-tube reactor and still more preferably a single
fixed-bed tube or multi-tube reactor, the heat comprised in the reactor effluent obtained
from the last reactor or from the single reactor especially preferably being used to bring
the stream fed into the first reactor to a preferred temperature of from 250 to 300 °C.
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20 earth netal content of not nore than 0.001 wt. % in
each case based on the to- tal weight of the

al pha-al um na present in the catalyst, the

al pha-al um na having a BET surface determ ned

WR BT to DIN 66131 in the range of from PCT/EPA46/063325
m2/ g and the weight ratio ¢ Pt to Sn being in the
range of from1:2 to 1:0.5, mx- ture (GI1l) having a
preferred oxygen content of 150 ppm at nost; 25 (IV)

?W abtl prafeed REsREMILRES dBmpirsing ptdPehé and eSytehintdy B iativduced
- r r . \

ok e SRR R g Sl

(Pé%@mérr BeePexdgtion 9f prorgae wWhid) G gHSse alclens pne o the following

petages. ned at a tenperature of preferably 255 to 650 C

e ProRbed Rlectbd With Hy@rokén é@n@)xﬁe@rﬁ‘@ fixbélbbd eSbundle_reactor.
prefe rom 26q C t_ a S

ably, f t 0, C _and ressyr.e i
Phe. r Abaatiypl, PRIsTathy o T-Ssait = aribioyed aft RfaRy IS pfeferanly
t he hysadRseseMest. dbel dpdrpeemperaxidr) peluting is peeferally ap@nugous solu-
rati otigi afty gptamed fiom @ e@tiadhfohéd prdtess aad ®as @f cdricemtration of
0.3 1at§o%t %O%vtl% \ﬁi‘ﬂg \@95&% rl’].yh@gérilgx],rl.)oxid&hlsritire(g Lﬂj@%' e hydrogen
reactron is refera[)el carrred out 1n at_least two,
mor e P%TP’@‘F%F‘E‘HW cgnPe@divted 49 p PHA 3PP H4-5 Wik £ 2MMmepig, Pref-
pr ef eerablyyths nesictor issaofigurad foadawdiowl rhoden ke redbtion mixture may be
pr ef epaBi akitws Halh@ Bhadeal bnd 6RARRIEN B richlin bRypFiehd, B Bther being

react or, . nor.e efera a sinale tube reaci.o r .
ot na e Wb Ind rBadirinche btk %Ugﬂ et TRl fagayst s
pr ef efaistajned in frigdpded siafed- bed tube or mul ti-tube

rg)ac_t g\i;;i Ié%mmth:gs@ﬁplthesméciidm ﬂhlxturg wtbﬂdgg@f _ﬂésélrfhWQr or pre-
obt al ora er.rff"r(%f blga e F)Féﬁ?‘faﬁgraﬁfr 450" drﬁ-n mgh_” § theoretical
react or especi a refera ing used t ri the

St r eaRtAeRI | PR PE-2YABOTRLGr JPaY, Reeqanued 53 tat of lepstdh % of the pro-
t enpepyiengr axidef compasedis the feed Obtaded Aom\ig) @S vebeadand at least

PCT/ ES32 00 6f QR33afer cdmphibed & et feBl ebeiineddfrord! (8P leaves the pre-
m xt ué‘%@g%%%@*ﬂﬂe Bhhse and oxygen may be

intro e rnventive stage (111) of the

pfrcés e hengaseaussprogipct ehtajoed frapeibe der-indb) igiferkle & pastial gondenser.
proceske tomended mpduct darnprisesoé.gp pepylese vkide metbam asd sption-
at | ea@t maﬁné?fmeh Jeehé,e Prdcue oShA@Rs | propdnd) af BRRIAGIY Smal

a
reacte hydr oge 0 e In a fixed-be
t ube- amﬂ%nt%ofr%éreq"s?énﬁfor‘igxs@ap ag/of PrOpYRRLids:  hg sasgoys stream
cat al ey besvashed wite inethandl, eed. i peuntercupertfraedenThe streard com-
as sopngkilf progdie, Suyge® geNppadaa®eed &4 feed siréam into stage (1) of
prefegabl v AR RGUEQUS sol u- tion and obtained from an

ant hr achi none 'process and has_.a concentration of about
46D we T'—‘@é%ﬁ“h"ﬁé@ﬁ%@?“‘t(@- RYRPHINSHPTRRSNGX PEPRANGRRGLPXYEEN can be
use, sutiedsditoogenitab® peatmrptdaichcsuan ebsocgtion desatragnd sthedk pro-
: g a péheddndefopdnetare a%&rBedf fr & suitaBEEYRbA o é@él_nth sOEHREBY Ynetha-
e regc . | or . 1.0 : ) .
Foact 90 T8 AR bAH Fay ALY oI 09 Sion o an inert
one o%asyRlissarbed proReRe. GONMIFI8Ig [o¥YReN and ertenadly PERPEAG can be fed
ri ch asfeedstsam Wﬁageml})dfhre imeativeprocass. be. oper at ed
ziégthe’ﬂ'i@i)oﬁcfh% prabi@dtYobtainedl frdM BN 8bMBkind) et%,;&&bﬁ-&%med hy-

o ot crode bl hEomBrl Bhel BiSi0e el Enchiishetdh oo
Detailed description of the figures

Fig. 1: shows a heat exchanger which can be used for the reaction in (lll). Through
(1), mixture (GIl) is fed into the heat exchanger, through (2), the product
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evaporator. Preferably, the pre-evaporator has a

maxi mum of 5 theoretical stages. The pre-evaporator

may be configured so that at |east 99 % of the pro-

pyl ene oxi de conprised in the feed obtained from(a)
WhagTigeishead and at | east 99 % of the wat ePCUEPRIPGUSEHS
in the feed obtained froma) | eaves the pre- 20
evaporat or through the bottoms. (c) Then gaseous

product obtained fromthe top in (b) is fed to a

parti aktrésn ‘i?&ﬂﬁﬁed AIS) féq:!?éiﬁﬁﬂ Grflo BReOSBpRFatGs) WhHidhS S herizontally

propen%ﬁ% o, Tog i ’O‘l’gd el a‘ﬁ?s‘g@ﬁ%o "9‘:’?1\%']‘ S, gpe propeler
opt i onév)-yhe ﬁgleﬁ thr%Hﬁi‘LWﬂ'@‘ the quiﬂ@@aﬁée%@ant@m the gajalyst.

and/ or propyl ene oxi de. The gaseous stream 25 may be

o g.g‘rjns%vbé‘a 'E%LP@!&H& e?g)\ﬁhlch'd%n)c(tfééfe’shﬁg%rcﬁ‘l% Sé&.omgn ﬂ?:%ugh
Fed as (Dot Bihs o i diw PEHS piehasort [végqgﬁv@ﬁt {ig prociuct
proces strea(rul )¥s Gbtained.rAin(d)dd deawneidtof the rappaatusc whish iis herigontally
pr Ofegieonf@u@@arrﬁe 0@ B dénbsMfe rétdfideaiFtlon of the propeller
suita

e o 07 THEREE o gl bl bl BBl

sui t abl e absorption agent such as netha nol. The

r EigEd: nishew A \hganexthandee which ldae bewisied for tﬁeuréaﬂtibueugals) Through
such ag @lh&%f(glg‘?@%d P\té%ﬁk! sk ch‘QQ dgg' A€ product

oxygen

ot Sl egost: A @) BRrvb Oﬂfﬁaﬁpwetum@e@w veftiggly con-
The bofigwed Preocinead artavadenstes therrotatin dieestipn of thegpropelier (M).
e.d., Wab&bes uﬁé@ffmﬁ& thy feed s SHsBEE RoMAINANS Bftaldétd

optionally other h boilers is fed to a hydrogenatlon
stage. Detail ed descrlptlon of the figures 40 Fi

SHOVE shoWenn neRpEnaser WHIGRIFabe wped decke Feactiom (1. Through
reacti ¢h, imixtgrel Qi) iFHedirddr thd bpat exchbogee, th@udgh (2% thedproduct

i nto t keeipdd o@t)éfﬁE@nﬂl?r%) i5 r&ég@ |r{t8)the Eﬁﬁarﬂﬁg%ﬁéh \QQlertlcaIIy
2007/ 000%.96

E str e m .S
At (afonGuscdbe prngie e <Tpies IS0, st &f (& bropeter
hori z oﬁ?‘hlﬁ‘? tubgs irpuahirvdtich tire ieed g D@ée@rcpawndbﬁmté&s’tt he
rotation direction of the propeller (M. The tubes

thpoygeaawg %H éJb%aL@‘ﬁQed ﬁecﬁ@ﬁa??‘jea\gﬁj?n ifh Qac,rkhﬁxﬁé‘tvﬂ{r%ﬁﬁtt direct

exc
t he re&E?'!"Sﬁ’?F'W repglion MRHEeqHYEN camle usy xf?uﬁh% reaghipry in; (1) Mix-
fed i ntue {GK) indaxt asfeet strgam (1) ihtodbe eacy (2)tw119r¢framjtl‘etproduct
st r eamsirgar® p8)ak BSﬁlneﬁ\l A p()ﬁ&)nl(ﬂ i lsBPdtated ti@®nt (B to obtain a portion
appara 0 0 [e

curved f\?héwaﬁ%?é h%ea%r%o%h%{'!ﬁ rn(Bg Jeéc"&g% %BFY F’H‘gd back with
propel thefeeq ffjeamtle t ubes t hrough which the feed is
passed, contain the catalyst. 10 Fig. 3: shows a heat

_?ﬁ.ggﬁg%ﬁ&wsv@ Icslgcaaarbf keﬁrey %@ﬁaug%uala@ aa%a&ta %d'b@d (shhtt keactors
exchantth (sF bt Rt S exebrdnopsaliend @) Rr neimediate cooling and a
obt ai n&gat exchangss (6) tor final gpolings lptotthefirgpieaetar (13 (Gl fad asfeed
verti catréam gD Frdrh g Beht ekbifanger ud F BRIk BOIRG, (heeproduct
rotati Qpedih (E?)%étﬁé\n&f. the propeller (M.

Fig. 7: shows an adiabatic fixed-bed reactor (R) in which an oxygen containing stream
{(O) is introduced. Before stream (Q) is fed into the reactor, hydrogen (H) is
admixed. The reactor effluent (P) which is essentially free of oxygen is used to
heat stream (Q) in heat exchanger (E). When starting the reaction in (R) in a
continous process, no effluent is available to heat stream (Q). For this purpose,
(O) is electrically heated in electric heat exchanger (C).
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15 The tubes through which the feed is passed, contain
the catalyst. Fig. 4. shows a heat exchanger which can
be used for the reaction in (I11). Through (1),

mxture (G1l) is fed into the héat exchanger, through
"(Q?““’”f"ﬁ’é%pr oduct streamis obtained. Air ( 3PCT/EP2006/063325
pressed into the apparatus} which is vertically 20
configured. The curved arrow denotes the rotation
direction of the propeller (M. The tubes through

whi ch the feed is passed, contain the catalyst. Fig. 5:

th e o e‘a Jr%ﬁ&@ sb&qhé Efb@ nt'i ﬁ\%‘ﬁ! ar\@f' IFstbd resultlng from
bac Bﬁé‘%l ’B ﬁ"tﬁé tEl d"‘F B‘?‘“Q He q%g};&qtrgr,xp ?nt %ﬁel ?Tb"d'me“ts

I\/hxexmﬁatlyglvm(al) is fed as feed stream (1) into the
reactor (2) wherefromthe product stream (3) is

obt ai ped. 4) i,S se ratedfrom(3) to obtain
appor iPOTres @’fpfﬁﬂvéé]?é?@%%%ﬁ %’@“a R Rt exchanger (6)

and sl é@;zm PLOPANS aith hadregen peroxidp dn thecpresencenha gatalyst to

30 Fi g @ivesh owdture (Giscanieisig propyienesexiden | Unyeattedpdrepkne, and
adi abat i ¢ l{g( oned- bed shaft reactors (1) (3) and (5)
C

with han 4 for erne at e
ool i . SREATE0N G ek ek Bom (o] o iYS 8 gBERRy (G com-
I nt o t he prising properecargyoxygen; (G 1) is fed as feed

st reami fdqucig e bxy@em Bsthpribed imiklire ﬁf)ChthéHst bdtBallyiby@baction
cool i ng, v},tﬂ%ggyrogg#%tthe ?Fes @Sgbéf%)ca&aﬁ Sr?> gn 5iﬂeast one

7: shows
oxygen c®8P ﬁlnﬂﬁfﬂg stream (0) is |ntroduced Before
stream (0) is fed into the reactor, hydrogen (H) is

agm X¢dg FJ?:Sssr Séﬁéé&tbé‘rf i %E&dnﬁ&’ﬂt WHHéPelh %h@éa%&?ét'e%‘ldld&ed in

f

1o MR 55 e S ot o o g o e S gonist
40 coingiohBd rparast%tswppnﬁecborfaujeaqtome;mataaoxf@ﬁal e to heat
stream(O) For this purpose, (0) is electrically

ga%g@?%%séjz%e%cﬁ@% ﬁg}g&ﬁﬂﬁ 1 SQ wﬁ’é@e.ﬁ?r%@éﬂ%?& %ﬁ'nployed
pr oce gec%?p’@%’%?@@@ﬂtm | wheael %ﬁa%ﬁ go’Pl 030d do /1 ¥ e of Algeast
f r om ondeotiemetalsuppoetet) odiatiazstone metal Oxide)dh edéneasettased on
conbi faltbtangeigtt of MBREoGIE SR M tRe cataiysxpl i citly given:
5 1. A process for produci ng propyl ene oxi de conpri sing
(1) reacting propene with hydrogen peroxide in the
pfesehbe percess andassived imemppdiment 2ok By whefe® in the catalyst em-
conpr pleyerin PR the eeatal axidede alphaakatieed propene, and
oxygen 10 (I'l) separating propyl ene oxide fromm xture

oy e it Bppess eclasiitied i 1 dueil BivoBamBRR B 4 Hidipiag g cate-
(GI |') lyst erhpdeyed ipéh) thelnoblemetaldaRt i on  with hydrogen in

the presence of a catalyst conprising Sn and at | east
oge

The process as described in any one of embodiments 1 to 5, wherein the catalyst
employed in (lll) comprises from 0.01 to 0.25 wt.-% of Sn and from 0.01 to 0.25
wt.-% of Pt supported on alpha-alumina, in each case based on the total weight
of alumina present in the catalyst.

7. The process as described in any one of embodiments 1 to 6, wherein in the cata-
lyst employed in {Ill}, the weight ratio of the at least one noble metal to Sn is in
the range of from 1:4 to 1:0.2.
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noble nmetal. 15 2. The process as described in

enbodi nent 1, wherein the catalyst enployed in (I111)
conprises Sri and at |east one noble netal selected
fromthe group consist- ing of Pd, Rh and Pt, su forted
WN2047/0008%st one netal oxide, 20 3. The proceEQEEEGWWM3”5
described in embodiment 1 df 2, wherein the cat al yst
enployed in(lll) conprises fromO0.001 to 1 w.-% of

Sri and fromO0.001 to 1 wm.-%of at |east one noble

net al TBermoesse.d described ireastonené embbdinents ilde 7, wiereiadte catalyst

case Qﬁ\éﬁ & ahh HePb@rﬁFRr‘ﬁfe%@éu gf)rt 'ﬁﬁ&l% aCBE'ld§u c@%@@ﬁmmed

Ieﬂbgggﬁ'@ in % 'N§ %'Brﬂé‘?ﬁ 'tcff?énggﬁ% em pI oyed

in (111), the netal oxide is al pha-alumna. 5. The

\R}?}OC e¥he procotR U debHbed h mxbn@rw e@bo@mBAE 1B B} Whekeih ehesatalyst
ere e0'8

rher Pbigblyd A9y B ThP B 88958 bl Shark Wnl 081 o 0.2

of enWbdb FERL SUPPoRte on alpha-plemina H‘ee@ﬁtcaﬁﬁlbﬁsedé’ﬁ'ﬁh%%@i We'ght

i n (1 bf alumbapréstasinfthe oatdlydt] tHeoalphazdlumina-Havin aSBET aadhce de-

;lrghma&gj%ea%cemaﬁ g ¥t |N°/86%1 Pgére%l%gétcﬁ roff17 to 14 milg and the

of " al HRGRLEl O R grﬁewﬂ@@sf o HE process

as described in any one of enbodlnents 1 to 6, wherein

| M0t hehé prodess!aéHes&ibol @y& dné of binbddimbRte 1We BORkeréid thelcatalyst

R T . e T

48 8. aplinesapk selal gantert of peteere tha dMeYpin each case based on
enbodthedothbweightof 3n andtheeat reaSMemblalmeskal prasepl io ytedcatatyst.
(1'11) further conprises a support having a BET surface

deternj ned accor 661 1 n th g r.om
0Th1 hd Bracp 5 BeaciBed, btk or gubdtibis 1R, et O
one oproemwmtﬁdsw@ Ins@rczgen\mmx@!enn trﬁe)r%s@n@@ 9ka tltamum contain-

enpl oygdebife Cathiy$t 208 P PRReheeddNnibtikhol & $blvéht. Wt . - % of

Sn and fromO. 01t0025 w. -%of Pt supported on

al Eha alum na, in each case based on_ the total weight _
al Ghg H@Cﬁ%ﬁ*ﬂscf'l??dt'ﬂ @ny. 902 Pl epbodirents; i 6%:11a‘r’fﬂﬁfg'ﬁ 4he mix-

haV| ntyre (BB additiorfatly eordprises erapaned according to DI N

66131 in the range of from7 to 11 n2/g and the 10

gh ei_n n 1.2 .
1 gh%‘%;oigss %ﬁ]@sﬁﬁ%egsrs\ glﬂggngg{’ €m§%g®5§EQ§%QE ergllnjthe mix-
enbodilﬁ%ﬁf’@) qompsises atmestdiOn pprecfoxygany st ffo@r?élt@)%m r% of pro-
(1'11) pbes otfroral kabd wivek af propaniec inteaah case baged en theatdtal weight of
0. 001t minturd @f), @an  al kaline earth netal content of
not nore than 0.°001 wt.-% in each case based on 15 the
total weight of Sn and the at | east one nobl e netal
pfésembe piocessascieseribed in anylonefiempedimests 14¢ 13exhereipedlll), the
i N anyydogenas agdduid iafihssolthhOthd GnolatigticRdfmytifdge o oxygen is in
the range of from 0.1:1 to 4.5:1.

15. The process as described in any one of embodiments 1 to 14, wherein in (lll}, the
reduction is performed at temperature in the range of from 100 to 650 °C and a
pressure in the range of from 0.1 to 100 bar.

16. The process as as described in any one of embodiments 1 to 15, wherein the
mixture {GlIl) resulting from (lll) is at least partially used to at least partially heat
the mixture {Gll) to a temperature in the range of from 150 to 300 °C.
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propene is reacted wth hydrogen peroxide in the
presence of a titaniumcontain- ing zeolite catalyst

and in the presence of nethanol as solvent. 20 12. The
process as described in any one of enbodinments | to 11,
Wih20F0M3%he nix- ture (G 1) additional |y conPFT/EB¥06/063325

propane. 13. The process ad’described in any one of
enbodi ments 1 to 12, wherein the mx- 25 ture (GI 1)
conprises at nost 500 ppm of oxygen, of from70 to 95

Wi7.- Y704 piotess axedescritield if aayrode bDerﬁl_ﬁdevhentf/tﬂ Qb 1Py WinsriR the mix-
N ea
(G 11 §Re G FrePAREhi i Has o oRyqahiofiBht ot MBS S0 fom.

enbodi nents 1 to 13, wherein in (l111), the 30 hydrogen
I $8.ad el plonessnasudescsedtimaty oheohwhindimerts 6 tof 7.radditiopaiy com-
to OX¥ |sin t he range offrom011t0451. 15.

p €ss descrl be an od| t

e Pl St By PPtk o (BT oA RRE oLy ohd e
tenperaturnérodwrtgibesmg@ed)propewtpdb to 650 C and a 35
pressure in the range of from0.1 to 100 bar. 16. The

pg@ceqrﬁe @c%&%%&ﬂn&@% h f%%oﬁ n% %{Bb'PP:' fsewgfreh B&ween

at | extapegil) ercfi,misiei(GIY g0 :ga%sedaamg%rﬁwr 05 pEto a
m xt upmes$uee bl 15 to 28 bkenperature in the range of from 150
to 300 C. 40 WO 2007/ 000396 PCT/ EP2006/ 063325 49 17.

cess as scribed in an e.o nents .1 to
186, D IAS BdBess YBRGooH i Bt s P Bpos IS Fo SR Ts Mg
has aff) OXWQEWQPW wilt hygdiegepdesoxideain tmgr%ﬁrﬁﬁe of ggcatalyst to
The procegise aSnuﬂemeI)kmhpnemgm/fr@ﬂeBtoﬂsaﬂb%djf prRIpYIBnd okide, of

17, additjgn “% uHFdaEﬂeH%ré @tdoma PIPLRERF pro-
frommxture% gﬁg B ¥n re-

i nt roduci A AW gef EP‘?J gﬂre‘ﬁé’ 8”( ). 19. The
procefB asepeatipgipsenylang axide frane mifture (BHdP raivet @ mixture (Gd), op-
wher ein, fsiangafler dlinfeimadste (stdgh, asHprisingl of frofi B ¢ 80 wt.-% of

(Al) is g@ﬁ%&%ﬁﬁ%‘% G % %y %ﬁ.ﬁr%[;gneofan OFfPOH‘LI_) 8%‘5 wh. Q% gf oXy-

pressure

in any on@emnfin %&é?‘h’%ﬁ‘ﬁ@g on ﬂ'ﬂ%lo@bwe'émﬁfltn%’ﬂ briwrg (GlI);
react {Itlg prdagieg tewixydenhopdpaisethin pextocei (Gd) atrledsh parfiallyhymeaetion
of a catalyshydBgenli tdé Y)ﬁ‘es@nd@ a?tdléaefal Qobnﬁﬁ% fréﬂnrtﬂopfo 0.25

f rom8 to yl

Mot M /aﬁ@?%a"ﬁ%ﬁgﬁ’ﬂ fo BBt ath & Py Sunpgrad p Aphg gfimina,
pr o- panethezathlyst furiherhayirgpan alkai metat cortendfof ostymene; than 0.001
(1) sepawat agd p aRylirerarth xidlk@ coitent dfinst Mo théd 0.00Pwt.-%, in

give am é%&lﬁr %s(e(galséd off e fokdd W) o#h\/ ]p\a%r%e%:g%nalurglaa Jpresent n the

i nt er medi r1si|ng
of 20 pr BaNE: B riRnAgHHIming baving §,BE T syptase deteinad sosprding to
of from 3DIN66134tin thedsanfe okiyem 7 to 11 m*g and the weight ratio of Pt to
Sn being in the range of from 1:2 to 1:0.5, mixture (Glil} having a preferred
oxygen content of 150 ppm at most;
(IV) separating propene from mixture (Glll) resulting from (lll) and re-
introducing the separated propene, having a preferred oxygen content of
10 ppm at most, into (1),
wherein in {lll), the reduction reaction is performed at a temperature in the range
of from 260 to 350 °C and at a pressure in the range of from 10 to 20 bar, and
wherein in (lIl), the hydrogen is added in an amount so that the molar ratio of hy-
drogen to oxygen is in the range of from 0.3:1 to 3.5:1.

Moreover, the present invention also relates to the use of a catalyst, comprising tin an
at least one noble metal, preferably a noble metal selected from the group consisting of
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gen, in each case based on the total weight of the

m xture (A1); (I1l) reducing the oxygen conprised in

m xture (G1) at least partially by reaction wth
hydrogen in the presence of' a catal yst conprising from
VOO 7AW, 25 wt.-% of Sn and from 0.01 to OPOHERRIG6/043325
of Pt supported on al pha-aftnm na, 25 the catal yst
further having an al kali nmetal content of not nore than
0.001 wt. -%and an al kaline earth netal content of

Itnp%, el*,@,rm,_ cn,aau,QartQ%, )if O801r,i M, AG AR aCARRIrDBERR FdrBef these
[ - al. re .
o s, BB Bioishe, R L SR, Ry ™BER 4 Fbla of wo or more
dek Bp$R metdisamost erefaiatiy, platipu. sdidtin and atjeast 2Ag Soble ety Rref-
7 etablyleinPé pparet bhha melabbride, giréferabfy #umina, B0reSprefeeabingalpha
i, O30 RaSt pa T ramevig ofygtn By rEactblf g bbiogen o a mix
( P8 Cmplising RroRPnG: BYEFILY QRICRRIY HIFRENG 1Y GHSE Rrefarrgy being
f phigingd from anregoxidation meactioueherg propens ispeaciedty nropfrneexide.
having a preferred oxygen content of 10 ppm at nost,
, . A LL0) ! .
| Shoaiebdnt LS B eloraseld (8 e RGBS L Vg and
t BY£W“OS £Aiedtous abmolas ydragan:t GRY9em FRYES dhiahy & spglierpthan 5,
20refeably amdiler e & aquanto(4.5,| horet grefelapir snyeler than ad éqabl itm 4.0,
Athord HeferabhPsrhdlidh thah B B8affo 3.514tR e BiferdbiP IR moRr hydrogen:
il |

. 3.1 .o 1 4
VEPEB &7t il 1 B8 o b b 2gr, AplErBl o 02t ;40
ofoge prafesablysirom 8 8riptoidsh: heceordingrio ora embedimens pbthe prgsent inven-
MBéritlthe MORF ByREYanN @ RtidTR Rbfefdlyeedn® d.4f 1 ©18.0:hemeiePisfera-
CEHoH 0% 3 Y S WABA GEid BARCER09ATZ0 il sy
;NI U P, , T u and a
nfrem & i 1.6iloAerording o appthengnbodipgrt.gf the prgsest invention, the mo-
plae hgdradeny. dxygen retieisoefeiablyifrogn ©6:1Rd 3.5Rh mdré peefratataly from 2.0:1

Mo8 8ME e pAerBbly TRE 2,59 1o H8SCafi Bt RoreMMeferably from 3.0:1 to
gé%f rably platinum said tin and at | east one noble

ttal pref- erably being supported on a netal oxide,
preferably alum na, nore preferably al pha 5 al um na,
L Accanding &eydt apathir @spbst, therppadeninGention feldlgs tea ptdcess for tdmov-
r . = C | , .,
A %@oﬁ%@%@ o*'é‘g‘éféf';’”sggi D e %E%%é‘é‘ie@’%@ﬁgpﬂsms
oEPRIFES PROmAIITEHERAA 2lhee AreRsoe & AlilGRR APeaielahaexeae. stl
r gwce pgfarablp pupghertbe oxtare. optidhadly moawesitg ian\advang opreferahly an
r ﬁl'kérﬁe.eﬁ%rt'é%p&fdh{geﬁ)aﬂha rH%chéeél{i‘édét, i e?geeﬂn@téime Q§ pRIpKHE ore
an rogen : rie u r_hydrogen;
og%éeé'%bw KRBt BiSlp bsnalt nclandly Eimehbint A8 pungs such as
shaler.ean glrefie! srcheas Methagolionsetharnl ccanbary mpagide anaien & alkyne,
t vaereidr the quigtlret is rdadied witho hydrpgeil @ s biyure nhnpeising hgdrogn, and
ﬁ%ﬁ?ﬂeint t‘rl:]\g%ng:a)t()nt%féc&dg%yﬁ@éﬁﬁ@%ﬁ%t%‘d rs]BI? tqgémﬁ'ﬁxtur_e fu%)jected to
al5seleh s APRRCRBaBh, Cryagn i ity & Prefgigply smaler than
pPeequaats 4:5f Meim eferably: natiesthan opeawdl v A§. merepreferably smaller
ﬁtﬁaﬂdir RRudl toB.S B mors pridforabiy e blat hpdrogdnheoxyBéraifatio is in the
i 10X Y1l VIR \

DRI 0PS8R S iy o
pP&t it |- AGeaiing tg oqe prpbedigeqt of g resent inygption. the molar hydro-
poeT epaberyratip jsgpreferaplyifrany 0.4; 15to B.0: hovere preferably frardl-Hidito 3.0:1,
e ors bierirdbi frofnh 6 R 118 SOM ahd $@NofN prefdidblyom 0.7:1 to 1.5:1. Ac-

cording to another embodiment of the present invention, the molar hydrogen : oxygen

ratio is preferably from 1.5:1 to 3.5:1, more preferably from 2.0:1 to 3.5:1, more pref-

erably from 2.5:1 to 3.5:1 and still more preferably from 3.0:1 to 3.5:1.
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| ar hydrogen : oxygen ratio is preferably from1.5:1 to
3.5:1, nore preferably from2.0:1 to 3.5:1, nore
preferably from2.5:1 to 3.5:1 and still nore
preferably from3.0:1 to 20 3.5:1. Accordin

WO HOREG03%s pect , the present invention relategCT@P Go063325
process for renov- ing oxyébn froma m xture conpri sing
an olefin, nore preferably an olefin conprising from?2
to 6 carbon atons such as ethene, propene, a butene, a
PERG Réntive plRusys illustidtéd by?the talbwinp lekb@pladl y propene,

the m xture optionally conprising an al kane, preferably
an al kane corresponding to the respective al kene, in
case the al kene is propene nore preferably propane,

t Beampleg ure optionally additionally conprising
conpounds such as mater an al cohol such as net hano

et hanol ., car x de. an . an.al kyne, wherein
OEASHHEC! prErhRl o R A Sl RO M,
conpri sing hydrogen, and 30 wherein the anount of added
hxxd BOgpRR, élﬁhéiﬁlhmsfa@#hér@?j Wwead usel mhﬁhﬁmc@nmyd@jamcamual?ef)(Spher-
ydrogen : oxygen ratio is snaller
ﬂ&%g& Fb?'?era?qu Iler than or equal to 4.5, nore
preferably smal | er than or equal to 4.0, nore
pR25 g ohthese sinwinasphereh sverevimpeepratedivothBeoml @ta $dlutioniob0.3134 g

PEESISIRARI Ntrate hsv. b Platifure CO-eR of SPEY 48 rmelrcz H, thel .ﬁhpiegﬁnted

¢ B B %'egfaé?*%@l9}’%"2&?'3%&&8'@“% R e
Awitlo 7AiM &F 8 Golutien effbadh7 i At tingf) chipside diweriate. iThe ealalystwas then
t Hﬂad’ml 120 °B)aﬂﬂ0:aloged at 50 @ o ItatThe thus ghtsifiers cdtdlyst had the fol-
O,oém nore preferably fromO0.5:1 to 3.0:1,
gg& yfro 0.6:1 to 2.0:1 and still nore
p?'@ & B]"i?f 8@\46“"7 °e to 1.5:1. Ac- cording to another
eplbtidlinvent of0.G8wd.-fr esent i nvention, the nolar hydrogen
tigXygen rafggBwtsypreferably from1.5:1 to 3.5:1, nore
preferably from2.0:1 to 3.5:1, nore pref- 40 erably

from2.5:1 to 3.5:1 and still nore preferably from
3Examole 2: 3 Bpoxidatigny of pEPPETRI0396 PCT/ EP2006/ 063325 51
The inventive process is illustrated by the foll ow ng

iéfémbﬁtscogglé@?%g?lnﬁ% Yh %ﬁgﬁﬁli?:lﬁf;‘gerﬁde PropRiahé& {dePRt. %) whas epoxidized
SPURZY 2ol e Brdion dptcadel (30 v 4F B iekence of p petha-
avelistreae (@%w@a at aprqswspﬁ@bar mppxistation, wasregviad) out apthe pres-
28hcepfabo s e cathiysti T FElh ©F prdpylenccoxide) baghidh agdragdrpeidxide,
”lanfes"'} ‘%‘#t %tHy%ﬁ}Qﬁ 89ro§ﬂ1§%o§veé§}6 éf%'d%mrﬁ% ‘r‘saf ga lyst was in

t 6 i oL i haviBa Lo caTisiRG o] abd 1 et 288 arpepriiongth of
Thieoud 5inerd, tbe stnds ticongisting wh tlegjumrsilicglite-r1as eglabtieally adlivelmaterial

g?abm:t 2 wid o @bhthingd |rpz§S més&sbiol usgaanr%ﬁdLﬁ(sh:ba malxQabalR 25 wt -%).
CHPAHSAT Mg LK 500 e e il st

hatBaoHEeSG & - | owi ng conposition: al pha alum na: 99. 84

w. - %

Separation of the light components, methanol and water from the main reaction product
was performed in a distillation tower having 40 trays. At a top pressure of 1.1 bar, a top
stream of the distillation tower was obtained giving a stream (17.5 g/h) containing 83
wt.-% propene, 12 wt.-% propane, 0.6 wt-% oxygen, 3.3 wt.-% methanol, and 1 wt.-%
water. Propylene oxide, methanol and water were taken from the bottom of the distilla-
tion tower.



platinum 0.08 wt.-% tin: 0.08 w.-% 20 Exanple 2:
Epoxi dati on of propene A stream consisting of 54.5 g/h
chem cal grade propylene (96 wt.-% was epoxidi zed

"with 74.7 g/ h crude aqueous hydrogen: peroxi de (40
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30

W 2000063956 t he presence of a netha- 25 nol st PEEEPLBGE3ILS
g/ h) at a pressure of 20 bdk. Epoxidation was carried
out in the pres ence of 100 g TS-1 catalyst. The yield
of propyl ene oxi de, based in hydrogen peroxide, was

93h@ e%ﬁorﬁoﬂh@ré&%ne%bﬁflﬁéhtd@ir}‘goﬁbiﬁﬁé" &ade PfopPBns rdéulted in a

I [ f S _havi
s LBy ol T8 1 2w fropdale. 3.3 koo Mg 4 Yk ony

aB@'ﬂJt3 75Wh11@ ”‘PW@“@t?%HEWEUhQ‘iatﬂfl ng of titanium
silicalite-1 as catalytically active material 30 (about
7 [
el SR et o AREE Mg R B BetRpBi e e
in isother rFéa'ﬂsH@B Plaf! a nean bed tenperature
of about 50 C. Separation of the |ight conponents,

”ﬂtslﬁéﬁﬂog?i%d%bﬁﬂmé E@%ﬂaﬂiﬁ TWh§ cérﬁﬁ?&dﬁg\r}? Erpﬂ;g;g% of 36 bar . At
stseam. Bﬁg:g%g séa?g ai 49 F S ge ﬁﬁ% ﬁ"?%qaﬁ]q'gf"% Etﬁ\g By Jaseous
d I

@aﬁepmﬁreanaffo'atmqi Re&ve)-%i oryoen. 353 ph-$ propsne, 0.6

ghbi) %cpmpauem) Ngol8% mithanol %m0 BN, watér. W . - % pr opane,
0. - % oxygen, 3.3 w.-% net hanol, and 1 W.-%

Pro oxi de, anol . and wat er were take .
fwﬁfam"ﬁamdgifé & i wes,Sunioded 1 ByrdaRtatan e STipgragp of 300 °C
200d AQDE39G: ¢TAP/ EP28DG/20BRIBREN stRaMN@2.7 dyib) int aroisotbermah éxed-
sea@re%&@ewmmh%wm 8 68atBNO4EBrdap dlexamiphy| ene resul ted
ina stream (1 g/ h) contalnlng 91.2 Wt .-%
propyl ene, 3.3 wt. -% propane, 0.7 w-% oxy- gen, 3.7
WAN- DRy GRS %W'O“d%ﬁ@t lpast 936 % wagackipveds O‘EI%PBF@”!B"O an oxygen
Remtémtcni tied rectot effleerft@flat maist 400 ppmakgdrogemcpriversiaxnawgs @bove
2 9%19)GrdpdRe ERleR Ma@@ﬁ% .éu@ maﬁgeet th fogink 4R¥5.3 %,

was co essed to a
B@s%%&g"t%fes%gﬁ%eo‘ %mpo[uﬂ /éfssur e, condensation at

40 C was perforned giving a I|qU| d and a gaseous 10

S Ex&a e 4T ha-@bmeRrion i 848 @ipnt ai ned 2. 8 vol . - % oxygen,
95.3 vol.-5 propene, 0.6 vol.-% propane, 0.7 voI - %

nmet hanol and 0.5 vol.-%water. This stream (238.5 NI/ h)
was dsspinedt 'Eoe"PB'PWy%rﬁg%fﬁa'Fl Qhiained Fc505Hine o, EABPIB 2 WP com-
Cpreseet m gppressae of 16 bat 2n8 subjecetty @nhgnbatoreat 40t 1Cegiving a liquid
(8Rd 4 §dseBls bifbaAl) Th’%ﬁd&@é@&tréa‘rﬁ(ﬁgsenﬁélyb(%iﬂséﬁ%%ioﬁropene pro-

can a| n| n S CCO exa

RO vl ol BLKE Iy GEFSHA0R Porcln B BRp R, n ‘SHampe 3.

cBe weﬁérpﬁg was f%mtswyg &pactas oih passed afheahexchanger iy which it was

ehbdtee i thefstart tempetatutd Of J00MC. Hedtimpeedioorwa tse @fluastof the hy-

a%ésnat%ﬁ réac'i_’or ?ﬁ&p@st?k\ﬁr%v ?(Ee%d?(%n}i\@ﬁe Ravkd’h tHd Eonth&d proc-
ess by t‘ﬁls%ea{ mteg Ao ,%an_le was 5. 3%



20 the yield with respect to CO, conpounds 0.1 %
Exanple 4: Heat integration in stage (lI1l1) As descri bed
in exanple 3, a stream obtagned according to exanple 2
was com 25 pressed to a pressure of 16 bar and

subj ected to condensation at 40 C giving a liquid and
a gaseous stream The gaddoAEMStream essentially

consi sting of propene, pro- pane, and oxygen was fed to
t he hydrogenati on reactor as described in exanple 3.
Beprocess fdrepreducampropgeieekidntonpriveng eact or, it passed a

IlﬁZrar;) ée?lg{;%%g n 3\81615(\@&%&{ pe\{‘@ﬁde &%éﬁ%\gé&eﬁzﬁegﬁaﬁfs{ to give a

of t haxthge (80) ehmogyesmeg Panylﬁ@fa@?tld‘?, uniagied prEeng\ang @Pcygen

@‘ €& raﬁi‘ﬁg ﬁgoe[g)? él?:?)‘é{ﬁi% ﬁd}ﬁggﬁt%smlz_l%k@a Hﬁ%r Gﬁf ecgﬁs‘nprlsmg
for BW@ER:@ Eepyl ene oxi de conpri si ng (I) reactl ng
rermp?eaem e HULER 96 pR{UAX 'rrgfe‘tuké"(dlh)eat méaeﬁmﬁwy Raction with

cataly VE a mxture conpri sing op
oXi déy ﬁ?reégheare&%@?écatéka(at SRRgsHE 0 470 A i“ﬁé %rﬁlwgle metal.

propyl ene oxide frommxture (@) to give a m xture

G PR Soh Lmr inGant f R0 e Feairy: chplqvka of O eOtpriscs sn
pad ht la;idt yinéns(ob’leﬁﬁtdl s¢leated fromhtiiel pogerRondistinge fiPdeRRané Pof

S d I bl l.
gulg:p?;ﬁ% é E%gg%rggﬁi:el? |Oﬁ@3alnn glt ai ?nait \%:rglon ehgeta

catal yst enployed in (I111) conprises So and at | east

gg@ p%ﬂ:mseaa r&&tu%ted ﬁ%lgﬁ:ﬁ gr § r\QI%r%ﬂqhéJEa?é’lgst%ﬁﬁec%ﬁP i @H]g comprises

ed ‘on a
ﬁromr%@ﬂbtoob% Yo Sclaad ot §.A0k foal wi. 1% apleasiione apple masal

gﬁg;ﬁk‘%& bn %mb%%@ niefal Q)Hd'e) 1ncéa@ﬁ’ Eds§ %ﬁsedf&lqm Qyt&g Qeigi of metal

.-%of Sn and fromO .- % of | east™ one
ﬁé}ﬁlleé’r%@@talﬂthes%ﬁéb“ﬂt ed on at Ieast one rret aI oxide, in
each case based on the total weight of netal oxide

esent in the ysS 4. The process as cl
&PFRCSSSGIS c%ﬂ mﬁaié} P fr ShehranaD ?ksetca&bﬁﬂt S%GWF fn (1fh, the
(ldtdl oxidehealph®bimiexi de is al pha-alumina. 5. The
process as clainmed in any one of clains 1 to 4, wherein
in the catalyst enployed in (lI1l1), the noble netal is
Fhe pfocesshas cinimeeasaraemrelodiclmds I to dnyhaeie intheodatal yss enptoged in

fmav\ﬂﬂg ggilg % gg falyst enployed in (111) conprises

-%of Sn and fromO0.01 to 0.25
.- %of Pt supported on al pha-alum na, in each case

gﬁ)c@@s aIsl?:?au%]Q& Gl ar@ﬁdn%rbtf cfﬁﬁm?a:t'(gg n@h&élﬁ%ﬁ@&atalyﬁ ehﬁ)?oyed in

G pEses ram OG89 oot RES e BUGAgI0. pl (Ao 1 P of P
elllﬂﬂohed bh %lp}ﬁﬁlaﬂmlmﬁ "ﬂl'chIPéasE B&sedlon |tl§@t%¥al %?‘%h‘ﬂ @p!ilﬁrrﬁ?i ]?r’esent

f' the range of from1l :4
b‘i@@éé@yéé claimed in any one of clains 1 to 7, V\,herel n
the catal yst enployed in

The process as claimed in any one of claims 1 to 6, wherein in the catalyst employed in

(I1I), the weight ratio of the at least one noble metal to Sn is in the range of from 1 :4 to
1:0.2.

The process as claimed in any one of claims 1 to 7, wherein the catalyst employed in
(III) further comprises a support having a BET surface determined according to DIN
66131 in the range of from 0.5 to 15 m%/g.

The process as claimed in any one of claims 1 to 8, wherein the catalyst employed in
(IIT) comprises from 0.01 to 0.25 wt.-% of Sn and from 0.01 to 0.25 wt- % of Pt



10.

11.

12.

13.

14.

15,

16.

17.

18.

(1'11) further conprises a support having a BET surface
determ ned according to DIN 66131 in the range of from
0.5 to 15 n2/g. 9. The process as clainmed in any one of
clains 1 to 8, wherein the catal yst enployed in (II11)
conprises fromO0.01 to 0.25 wm.-%of Sn and from 0. 01
ts@p&rt%& oWatph%ealifmiktt, 15%aclﬁ¢!i§@6£§e@ @n ol @) hatgit uhblnfind Iﬁesent

ca t he t ot al ht of , al um
P tEEOBSe AR S s it BET St Achs iR edeblede pry
@61 I i thedmgﬁ obfroinritotld ol Nanbht Ideigin ratheoff Rtng 8n dkingriwthe
7t% %i{ gZT thhe wei ght ratio of Pt to Sn being in
e © ﬂ@e 0 8m1 :2to 1l :0.5. 10. The process as
claimed in any one of clains 1to 9, wherein the

I I [ .
GI?E %h)’c%gs a%%lﬁ&? gbérgf ]I-l% ok aé}ﬂ \ngxjf?‘glaltlllér:gattﬁg :‘eﬁ{btl(?)%ﬁ in
(D dies awalkalhmettl comentrfmet mhemth@n O@Ql wit.-%ogndian aligadine earth
hitest cB@%ﬁtdoﬁBt Fldfe thah @'OOth uPéacﬁ'&ase%ge& &?thﬁttot'a?@é'ght of Sn
one nobl e netal present in thé catal yst
B e logst %ﬂealph@dnﬁ:tﬁl Hﬁ%ﬂeﬂbﬁéh%ﬁatélbf%ﬁ ns | t o 10,
wherein in (1), propene is reacted wth hydrogen

roxide in the presence of .a titanium containin

T5s Pracesscttcliiped iy qng of chimp | & b orhesgin i Ihcgpeng s reacted
sathvigtoged perokRR iRHRGRESENBSofCd BlafiREh tdhiAng @Bslitotatalyst and in

| ai ns wherein the mxture (G|
§EHF?$%H%?ﬁ9a$@HBFF§3¥“ﬁropane 13. Tge p%ocess as

claimed in any one of clainms 1 to 12, mherein t he

xture (GI resultin ) 888 at t
%Bpfﬁ)cﬁ]s of L%(l)ngehn anérfonferogﬁI Q}]g i){s lep op@@
efldifippatiylcotmpriaés moparts of propane, in each case based on
the total weight of the mxture (G11). 14. The
process as clained in any one of clains 1 to 13,

vithe pedagss as cfdimed in ayeorieyd clagron 1 it 1 2.avkitseinithe mndunat( GED)
tr&%hmtg'l?oxm)ﬂlﬁ%oﬁqﬁhbé% a@%o@yﬂfﬂgﬁn‘ﬂ of S’x)%éa{ W Frdns 70 b 998t.-% of

r ange ~of process as
@rta:teﬁwf |fr@rrah§,0 %Qﬂéft O Of PEAPARE, [in gashicase baﬁéqi an fhejtptal weight of the
fiRnufedseni on is perforned at a tenperature in the

range of from 100 to 650 C and a pressure in the range

of fromO0.1 to 100 bar. 16. The process as clained in

g pﬁﬂﬁssﬂfs cidigedrn einytcﬁleb'f clanhen &b 03 twieeréh i (I, t(l@hj/dr))gen is

Pg%:?[m 6&%{1{1{3{) nibgtﬁh%ﬁ o4 é§ (;(Iﬁ]}laéo g%ar { Ii)?yglt% 1sa1netﬂe range of from

Oenpeo dtSur.e i n the range of fron1150 to 300 C. 17. The
process as clained in any one of clains Ito 16, wherein

the mxture (G11) resulting from(ll1) has an oxygen
dbapeovessofs comedror anyt drewf200mp phe 14.8vheTeia ip(lblg.abe redgction is

?Eﬁbﬁ% dt Q t gﬂ% iRfth Sl éTEf ftothq0b fo 6?(?%5*1@ A FdsYure in the

onpri si ng separ tlng propene ron1n1 ture
(f@glelofﬁio@b@llt“i’h b#om (111) and reintroducing the
separated propene into (l). 19. The process as clai ned

[ n n f. cl 1 rei

'The %r(}/cegs hS a1m%d ?nl aqlsy oneto% cllézlgrhs W(? 1 ?,I v{r]ﬁerggttl\ll\ee r?nnxtgrte%gi?ﬁ)
resulting from (I11) is at least partially used to at least partially heat the mixture
(GII} to a temperature in the range of from 150 to 300 °C.

The process as claimed in any one of claims 1 to 16, wherein the mixture (GIII)

resulting from (III) has an oxygen content of not more than 200 ppm.

The process as claimed in any one of claims 1 to 17, additionally comprising



19.

20.

(11') and (111), mxture (A1) is conpressed froma

pressure of 1 to 5 bar to a pressure of 15 to 20 bar.

20. The process as clained §5n any one of clains | to

19, conprising (I) ‘reacting propene wth hydrogen

peroxide in the presence of a catalyst to give a

('h\b)t wperaﬁ@ br@@ﬁ@frbﬁﬂ mxnet (GHD)I‘[‘e&Ittmg E3mWI LI &idatintroducing the
rom2 to -% of unreacted

prop fili’gra eé’?prf)]?%l (@ to 1 wt. %of propane, and of
from0.02 to 0.5 wt.-%of oxygen; (11) separating

?fg%cgﬁ%ﬁ %ﬁﬁrﬁi% i a%g‘fo{ﬁ‘gé? %f'lraﬁné ﬁc) 1§ guh% o b%t»Uée’ﬁts%hrggs

ran
doramdi(BiDn gmotﬂref(fdlhlséomme%d\fxom yprsksyse obbﬁeé btufto afprensyre of
P50 M - - % of propane, and of from3 to 5 w.-% of
oxygen, 1 n each case based on the total weight of the
mxture (A1); (111) reducing the oxygen conprised in

'Thé‘f)l‘é%@ss(a@cia)m@& 1nI ?%tne B?Eltairﬁ‘é | Yo P;’ cﬁﬁﬁﬁglhgn wi th

¥ rogen in the ence of a catalyst conprising from
0 0 17epeinE prSpeAe, ww}al@r regen ReRRKigG Brh@prgience o safalst toggve a
of Phi:SURAON | & R1im! &frﬂnﬁ@%mmt %hﬂ’p%}iﬁérﬁéiixufeubfﬂ&hmo?’
aV| n? an aI kal i". netal c (ﬁrféf {1 re t han dgg%r
AT HRTeATIRAPIORE" G &F {1 in | Borpaeropnngad gbiigm 0.02

thanmm 001 -%tofoX gem each case based on the total

i ght f the l.um na i.n the cat st ...

e SPpR ngﬂﬂwfﬁgg SR P MR o e DR G Pdptionally
accosftirmg mterrﬁltdﬂite 634, comphlsnag éfigm &fFf tof90om.-F4 dbbprbiene, of

g BB ot 8Fbrghale, Bakbr by o Sy Pohehlf eash case
oxygbansedomt}mtbtad)ﬁve@t)obtrhmktum@(ﬁll) (1V) separating

I
Flgl? gfe;agcalhg L dyt)ﬁgrlr‘&ﬁnérgegtl% gﬁftﬁﬂil ggit LeraQt'BaHehlhf)bﬁggcnon with

cont byfirogan lm@hqﬂprm@pe Abs t:atalbfﬁt@rr(prl)smg fyome P&l o pr25(wt| P9 of Sn

the peiRGhHioaN Hepst Wer, 'o% Ppﬁfgﬁagﬁ ﬁiah@aﬁ;ﬁﬁﬂae figd éé'ieﬁyét Burther
the range of  from 260 ressure i.n

t he P%wg%arbfelkﬂr Byeal eoqténtzxﬁ nahmor%th@n GAeF Bltromd ap efkajine earth
the Hﬁéﬂﬂl e@féntioF naddesd thah @00 BWBAL insch bak bhi giMhatotal weight
Bégl qf tgg a§)¥1i1 a? mlgg Bretsgnt?% ¥hge catal)lxst tfl l%pe-alruglq ae ha%fmg a gE]T
surface determined according to DIN 66131 in the range of from 7 to 11 m?*/g and
the weight ratio of Pt to Sn being in the range of from 1 :2 to 1 :0.5, mixture
(GIII) having an oxygen content of 150 ppm at most;
(IV) separating propene from mixture (GIII) resulting from (III) and reintroducing the
separated propene, having an oxygen content of 10 ppm at most, into (1),
wherein in (I11), the reduction reaction is performed at a temperature in the range of
from 260 to 350 °C and at a pressure in the range of from 10 to 20 bar, and wherein in
(IIT), the hydrogen is added in an amount so that the molar ratio of hy- drogen to oxygen
is in the range of from 0.3: 1 to 3.5: 1.



