1 ®3eUPPQTR4 SrT6TTUCk=~3 ~s - 1 I~~IGll"~IIIIIl 5 Process for the 2CS
reaction of an organic conpound with a hydroperpxide The present invention
relates to a process for the reaction of an organic conpound 10 with a
hydr oper oxi de, during the course of which hydroperoxide i s separated 2&%%
and reacted again with the organi c conpound. The present invention |ikew
rel ates to an apparatus for the reactiaqnjof. an organic conpound with a
hydro peroxi de. 15 Reactions of organic conpounds with hydroperoxides, i.e
wi th conmpounds of the fornmula ROOH, are generally carried ou

in customary processes of the prior art. In this context. mm,mmmwmmmml
step"” relates to the hydroperoxide starting materi al

hydr operoxi de is added to the respective organic conpound onIy |n a S|ngle
step during the overall process. For exanple, US-A-5,262,550 describes a
process for the epoxidation of alkenes, in which al kene is reacted with
hydrogen eroxide or a Mb@@fmﬂemﬁémdeilﬂrgaﬁw@aipdmdone step to give
the correspondi ng al kene oxi de. @&4 8 %i260 glscloses a process in which
al kene is reacted with hydrogen pg? 3 BRdroperexlde o in a steel autocl ave
or in a glass autoclave. 3 0 S.-H Wng, Process Econom cs Program Report
2E, pp. 6-1to 6-27, SRl International ( 1994), ‘describes, for exanple, a
process in which an about 17% strength by wei ght ethylbenzene hydr oper oxi de
solution i s Thaptesentunyentipn oglataeta mproressdorefhegoastion Ofimwnmmnmnd

catal yst.i1 A t Qhila @drgpegoﬂﬁcl: cﬁfrlnErtHP%&?rs@'b?Mﬁ&dhﬁﬁBpé?Mﬁe sdpUAEQPSoXi de

inthis process no~~yu~a~~~
d reacted again with the organlc compound. The present invention likewise

. relates to an apparatus for the reaction of an organic compound with a hydro-

peroxide.

15 Reactions of organic compounds with hydroperoxides, i.e. with compounds of the
formula ROOH, are generally carried out in one step in customary processes of the
prior art.

In this context, the term “in one step” relates to the hydroperoxide starting material
20  and means that hydroperoxide is added to the respective organic compound only in

a single step during the overall process.

For example, US-A-5,262,550 describes a process for the epoxidation of alkenes,
in which alkene is reacted with hydrogen peroxide or a hydrogen peroxide

. 25  precursor in one step to give the corresponding alkene oxide.

US-A-4,883,260 discloses a process in which alkene is reacted with hydrogen

peroxide in one step in a steel autoclave or in a glass autoclave.

30 S.-H. Wang, Process Economics Program, Report 2E, pp.6-1 to 6-27, SRI
International (1994), describes, for example, a process in which an about 17%
strength by weight ethylbenzene hydroperoxide solution is reacted with propene in
one step over a homogeneous Mo catalyst. A total of 7.2 mol of propene are used
per mole of hydroperoxide in this process.
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:The 'same docunent discl oses, on pages 6-28 to 6-47, a process in which an
about 20% strength by wei ght ethyl benzene hydroperoxide solution is reacted
Wi th propene in one step over a heterogeneous Ti0/Si02 catalyst, with the
al’kene bei ng epoxi di zed. Here, 16.7 nol of propene are used per nole of
hydr operoxi de. 5 This docunent |ikew se discloses, on pages 5-1 to 5-21, a
process in which an about 40% strength by, wei ght tent-butyl hydroperoxide
solution is reacted with propene in one step over a honbgeneous M

cat gl yst, W:thh?@ﬁm@hh&ﬂﬁem%@u)ssm%ﬂngs gesm B pfock®y llnq{’hlgﬁ aRapeual e
used per nole r oper oxi e sa ocungn i scl oses

5-22 to 5-43, ﬁbﬁéir%]g Yn WRHEDE 1t %r%’grf)?‘lélﬁgf‘ﬁuw Reirgste @’ﬁ‘ﬁ but yl
hydr ?)per oxi de psc;idené irodnd step emtae}d:tmgdmemmeﬂ@@\oatalﬁt heitothe ratieuns bbing
catalyst in two direct step g

cpoxi o zed, HepRtoizES ke S RSSO oSN il W b0 RS BRBERI B e oxi ge. 15
A di sadvanbage of these processes is that it is necessary either to enpl oy

a relatively highiGraess RbwKICQIAR0I 6 GAIRIUNT, 210G SRAGKEH WFich AneMp! oy

a very concentrate roper oxi e inord leve timal selectivity.

201t is an @b?téc‘tO‘Vefstrﬁmh preveight teitzbuyl bYﬂTPBCTBF’émS@Bm&nﬂﬁ geassed Withch

al l ows the exefspen®fin erﬁaétbﬁ FRNMAOHMogchebSs W@dtﬁglstt vitke thee Blke®s by as
possi bl e and a rel at& é 5) f gcentratl on dr ope XI de to.be used. W
have found thﬁf")’f1 é’gﬁ S 7 mol ol PBWCP%S}“&I% YGFOPFFfB“ %action of an
2 5 organig conpound with a hydroperOX|de whi ch conprises at |east the

steps (1) to (I'h' | %l.mQ% Q%ex&'dlsc[o%é’sc hgﬁ é’ss Ei‘?o ?M‘%r 8@?&%&9 HEWHLA A BBGut

q.!anlc conpoun Ive a mX organi ¢ comnmpound
unr eact ed 72‘%ostreyléﬂlolpbewg»ghd tert-uty) hS’éW@Wﬂ@ polytion jsereagied a@ﬂieuopene
hydr oper oxi de ofx'étoa{m&hﬁgéﬁeifﬁ% dafyst b ﬂQo HfréUﬂysstu@&sﬁllvé steps,iwith iRadkden Of
t he hydroperoxi de separated off _in s%l wth gﬁ’i‘ﬁo }{%El C con‘;pound 35
- 3 " Accordi Rging; ep?ﬁéle@ééﬁfFo]nz gl p @OB?%F BS oRepRxid
hydr oper oxs de takes place in at |east two steps (1) and (iii). In the
process of th resent invention, it is. se concelv
reaction of t%é%bﬁaé%ﬁﬁtt%gec ﬁdjrﬁ?\‘iets??st‘ﬁetlhﬁg/#r BpBrERiake Bert 53(8“}515(%8’ in
nor e t han two rdatixedy hi@hrmneﬁsmg‘thmonglamcrmnmeund)to Se setaeqad or o wimpbly & hery
reaction take i nore than one

. ; %?ﬁégﬁﬁ'gtg?l hgdljoﬁer(ag(ld(é?rlll brifer ﬁ) RievQ 366 ix at X d&ui@ ¢

step in which per oxi de use |s se 0 be enployed in
the process of the present invention. An exanple which may be nentioned is

a processzpn Wik ah obfi6t 6ARE bfe@éht @&vehh@n &ppr@marallﬁo&e@mﬁwa@lmg thel dx@ess

hydr oper oxi de %akes pl ace i E %i & g qa ﬁ@aﬁatlon

of the hydropé 8%&%¥ qogmn&t% € TRated %‘i tps é‘mﬂ g ipdsst Frﬁmﬂ; VYt rom

two to five si®psondcenthti@hhydaepevsgdantocbecsogound is reacted with the

hydr oper oxi de are enpl oyed in the process of the present invention. The
We have found that this object is achieved by a process for the reaction of an

. 25  organic compound with a hydroperoxide, which comprises at least the steps (i) to

(iii) below:

(1) reaction of the hydroperoxide with the organic compound to give a

mixture comprising the reacted organic compound and unreacted

30 hydroperoxide,
(i) separation of the unreacted hydroperoxide from the mixture resulting
from step (i),
(iii) reaction of the hydroperoxide separated off in step (ii) with the organic
compound.

35



~15 present invention therefore also provides a process for the reaction of
an organi c conpound with a hydroperoxide, which conprises the steps (i) to
(ix) below (i) reaction of the hydroperoxide with the organic conpound to
give a mxture M, 2 0 (ii) separation of the hydroperoxide fromthe

m xture M resulting fromstep (i), (iii) reaction of the hydroperoxide
separated off in step (ii) with the orgagic conpound to give a mxture Mr,
(iv) separation of the hydroperoxide fromthe mxture M1 resulting from?2
5step (1i1), (X}dRdiRplyOtheabaditf JInHs QRSAXEaRpRRAYIM 8 BidtodcfoddeRkéd V)
with the or gar’il cc,orrpﬁ%nd to give a m,,>_<turelel“ii (w%separ atiron of the

hydr oper oxi dePlf¢eaiihat Fasthivwe tiers (Vrand @by [n the preceshat e presentainpention; ¥ deact i on
of the hydropkitedsedeonegiodtad efdr ofk kdnctie Pof( \r?léd dmig&dictttgn@;@anivﬁﬁlomund to
give a mxturge ~ (yiji)separation of the roperoxi de fromthe n.xture
v rosul i g SbORrEOte | RS BRE T Bt e e Have HEReROisE b FuE Py e
off in stép (stépsiip whith theheactapatakeBplbon ipsurfciourse-alsb coliseivpblodesmond t he
present inveng,i ﬁ@ﬁ, . ] i i

organic comgﬁhlga?és)gtfg%g{c?g%){\}mt ,%6 r p\é@%&fﬁgee?q{o%e?%ﬁ% %f?f%%p%?lgpgkl y
fromtwo to tmthermeessof theuescabigvemionof t he organic conpound with the

hydr oper oxi de preferably takes place in two steps. 5 The separation of the

T o e abB SRk e P SmSREC ek poea bbb bbb r i o
cust orar 1 omret dn%ahic o@mp&ém}d?wiﬂo thediydropetoxide takssplaeds istegs(i),caii) 26d ¢v)f fet ]gznt )
e oper oxi et serrte s P PR A e iR Be (0 oLt by
tillation. Depending on the requirements of the process, separation in
one di sti 11 at g nCol rh (73 SRS sichs BE S e orLaRl ol e Rall it 151 19
separation st@p hyeoneroxide argr gmployedinithe mpeese it thersptenb pnveption.gThe
concei vahlse fgeseat dfdhicd ldrefeeHIA proRideP BYradedS fo; the PedeBoR 00 ¥h deghni®r each
Tn The case GroTHmuaS BB RaFeerete PaRcRstEaT et B0 (RN of
separation steps, for the separations to be carried out in a single 2 0
o al 0 pose bre. bycationtobpt RidibierBig® SRR e Sk RIMARPLOWMEN: |
two or nore sepa}atimixtlgr?é]!ls in one separation apparatus. AE:cordi ngly, it
be o ovi J4ETTED | ERBAE of e Byl R BeSgBURLARARY ftes 1o
separation of the hy%“r%@eroxi de be’desi red subsequeht to the last stage in
whi ch reacti ofii)of t heawiogafithe hodioperosideiseparitbe offyidrstapa(ii xvithetht akgmipl ace,

for exanple to recyc esi .. h peroxide, this is of course
| i kewi se possi bl e Jo%qp%ﬂXd{o ge'lvgg%llxtu}{edl(/l%,

(iv) separation of the hydroperoxide from the mixture My resulting from
. 25 step (iii),
v) reaction of the hydroperoxide separated off in step (iv) with the organic
compound to give a mixture My,
(vi) separation of the hydroperoxide from the mixture My, resulting from
step (v),
30  (vii) reaction of the hydroperoxide separated off in step (vi) with the organic
compound to give a mixture My,
(viii) separation of the hydroperoxide from the mixture My resulting from
step (vii),
(ix) reaction of the hydroperoxide separated off in step (viii) with the organic

35 compound.



30 within the scope of the process of the present invention. In the
process of the present invention, not only the hydroperoxide but also the
react ed organi c conpound can be separated off in a separation apparatus
fromthe mxture resulting froma reaction step in which the organic
conpound is reacted wwth 3 5 the hydroperoxide. It is naturally also
possi bl e for the remaining reaction prodyct after the hydroperoxide has
been separated off to be transferred to a further separation - 5

apparatus pr OIVH ch%P@P!hE??@EﬁMn%?ﬁloh k&eﬂaldf N8 Srofvd RFohCa&saH wHigaNi C
conpound to bt}e%se par at ed 8mt e reactjon prod ct there I n_both cases it

i s possible, hePraanekompound it isprted withaydrencrexide. nagicvlalyRIRSEMNY oM 5 ¢ he
m separ ati on tajpparibied Seps.ankk te@ctsRPel tht @rgdnicoédmpdung rwitth thertgdedpeeiddof the

or gani ¢ conpoun t dr oper oxi de are conplete. However, the reacted
or gani c corrpdﬁﬁ%m\%gl‘ﬁsfé?%%‘wwgé{ﬁ? ated off in addition to the
hydr opero%i de in the respectl ve separation apparatus. In the case of

separation brkOsdhalibh (R uhOfgbhorb 0P 9 %Aeb%b%vEﬁl&gu&féarggg)agau&pstag%@goff the

reacted organic C ure a 0 se t he
hydr oper oxi deli¥)r Gii me(vm)xn ithesprapesy of theepreseny mentlcrmcamri@ wmcb byralk he

present i nvenfus@thary netfodIVFURAHYT Art. KR 8180 PBSHHIL & usdVaFTerstit sBRardtiod
distillation unjt as dz&gar ation a‘ﬁ)ar atus, to separate the hydroperoxide
fromthe m xtWFRodn diferanteparalign Stepse but at the bottom If the

hydr oper axi de and/or the reacted organic conpound are/is separ at ed off in a
distillation.unit | roceso t he nyv ntlon
. any i oh Screpatefioh 315 Blfoferokll e Fa iRaRTPR Meph e ARIFESR oo

b¥pr oduct s mutlbydlstuﬂaudm ®repetdingen dregaqmtenmwnﬂthdpmcess sciparabipl i s OXI de,
to be separated b l?lggg t S i ya t e

t enperature adt% t he bottllfalag% & i} dSFlb?el %3&9%}%§ %f Qi&r%ré g’r zlg%\ﬂg cg’ItzlaJ;eous

| ow boi | i ng cbﬁﬂt@ﬁemelun@séor aea@raemggeﬁﬁthem@ﬁqnm ¢ WraaeSeRAsIoNdhene. 25

Exanpl es 16f such | ow boi I'i ng conmponents include hydrocarbons having from1
met hane, .et hane, ettéheee or

to 4 car bon tQ opa

but enee. 1t 110 Uh% RSP S Brepe ygngh i gpned i 7 aeeRolsd it
0O course appanamseAsto bpqsswbédefdrreactmﬁepumwhm thé hydlnapmmﬂiens sepamdl on to
react a plur t n r i se, it
i s concei vabladeﬁflg}sola Q{ &}s%%b?e g? ﬂﬁ: %?%\é%%}c;»?b @%gﬁ%(tg e Sgé’:ﬁ&%dmle %ﬁvﬂ
reaction. |f rlumality ef |scgara1fonostgma|for dlamsepanationartd/ tosr carristl uowdl int y sitgle

hydr oper gyi degy, %ﬁoﬂﬁgﬁ}a@&.3 5 with one another in the respective steps, it

ous

is possible for vari products resulting
If a plurality of separation steps are provided, it is also possible, by means of a
suitable reaction procedure, to carry out two or more separation steps in one
separation apparatus. Accordingly, it is quite generally possible for a total of m
. 25  separation apparatuses to be provided for n separation steps, where | sm s n.

Should a further separation of the hydroperoxide be desired subsequent to the last

stage in which reaction of the organic compound with the hydroperoxide takes place,

for example to recycle any residual hydroperoxide, this is of course likewise possible
30  within the scope of the process of the present invention.

In the process of the present invention, not only the hydroperoxide but also the
reacted organic compound can be separated off in a separation apparatus from the
mixture resulting from a reaction step in which the organic compound is reacted with
35 the hydroperoxide. It is naturally also possible for the remaining reaction product
after the hydroperoxide has been separated off to be transferred to a further separation



fromthe reactions to be present in the mxtures. If these are again
separated of f by - 6 distillation in the respective separation steps, it
may be necessary to provide a plurality of distillation colums for the
séparation. Likew se, the renoval of a plurality of hydroperoxides fromthe
m xture by distillation may nmake a plurality of distillation colums
necessary. 5 The reaction of the organi.cscmpound with the hydroperoxide in
step (i) takes place in a reactor R, which is suitable for this purpose.

Starting nat eﬁ;&;ﬁ&a’iué-b?@&id&%pe&iﬁ@albﬁﬁﬁ HiPPurp6R ahd SR Srg@BPBOMPSlindo be
reacted, the B dr%gercg_a dg@and, I°f Hecessary, one or noré solvents which
are appropri aPeSeRA@rediron §‘§a§f‘9npli‘? PHdher® reaction. Thus, at |east the
streans EI and EI flowinto the reactor R~ in the process of the present
i nvention. If i red, .a. further.strea I f ex l e, can flow..nto the
enctor R Pt B &R Pis pAER8 oF LA b eptiep pe R e ol iR

react ed, possthelm sepasativnapgaatusesreaddo separase #oifl afterghe FEiactionstof ¢hesongasim
conprising th | ' ' | ved in one or nore solvents,
and 2 0 B s &%ggggl%ﬁig@rp?@gﬁ%@%gg&g Ror & sol vents. The individual
streans El are preferably conbined to formone stream E, upstream of the
inlet into theEeweAG! B rddetet DR dOIPOBAS isPrefeRBlyepaRod offik aaditionto the 1S i n
principle Ilkﬁmse %ggsmle to introduce the indivi dHaI streans .

i ndi vi dual |y PYRIOPeEerds i thegespsctive-seppigliphgpperatiy. Indhe casy ofoepprgiion by ¢ he
I ndi vi dual0 st disdltaiohpit bepodsible corrtsangde, itotakp pffajue teatted orpatic kaimpowrsl feeh or e

t%{l?nieﬁt upst PEARBR ot B8 T RR B sefipiscRl pEBARo e RonPE FhehOH.La8E, 1 o

react or Reffiake.o which the stream El additionally flows as a separate
stream 3 0 In the process of the present invention, a streamE, consisting
of the conbination of the streang El ./, El and El js preferably introduced
into the reactbifie RIoCesset dhe pressnbupRtion; ¥ ISgaW'érﬁEx Kkeaviss pessible, WIGHISIRE fihe

concent r atg ongistlatioheurindé sehsdionCapaRARSNtS soparith ahs thydpekileSkbacthed so

h h ream.is |iqui ' ' :
that the st © fikture no auasclideao U Eitst}lgb(? ony > ngle phase

If the hydroperoxide and/or the reacted organic compound are/is separated off in a
distillation unit, it is possible, in the process of the present invention, for any high-

20  boiling components of the mixture, which are formed as by-products in the reaction
of the organic compound with the hydroperoxide, to be separated off at the bottom. It
is also conceivable to lower the temperature at the bottom by, for example, addition
of preferably gaseous, low-boiling components, e.g. the organic compound,
preferably propene.

@ 25

Examples of such low-boiling components include hydrocarbons having from 1 to
4 carbon atoms, for example methane, ethane, propane, butane, ethene or butenes, It
is likewise possible to use, for example, nitrogen or argon.

30 Ofcourse, it is also possible in the process of the present invention to react a plurality
of organic compounds with the hydroperoxide. Likewise, it is conceivable for a
plurality of hydroperoxides to be used for the reaction.

If a plurality of organic compounds and/or a plurality of hydroperoxides are reacted
35  with one another in the respective steps, it is possible for various products resulting
from the reactions to be present in the mixtures. If these are again separated off by



35 ' The hydroperoxide concentrations in E~ are preferably in the range
from0.01 to 10% by weight, particularly preferably in the range fromO0.1
to 9% by weight, nore particularly preferably in the range from1 to 8% by
weight and in particular in the range fromb5 to 7% by weight. 5 The
concentration of the organic conmpound to be reacted is, for exanple,
selected so that the nolar ratio of the grganic conpound to hydroperoxide
isin the range fromO0.7 to 3.0, preferably in the range from0.8 to 2.7,

nore parti cul @ktinatiBh Ghehalbspebtive! SParafitg &tedps, 0 HayP bk Onedesdarg ™ provRRIr4 i cul ar
in the range frc;in 1.g 0.10 2.0. Degtenotllglln% on t he teg&er ture selected for

the reaction PPra{iRe0 rdé)%ﬁqﬁféo'bﬁﬂ%\!?ﬁ of;the, SenAEAtDd Laksaitx it TPROYAh Oy 2 act or

R, it may beplusdifyudf hydrdperoxides t@asthefmiktige by dahdtiontigninalada plurglitelbeat t he
stream or strg,atﬂgaﬁgéig%r to entry into the reactor RL. 15 The reaction

condi tions in“? SBEP"% he process of the present invention are
sel ected $0 that the hydroperoxide conversion is generally in the range

brefer abl y i IHERELEL MY olayt UimbRg HE BHrdplote SRR R pik ar Ly

tenperature T s FRacion By avdhiist Subblexfor g PHIPORR Aatting hatRrialy @sqdnfar he

reactor Rr arRa@icdf afedley ofahRCt&Hpsdt RRtbet REctBd X tHer Bydvbpéregidktdridg if r om

b1 uhi oh are BERSPENIGFe B TAE FalFgEs Phih S SEHBUE BBsarestey Bofbar.

pl which are davad t ar,

pr ef er ably0 i nrehdtéon; ange from aut ogenous pressure to 40 bar and particularly

preferably in the range from aut ogenous pressure to 30 bar, are selected. 3
he tenperatures Tl are generally in the range fromO to 120C, preferably

ic‘t he range Thusmmtlgastshegmamsnity and Eefflavabity thareasier Raingle prasassadf the 90C

T the. reaot of It MCBIAE 1Y dpdhel? M QA R ok Sl QL Ry 8 F3% e

separation apma¢taiﬁsfhrc, There, the hydroperoxide is separated fromthe

m xture, ;@ described above. _ g _If, in the case of a separation by

distillation, _unreac eq organi c. conmpound is al so separated, off, fhen the

GiStillaton Fo Gendherrgmammis e comporl ol REdE PoovbiShispbpdit y ot

| east 60% nore prgfecsrahoné salventgast 70% particularly preferably at

E? is the stream comprising the hydroperoxide, possibly dissolved in one or
more solvents, and
20 EI is the stream comprising one or more solvents.
The individual streams E. are preferably combined to form one stream Ej
upstream of the inlet into the reactor R; in the process of the present invention. It is
in principle likewise possible to introduce the individual streams individually into
the reactor R;. Furthermore, it is also possible for the individual streams to be
. 25 combined in appropriate combinations before being introduced into the reactor R;.
For example, E7 and E2 could be combined upstream of the inlet into the reactor

Ry and be introduced into the reactor Ry into which the stream E2 additionally

flows as a separate stream.

30 Inthe process of the present invention, a stream E; consisting of the combination of
the streams Ej, E> and E2 is preferably introduced into the reactor R;. Here,
preference is given to a stream in which the concentrations of the individual
components of the stream are selected so that the stream is liquid and consists of a
single phase.

35



5l east 80% and very particularly preferably at |east 90% of the reacted
organi ¢ conpound are separated from M. The separation is preferably
carried out so that a liquid m xture conprising the hydroperoxide is
separated off. This m xture which has been separated off is 10 hereinafter
designated as M . It is also possible for the hydroperoxi de-containing

m xture which has been separated off taq further conprise, in addition to
the hydroperoxide, small anounts of, for exanple, unreacted organic

conpound anfl/h Qhe 'hd&i% &@xﬁreg@ﬂb&uﬁﬁmuﬂg r arel 8 abBy ufj R dhyd %fﬁl O/P;] to
conpri sing ydr oper.oxi de as. been separ aje ur

conpri se necei@g’ ng.%l RAEHeu ? sraklyjadhe Jengeqiromny ittff’%bél WB‘lgﬁ%ol vent
whi ch may havmobepmlmleﬁyeptefstrablfyhﬁtlsetlraﬁgaﬁoﬁl1 gy Wtight drkl ihiparticataeact ed

or gani ¢ conpoun |s a ted .off In the separation apparatus A,, this
separ ati on, f ForF ﬁr"g‘??‘g%@yﬁﬁ%ﬁ%e or a liquid/gas mxture is 2 0

pref erabl y5 obt ai ned resul ts in a streamwhich is hereinafter designated as
M . In the p Fggin'

addition to trﬁgg?@g“eﬁ Oﬂ%gg &Kﬁg}%@ﬁbeb%%agtaegﬁ%gsor garﬁ% ngggrrtﬁgund
and/ or smal | &héwhthe mplaamtlm@%@ggﬁg@m@mmmundvmulwﬁrwgoxaém@dn\ih%rme

stream El or gghvert iy, @hgm’éfalﬁl?vﬁ RRefnBE eFeRAt 0.8Ntd ey, %b@ﬁ&m&hlaﬁyd/ or

El . 25 If, as _descri,bed abov se i.on is catrrijed out
G i1 L at ) on” B eaSdn R 8t Fromb DGReR A5 o° BrisBuESt UESa%ss Fom By o
the bottang tR®n this separation results in a stream M . Such high-boiling
components can be, for exanple, by products of the reaction in the reactor
I‘ ich are present in the streamM. 30 After the steps (i) and (ii) have
n carried Bgperding b ther cowsmtwe Sblhetefbrfetsélntreamerqﬂtbﬁ orgahw ¢pyefroupér oxi de

whi G inas, DeeqidaRRIgiReRkldd f BEGERFRNif AP bHELsA n HIEpRBA(Cihe
conpound in st exanpl e i's possible to recircul ate
the stream M p@é%ﬂm\@nﬁgn Emelpgaaﬂmﬁrpmoaétreaén&mwrrtfea@mmt@heawtqrdiw eact
it there sth the organic conpound. In the process of the present
I nvention, Varl"hg yeséc gns csoln %t?on\év? e reacrtc()ar I 1nL{l|1ea;t)rlogeqss I\o/lf the present invention are

selected so that the hydroperoxide conversion is generally in the range from 70 to

95%, preferably in the range from 80 to 94.5% and particularly preferably in the

range from 85 to 94%.

20
Furthermore, pressure p;, temperature T; and residence time At; of the reaction
mixture in the reactor R; are preferably selected so that the mixture M; resulting
from the reaction is liquid and consists of a single phase.
. 25  Here, pressures p; which are generally in the range from autogenous pressure to

100 bar, preferably in the range from autogenous pressure to 40 bar and
particularly preferably in the range from autogenous pressure to 30 bar, are
selected.

30 The temperatures T, are generally in the range from 0 to 120°C, preferably in the
range from 10 to 100°C, more preferably in the range from 20 to 90°C and
particularly preferably in the range from 30 to 80°C.

After the reaction in the reactor R), the resulting mixture is passed as stream M; to
35 the separation apparatus A; There, the hydroperoxide is separated from the
mixture, as described above.



5°to RI are conceivable. Regardl ess of how the streans El to El are
introduced into the reactor R, it is possible, for exanple, for M to be
i ntroduced as a separate streaminto R. Here, preheating of the stream M
i S possible, as described above. 10 It is |ikew se possible, for exanple,
to introduce M into the streamEl before the resulting streamEl + M is
introduced into R. It is likew se possifgle to mx M into the stream El
resulting fromthe conmbination of El to El or into a suitable stream as
descri bed above resulting froma suitable conbination of any two of the 15
streans El to F If a process, v i(a i.n which IS addedto anther

st ream upst r ednitohe Case ?fgq é“’tpaf‘fﬁ‘PBahﬁ, 15tllatios Wireagtedb preanigeoppoupd, 1538 of
t he process oiepmla&dpdstesmeh the disitlation ist E@e@l@cmnéchbhmtstm at ﬂl@sﬁéﬂ%pnent S

of the corresp: are refer 00 .S a suting
otr eam r o rESTTHT o WeSCE0AT PiopEBRGRaY, o 6 gPras rafih RN Ardatty L
preferred 5enbbd$tn%}% apfl Vtehse pmtmukasls wéfetdbly pt &menP0%noE the mapted hegatic eam M

is introduced dnﬁ';?] @M}SB R~,. The stream M thus represents, in
respect of 2 % e react I'n a manner anal ogous to the streans fl ow ng
into the reactor R, the streamElIl. Since renewed reaction of the

hydr oper oxi deTM@'sé‘ﬂﬁrdﬂféﬁ @QﬁéfeﬁiﬁBﬁEéh@dj oﬁf Eo \hat by ﬁdj\.ﬁd Qﬁlﬁtﬁﬁ‘é CompHpiay RRe t 0 be

react ed takes Jéace 'Q t.he reac Rﬁ@ step 1%”1{ theeﬁ_ ge(gf .of the

present i nvenlﬁf pperoxide ds, sepagafed raff ¢ Hhis n%’t"rué%rﬁ’ 2 a?r R yEPFE R is

necessary.0 A bercleafmrliiesrlgnated as M$x dhj also pessitd¢ §w the hpdmpeaidg-coBQrirtikg e, in

a nanner analo u ove- des rib st.reans El to El ElD is, the
oA coanei SR, hichofaso b spamied 8hctos B EEE SamerS s et € fhtne or
e sol vent Sl;lydrOperd}ﬁde Esthall samduatss of,e fm exmple,s umgadték dngajﬁ@p:empmunkb

possi bl y di ssgl&d dabte@N6r Ql'ilcn&fn?po'iﬁhvirﬁe%vls@nlﬂeﬁh xthre MACcHhPRGMR th

C0n’pl’| Si ng one or nore So vents. kewi se In a nanner ana | ogous tO t he
above- descr i bleyilreparexide vehich has besn m@p@ratsrieOﬁomay Hertherr eemprisel heaessape

i ntroducad i N§dvdnpevHiGRRAL bedR' a&leﬂhﬁﬁ strgth VEU Uk doWeRf wWhthoimagthavd bkt t abl e
conbi nati ons. Prehea | n of th itre ans El | Ts l'i kew se possible, as

descri bed aboRF&Seni %%“P%E Pris- preferably conbined with a stream El |
or a streamEll + EII and the resulting streamis introduced into RIB. The
concentrations, of the conponents of fhe streans El| and EIl are preferably
sel ected so tHake wygacted ersﬁmespmppm i§ glsosepnratag offdn dgseppgation §pmr«'efur d and

consi sts of aAgi ¢ epfdR@fR; from which a liquid mixture or a liquid/gas mixture is
20 preferably obtained, results in a stream which is hereinafter designated as M:. In
the process of the present invention, this may comprise, in addition to the reacted

organic compound, the unreacted organic compound and/or small amounts of any
necessary solvent which was added via the stream E2 or solvent which may have

been present in the streams E; and/or EZ.

If, as described above, the separation is carried out in a distillation unit and high-
boiling components are separated off from M; at the bottom, then this separation
results in a stream M2. Such high-boiling components can be, for example, by-
products of the reaction in the reactor R; which are present in the stream M,.

30
After the steps (i) and (ii) have been carried out in the process of the present
invention, the hydroperoxide which has been separated off is once again reacted

with the organic compound in step (iii).



15 The concentration of the organic conpound to be reacted is selected so
that the nolar ratio of organic conpound to hydroperoxide is preferably in
the range fromO0.7 to 10.0, nore preferably in the range fromO0.8 to 8.0,
particularly preferably in the range from0.9 to 6.0 and in particular in
the range from1.0 to 4.0. 2 0 As in the reactor R, the reaction in the
reactor R' is carried out at a pressure gU_ a tenperature T' and a
residence tinme Ot" of the reaction m xture such that hydroperoxide

conver si ons vr*vrcexaﬁﬁe,geﬂqga 6s‘r§1b|leﬂ tbheeciromar Me st M edoipting ithe t he
range of Z 92% re preferably in the range of z 95% and particul arly
preferably i ytdrmser Ofth@rﬂagtsr Roambtogegcet Hithers avithethe argans copwpeyg-es ply
whi ch are selected are generally in the range from aut ogenous pressure to
100 bar, prefer bl¥ in th}ﬁ range Jrom aut og)&?ous lgressur to @ .bar ,and
particul arly Praf BI%HTC He PHE ‘rtatﬂtjf‘é‘“PPDYﬁr S9Ete vays Of Lemitgulpng M qr

0 The tenper abR,Qfe conceidstslegenerally in the range fromO0 to | 20C,
preferably in the range from 10 to 100C, nore preferably in the range from
20 to 90C and particularly preferably in_the range from30 to 80C. It is of
course al so plegsidiess dfrhowhthepstisems sEpofo ) earprintsaivced inte g mactop Ryt inds

m xture 3 5 syl t I t t aken
fromthe reaﬁ_dsm[’% for éxgglﬂer %plg qot,g scrr%dgsag‘gjagﬁgf%%%ﬁ%toé?tﬁ&e

separ at i on aplpahmmg ofAthe Strcare\l‘(}nlsmeSlblep@r@Wrdwdapp‘@r atus Al and, if
desired, ,for a third reaction to be carried out subsequently. 5 However,

two react 8rs Ri and R1ll and one separatr on apparatus Ar are ysed in a

p ferred entod iksvtiseopossible, forouemplayto intodpeeeYerintoi thy stneann & befere ghesent
ention ac %Elﬁhﬁg bi¥ed fdi:‘“ A8 R i QRREP intd RN G015k AGis 5@%&319'&?:111{' MA eps

(|) and (iii) are tarrie in two separate reactors. reactdrs, it

is of course lptssﬁtemtreatnchrgeﬂamg fromniheiopatbination ¢t Byr & W%r@ﬁnweswe sur ted

for the resp e.r C e i

reactor 1s novrbddEditneddBovd Rl MoBEE STl b BARR T anl WENARE, 1

to use a éasc%’i?éméfExstprﬁxr ed vessel s as, for exanple, react or R~ or, for

exanpl e, reactor R'. 15 Preference is given to using fixed-bed reactors as

reactors in rocess of .the present .inventign. The present jpventon
accor di ngl y rﬁ%e§s é(arﬁ?[ﬁd’eé"(é“gb s efidlesle g éStr?Pfrr\ﬁPWFam 9% g‘ﬁ

reactors are jWieR, i3 ehéRACHEN, Yof Bk pulfdséLercthé ﬁf&essWtﬁ‘e Erreﬁ‘érﬁﬁlﬁ}éhﬁon ftheced- bed
tube reactors are used aﬁ fi'xed- bed rg ctors. parti cul

i sot her mal f i SOBgeEEoRE gk thscompopents) o er%at?@mndrtlg ?tF‘Fa{rﬁé“?)PEf‘g%@%lyc?Ft t he
present i20vendol tat rdresiltiagiseb@hirembinsdiiiednd easfitiesite coasist aSarsagdd or Rn.
The present é}}gentl on therefore al so provides an apparatus conprising an

i sothermal fiX8% bed reactor (1), a separation apparatus (l1) and an

adi abatic fixed 2 5 bed reactor (l111). The present invention |ikew se

provides for ﬁlmq)reﬁ:ae@temt)tameape%e[@r&etsqrf thd'BreS &R Srivefion thPdireamdAfiic
conpound wi th a "hydroperoxid urthernore, ,the present i nvent1 o

p’vr des for PHpducgddntorn sgeprdreapter &uephe pirgam (%(Thruﬁ )‘eHS%‘ICBW 1 5e$peck gkt i on
h the h»@aoaﬁé%cﬁﬁﬂw tifd trF&hrféggﬁ‘eﬁb teqagaélgtrﬂeahe fwa Anty thb YERAARPT | Si ng
the reacte “thé astt]rlegmcogp %Sihce Fenewed regc(tllo% of the h}ydctj' x18e wquéh has been

separated off with the organic compound to be reacted takes place in the reactor Ry
in step (iii) of the process of the present invention, at least one further stream E}

into the reactor Ry is necessary. A stream Ef’I , for example, may also be necessary.

30
Here, in a manner analogous to the above-described streams EI to E3,

E;; is the stream comprising the compound to be reacted, possibly dissolved in

one or more solvents,



-"12 (ii) separation of the unreacted hydroperoxide fromthe m xture
resulting fromstep (i), (iii) reaction of the hydroperoxi de separated off
in step (ii) with the organic conmpound, 5 are carried out for the reaction
of the organic conpound with the hydroperoxide. As hydroperoxide, all

hydr oper oxi des known fromthe prior art which are suitable for the reaction
of the organi c conpound can be used in tfig process of the present

i nvention. 10 Exanpl es of such hydroperoxides are tert-butyl hydroperoxide
and et hyl benzgfe fudné)@@éa@%!csﬁpﬁmﬁ%m Ry @opRBkidenssksibly HRsoIPUESRNEF oned
SRI Report 2E "Propyl ene Oxide". re, the tent-butyl hydroperoxide is
prepared from i sodOPEFEIVERE: $3ygen. The et hyl benzene hydroperoxide is

prepared fronggt hyikienaean centritmg@ny @€ mhord solvdigs. pr esent process,
preference is given to using hydrogen peroxide as |iydroperoxide. The
present invention therefore also provides a process as described above in
whi ch t he shydLikpweisexn denamec analodoyd te gemnboee-dxsctibed biecams B Oit iy pbssibdnce i s

given to usin agueous, shydr.oge ergxi de.sol ution. To prepare dr ogen
et oxi do, usclEdfe BRRRIEB DS tRaRtadEd b R elibr Ry siheb SR BB b
whi ch vi rtual dombilel ankuitablevaombinationhu irelaating divite ageamp et Hxisdikdveise

produced. This process is based on the catal ytic hydrogenation of an
ant hr aqui nonep%S’%%eﬁ%&WEth%’of’%r m t he correspondi ng ant hr ahydr oqui none

conpound, subsequent reaction of this with oxygen to form hydrogen peroxide

and subsqgue i20 : . I.denflo t r,agtsi on.
The cat aﬁ@si Qhé‘is/ﬁ e }SEHC{goﬂs}énggﬁ %‘ﬁ%&e&g%@%%@ﬁaﬁ%ﬁ%&%%ﬁtﬁrﬁﬁqui none
mpound whi cdndi sheolwesaitived styeari . is3ir@rodnceagly éntoi Bw dihet bencantraticas uo dine

c

ocess 1S gl M@kbdnnts e kR adhs %}C%hoé)e%@pfgferEHQ%feEﬂealso%%@sEtféé}n Sth
edition, volume 13, pages 447 to 456. It is |ikew se conceivable to obtain
hydr ogen per obii lewing intodhi¢ tracter Bais liquid indcarfsists of asingle plseonvert it into
per oxodi sul furic acid with sinultaneous evolution of 3 5 hydrogen at the
cat hode. Hydrolysis of the tperoxodi_sulfuri c acid then l|eads via_ - 13

per oxonoAdsul T sencgatrationpfrihe osgpnic prppaundeodisareacted iy peleded &0 thamites i s

]'E hus r ﬁC OVFr &flolat FatioSofrgdifié! ESBpAIndGo BYafopblokideds Preerably iNYEY RABH fidel oXi de
romthe e er‘r&gttg 10.0, more preferably in the range from 0.8 to 8.0, particularly preferably in

the range from 0.9 to 6.0 and in particular in the range from 1.0 to 4.0.

20  Asin the reactor R, the reaction in the reactor Ry, is carried out at a pressure py, a
temperature Ty and a residence time At; of the reaction mixture such that
hydroperoxide conversions which are generally in the range of = 90%, preferably
in the range of = 92%, more preferably in the range of = 95% and particularly
preferably in the range from 95 to 99.5%, are achieved.

Pressures p; which are selected are generally in the range from autogenous
pressure to 100 bar, preferably in the range from autogenous pressure to 40 bar and

particularly preferably in the range from autogenous pressure to 30 bar.

30 The temperatures Tj; are generally in the range from 0 to 120°C, preferably in the
range from 10 to 100°C, more preferably in the range from 20 to 90°C and
particularly preferably in the range from 30 to 80°C.

It is of course also possible in the process of the present invention for the mixture
35 My resulting from the reaction in the reactor Ry to be taken from the reactor Ry



5 In the individual reactors, it is conceivable, in the case of an
appropriate choice of the organic conpound, to enploy a reaction procedure
in which the reaction of the organic conmpound with the hydroperoxi de occurs
under the indicated pressure and tenperature conditions wthout addition of
catal ysts. 10 However, preference i s given to a procedure in which one or
nore suitable catal ysts are added to nakejthe reaction nore efficient,;
preference is in turn given to using heterogeneous catalysts. The present

i nvention accgqdli OHCABAY hBGR, 3o AOFRS® ﬁsseﬁﬁ%ﬁéﬁ Rpfaraiie VAR o'r”ev‘éﬂ't‘h@ the

organi ¢ conpound is brought |nfo contact Wit tero eneous cat
during the resRPRrasQn aPI?a‘iafusl &1 jaRdpH aﬁirﬁﬁ’efoﬁo%g]i‘ Efféea(CH Bde l%ﬁfameg (}/

het er ogeneoussitaeqleyidys whi ch are suitable for the respective reaction.
Preference is given to using catal ysts which conprise a porous oxidic
material such as a zeolite. Particular preference is given to using

cat al yst's Whi Hloweuerptwe ecagtars Raand Ry, andaoredsaparafios ipparatusAr are gisédim aor 2 0
zl reoni um Congf’%;féliréag ef®Olinfchit A% B be%eé%xbﬁ“tﬁe fﬁ&é%ht thenﬁgﬁc'ﬁh'ecpnfcwpl es

of suitable z Ites are titanium, vanadj um, rom um, niobiu
Zi r coni um contiERiigRcEaringl L Broviies agrocepeinarh theaeadtions i sterst(lraad (k)

parti cul ar thgretmﬁmm ai-afeayga&@gst all ographically to the BEA, MOR
TON, 2 5 MTW FER, M, gHA RHO, G'S, BOG NON, EMI, HEU, KFI,

FAU, DDR, MIT, RUT, RTH, LTL, MAZ, GIVE NES, OFF, SGI, EUO, M-S, MAW or
m xed MFIYOVEL Astreactdriiriess afebuddesossible-t4.usé talli conedigabl@ eastold which aims best

L Lant um cont g, SESLIL AR, e TR ok e Sdipsh g e, 1

V\” process o fese nven i on Z€olites
ch night 36 i rnﬁnctp@rﬁ@@ single vhwsle Ratheirnig is hléo DSnditig t@rﬂSﬁsta&@de of

structure. Pﬁﬁ&é&@s%lsﬁ%r%&%?ﬁ feactdt KPSY, k& MahpPR, factéfR|,] t €S having an
MFl, MEL or m xed MFI/MEL structufe in the process of the present

invention. Further preference is given, specifically, to the Ti-containing
zeolite cps al padferciddl @fg]eéret@@sa @Eixky- bé@sm&a& a¢l rétord n the' procdss-of'thand

"TS-3", and also Ti hav n a skg ? truct. re i sonor phous
with 5. oo CpSent! ik Sion oTue Dot St o Ry [ HSURET A PR RS S
het er ogeneous dmnhd:cya;boveommhldl fixpdtboel readtansianerusedrisatantoryg fai the cedctions. TS- 1
in the procesﬂo@é ?{% lﬁlgeﬁfé&t ép’lﬁ?é‘}eh%sa!réuéeﬁag?&%%leﬁ gto&’sse the porous

a P f al'ys ?1

oxidic materi cat Int rocess resent
i nvention. However, it is of course also possible to use a shaped body

conpri si ngp t hey PRLOMSr, %héﬂ)ﬂfenﬂﬁltﬁiédﬂied%a&&t@hyeﬁas rE8ctOF RAHGRe prldgessdaped
body fromthe }Peorous oxidjc teria é OSSI bl.e to use all net hods of

the prior art MegEespEnveniionqnd ap adepdtic forrd ée%torr}%l"%ﬁ dasgeacty Ret eps i n

t hese net hods, noble 10 netals in the formof suitable noble netal
conponents, f Phe efﬁ%ggﬁlt 1nkfght}o}ﬁe tﬁe?étg}e also provides an apparatus comprising an
isothermal fixed-bed reactor (I), a separation apparatus (II) and an adiabatic fixed-

. 25  bed reactor (I11).

The present invention likewise provides for the use of this apparatus for the

reaction of an organic compound with a hydroperoxide.

30  Furthermore, the present invention provides for this use in which the steps (i) to
(iii) below:

(i) reaction of the hydroperoxide with the organic compound to give a
mixture comprising the reacted organic compound and unreacted
35 hydroperoxide,



wat er-soluble salts, can be applied to the catalyst material. This nethod
is preferably enployed to produce oxidation catalysts based on titanium
silicates or vanadiumsilicates having a zeolite structure, naking it
possi ble to obtain catal ysts which contain fromO0.01 to 30% by wei ght of
one or nore noble nmetals selected 15 fromthe group consisting of
rut heni um rhodium palladium osmum_i{$dium platinum rhenium gold and
silver. Such catalysts are described, for exanple, in DE-A 196 23 609. 6,
whi ch, togeth &) Wi t Beﬁapﬁloﬁa&iaﬁﬁésﬁﬁegﬁé@'hk@t%getro?ﬁireeﬁ&n e Jas&ﬁ%yreéﬁihh%
i ncor por at ed y r ef nce i.nto the preseht application. cours t he
shaped bodi es can u B’rij‘ép ):f i ni shi ng treatnment. All nethods of comm nution
are concei vab{ift) f Okea@H@TBF eheChiydlzbpoiekidé sépagakd Bff ih éﬁ(ﬁ 3Rath thedirgsnic
| i kewi se further chem cal treatments, for exanple as described above. Wen
usi ng a shaped body p%"éil’urallty thereof as catalyst, this can, in the
process 2 % ofretcheiedrons fomtthd reaaiuni ofithe drgamie gempowtdewlitlafiedrydebpentxideat i on by
means of a process in which regeneration is carried out by targeted
burning-of f of the deposits responsible for deactivation. This is
preferably cafsihgdroperoxids, alhhydreperoyidss kmavas finer the point ait high gresvitalde y
defined ambunis tf re@4¥FEST tﬁ@B?ﬁhﬁ%oﬂﬂaﬁﬁ@B&ﬁﬁe uskdif tﬁ@ﬁ%@é‘sfs%tf s r@§é¥1@ess i's
described in DE-A 197 23 949 which is in th 3 0 respect ful
i ncor por at ed B’Q’eli‘lﬁ’er ence into the present application. Anpbng the reactions
whi ch are@ossible in the process of the present invention, the foll ow ng
may be nentio 3. 5.th i,dation kns, e.g.
':T. preparat i gn t]X%Wgé%c cf/i?@mpfl?n?rﬁrtg%i)}@?gwgrqqﬁwlqﬁax}dr %tﬁ?'%f"bzﬁg%e and
tures whi chyqyopmodde Hadich rarsimentioned 15 thmwbnwyeratanedlsSRhRd:pWE he
hydr oxyl ati on« C i
nonosubstitute p I'su gsﬁet uI'EIe@ %h%ﬁg’ﬁhg %ﬁgﬁkgﬁﬁﬁgﬁgx@?gﬁ Ics, for
exanpl e the r@afc@xxgenoThqoﬁ@Mkwn@na heq yperozid 301}5 nserarsl framactylhenacne é8d whi ch
provide HP2 pygehtu, to form hydroquinone; oxime formation from ketones in
the presence of H202, or m xtures which provide H202 in situ, and ammoni a
(ammonoxi mation), for exanple the preparation of cycl ohexanone oxinme from
cycl ohexanoneln ke tpheseBapyaessyi prefegerice oisi diveh ot. ubmgthﬁlrpg@ﬁ(peﬁ)the ahe

present | Vet AheBAL 180 i, SR80 GERH NLOTHARME GORRRUATZ, i of

have at | east esent |nven ingly
provi des a pr@@éﬂbedagb%@smr whish @bdwdrqmrma:nsqdh@ rdgegencperoxidoutdrehas at

| east oneyC Crabk® it 1RAMIPAE R usHRIbRAGRRIGAGIHRNTS having at

| east one C-C double bond are the toll ow’ng al kenes

To prepare hydrogen peroxide, use can be made of, for example, the anthraquinone
process by which virtually the entire world production of hydrogen peroxide is
produced. This process is based on the catalytic hydrogenation of an anthraquinone
. 25 compound to form the corresponding anthrahydroquinone compound, subsequent
reaction of this with oxygen to form hydrogen peroxide and subsequent separation
of the hydrogen peroxide formed by extraction. The catalysis cycle is closed by
renewed hydrogenation of the anthraquinone compound which is obtained back.

30 An overview of the anthraquinone process is given in “Ullmann’s Encyclopedia of
Industrial Chemistry”, 5th edition, volume 13, pages 447 to 456.

It is likewise conceivable to obtain hydrogen peroxide by anodic oxidation of
sulfuric acid to convert it into peroxodisulfuric acid with simultaneous evolution of
35 hydrogen at the cathode. Hydrolysis of the peroxodisulfuric acid then leads via



et hene, propene, 1-butene, 2-butene, isobutene, butadi ene, pentene,

pi peryl ene, hexenes, hexadi enes, heptenes, octenes, diisobutene,
trimet hyl pent ene, nonenes, dodecene, tridecene, tetradeeene to eicosene,
tri propene and tetrapropene, polybutadi enes, polyisobutenes, isoprenes,
.terpenes, geraniol, linalool, linalyl 2 5 acetate, nethyl enecycl opropane,
cycl opent ene, cycl ohexene, norbornene,_cygloheptene, vinylcycl ohexane,

vi nyl oxi ran, vinyl cycl ohexene, styrene, cycl ooctene, cycl ooctadi ene,

vi nyl nor bor n?&@xdn%@ﬂfuﬁceﬁélaqu{yﬁtd'g@ﬁ NRroX18E BYd SENERN8eid, which is thus

di cycl opent adi ene, di nvi nyl benzené, cycl'ododecene, cycl ododecatri ene,
stil bene, d|dﬁ@ﬁ§ﬁﬁhtadlene vitamin A, beta-carotene, 3 0 vinylidene

fluoride, alllyis dfabouhealsoposdibike t€ plepiregdrogeh Padokide fedm thicielknents.

di chl orobutene, allyl alcohol, nethallyl alcohol, butenols, butenediols,
cycl opent enedi ol s, pentenols, octadienols, tridecenols, unsaturated
steroids,5etmeyehhﬁﬁéumHsﬁsugéhﬁumnaﬁeﬂﬂmﬁaﬂnuusabﬁamamuom@nboth¢ofacids

\Slluﬁgl gieglc(r:yg;:l 8 unsat rat ecfxfh@kﬁpé %acg(%?éfgeés(tﬁju ﬁfa‘ghlgmeelfeh ogcdfql nol ei c
aci d, pal nitigams gompeund with ;kledty@mpemgdef egcyrsapgenthedndicated pssure gpd

process of t h@mPeRARE bodERIWiItbUt 8ddHi&T 6f @bllystgarri ed out using al kenes
having from2 to 8 carbon atons. Particular preference is given to reacting

et hene, propene and butene. Very particular preference is given to reacting
propene. 19 A Howevees paederamteag;e gﬁ/fenUbEa procdaske af vitich phesenmordeidblon,

apart from { e has! oLk SBLL B EXRER P! oISP. FobRIBHTY (8, BEey cact ed

(‘r hydr oper ox1de” can be achleve Separ at r oxi de
am reacting tot u%l@hﬁtemgemmlhe:atal@mﬁecmmmnuveelﬁabla@sordmgisgmqwde@taal

conversion of phB&s Qy QE&HEE@KB&% ih QHXG t'i‘lg o?@amceé@l%ouﬁﬁ i$ B®usiNRiol doABact

further reactlo S o product are reduced igure 1 shows a preferred
enbodi ment of Witha Sﬁ?ff&eﬁ?% caqa}ysgqlﬁrgqgfth@magtlorE is a stream conprising, for
exanple,lﬁqu|d propene, aqueous hydrogen 15 peroxide solution and

net hanol , s an Lsothermal fi t ube reac . 1S a stre

resul ting f rollrtnl% ’ﬁ’epr:“é’&?!? |p8?r?l?lﬁ t(l? )éﬁec?lgﬁetﬁolée'ﬁouﬁ §at§8'(§fss‘f' ‘F];I 319 %‘hta@ﬁlafjénﬁn f or
t aki ng of f matherresplectixte telaetldroﬂ’ref\ereacmssgd'enméﬁngecamiylsmWhﬁdheadmmsem 20
M is a stre f t 8 tl
pr o:oZne spr Ogﬁﬂnéé‘(ﬁﬁo%iglc mE%hgf‘?ﬁcL asaé %5}]&? 519462111 QI%@\A%AC% §|£V et%d‘% f zi a
a side offt al@talz%?rpwhlgbsccpnmﬁ@manatmmwnmvmdwm ar@“@qmusnlﬁbl@lﬁbgéh

per oxi de 290l Ujiic@RivdilEortSinRBSREKketad pbiifs bRAF! Phtefthl , 2 5 M is a stream
which is taken off at the botton1and conpri ses hlgh boi i ng byproducts, for

exanpl e net hoxypropanol s and propanetriol, fromthe reaction in reactor R
Specific examples of suitable zeolites are titanium-, vanadium-, chromium-,

niobium- and zirconium-containing zeolites having a pentasil zeolite structure, in
particular the types assigned X-ray-crystallographically to the BEA, MOR, TON,
. 25 MTW, FER, MFI, MEL, CHA, ERI, RHO, GIS, BOG, NON, EMT, HEU, KF],
FAU, DDR, MTT, RUT, RTH, LTL, MAZ, GME, NES, OFF, SGT, EUO, MFS,
MWW or mixed MFI/MEL structures and also ITQ-4. It is also possible to use
titanium-containing zeolites having the UTD-1, CIT-1 or CIT-5 structure in the
process of the present invention. Further titanium-containing zeolites which might
30 be mentioned are those having the ZSM-48 or ZSM-12 structure..
Particular preference is given to using Ti zeolites having an MFI, MEL or mixed
MFI/MEL structure in the process of the present invention. Further preference is
given, specifically, to the Ti-containing zeolite catalysts which are generally
designated as “TS-1”, “TS-2” and “TS-3”, and also Ti zeolites having a skeletal
35  structure isomorphous with $-zeolite.



M i's an optional streamintroduced into the distillation unit A to keep
the bottomtenperature | ow, for exanple gaseous propene, 3 0 R' is an

adi abatic fixed-bed tube reactor, Ei~ is a streamwhich conprises liquid
propene and nethanol and is introduced into the reactor R~, M~ is a
stream fromreactor R' conprising propene, propene oxide and nethanol. 35
Figure 2 shows a further preferred enbodigent of the apparatus. In this
figure, - 17 E~is a streamconprising, for exanple, liquid propene,
aqueous hydro ' i

fixed- bed tubgel&e]él%r 19&151‘1@- e?e%d& lg%é%?&%%‘%@%?i\?e?érogﬁn%gﬁg% ?gg&gh on I n
reactor R, Ah eltléwawmcgmalm@g $lbﬁﬁll§%ir§rﬁwlnﬂh%m0ﬁkﬁs thegaresenbinvertipipe t aken
off at the top and at the bottom M is a streamwhich is taken off at the

top and conprjses dom n t r ne e oxi de an met hano 10 M
is a stream %Plosg’é’ oRht ‘F’@ﬁﬁ e@g ai (N ‘ﬁﬁ‘?
hydr ogen ser opmesmt im&tdon. HeWIamoIit anal duugde- deo Ipbsnyblbyte prsedushapedirbddys

passed to thaﬁ&ﬁﬁrﬁ:sti&%pﬁlséoroﬁﬁ oh%hcaﬂla?eqfaﬁgg Lll% 1yst, *l?(ﬂ_g%%]qc %\% sl{aggc?tbgﬁ

is a stream propene mtro%luced
15 into the r&eatthe peyous oxidic m@eraalsttnwrbledmus@démthqdﬁ pf tk@mor sitng
propene, propene oxide and nethanol. 2 0 Exanples Exanple |: Two-stage
procedure with jnternedi ate separation Flo of 10.5, g/ h of hydroge

per oxi de (aboﬁﬁo oAUENE Httker emp@stmoresyaam gepsoinsthess methiad s,awebqqo g/ h
of propen® argepdsinabe fdmosfBuitable nbble rhéthlecongpbms, fohkgdinflasn the form of

water-soluble salts, can be applied to the catalyst material. This method is
. preferably employed to produce oxidation catalysts based on titanium silicates or
vanadium silicates having a zeolite structure, making it possible to obtain catalysts
which contain from 0.01 to 30% by weight of one or more noble metals selected
15 from the group consisting of ruthenium, rhodium, palladium, osmium, iridium,
platinum, rhenium, gold and silver. Such catalysts are described, for example, in
DE-A 196 23 609.6, which, together with the catalysts described therein, is hereby
fully incorporated by reference into the present application.

20  Of course, the shaped bodies can undergo a finishing treatment. All methods of
comminution are conceivable, for example crushing or breaking the shaped bodies,
likewise further chemical treatments, for example as described above.

When using a shaped body or a plurality thereof as catalyst, this can, in the process
‘ 25  of the present invention, be regenerated after deactivation by means of a process in
which regeneration is carried out by targeted burning-off of the deposits
responsible for deactivation. This is preferably carried out in an inert gas
atmosphere containing precisely defined amounts of oxygen-donating substances.
This regeneration process is described in DE-A 197 23 949.8, which is in this
30 respect fully incorporated by reference into the present application.

Among the reactions which are possible in the process of the present invention, the

following may be mentioned by way of example:

35 the epoxidation of olefins, €.g. the preparation of propene oxide from propene and
H,0; or from propene and mixtures which provide H,O, in situ;



~reaction volune of about 50 mMl and is charged with 23.1 g of TS-1
extrudates at a reaction tenperature of 40C and a reaction pressure of 20
bar. To analyze the output fromthe tube reactor, the reaction m xture was
30 depressurized into a Sanbay vaporizer agai nst atnospheric pressure. The
| ow boilers which were separated off were analyzed on-line in a gas

chromat ograph. The liquid reaction produgg was col |l ected, weighed and

| i kewi se anal yzed by gas chromatography. 3 5 The hydrogen peroxide yield
achi eved was 85% The propene oxi de selectivity based on hydrogen peroxide
was 95% -1 he output fromthe first reactor, which conprise

met hanol , wat ,rowl%}b)@ﬁéue&iaaéfle ﬂs\yéwzslaue@ of rﬁ?ﬂﬂé&@tcedniyﬁﬂﬁéﬁ %Cﬁejdrogen
per oxi ﬁe, Wasardgaties s i LZgﬁ(zbdi rﬂﬂli;moaubz;ﬁtuneisfh15 L aiblfbs_ﬁﬁitelimﬂ ovashigheesabstiautad

at nospheric pressure a about theoretic es. At, a bottom
femerat ur o canorRgEs Bhetptls i Rl oo, Sendlimdds o pf bphoh fidhe

m xture t & a meates which provide YA ingditu, tolformhydtoguimondtoi | i ng propene and
sonme net hanol together with propene oxide went over at the top. The runback
necessary for the separation_ in the colum was _condensed at 50C in a
partial condegrdae faxmation frasp ketpres indgpe presensetof o+ evextwes whichguewdes f or m

and passed t OHY®J kr Wiy, ahd diifohRt (afihdHoREHS o forf &dmipRe theSHiepaiatist BE
reactor. The bo&@omrﬁ)r oduct éromt{gﬁFl nt er medi at e separation and a propene

stream of abot*'GFHIWIREFENGHITEICORFIGASa second tube reactor which had a
reaction ol ume of about 50 ml and was charged with 28 g of TS-1 extrudates
at a reacti Onthf%ﬂ%eﬁ&%‘fl{iﬁ%tr%%@aﬁén.émc. and a reaction pressure of 20 bar.

er | eaving The teac : e reaction m xture was depressurized into a
@bay vapori zer agai nst atnospheric pressure. The | ow boilers which were

separated of fj\Waj.e,88ak YFale g)QésH-ltnﬁlv-blﬂicﬁi, leliceEEé) E@gﬂgﬁ El‘«{? i}eac-giﬁgydr-gﬁﬂé d

reacti on product s coll ected, weighed and ew sé anal yze as

chr onmat ogr aphSempesngs wiichy haye gt é@ﬁsg@naél-éb doehleibonda dhe grewniviizvedtionp The
propene @¢ deacesidasdly prdvwdddasoceds adisbcABRNatRE X vilchWas oatic chRghoaner al |
hydr ogen peraﬁalédag conver@ho(p 3{?98 4% and the overall propene 3 0 oxide
sel ectivity keagtane Crfii OélY% 8% propene oxide yield based on hydrogen
per oxi de of 94-95% Exanple 2: Single-stage procedure w thout internediate

separation Examples of such organic compounds having at least one C-C double bond are the

following alkenes:

20
ethene, propene, 1-butene, 2-butene, isobutene, butadiene, pentene, piperylene,
hexenes, hexadienes, heptenes, octenes, diisobutene, trimethylpentene, nonenes,
dodecene, tridecene, tetradecene to eicosene, tripropene and tetrapropene,
polybutadienes, polyisobutenes, isoprenes, terpenes, geraniol, linalool, linalyl
. 25 acetate, methylenecyclopropane, cyclopentene, cyclohexene, norbornene,

cycloheptene, vinylcyclohexane, vinyloxiran, vinylcyclohexene, styrene,
cyclooctene, cyclooctadiene, vinylnorbornene, indene, tetrahydroindene,
methylstyrene, dicyclopentadiene, dinvinylbenzene, cyclododecene,
cyclododecatriene, stilbene, diphenylbutadiene, vitamin A, beta-carotene,

30 vinylidene fluoride, allyl halides, crotyl chloride, methallyl chloride,
dichlorobutene, allyl alcohol, methallyl alcohol, butenols, butenediols, cyclo-
pentenediols, pentenols, octadienols, tridecenols, unsaturated steroids,
ethoxyethene, isoeugenol, anethole, unsaturated carboxylic acids such as acrylic
acid, methacrylic acid, crotonic acid, maleic acid, vinylacetic acid, unsaturated

35 fatty acids such as oleic acid, linoleic acid, palmitic acid, naturally occurring fats
and oils.



3'5:Flows of 8.3 g/h of hydrogen peroxide (about 40% strength by weight),
49 g/ h of methanol and 7.8 g/ h of propene were passed through a tube
reactor which had a - 19 reaction volunme of about 50 ml and was charged
with 20 g of TS-1 extrudates at a reaction tenperature of 40C and a
reaction pressure of 20 bar. After leaving the reactor, the reaction

m xture was depressurized into a Sanbay pgvaporizer agai nst atnospheric
pressure. The | ow boilers which were separated off were anal yzed on-line in
a gas chromatograph. The liquid reaction product was coll ected, weighed and
| i kew se anal yzed by gas, chromatography. The hydrqgen peroxi de conversion
achi eved was %@? Repcessid the Bigesnt myentien isoreterabby sapried ogaisug dlkensy gf“ﬂ@%n

peroxi de was f§8m3%o STEEbdH QPR PRI préfetelcdRILENAD réwcdhe edBnd) Picpehde was
79% - 20 for .the r ion of an organic

| ai 1. .A {
conpound mﬁthmﬁyﬁﬁéFgngU%Fﬁgﬂgég§§%%ﬁeEﬁﬂﬁ?}@éggﬁPgP§§§P&the steps (i) to

(iii) beldwv (i) reaction of the hydroperoxide with the organic conpound to

give a m xturg @omris LG €
i oner oni de GRTRAdSkdRd Sn BRLEGERIRLG SRTRAND SoRIOIBERS Bt
m xture resul eismgller expess ebhoygapic qampoppd de eosaced prks Indaeneperids cae be

separ at ed of f adhievRHERs (Hat )sephrhiing REF BYGRPLOxRRMBRY Ahetin® iL agdinPWRREHE as
clained in claiml, wherein the Teacgtions in st@g@é é'gﬁ and %lll.%1| arg
carried out | PreENS wapouad snabletq dugher jotalaconvgrsians ol e hydropegoxide &9 Bem 1 or
2, wher eil0 t hachiera! At the ysae tifrel further feadtidns @f thegpredict ¥xedetheddr eact ors. 20

. Figure 1 shows a preferred embodiment of the apparatus. In this figure,
E| is a stream comprising, for example, liquid propene, aqueous hydrogen
15 peroxide solution and methanol,
R, is an isothermal fixed-bed tube reactor,
M, is a stream resulting from the reaction in reactor Ry,
A is a distillation column for taking off material at the top, via a side offtake

and at the bottom,
20 Ml is a stream which is taken off at the top and comprises predominantly

propene, propene oxide and methanol,

M2 is a stream which is taken off via a side offtake, comprises predominantly
methanol and aqueous hydrogen peroxide solution and is passed to the
reactor Ry,

. 25 M} isastream which is taken off at the bottom and comprises high-boiling by-
products, for example methoxypropanols and propanetriol, from the
reaction in reactor Ry,

M} is an optional stream introduced into the distillation unit A; to keep the
bottom temperature low, for example gaseous propene,

30 Ry is an adiabatic fixed-bed tube reactor,

En is a stream which comprises liquid propene and methanol and is introduced
into the reactor Ry,

M; is a stream from reactor R; comprising propene, propene oxide and
methanol.

35

Figure 2 shows a further preferred embodiment of the apparatus. In this figure,



4: A process as clained in any of clains 1 to 3, wherein the hydroperoxide
used is hydrogen peroxide. 5. A process as clainmed in any of clains 1 to 4,
wherein the organic 2 5 conpound is brought into contact with a

het er ogeneous catal yst during the reaction. 6. A process as clained in
claim5, wherein the heterogeneous catal yst conprises a titani um containing
silicalite. 30 7. A process as clainmed_ifiyany of clains 1 to 6, wherein the
organi ¢ conpound has at |east one C C double bond. 8. An apparatus
conprising an isothermal fixed-bed react or (I) a separati on 3 5 apparatus
(I 1) and an édl abatic fixed-bed reactor k) - 21 Th«?1 se of an
appar atus as Bl ai niSc SHEaM LOMPEISg; rh%"%‘?}t I‘BﬂddFOBﬁ’?eso?‘éj%fﬁP% ¥iPg8lund
with a hydroperOX|p@oxﬂeso]ﬁﬁ@mnaﬁlaﬁdlgl med in claim9, wherein the steps
(i) to (iii) QRelow 5 f. the hydroperoxide with the organic
conpound to gfle a‘sr?flﬂ%qﬁll)’ Eﬁ{ﬁ‘f&dﬁ be frac tf’gact ed organi ¢ conpound and

unr eact ed Shydvbhper Bxi stheam (resu)tireefipem dlid wactmh ih meactomBeact ed hydr oper oxi de
fromthe mxtyre r 526k

hydr oper oxi dexsepagzdt%el%ﬁ]&?i?&%fui §,E»,9\.9}1g tahe(r L%&n{)r an%rg&;:fglﬁrg{gﬁﬁ anaxe
carried out for thetthebeftamn of the organic conpound with the 15

hydr oper oxi deml11. isThetresge vlsicl ligitaked offt a¢ltikd fopl And Wompskes prideomiaatly on in
step (i) is carried out in an i sqt he rral flxed bed reactor (1), the
separation in stepPOPte P%OPE%Fr?’Pa Heans of a separation apparat us
(11) and 1tthe M8act isom streard Whish &g t{lieni offles tharbbttend @uinptisesapredotniaatly c

f1xed-bed reactor lgylfcirogen peroxée wat’g\rS nﬁ\ethSYl and hlgh-bA’imgAEy products and is
. passed to the reactor Ry,
Ry is an adiabatic fixed-bed tube reactor,
En is a stream which comprises liquid propene and methanol and is introduced
15 into the reactor Ry,
My is a stream from reactor R; comprising propene, propene oxide and
methanol.

20 Examples
Example 1: Two-stage procedure with intermediate separation

Flows of 10.5 g/h of hydrogen peroxide (about 40% strength by weight), 58 g/h of
. 25  methanol and 10 g/h of propene are passed through a first tube reactor which has a
reaction volume of about 50 ml and is charged with 23.1 g of TS-1 extrudates at a

reaction temperature of 40°C and a reaction pressure of 20 bar.

To analyze the output from the tube reactor, the reaction mixture was

30  depressurized into a Sambay vaporizer against atmospheric pressure. The low
boilers which were separated off were analyzed on-line in a gas chromatograph.
The liquid reaction product was collected, weighed and likewise analyzed by gas
chromatography.

35 The hydrogen peroxide yield achieved was 85%. The propene oxide selectivity

based on hydrogen peroxide was 95%.
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15  The bottom product was fed to a second tube reactor.

The bottom product from the intermediate separation and a propene stream of
about 9 g/h were passed through a second tube reactor which had a reaction
volume of about 50 ml and was charged with 28 g of TS-1 extrudates at a reaction
20  temperature of 40°C and a reaction pressure of 20 bar.
After leaving the reactor, the reaction mixture was depressurized into a Sambay
vaporizer against atmospheric pressure. The low boilers which were separated off
were analyzed on-line in a gas chromatograph. The liquid reaction product was
collected, weighed and likewise analyzed by gas chromatography.
‘ 25
The hydrogen peroxide conversion achieved was 96%. The propene oxide

selectivity based on hydrogen peroxide was 96%.

The overall hydrogen peroxide conversion was 99.4% and the overall propene
30 oxide selectivity was 95-96%. This gave a propene oxide yield based on hydrogen

peroxide of 94-95%.

Example 2: Single-stage procedure without intermediate separation

35 Flows of 8.3 g/h of hydrogen peroxide (about 40% strength by weight), 49 g/h of
methanol and 7.8 g/h of propene were passed through a tube reactor which had a
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4. A process as claimed in any of claims 1 to 3, wherein the hydroperoxide
used is hydrogen peroxide.

5. A process as claimed in any of claims1 to 4, wherein the organic

. 25 compound is brought into contact with a heterogeneous catalyst during the
reaction.

6. A process as claimed in claim 5, wherein the heterogeneous catalyst

comprises a titanium-containing silicalite.
30
7. A process as claimed in any of claims1 to 6, wherein the organic
compound has at least one C-C double bond.

8. An apparatus comprising an isothermal fixed-bed reactor (I), a separation
35 apparatus (II) and an adiabatic fixed-bed reactor (III).
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(i) reaction of the hydroperoxide with the organic compound to give a
mixture comprising the reacted organic compound and unreacted
hydroperoxide,

(i1) separation of the unreacted hydroperoxide from the mixture resulting

10 from step (i),
(iii)reaction of the hydroperoxide separated off in step (ii) with the organic

. compound,

are carried out for the reaction of the organic compound with the
15 hydroperoxide.

11.  The use as claimed in claim 10, wherein the reaction in step (i) is carried
out in an isothermal fixed-bed reactor (I), the separation in step (ii) is
carried out by means of a separation apparatus (II) and the reaction in

20 step (iii) is carried out in an adiabatic fixed-bed reactor (III).



