;e3eX | XXXYTZ: & ~\6\T.]dn?0 6 FEB 2003 _ , _ 5 Process for the reaﬁéion
of an organi c conpound with a hydroperoxide The present invention re &8 2003
to a. process for the reaction of an organic conpound 10 with a

hydr oper oxi de, during the course of which hydroperoxide is separated off
and reacted again with the organic conpound. The present invent;j ' ]
relates to an apparatus for the reacti-onl of an organic corrpoundrl,mf]”mwﬂmmumlﬁl
hydr oper oxi de. 15 Reactions of organic conpounds w th hydroperoxi des Se.
wi th conmpounds of the formula ROoH, are generally carried out in on&*%tep
in customary processes of the prior art. In this context, the term"in one
step" relates to the hydroperoxide starting material 2 0 and neans that
hydr operoxi de is added to the respective organic conpound only in a single
step during the overall process. For exanple, US-A-5,262,550 describes a
process for the epoxidation of alkenes, in which alkene is reacted with
hydr ogen per oxi de or a Pxotessfon thereagtion obasorganiceaspound one step to give
the corresponding al kene oxide. Fufahydfoherbdaéi Scl oses a process in which
al kene is reacted with hydrogen peroxiae I'n one step in a steel autoclave
or in a glass autoclave. 3 0 S.-H Wng, Process Econonics Program Report
2E, pp. 6-1to 6-27, SRl International (1994), describes, for exanple, a
process in which an about, 17% strength by i ght et hyl benzene h drerroxide
sol ution is rd&PreEliNYIRIGR sHate 19 ﬂpbq?ésss@\gﬁwdmwa SROGRARERIRIN

cat al yst10 A twithah hodroperdxide) dingpthe RetBe f evhideHydreperonide io fepaysledpffr oxi de
inthis procesi. %%d - 2..0 @ FEB 2003 The sige docurent ﬁisglgses, on
pages 6-28 t 616 1§3c%ed aeain Sk s QrERR{C FOTAROURE, (H° ABSRERL FLIFRLRE AU CHER ght

et hyl benzene ré¢lgids dp@noppaiatusofoutthe meaction of aneatgamic ltoppopahavithna diydrast ep

over a hete;ggﬁ& us Ti0/Si Q@ catalyst, with the al kene being epoxidi zed.
Here, 16.7 of propene are used per nole of hydroperoxide. This docunent
| i kewi se di scl oses, on pages 5-1 to 5-21, a process in which an about 40%

strengt i Hy wRhetinslofobgahitt ddmpindaPRah Mytibpeofldes, i with dopgsugds ¥fthet h

propene in one ste r a ho eneou cat gl yst ith the al ke bei ng
epoxi di zed, PRl BODHT e gonerally chrieconl in G el in epsiomasy pRRSas B eF Ui e
The sane docpnenart.di scl oses, on pages 5-22 to 5-43, a process in vi~hich an
about 72% strength by weight tert-butyl hydroperoxide solution is reacted
wi th propene over a honpbgeneous M catalyst in two directly successive
steps, with dmthinreniers theteny ‘dpens sipp ciglatesdp dhe hydpopgspxide startipgamteritle used
per mol e2®f ByehRRRY A IAroperoxide 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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A di sadvantage of these processes is that it is necessary either toéﬁgﬁgfmn
a relatively high excess of the organitc éompound to be reacted or t j
a very concentrated hydroperoxide in order to achieve optinal selectivity.
Pur t h~er nr ~o~Thesanysdocugestdisdases dinspages 628 th 6-4o apgeasepliiswiigh ah pbow

epoxi dati on o$popr n ,d: et ' p ' |

I sot her mal an%oénagﬁkgbg¥¥%& ga@?gﬁa&%ﬁgﬁé?hmgﬁg?ﬁbgﬂﬁﬁgg?%g§¥¥%rgﬂ%xture
is recycl ed aPi@perentang siegaivey a beterogensopy TiE1 Goriptaleshoniik thealkang deings 4

mol ybdenum caggahydited. Here, 16,70t 6fprofdit 4t 86dGRemold\6f Harsparixequs catal ytic
epo~adati on of olefins using two di ~exent reaction zores for the

epoxi dation process. Pre~exably) propylene is oxidized with xe~iary butyl

h%d><r~{3er]9~i Lvﬁisidocuﬁlgﬂ_ m&agﬂ@i@clteées,aoﬁ@a%jlsel 'I@'Symeu”'\%&céﬁtiﬁ: \lwﬁit;h ah':] i's an
obj ect o pre i nyention to provide.a progcess ich allows.the
excess of org&?ﬂ“& 4@%&!‘(@1 BB Wraeht dgibbatyl ¢ ’dllﬁ?BglIQéﬁlF sodutjogyjs Jeactefs ¥ith) ¢ and
a relatively ppeOncont stdp averhy dogidgemous Mé Gathigst)Seith e alkene bemgnd t hat
this object is_ achiey b§7a prgeess 1or th@éﬁr eacit i g@gﬁf an .grgani C
conpound vvithe%f’xﬁ‘i}%ﬁdogg’r'eo /RO QR WIE BFPPTAREE e P ORIt eps (i) to
(iii) below. (i) reaction of the hydroperoxide with the organic conmpound to
give a m xtur LS c AR C <C 4

hydr oper oxi de),i}h ?ﬁé g(gdblg%gt F‘gﬂg%?’ érﬁga%%rgee}ggesd@m% r@%é%%ﬁ‘gﬁﬁgoﬁﬁq he

m xture resul {3%gtengnbytweiglt tprt-botyl hydioperexide solation hvraagtad syity prrpens

separ at ed of f oyed aSHctRbgehédus Wb BathP6t 1RHB HirectBOReR e stegd, Rith the MkegR03 - 3

Accordingly, the reaction of the Organic conpoupd wth e. hydr aper oxi de
takes place i PEIAE CPQX izecfmrfstlé’ﬁgol(q proqege Hei"F°}.P‘Pfﬁn?lﬁ8tI'E¥45e%f§gx1 f the
present invention, it is |ikew se conceivable for the reaction of the
organi ¢ conpoynd. Wi t h the :hydroperoxide t.0 t.ake pla I n # t wo

st eps. Depend#ngfs%\é]\;af%ge n({fn%%?e g chssgi éﬁoéhait r{?\}\%ingﬁesg %X, ?lglgcttﬁ?oeﬁlﬁhﬁg&eas

pl ace, it is refativelyrkigh akesss obtheairganit eorhppundde de treastedoorctocmgboy @ velyi ch t he

hydrogen per oxiientii€fhy ok Raidintstadit atliledopaimi S&divity, t he process of
t he present invention. "An ‘exanpl e which may bé nentioned’is a process in

whi ch the reaptilpmmefe, UBALS,340 07D discieed ienhbomibgenetisecnldioppraditida dfakes
place in steps (i), (ijii) and (v),. and the separation_ of the hydropefoxide
takes place iPropyieps With ;eﬂzm butyd hydrepegexrids H5Ing ranoispthgrmal pand; & adighatic j
whi ch the orggani [ ] | yed
in the process ot?r't ﬂe p?gglgr??t}?eﬁl\%g‘%\ | I#xmﬁgn?ﬁﬂggﬁ?%ﬂggﬁﬁ%ﬁ&?@é&efore
al so provi destha hompgesous catalystds nemdybdenumatalystor gani ¢ conpound with a
hydr oper oxi de, which conps ises the steps (i) to (ix) below (i) reaction
of the hydroperoxide with the organic conpound to give a

US-A 5,274,138 discloses the homogeneous catalytic epoxidation of olefins using two

different reaction zones for the epoxidation process. Preferably, propylene is oxidized

with tertiary butyl hydreperoxide in the presence of a soluble molybdenum catalyst.

It is an object of the present invention to provide a process which allows the excess
of organic compound to be reacted to be kept as low as possible and a relatively
low-concentration hydroperoxide to be used.

We have found that this object is achieved by a process for the reaction of an
organic compound with a hydroperoxide, which comprises at least the steps (i) to
(iii) below:

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

(11) 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.



m xture M, 2 0 (ii) separation of the hydroperoxide fromthe mxture M
resulting fromstep (i), (iii) reaction of the hydroperoxi de separ at@6 FBB 7003
in step (ii) with the organic conpound to give a mxture M (iv) separation
of the hydroperoxide fromthe m xture Wi resulting from2 5 step (iii), (V)
reacti on of the hydroperoxide separated off in step (iv) wth the organic
conpound to give a nmixture M1 h(vi)separat+on of the hydroperoxide fromthe
m xture ML resulting fronstep (v),3 0 (vii)reaction of the hydroperoxide
separ at ed of fAdeardsngly theirsaction lof thecongamjarcomponmbwiithh the hydropemxidexttkas~e

MV (il > e : ; _ .
Fromstep {vi Peg i ficl i bt 4 ARE (Y pARLETE it Bl ilfeliibSts, "9
(viii) with dikewsegsaenceiabl dempbeingactiong of theBopgyos compomhd withcthss of

the present iLHQuRREIRMeRDRAIR ARt/ inhASrel AT IBep ﬁeﬁwﬁdiﬁ ®R%hd Rudbd,F t he
organi ¢ conpound’ i s T a%t ed wt dr oper qQxi gje, particularly preferably

h hy
fromtwo Po SHPadn thepaetion dakes placss it of spyan also CoRsd {artmorene

hydr oper oxi dehgir @leatepdhywhiclk 8 hytirgen berokide uséERSepdraith offseMRletipl@rdof t he
hydr oper oxi de_i,n the abpoyenenti oned .separation steps (ii), (iv), (vi) and
(viii) in thé®pFEFEEEss ftnﬁﬁéesﬁ?tég‘?mm’?'nventi on can be carried out by all
customary nethods of the prior ait. It is also possible to use different
separation { i [: i . . S t] of the
v oper oxi et Gl slich Bh5e BERRIR 163 bERTIp Sidl BeSRRBIGR o fhe
di sti | | al? onorgajrsempaynd withHbe hepdjoperexidatakepplachin gepsddsEii) sba,amidon i n
one or nore hedephlaibh Bthe HydrIperok RleRARS pRIcE in Réﬁsf(ﬁﬁﬁﬁ‘d:&v).? given to using
one distillation colums fof separating off the 'hydropertoxide in one
separation step. 15 In the process of the present invention, it is
concei va\?}ln e ﬂmrgemralegioﬁﬁtvadmgvmtaﬁd i@mlﬁplpa'éea@nfg?nié\;coh@otnl&i igrxeudtétedzithor bleach
step in ich the roperoxide. s separated o It 1s |ikew.se ssi bl e,
in the case gl?e gﬁdrgé%? %F i 4t eel?%%etdi gﬁﬂber BO&H O 8f gf‘?d pgs%qtdpgfqt{og}. g[?ne
separ at i b sipegsent ihwentiohcherefoae alsp pmevides dprocessrioe theorgaction of @i eighric2 0
separation a HidiBwi o € t vided, it
is al so poss?gll%g, by lrtrllégr}]lgd%lp&gﬂisdﬁ’l Q[(rlél‘gfngé@@%ﬁ%ﬁ%ﬂﬁgﬁ)@?ﬁﬁ%?el@?carry out
two or nore separation steps in one separation apparatus. Accordingly, it
is quite gengnal |y pastomlof thehydrdpeiorideotith tBe Sorg@i@cdinpdind R RIS dses to
be provided for n se atrat' n steps, where 1 s ms n. Should a fiu~ther
separation of the h ?%ee &xi de be desired subsequent to the last stage in
whi ch re@ti Gi) of t bepatatipandic theomyslvopedoxide Hronh ¢héh yuixope Mixiedalting kfesmpl ace,
for exanple to recyg@eﬁ\%ﬂgny resi dual hydroperoxide, this is of course

0

| i kew se possjble 3 thin the scope of the process of the present

i nvention. (i) reaction of the hydroperoxide separated off in step (ii) with the organic
compound to give a mixture My,
@iv) separation of the hydroperoxide from the mixture My resulting from
25 step (iii),
W) 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 Myy,
(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.



In the process of the present invention, not only the hydroperoxide but

al so the reacted organi c conpound can be separated off in a separatlgﬁFEgzmg
apparatus fromthe mxture resulting froma reaction step in which t

organi c conpound is reacted with 3 5 the hydroperoxide. It is naturally

al so possible for the remaining reaction product after the hydroperoxide
has been separated off to be transfeiz~ell to a further separation 0 6 FEB
2003 - 5 apparatus provided specifically for this purpose and the reacted
or gani ¢ conpdihedremsbel the prasentenventionprefizably hes from twodddeur stapeiewhiok bot h
cases, it is | onpound
5 the m sangoRpRistont %3?%53%‘@%@ MRl Efi el BatiREBHS Gy LtPf frof
reactions of thado ébrgameps coepisagiipngfithe memﬁmnm@én@w@et g hgd @@%’Ixéiee
However, the gréRmbRAaResGR &kqngggggﬁpd is preferably separated off in
addition to the hydr operoxide in the respective separation apparatus. In
the case of separation by 10 distillation, it is possible, for exanple, to

take of f the ma&pﬁdu&f gRtHeChyopeesciide fo M@ dbbeeritntioned sértarettim m@ @nd to

separate the per e fromthe ure at a si

process of tﬁé‘x’p(; @s tVVﬁ\}%m G RROCSP fﬂ}? pﬁ%ﬁeﬂﬁlgvﬁ}lqr’l cl?ﬁ%e c@”begsoﬁt %V@h when
using a 15 dlcssmmlaryc methods iof tlwspmﬂm't dt iscalscapmaitde s pset diffesgpa septaatione
hydr oper oxi d t a side offtake but at the bottom |
t he hydro erglm ﬁ?ﬁgéﬂ%sgﬁa?aeta e organi ¢ conpound are/is separated of
in a dist IIatlon unit, it is possible, in the process of the present

i nvention, fqrheadayarmlﬁhaf Qmeb drbmoﬁaémpﬂﬁrﬂeﬁa@ﬁoﬁ B@pmﬂﬂér@abmhﬁ&dar e

formed as by r e reactign of rgani ¢ conpound With t
hydr oper oxi dé’li-)l l‘)g b&?@?ﬂ‘?ﬁ?n r‘f%’éreﬁ’&f"ts&%] RrOF%SSaﬂeEGaE%E‘e‘?D\‘FabIe to

| ower the terwematwrdﬁtﬂhtmrhecohﬁﬁﬁsnris possibler Pexferdpte, is agislen |tonusiﬁg poreef er abl y
gaseous, | owHoi opents h ani ¢ oun rably
propene. 25 S%Ha{l&gccg'fl&g' il sF%W%nﬁqffﬁxa%g r@(e)rr%{hem %Fed)grauﬁ car bons

having f}@am 1 to 4 carbon atons, for exanple nethane, ethane, pr opane,
but ane, etheng t}ﬁrprgé@sﬁ’ B??rle ﬂrEse'n? nJv'e}ﬁ?dﬂ' #Ss 96’&%1\1%1% foP a e &icatb @ SepaxAnl €.

nitrogen or argon. coyrse al so possiple in the, process of the
present i nvedPPPRUE &n ﬁ%aew%w?ﬂduﬁoamlvtm mow'a,lah ithe pde i teRareted
hydr oper oxi deff. i isdiMessse pdssibr, @pthecasadf ﬁ}ﬁp"ropmné teadtion prookdure and a

hydr oper oxi d be. used for the yeaction lural.ity of organic
conpounds ang’ﬁg%ﬁg ‘gﬁ &efpgra[tlto? %?pshféﬁ' g'ﬁe?e&%rag 48 g? eer%aéré?éac? U3y %Mgs ﬁfeone
anot her 26 t separgepepparatisst eps, it is possible for various products
resulting fromthe reactions to be present in the mxtures. If these are

agai n separ atIed of f by . . L .
f a plurality” of separation steps are provided, it is also possible, by means of a

f
f

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 1 s m = 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



O 6 FEB 2003 - 6 5 distillation in the respective separation steps, it
be necessary to provide a plurality of distillation colums for the UGFEB 2%3
separation. Likew se, the renoval of a plurality of hydroperoxides fromthe
m xture by distillation may nake a pluralit)~ of distillation colums
necessary. The reaction of the organic conmpound with the hydroperoxide in
step {i) takes place in a reactor R whiéh-is suitable for this purpose.
Starting materials used for the reaction are the organi c conpound to be
reacted, the m@m@pexmdqdespmxﬁcaﬂb/ffom@mmy andothe reactegrnrganicotopanond thi ch

are appropri ag 8 FrofhE Raetioh prbdidPthedd reaction. 15 Thus, at |east the
streans El ow Into the reactor Rl in the process of the present
i nventi on. If deS|red a further streamEl , for exanple, can flowinto the

reactor RI. Heriih Edsed, $t ik POssild, Q@r@m@w tSédcit the réa@!é&%iéwhct onpuhgact ed,

possi bly diss Ived I n..one or nore vent e stream.conprising the
Pvar oper ot dahe Jb SerRRgh aPRHIEe and 0 SRAeB it 00 Aes Hievsrtions BhiedTerE s

the stream cmmrpoenmgnthlﬂ&lg»drdpefo&uiedre/mm;ﬂete.The i ndi vi dual streams El are
preferably conmbined to formone stream E~ upstream of the inlet into the

reactor R in the process of the present invention. s in I nci ple
| i kewi se pos shilgnvever,ah¢ reactod| oxgenic icempoatidvis gresératgy nsqmmed ofdi uwa@gmmy thet o t he

reactor Eggl QHefdidem the ré e&iv%oseﬂat | onsﬁ)be s. [l OL Wf@?ﬁdéatﬁﬁlrﬁ}ans to

be 2 5 conbl I'n ap roprla conbi ore bei ng i nt uced into
the reacdfr Fehstﬂlaa@né ig ppssible, for exapnple, toctaka off the reastad; preaniqeppppauaditiom ¢ he
inlet into thRehar@iost the topehdre shﬁét@@h&l@@réﬂ%idhd%oﬂﬁﬁ@hﬁiuﬁ*at'anil@e whi ch
the stream Ei ditionally flows as a separate stream 3 0 In the process
of the preserf vention, a stream E~ consisting of the conbination of the
streans Ei , EI and El is preferably introduced into the reactor R~. Here,

preference i '

P vi dual oy Bioeds of uR phERE b lba0h 1is sABRIAEH Hob HE, Pherl e a

liquid ad@ coligilletien ginitaasssapglaton ppparatugsto separate the hydroperox1de from th
mixture not at a side offtake but at the bottom.

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



0 6 FEB 2003 7 _ The hydroperoxi de concentrations in E~ are preferably
in the range fromO0.01 to 10% by weight, particularly preferably ingtgEEp 2003
range fromO0.1 to 9% by weight, nore particularly preferably in the range
from1l to 8% by weight and in particular in the range from5 to 7% by

wei ght. 5 The concentration of the organic conpound to be reacted is, for
exanpl e, selected so that the nolar ratif® of the organic conpound to
hydroperoxide is in the range fromO0.7 to 3.0, preferably in the range from
0.8 to 2.7, mistillaar in chd sspectipe esbparativinysteps, tiheray abey oedessany 0o Provdde@ a3 and

in parti cul ar, her BRRGR %&Eﬂr]ﬂn (o} it erature
sel ected for H{Ql t&e(gfc'?r on 1811 Sofarn%h(% cﬁan%%%rgﬁﬂﬁagi’ﬁggwgnrhkﬁr% gfrnéxr de in
the reactor Riyrality ofydropergxides from Qﬁl@(%ﬁechyeb%ﬂl]@flfm mymal@@mluna ivesfti on to
preheat the $idiBafdolshiGRE&sRy] OF to entry into the reactor R-. 15 The
reaction conditions in the reactor Rl in the process of the present

i nvention®are selected so that the hydr oper oxi de conversion is generally in

the range fr dme féaction 85&@ o@g@i&é o)lmd WwithiBe hadggerdxi@einSley @) QkesoNacend
particularly, om 85 t0,94% 20, Furt her,

refera
pressure pi, ’Eéﬁﬁ%ﬁt‘g l%lﬁﬂftaigggﬁethléem{rf’??g efarting majerialsused %ﬁ’r‘h xt ur e
i n the react eeackbn aare the edrgamblopmmha@ttedbescveactudt thdnémydmpemxeddVland eﬁ"ul ting
fromthe rea [ e
pr essures. poTbReR 2t SE RrEPLRRAVRL 0 aBrPpifle b SRscst e .
100 bar, 1@r etreactibhy i n the range from aut ogenous pressure to 40 bar and
parti cuI arly preferably in the range from aut ogenous pressure to 30 bar,

are selected,,3 0 erat yu~e ~ar e er al in the range romOto
200C Cpr of o i 2t 64 S HREES EY o g iggice tof 5 By RSP GE R I ™ ange
from 20 to 9@eesemdinpaitionc Il dusiryd, Br Rirdenstteani E; | fe examgk, tin Gow3itd the80C.

After the reactiorh{‘ieﬂ the reactor R~, the resulting m xture i s passed as
stream M t o "RCHT4eli¥Enar at i on apparatus A, . There t he hydroperoxide is

separatetisfromthe m xture, as described above. 6 F EB 2003 8 If, in
the case of g,asep i I St i nd |s
al so separ at :Ed of ?{ e S%ar%ggﬁ%b # Ilﬂ?éa%(r%g%ou%qo gggéragflflyﬁ%g{%b&iﬁe oélﬁmso t hat

at | east 50% prebacabhrpraaﬂolremtsst 60% nore pref erably at |east 70%
particul arly )24l ef e all dredhn crbrh ﬁm@ofﬁ)@%e&‘&ﬁd’e I%E§1b %%Néd%e‘(fn%r&b' y at

| east 90% of 'the reacted organi c compou are separated from M-.
more solvents, and

20 E? is the stream comprising one or more solvents.
The individual streams Ei are preferably combined to form one stream E,
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, E; and EJ could be combined upstream of the inlet into the reactor

R; and be introduced into the reactor R; into which the stream E% additionally

flows as a separate stream.

30 Inthe process of the present invention, a stream E; consisting of the combination of
the streams E], E? and E} 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



The separation is preferably carried out so that a liquid m xture

conprising the hydroperoxide is separated off. This m xture which hag gFEg1003
separated off is 10 hereinafter designated as M . It is also possible for

t he hydroper oxi de-contai ning m xture which has been separated off to

further conprise, in addition to the hydroperoxide, small anounts of, for
exanpl e, unreacted organi c conpound and/®r-reacted organi c conpound.

Li kewi se, the m xture M conprising the hydroperoxi de which has been

separ at ed of fThedyydiepetdmide compnirgtiongés & ass yreldralsolin elnd ranfe dlonhaD1been

dded vi t Ei | whi . h b tod, N the.
22 andlor & 10 prordenn PRl el e RS CnE ol cRs sk e i
t he separ at i anorappricalanly pleferabhy m the prangatfioon] té Bbnbywwieight and incparticularxt ur e
or a |iquid gagdp, elﬁ&nissto%(%)gp(,@{%.abl y obtained, results in a stream
as :

whi ch is herelnafter designate In the process of the present
invention? this may conprise, in addition to the reacted organi c compound,

the unreact edrRr@atintrafi HBLHRbraM ¢ S6mBTRl!to PEREHM e 19 foR BYariR6 SR AR
sol vent which aisttg(glldecli%w a the stream Ei or (§O| vent which, nmpy_ have been
r

present in tH&t |TalQ @f She erganic sgmppund,to BRETREEe it/ Be rangs
separation i dropar(.7 ad 30} préfeabli i ithd adrigenfrom 0.8ame6l 217, 0hibed Ipanzul@yponent s
are separated fglff fronth at heég&}f}z-? t.hen thiuf segl}agratio? res Itts in a
stream M . SEERPRIGR.BSTH85 B fyb it Aod4R Rggticufag in e tange. fropy, §r8ducts
of the ré@cti2dh in the reactor R~ which are present in the streamM. 30
After the steps (i) and (ii) have been cat~ried out in the process of the
present invention, the hydroperoxide which has been separated off is once
agai n react edanerding e the ipmpesatarsnisingied fon the repctian ofjthe organg eomEp®Nd003 g
_ For exanpl it thel §ydRsiesd:Rl& it thel REMSICR], 3t faly R SdehRAMM pFRERY biSihRY t he
hydr oper oxi de_to t.he r.ea%tor R~ ng to react It .th[ere W th the orqgnl C
conpound. | n FFRENTIPYRLOn toyprehal t%r LEATR OTiSHEAMS PROF 10 $RrY IR thsde ity ways of
recirculdabing M 5 to R~ are concei vabl e. Regardl ess of how the streans El
to El are int i : r ~ 4L ] 0SSy e, for
M to be i nt riogaekgon Ao BoRaab: K b} gl RIS Ercal Rlvefit@TREF | 0
streamM is spl@gtgqi 80 ¢hat the hydreparoyade egyersion 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.



10 It is likew se possible, for exanple, to introduce M into the stream El
before the resulting streamEl + M is introduced into R. It is |iBéviESel0d
possible to mx M into the streamEl resulting fromthe conbinati on of El
to El or into a suitable stream as descri bed above resulting froma

sui tabl e conbination of any two of the 15 streans El to EIl . If a process
variant in which M is added to another &t+eam upstreamof the inlet into
Rl is chosen, then, for the purposes of the process of the present
invention, the concentrations of the conponents of the corresponding
streans are t r I Irqurd
g aon e B, t“r‘xfé e OPasé’ oF % s]ggargtlgnob{? %%EIHEP& u?rféﬁctteh ’b‘i’ga’ﬁﬁé Sﬁﬂg@ﬁ’gk Ao

the process eéparited pffedkan themhetrﬂatlon is rgjcreergltly @amem out s0j thatr @idl@@%cﬁ(}%rt o a
second " eact Brefbiubly ANEed d0oR ThMe FrONRMPR RAGIRS, pEARRE GhefBh’ & LN°

react or mer an t he r eact or
R-, the ssreé@ﬁSEBO% erdnwyrm«m%@rsraa&mb}ﬁ g fleash S0P ioibe resateseosganieh has

been separ at @gmpblindMrt Bepadifte@fr8aMNE conmpound to be reacted takes place in
the reactor RIi in step (iii) of the process of the present invention, at
| east one further streamEli into the reactor RIB is necessary. A stream El

| , for exanylhe,sepaytict $opleteralsig earidyout3o ther & hqiu'rd mixrarnemprisitgogRUs t o

conpound 1o BeuieBsduil’ K Bbatled 8T Thiy Enéufe “% Bl BRI SRRILEpB%s' 0 6 ¢
E B 200310 t heremafter dealgr@t@t aSeMm Haplspgioagible xsb@nemldrecorp@gmgbl y
di ssol ved '”nﬂQ@n{ \Yg{m{ %a?%&?% arat%&'dofF'+ ﬂlﬁhéﬁ‘gorﬁﬁ)ﬁs%afﬂé%%}?{ hS{oNgheone or

nore sol vent ogous Sve-descri bed
streans El hr/drqur%tsbsusmaél ﬁmpumtheofstfpemmeler ungeasted; prgapigueatpoundo t he
reactor Rl ~ @hd/fderreadiél \Grghnad lc¥mPourkdd NhikeRite] fhes mﬂ@bé au whiphisinigOtte.
Preheating of the streans Ei|i is |ikew se paqgssible, s described above. 10

The st ream Ehydioperoxidee Whiphy haso hesm sepagted, off glraerQrﬁIEHcompnae JFRSSRVEI | +
Ell and i1%e selvehtt whighshascmen i slded viaostrenad B nbo sdventhehiclo megnhavat beens of
t he conponents_ of. .t El | Ell are preferably selected so that

trea
the stream EIpreSF?tdW efﬁfeﬁPSEhaer’d% ft'or RIB is liquid and consists of a
si ngl e phase. 15 The concentration of the organic corrpound to be reacted is

el ected so |l ar_ ratio of .organi i
rs)r efer abl;s/ |trlrp‘?’ﬁ egﬁtﬁ °F$% %f;ngp({ugd?%ggo S?Dagerg) fn trthFp‘%g Io‘areﬁ’ggrr"’l ngelfrom
0.8 to 8.0, pear tthisdepatatiomr &bay ahligh anliquid maxtgle br camhqu@/gta@ Bixpurgnt$ i n
particul 2§ i prdtbRblyadtifinéd, 38ults Gn aGtréal- wisick 1ﬁﬁe1bmaﬁaedésp,;]aﬁkeras% hhe

reaction in the reactor Ris carried out at a pressure pl a terrperature
TIl and a redhaipigeessiof tke present gnventian, ithismayoeprppriseyineadsifian torfhe reacted

hydr oper oxi d%rg‘a@rm/&frﬁpdma M\I@hﬁﬁ‘ea@fe@ og@h%’ @rhpouind a'.an)%r rsﬁﬁﬂ%nﬁfunﬁs
preferably in the ra o as ﬁDd’w eferab%’y e ge a(l)f 2 95% and
pairt1 cul orl e SRy e RE aafBL IR AT

Pressures p, |ber1rfnpm:lsr:narrethse;treamsﬂI ané’oge:ﬁer ally in the range from aut ogenous
pressure,to 100 bar, preferably in the range from aut ogenous pressure to 40
bar and rticularly preferably in the range from aut ogenous pressure to 30
bar. 3 0 The If espescibead ebovE, theasepaigtioreisadainyed outtihe distiltption unih 2dd thagh20C,

preferably i I e from
5ot o s0c ande B SRR UL ki IRonL ) ELBIA N b Ul
resu Its 1n a stream M . Such high -b0111ng components can be, for example, b

products of the reaction in the reactor Ry 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).



It is of course also possible in the process of the present invention for
the mxture 3 5 M~ resulting fromthe reaction in the reactor R to0BeEB 2003
taken fromthe reactor RBI 0 6 FEB2003 - 11 and, as described above,
to be fed to a separation apparatus An or even the separation apparatus Al
and, if desired, for a third reaction to be carried out subsequently. 5
However, two reactors R~ and RI B and one9separati on apparatus Al are used
in a preferred embodi ment of the process of the present invention. The
present i nverfior oexameder di ngyl Bospblsy itelexscigcate c thss sirgpnphMé h comgripiagctlicons in

steps (i) an 1] [rl ut i . k Qr
reactors, it qmlyéi- BF )Oé( %Leftg gﬁep%é(ggrb@eangg ﬂésa\épgﬁe?%ﬁég?{/%ggég r é%lg%%rdgs whi ch
are best suited for the respective reactions. In the process of the present

i nvention, ahRChRkedsOIMRE pleSh invehfon, Varidus bogitfe WaSS S reclaliipig M2t 1S
al so possible to Use a cascade of stirred vessels as, for example, feactor

R~ or, fob exaRphw conegivable. Rn. 15 Preference is given to using fixed-bed
reactors as reactors in the process of the present invention. The present

invention accordingly provides a prqcess;as described ahove in whi.ch

Ixed: bod T edeesiiets bETaSutre shepab ottt dre (MEIMEPIOIE HPERprcRer abl y,
fixed-bed tuhrsdislaciplesaple, 3 asbé intRdubelasia Spata@y frearh Mitd R dré,i cul ar,
an i sot her nal fixed-gtetgﬁreactor Js used as rei%géglg Rl in the process of the

present i nvem¥sHsAng, StagANL Matis PogsiBle @S Peter D€ is used as reactor Ra.
The presegt invention therefore al so provides an apparatus conprising an

i sothermal fixedsbed reacior . (I separation Aapparatus (1LY .apd an

adi abatic fi }éﬁqﬂ‘eg’lsﬁéﬁs ‘@’gcf%reg‘%‘i“slﬁ 101} ‘bcref}gle °iﬂ?ﬁﬁg‘ﬁ?f“olﬁl PEREE,

provi des for resultingsstreatn Ehi+sMAppanmidused imto Rpdt tsdilemwisnpastibrntoanant c

compound with_a hydroperoxide. 3.0 Fuirthernpre he present inveniion

provi des for 119th5¥|§@%39? rll;‘c‘) muﬁwgtfﬁ%mstﬁ%ﬁgm%n)gg?rbbfr%ﬁtf 5RO & Ul 1 i on

of the hydr opgesiad destiribbd bbeeqe @M ireAMaIHABletcomBinaion offiany e of HEPT i Si ng

t he reac%gd %fr%ﬁrﬂé g gorpound acid uiueacted 3 5 hydroperoxi de, 06 FEB
(Irr)"s C

2003 - 1 eparatiton of the unreacted hydroperoxide fromthe m xtiu~e
resulting fromstep (i), (iii) reaction of the hydroperoxi de separated off

in step (i) yph HhodeBevaARH GhitB MOW ded 18 aRothél stieah SpétredlorltReidigact i on
of the organic %orrpou‘r’l% vﬁuh t he h’yggr]opeer oxiaij%. < Gfstreard’o '
into R; is chosen, then, for the purposes of the process of the present invention, the
concentrations of the components of the corresponding streams are preferably set
20  so that the resulting stream remains liquid and continues to consist of a single

phase.

In a preferred embodiment of the process of the present invention, the stream M? is
introduced into a second reactor Ry, The stream Mi thus represents, in respect of

25  the reactor Ry, in a manner analogous to the streams flowing into the reactor Ry,
the stream E.%. Since renewed reaction of the hydroperoxide which 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 EIBI , for example, may also be necessary.

30
Here, in a manner analogous to the above-described streams E] to EZ,

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

one or more solvents,



As hydroperoxi de, all hydroperoxides knowm fromthe prior art which are
suitable for the reaction of the organi c conpound can be used in the06FEB 2003
process of the present invention. 10 Exanpl es of such hydroperoxi des are
tert-butyl hydroperoxide and et hyl benzene hydroperoxi de, which are
mentioned in the abovenmentioned SRI Report 2E "Propylene Oxide". Here, the
tent-butyl hydroperoxide is prepared frad® isobut ane and oxygen. The

et hyl benzene hydroperoxide is prepared from ethyl benzene and 15 oxygen. In
the present phocessthepytecnay eomprising gievivydreprsrerda ponsiblyodjese] yedrinxingeoras

| i ydr oper oxi de. T%ﬁn rg@g@%z%ﬁvention therefore al so provides a process as
described above in ich e nydroperoxide used is hydrogen peroxide. Here,
2 0 preferendaii s igihpsthean compriging AnGLIBOIPSSORNEBSogen per oxi de sol ution. To
prepare hydrogen peroxide, use can be nade of, for exanple, the

ant hr aqui none process by which virtually the entire world production of
hydr ogen Per dikardsq i1 p pisaneemalogapssioghe ebave-descrbadedireams e it istpassiblec

hydr ogenat i ofy0fheafireasNEAAY BORrcRC&P TROURE r&é&td‘r?ﬁlf‘ﬁihgé‘rw&?ﬁfimww ng

ant hr ahydr oqui none conpoutid, subsequent reaction o oxygen to

f or m hydr oge§opbingd; inesutgbleseamiinaions. Beghspting oh ths strepms Fdt dgdikepiseoxi de

formed by ex 1 Q2. ysis cycle is closed by renewed
hydr ogenat i O?E%ﬁﬁl?,ﬁc{e&dgﬁ} Fg%h(?‘hebne conpound whi ch i s obtained back. 3 0 An

overvi ew of the anthraqui none process is given in "Ulmnn's Encycl opedi a

of Indusioi alTheeearEte Y is phiférabll dordinedvwithl ABtrédn MBARS dfbdnt 8 456G 31Tt s
| i kewi se concei vabl e tQ ogt ai n hydrogen peroxi de by anodi c oxi dation of
sul furic aci @ otheorpsulting; straap 45 peiredusad site Jri- ¢ The | ongentrationimaft 88eous

evol ution of c8mpohents ofyhe satarhd &, C and @fe ardHyrefepdbis seleqéd sdehat the stream
peroxodi sul fyrige acid then leads via ..0 6 F.E B,2003 - 13
per oxomnosulmdaEng e t‘}leore?ﬁ}?fr hiapid and; emsists af a nelgBh@seici d, which is

thus recovered. It is of course also possible to prepare hydrogen peroxide
from they gl eqRDtnc ol AP (' dlathlUALIBRF OLE redded & SAILA YLPiel 1 Lhe
case of an approprrate choice o e o(ganlc.conpound, 0 enploy a reaction
procedur e i nmalarcatio o€ orgaaist qosrpopnd tchbydspprapkide doprgtenahly i the epge from

hydr oper oxi d@,0CL.6, 6 PrefbfBly inGhE Ringe FNEE3Ub 8. (A REIcERPS e fefa8ly in
condi tions w t hout ddlt%Oﬂ gf éﬁﬁé&%s S.. %gakbme er, &re Srence iI's given
to a procedul® PRSP 3H0-8an eHptp e rrageirg 0 40added to make
the reaction nore efficient; preference is in turn given to using
het er ogengous, G T resent .invention . r.di y. provi des a

b ocess 88 o QedR LA Dy 5L e REETETh GEXGRIL R FERRRE IR BERIERE oF i
contact withtempasatereodanemliss vesidehees tingkutnft the reaefian omixtutd 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.

25
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 Ty 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



It is in principle possible to use all heterogeneous catalysts which are
suitable for the respective reaction. Preference is given to using (06FEB 2003
catal ysts which conprise a porous oxidic material such as a zeolite.
Particul ar preference is given to using catalysts which conprise a
titanium, vanadium, chrom um, niobium or 2 0 zirconiumcontaining
zeolite as porous oxidic material. Specilfli e exanples of suitable zeolites
are titanium, vanadium, chrom um, niobium and zirconium containing

zeol i tes haviang, as plestrdoed | aboee) fot be Sed uetausepardtionpappaiatud dn eheveny ges

assigned X-raya i cad | h : - R,

MEl . NVEL, CF&XPEE%&} %@&g%{} @@e‘yﬂéﬁf&lﬁﬁf%lﬁ%‘f@ FA’U,%e %S%reww&@z RUT,
RTH, LTL, MABUbEREENtNES OFF, SGTI, EUO, MFS, MMW or mi xed MFI/ MEL
structures and also ITQ 4. It is also possible to use titani umcontaining
zeolites having the UTD-1, CIT-1 or CIT-5 structure in the process of the
present i Averd§WRYeTHio; 15a¢tors; Rignd R @Bt 1088 §ERPRIAUANARNAERUS Y 815 WegHR a3 0 be

mentioned ar gréfe@s® dibodigerithef ZRVASceds ofSthel Bresértuliiveitton. PR ipgdskitf
preference is %n.en t 0 _usi ng3 Ti. zeolltes.hagl than VEL, .I\/EtL O{i qr?@(e%

MFI/ VEL st r udRYHPHOR ACGORNgly draddessy Proess By waiehihs fegehifns o Stepq it ang (i

pref erence i argearsed owtfircwd seqatdtyreattors he Ti-containing zeolite catal ysts
whi ch are generally designated as "TS-1 ", "TS-2" and "TS-3", and al so Ti
zeolites having a skeletal 3 5 structure isonoiphous with (3-zeolite. 06
F E B 2008 - Asreastersyitgaof ceursapossitdd tor esecadl cancejivelela reastars whicheare best

het er ogeneousy@d fir YIS re§FRV4 RlabiforisNB the pAREWBIGROBR ! Mvehlibn, Gabadisy TS- 1
in the process of the present |nveneﬁ|nlgn I{ Is, possi) le to use the pforous
oxi di ¢ mat er PO} [eSEICIdQ & sipgleyuspsel. nRather, fris Alsospassiblente e easeatle ©

i nvention. Havfed esstls ab,FoOéxa@lé, s€actlr Ry ofA6Sexahld, @edesd Ry shaped body
conprising the porous oxidic material as catalyst. To produce the shaped
body fromthe porous oxidic material, it is possible to use all nethods of
t he pri ol5ar tPrefBesnoe é5 givan itmgising fafetieredtinectomesaeactonsanghepretgssot e i n

t hese net hod l; Spk I | thiab I

conponents, oersgglgéﬁve?‘goﬁqﬁﬁepﬂf%ﬁl %1“%?7&{\?\}5)? efgécg g#{lj%?eb@gﬁgg gcrgﬁ&%%é %asppl i ed
to the cat al yescribsd @ppva in whirk fixed-hedirqagtopy ar diseths reastprsdpr therigagtionsuc e
oxi dati on catMbi¢PréfelndBe tixedibbd fudB rdstioss hrewaédess fledvsbdaeictdrs.si | | cat es
having a zeolite structure, making it possible to obtain catalysts which
contain from0.01 to 30% by wei ght of one or nore noble netals selected 15
f rom t he2@r odp peuticslas tanrigothérmali finediberhyeacthoidi used apeattad Ruin the prricass of
iridium platy e 1%0413 Sklye descri bed,
for exanpl e, Hkﬂwgkﬁnkhﬁggﬁ%a 0 dag%\%? glh?@?%dglg? ﬁgl} &\%S ?iystslrﬁgaglgg%l ysts
described therein, is hereby fully incorporated by reference into the

]p_r e_seﬂ_t apfl iTCh?t bwtsenti irﬁleﬁﬁ(%rﬁqgé&ﬁ)%re tdiso gha-;tagels hadapsarsiag Mﬁ&ﬁl rsm% an

i ni shing treatnen Qds comj.nution are.concei vabl e .fo

exampl e o us HATPFET BREERAT o TB S PR PG PRratgs (D APe oA APAGS Befbim cal
treat nen28, fbed reaxtomOllB. as descri bed above. Wien using a shaped body or a
plurality thereof as catalyst, this can, in the process 2 5 of the present
invention, be regenerated after deactivation by nmeans of a process in which
regener at i on Th§ prasent davestion Jikewasegproviflep fonithyuse fof ghist prpamswofer the
responsi bl e fr@fctidR € hn ¥@hhi@Rompbinkd Wih Bh§ARpakidecar ri ed out in an inert
gas at nosphere contai ning precisely defined anounts of oxygen-donating
substances. This regeneration process is described in DE-A 197 23 949. 8,
whi ch is30n tHFoitherdndde,r the pessentf invéntionneovides ftrahlis hye e fvdrianthe steps i)t toe
present appli qﬁ%l%@/' Anmong the reactions which are possible in the process
of the preserglt i'nvention, the follow ng my be nentioned by way of exanpl e:

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



3 5 the epoxidation of olefins, e.g. the preparation of propene oxide frgm
propene and H202 or from propene and m xtures which provide H202 in &ﬁ&ﬁ,2m3
0 6 F EB 2003 - 15 hydroxylations such as the hydroxyl ation of
rnonocyclic, bicyclic or polycyclic aromatics to give nonosubstituted,

di substituted or higher-substituted hydroxyaromatics, for exanple the
reacti on of phenol and H202, or of phendl2 and 5 m xtures whi ch provi de H202
in situ, to foam hydroqui none; oxinme formation fromketones in the presence
of H202, or riixt ur eepavatioh of rthe ivtecaed 2hydropsirdxide droan dherorikture resulting
(annnnoxination),fégmgﬁg | e the preparation of cycl ohexanone oxinme from
cycl ohexanone; 10 the Ba 3@?-Villiger.oxidation. In the process of the
present invertion, msacioarafribe hydrogempaidet sparetedtafhién step&ini with dhporgadis whi ch
have at |east one GdnflaH®! € bond. The present invention 15 accordingly
provi des a process as descri bed abgve in which the qrganjc conpound has at
| east onedC- @rgeaBedowdnuthe psastpn eSthsorganiacommneand withdhe Bydiarerpddeng at

| east one C-C double bond are the follow ng al kenes: 20 et hene, propene,
1-butene, 2-buteng, isabutene,, butadiene, tene, piperylene, hexenes,
nexad: ones. - FpRUTIRESHNS iy drehet SOoss iR T s pRn e Vhih et DieRES
dodecene, tr ifoetheneactibeiof deargarc tampowds@nde used pr thegmneceanof theprapitopene,
polybutadienqﬁvlﬁﬁhyisobutenes, i soprenes, .terpenes, geraniol, linalool,
linalyl 2 5 aceta €, nethyl enecycl opropane, cycl opentene, cycl ohexene,

nor bor nek@, cycl ohept ene, vinyl cycl ohexane, vinyloxira~i, vinylcyclohexene,
styrene, cycl I } v | r F 4

et 2y o n e e e PR e

cycl ododecendydraperoxiise cwhich | @ige meatippgsede thgi AbRYsIICHtioned; éﬁéﬁepwﬁaﬁi n A
bet a- car ot ene‘Prapylenei Onibé v eRRee, thaiRit-bieyl Bldroperdiddd BasepfEdDiryh isdhudrede,

nmet hal | yl chl or, ide q%Fhlor butenggia IxL aLcoho“,dqethah#%I alcoh%I
butenol s, but?BHSAVEs, Sfélryég%‘ﬁ?éen rgpgoxige it BiBrEd fEam sHpEsareae an
tridecendbs, oxpiget ur at ed steroi ds, ethoxyethene, isoeugenol, anethole,
unsat urated carboxylic acids such as acrylic acid, nethacrylic acid,
crotonic acid, nalefic acid, vinylacetic acid, unsaturated 3 5 fatty acids
such as ol ei dnadiedpressnh oPreressaPreferepes ris tgivem &9 qusingathydeagey prsexide 489 fat s
and oils.  GyfrdpefoxRle2OD% présént ThvenHoRCBERIGE AlBe POORIBNTa iphy@Rs N IS

f bl i ed . out i ng.al havi f .2,tq 8 b :
Part  cular pRgrEEdaboyS U (1 PdprvRE e HERe: Mgt SRt iTahe. very
particul 20 ppedfereaccis givendo vusing o aqemns hydroperopeodde solution.

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



5 A further advantage of the process of the present invention, apart from
the fact that a smaller excess of organic conmpound to be react ed ovef 6 FEB 2003
hydr oper oxi de can be achieved, is that separating off hydroperoxide and
reacting it again with the organi c conpound enabl es a hi gher total
conversion of the hydroperoxide to be 10 achieved. At the sane tine,
further reactions of the product are reddced. Fi gure 1 shows a preferred
enbodi ment of the apparatus. In this figure, E~ is a stream conprising, for
exanple, |i qlplenbxpnmpes\éfumcpmbmlmojmg@g@aoxwepmdowlﬂmcs@hd.;twlmnh afthus

met hanol, R~ i E’% gl sothermal fixed-bed tube reactor, M is a stream
resul ting fromt e reaction in reactor R~, A~ is a d| stillation colum for
taking of f mitisof gpurse alsepossifpe toprepase Bydreges pareide Gam the elementsot t om 2 0
M is a streamwhlch is taken off at the top and conpri ses predom nant |y

pr opene, oxjd nd mnet hanol , S.a strea which is t f Vi a
a side of ta a- ﬁwﬂf\@igeaﬁmaw ﬁaraﬁer\ga l?etmﬁlﬁ&fasea RRERES G

per oxi de sol ulid &?aﬁﬂ@oﬁxﬁo@ﬁt‘ﬁ $€8mpytahteadt®aréded Bl in vau&tllafb rédetian af ﬂeam
which is taken t

t nd conprises hi bypr oduct s, for
exanpl e et ARG CEIPRTSOIN (B ShEarRER ooF 5 HAEfIaDT DU PR Fett or R,
M is an opt itenpdratere eaditiont mﬂunmﬂdltMmftchml}dtsstl Ilation iuiit Al to keep
the bottom tenperature |low, for exanple gaseous propene, 3 0 R, is an
adi abatic fixed-bed tube reactor, Eis a streamwhich conprises I|qU|d
propene hfid Haweven| prafeterics isngivenitie ¢d prasedurenia whisht ore RE|momg wifablea

stream from %@ﬁ%&rmga&dﬁmbln%dk@gh@féa&%]ﬁmo&r é?ﬂ@l@ﬁt t‘e"x%n&n@ 1ﬁ”ﬁh'ﬁ%wé|n 35
Figure 2 shows ther preferr L}B"d' nment . of ‘? alt us. I.n this
figure, 0 & rl’E’B’g grogengpus gata Yétsa Frpé%%"rpfcaﬁﬁﬁ?ﬁ‘%‘} ﬁb&r 188 yeBJ&WSF% aliquid
pr opene, aquq:m&@wklasgﬁebbdp@bw bfehiRblthe ongamarmdm@semlitancﬂrougﬁk ints ceuftact

i sot hermal fix @ tube re streamresulting fromthe
reaction in a gﬁ ?e[erﬁgeneous c%clyst d’urlngl\ﬂfe fedction:
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It is in principle possible to use all heterogeneous catalysts which are suitable for
the respective reaction. Preference is given to using catalysts which comprise a
porous oxidic material such as a zeolite. Particular preference is given to using
catalysts which comprise a titanium-, vanadium-, chromium-, niobium- or

20  zirconium-containing zeolite as porous oxidic material.

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, MF], MEL, CHA, ERI, RHO, GIS, BOG, NON, EMT, HEU, KFI,
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.



A~ is a distillation colum fromwhich material can be taken off at b%e %%B
and at the bottom M is a streamwhich is taken off at the top and 03
conpri ses predom nantly propene, propene oxide and nethanol, 10 M is a
stream which is taken off at the bottom conprises predom nantly hydrogen
per oxi de, water, nethanol and high-boiling by-products and is passed to the
reactor RII, Rir is an adiabatic fixed Béd-tube reactor, Ell is a stream

whi ch conprises liquid propene and nethanol and is introduced 15 into the
reactor R-~i, Wery pastialatprefarance ongivemta vsinRlachatenogericsiin gatplystpeomanrismgpene

id d met; RS l; ; h
oK1 de a0 et enGbiy R BRI AR AR e s St agmaniaeL M D

strength by weight), 58 g/h of 2 5 methanol and 10 g/ h of propene are

passed throughig ofsélf)l%ttohb@ﬁlerp%ﬁ)%Bkldm&lﬁtléuﬂﬁ%eﬁ“a%%@ﬁwspﬂ tNObBssQff tiRbout 50
m and i s _char of TS-1 _extrud tes a reacti on te rature

of 40C and a H‘g%?é{ Frﬁ’ﬁnb?’ésé%‘?’% Vept it 9 Oh &PUrse @ %enaw f%@seoat apeck t he
t ube reactor ,col'ﬂjﬁlsi’rtgaﬁklpliﬂouﬁ eﬂxmrcemwaﬁalsasocad@lpgtesmqﬁmam uhetsthapedsadsd;ay
vapori zer ag at nospher.i c Ie.

separ at ed offr% }ée%q{%‘ﬂ{/)%%'c "?rf é ‘isrli’oﬁﬁl 5%0 B?fragﬁlgftg’ﬁasa%he i ?rqu d
reacti on product was collected, weighed and |i kew se anal yzed by gas

chr omat ogr aphyod 9, Fhe o?yag{epﬁgsﬁog@hp@&@ stihel SHRR BB e |

propene oxi de se g&
2003 - 180 THuetalstipthe ﬁommftsn@abfle ncshle e p@mpomt% Horcexappissiadheriarnneb| |

wat er , propen@ataxgoqi@ole twtpre&wwesa plﬁ@ae@cmdcaa@@@matam ey %%dp@sr oxi de,
was depressurlz 'Ip rated at at, herlc

nt o e
pressure and M b’ gygtg tq H@SF%‘{ ?’&‘é?“oﬁ’l %ﬁt}iﬁa sts %?seg Poltepigm Sa%r e of
about 69C, t hﬁn;ﬂdlmmaﬂl&:amsuﬂem\gmzesma;tmuﬁﬁb addkidg 0 possitde ra olitaihecatadysts | evel

of <1 %by %gl?tcomain 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, e.g. the preparation of propene oxide from propene and
H,0; or from propene and mixtures which provide H,O; in situ;



10 The | ower-boiling propene and sone net hanol together w th propene oxi
went over at the top. The runback necessary for the separation in t HEB FE
colum was condensed at 50C in a partial condenser at the top. The top
product was taken off in gaseous form and passed to work-up. 15 The bottom
product was fed to a second tube reactor. The bottom product fromthe

i nternedi ate separation and a propene-stibeam of about 9 g/h were passed

t hrough a second tube reactor which had a reaction volune of about 50 m
and was charged with 28 g of TS-1 extrudates at a reaction 2 0 tenperature
of 40C and ay(aRsliaAnPsSaeH thedlyddiobition &f hhol2RY! BldydiReor g@g&gmm the
reaction m xt { epressuri zed Ifto a ay vapor|

at mospheric Bf@é%ﬂﬂse toTh&iveownpaesubstEulgd; ¢ diswbytiuted pgrat E’(g @T‘&Ubﬂétiuted

anal yzed on- |h518‘1%x51ﬂoﬁxaﬁ@§ f@xhéﬂﬁﬁﬂ@&'é%%tloi%‘fphéﬁmlaﬂd HB8G,! 10T phefslumd Was

col l ected, wei,ghed e ana e s _chromat ography. 25 The
hydr ogen %eré‘% Eese 9 P’éﬂ" 1§\§’é t&;@%@%"%’é‘mﬁropene oxi de

selectivity based on hydrogen peroxi de was 96% The overall hydrogen

per oxi de conver Si and . t over al e ctivity
has o5- o6vs FHISe Bmaich BRERGERE i U8 SHERE eBiol ShnTuts TR e o
94-95% E~: akhle if:sit8] agd emsname (pnuosckimation), fouexdmple the grepamtiorpdr at i on
3 5 Flows of I (about 40% strength by wei ght),
49 g/ h of rret %lié}(#( @J?hélqgﬁ/%%?o %iegéﬁe(ﬂ% wer e passed tlu~ough a tube
reactor Which had a 0 6 FEB 2003 - 19 reaction volune of about 50 m and
was charged \ihd Bacd@r-VilligerloxidatRKt rudates 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 5 vaporizer agai nst at nospheric
pressure. Thén lthevpbaesseoB thehpresentdneentiepaprafepehcefif givehetoareattymedrganicl i ne in
ﬁ gas chromat 8&@@@ &Hf‘ch' 4 fegﬁ"&f& @rcf%)%gfé béﬁ?ds ﬁ%‘ bﬁ‘eﬁé dnydiizloghed and
i kewi se anal® yz gas c Forat 6 oXI e conver si on
achi eved! fvas ao®rdigrg wmevnﬂps)@eme&smswscmeé ebevt m\whlyh ﬁnwmcmm‘mg
per oxi de was hgg)age/astm@cmgg@g]@b% de yield based on hydrogen peroxide was
79% 0 6 F EB 2003 CLAIMS A process of reacting an organic conpound with
a hydroper oxi de, which

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

de
B 2003

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.



conprises at least the steps (i) to (iii): (i) reacting a hydropero@{gﬁ
with an organi c conpound to give a m xture conprising the reacted or 62003
conmpound and unreacted hydroperoxide, (ii) separating the unreacted

hydr operoxi de fromthe m xture resulting fromstep (i), (iii) reacting the
hydr oper oxi de separated in step (ii) with the organi c conpound, wherein

sai d hydroperoxi de is hydrogen peroxi de,16 he organi c conpound is brought
into contact with a heterogeneous catal yst during the reaction and the
reactions in steps (i) and (iii) are conducted in two separate fixed-bed
reactors. 2. e i .h.claiml rein.the h r.ogeneous
cat al yst corrpﬁlleg rgg%s'gt% f?h Ze#%s%gg@g?gﬁ? i lﬁé’resq% rﬁplg‘g{aﬁ %.°%Y %Blrggc?zﬁsegeséga%éﬁ?gdi med
in clains 1 diem2 toltvarteinratarhs Partigalar prefenenesuis divien o actingetherenpropendC
doubl e bond. LS. 0 ' s N | xed- bed reactor
(I), a separ aﬁdo@%ﬁggmgﬁﬁwmﬁﬁhﬁsggl\fegggﬁ&gﬁﬁ Ellé’B%%d reactor (I11).
The use oP the apparatus as claimed in claim4 for the reaction of an

organi ¢ Conp oAl Fgrthdr talvahitdbe G IREFrONdss 8f tHe- prddeft Mentish, Gpard HBK thdfdet Blath 5.,
wherein the ste s%({gg to (fJII .of:En%lém‘{:ea tion qf th(? gé)g)rpope({?(r)mde Wi th
t he organic c"’oﬁ‘gﬁ XSStV S R{CRIRP H)n%? rEHE Yee W EPI4Sy ¢n b
conmpound and d¢hiewad,t Bdthay degapatingX bffehydr@feroxide Gl feafling0@3agdin )witte phe at i on
of the unr eaC&rEQniQ %grrn%&%{cp é(rlla%?esfar Bl%hgrh?otﬂ] c)é)tn%rgiogleo Lg Ihrylfgrc;preroo% e t%pbe( )

10 achieved. At the same time, further reactions of the product are reduced.

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 M 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 M3 is a stream which is taken off at the bottom and comprises high-boiling by-
products, for example methoxypropanols and propanetriol, from the
reaction in reactor R,,

M] is an optional stream introduced into the distillation unit Ay to keep the

bottom temperature low, for example gaseous propene,
30 Ry is an adiabatic fixed-bed tube reactor,

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

Mj;  is a stream from reactor Rj comprising propene, propene oxide and
methanol.

35
Figure 2 shows a further preferred embodiment of the apparatus. In this figure,



(iii1) reaction of the hydroperoxide separated in step (ii) with the organic
conpound, are carried for the reaction of the organic conpound with @ GEER 2003
hydr operoxi de. 7. The use as clained in claim®6, wherein the reaction in
step (i) is carried out in an isothermal fixed-bed reactor (1), the
separation in step (ii) is carried out by nmeans of a separation apparatus
(1) and the reaction in step (iii) is ddrried out in an adiabatic fixed
bed reactor (I1I11). -21
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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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The output from the first reactor, which comprised methanol, water, propene oxide,

by-products, unreacted propene and hydrogen peroxide, was depressurized into a

column. The column was operated at atmospheric pressure and had about
5 15 theoretical plates.

At a bottom temperature of about 69°C, the propene oxide was separated off from
the mixture to a level of < 1% by weight.

10  The lower-boiling propene and some methanol together with propene oxide went
over at the top. The runback necessary for the separation in the column was
condensed at 50°C in a partial condenser at the top. The top product was taken off

in gaseous form and passed to work-up.
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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1 1098%6&' ()- \'° &l postng ge(hydroperdxgde separated in step (ii) with the organic compound,

wherein said hydroperoxide is hydrogen peroxide, the organic compound is brought into
contact with a heterogeneous catalyst during the reaction and the reactions in steps (i) and

(i1i) are conducted in two separate fixed-bed reactors.

2. A process as claimed in claim 1, wherein the heterogeneous catalyst comprises a

titanium-containing silicalite.

3. A process as claimed in claims 1 and 2, wherein the organic compound has at
least one C--C double bond.

4, An apparatus comprising an isothermal fixed-bed reactor (I), a separation

apparatus (IT) and an adiabatic fixed-bed reactor (III).

5. The use of the apparatus as claimed in claim 4 for the reaction of an organic

compound with a hydroperoxide.
6. The use as claimed in claim 5, wherein the steps (i) to (iii) of:
(1) reaction of the hydroperoxide with the organic compound to give a mixture

comprising the reacted organic compound and unreacted hydroperoxide,
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