WO 2008/ 135398PCT/ EP2008/ 054973 A process for the preparation of an
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(3. l)the avé‘r)ag&ecra@qwﬁcarrc@opu_m atst;eashs tdastoraRBeRDE .. Rnoon(d@td! in paraR)
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reactor; (3. 3)t cagi? ¥ one o ese rea
devi ates nore t b7 he average standard catal yst |oad LSA
and is dﬁffé?)entat myo@wqm@onmtam dinggluring arimirfg e dire hctidne abbiehsirone of the at

reactors. 25 Bawter ®uutions RINR2) NVRALS Bt dfibpBraiiBr i Segdherifghhe catalyst
processes catal yalsndh fridsiGhstHefRBalt0rn A% 14t ¥ redUoh 1 8mbii%h operation:
(3) atthis point in time, the at least 2 reactors in operation are operated so that
(3.1)  the average catalyst load LA is in the range of from (0.8 - 1.2) LSA;
20 (3.2)  the catalyst load L of a given reactor is within the range of (0.5 - 1.5}
LS, LS being the standard catalyst load of this reactor;
{3.3)  the catalyst load L of at least one of these reactors deviates more than
+ 5 % from the average standard catalyst load LSA and is different from
the catalyst load of each of the other reactors.

25

Background of the invention

In numerous chemical processes catalysts are used which loose activity during the

30 process and therefore lower yields are obtained. Generally, these catalysts have to be
regenerated. As a result, the reactor or the reactors containing the catalyst has/have to
be taken out of operation. Therefore, several publications are concerned with im-
provement of these processes.

35 WO 01/72729 and US 6,727,371 B2 disclose a continuous process for reacting an or-
ganic compound with hydroperoxide in the presence of a catalyst, wherein the reaction
is carried out in a reactor assembly comprising at least two reactors connected in paral-
lel. One of the reactors can be taken out of operation to allow for regeneration of the
catalyst whereas the other reactor is still operated to allow for a continuous process.

40
DE 10 2004 003 003.0 relates to a process for the continuous preparation of a chemi-
cal compound, in which a specially designed shell-and-tube reactor is used in at least



30 process and therefore |ower yields are obtained. Generally, these
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wher eby deactivation of the catal yst has been considerably reduced

The use of two or nore reactors connected in parallel is also
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no longer he maintained, the catalyst is replaced or regenerated.

US 5,849,937 discloses an olefin epoxidation process using a plurality of reactor ves-
sels, each containing a fixed bed of a heterogeneous catalyst such as titania-on-silica.
35 The reactor vessels are connected in series whereby a feedstream comprised of olefin
and an active oxygen species is passed through said series of reactor vessels in con-
tact with the heterogeneous catalyst to accomplish conversion of the olefin to the cor-
responding epoxide. As the activity of the catalyst in an individual reactor vessel falls to
an undesirably low level, said reactor vessel is taken out of service and a replacement
40 reactor vessel containing fresh or regenerated catalyst introduced. The replacement
reactor vessel may, in alternative embodiments of the process, be the first or the last
reactor vessel in said series. For example, the feedstream may first be contacted with



US 5, 849, 937 di scl oses an ol efin epoxi dati on process using a
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a continuous process, the procSesses as disclosed in the state of the
art still have losses in yield of the desired reaction product over

the reacti Oguﬁq.@!ofthe htedtisnan obj ective of the present invention to
provi de a novel process for the preparation of an olefin oxide which
i s advantageous with respect to the overall yield in reaction
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gi ven point in gadeai@ysilpad E8fr yi ng out the reactlon "at |east one of
the at 25| eg®t 3t argagivedr iRl til2,déng sarblifg @ft tiepeasaidnpat IB&St one of the at
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present in this at least one reactor so that at least 2 reactors remain in operation;

(3) atthis point in time, the at least 2 reactors in operation are operated so that
(3.1)  the average catalyst load LA is in the range of from (0.8 - 1.2) LSA;
(3.2)  the catalyst load L of a given reactor is within the range of (0.5 - 1.5)
30 LS, LS being the standard catalyst load of this reactor;

(3.3)  the catalyst load L of at least one of these reactors deviates more than
£ 5 % from the average standard catalyst load LSA and is different from
the catalyst load of each of the other reactors;

wherein the catalyst load L of a given reactor is the molar amount of hydroperoxide fed
35  per kilogram catalyst and per hour into this reactor;

wherein the standard catalyst load LS of a given reactor is the catalyst load which, if

constantly applied for a given reaction period T to this reactor containing the catalyst,

results in the maximum vield of olefin oxide based on hydroperoxide;

wherein the average standard catalyst load LSA is the sum of the standard catalyst
40 loads of all reactors R1, R2, ... Rn divided by n;
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these reactors. 5 Detailed description of the invention According to

t he process of the present invention, stage (i) is carried out in at
| east 318 eals &SRS reRptornUSHNi e I5tage &) ebihaeresent invenyar ard edncemaé gesem
"connect ed &lly ppdira@iatiorilexist] " as used in this context relates to an
apparatus set-up whi ch corrpri ses suitable means for di stri buting at
| east one fﬁ d st&deﬁ L9 be . intro ucte I nto stagr éa[t%l %rea tlors
Rl, R2, Rn 6 FUGrY ef”ﬁ'i g ?8@89 Py é’émﬁ 5" S aé? dopsptalyz-
i nt r oduci ngn@diehreadlisatct dnelet withathe ihrdroperexias. Wilsdbere are no SpeC!flC restric-
20 tions, zeolite catalysts are preferred. Zeolites are, as is known, crystalline aluminosili-
cates having ordered channel and cage structures and containing micropores. The
network of such zeolites is made up of SiO4 and AlO, tetrahedra which are joined via
shared oxygen bridges. An overview of the known structures may be found, for exam-
ple, in W. M. Meier, D. H. Olson and Ch. Baerlocher, “Atlas of Zeolite Structure Types”,
25  Elsevier, 5th edition, Amsterdam 2001.

Zeolites in which no aluminium is present and in which part of the Si(IV) in the silicate
lattice is replaced by titanium as Ti(IV) are also known. These titanium zeolites, in par-
ticular those having a crystal structure of the MFI type, and possible ways of preparing

30 them are described, for example, in EP 0 311 983 A2 or EP 0 405 978 A1. Apart from
silicon and titanium, such materials can further comprise additional elements such as
aluminium, zirconium, tin, iron, cobalt, nickel, gallium, germanium, boron or small
amounts of fluorine. In the zeolite catalysts, at least a portion of the titanium of the zeo-
lite can be repiaced by vanadium, zirconium, chromium or niobium or a mixture of two

35  or more thereof. The molar ratic of titanium and/or vanadium, zirconium, chromium or
niobium to the sum of silicon and titanium and/or vanadium and/or zirconium and/or
chromium and/or niobium is generally in the range from 0.01:1 to 0.1:1.

Titanium zedlites, in particular those having a crystal structure of the MFI type, and
40 possible ways of preparing them are described, for example, in WO 98/55228,
EP 0 311983 A2, EP 0 405 978 A1, or EP 0 200 260 A2.



15As far as the reactors used in stage (i) of the present invention
are concerned, gener- ally no limtations exist. The epoxidation
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catalyz- ing the reaction of the olef$¥n with the hydroperoxi de. Wile

there are ng s Rﬁ&krf fat flt@ﬁiwn' Z%Olltgg h&hﬁ’é‘ﬁwe l@?%thﬁcﬁjr&@zfr@bé’ slefti evaa a par-

preferred .S .0

havi ng order‘é@ar%ﬁ%’n@ﬁrag g '@ V%%%Yj?éza@ﬁ V]B@H‘P%H"f‘ﬂcﬂ %ﬁ‘? @ffaﬁ?ﬁr(@
The net wor k '¥Honsgfc#porb 864 ¢ra's aﬂ§ thagadifferfras alkali metrd t'ND@EStCétCry&fﬁétﬂB@nd
whi ch are | amoedhous AiCsIpaasd. oxygen bri dges. An overview of the known
structuregs may be found for exarrpl e, inwW M NEi er, DD H dson and
Ch. Baerl oc i é d i?ruct ure T 25EI sevi S th
edition, A PS‘F %meﬁ?WlmaE’Z oM 8 it T cBSTHYE Fhrﬁemrﬂfﬁ i @ngflil@e fhro-
and in whi c A Ep (ighfuni-h gragniumpgontainip gedlites baung ¢ peptegle zpdlite lpichtiadin
by titani umpadicaiai hg)tyngs evhighsenkieosasionTh esrey-civstaieqiaphieady ta e, stiugctures
par- ticul arnBYhosEO Wl ABL.AAEN,YAEBIARE, rARLIARN AFO,IARR, MIFIS, IWPeAFanaFY,
possi bl agwaysToANA, APa, IAFD, HET a0, armey, dass rATEe e w*rvexxwml AR, R
0 311 953 ABeAl gEE, BiiBbC BBHAGREARAN GREOBDS) bEF %Pa@é;é nbwncm

such, mat el gl (b HAlC BB, BRI bR Spal bbw'a N E@ Tn] ESy ETR.
boron or srré g:n n}%? (’):BAF %rqﬁ'HeG[\f“T_'r @‘H@ 99(9 iH dﬁ?a '5'1?' ITW,

| east a por WBnVEW. RW, tsH.defillirhEdf PGB AIQY. é—TePartheUﬁ*éﬁW&lﬁeMAKyMEl
vanadi urtp z Mo MERMMESR) MITd MRS .0VMON| BIBIRUIMSSD, MITRTMINI T To M TWMOMBSEY, NAB,
nor e t her eoNATTREEGDNAN, NP, ©BW, OFF aDEK ST GPAR, Pl | UADNZ RHEO RONT
chrom um or RW@QQSM" FQE e Sﬁmoﬁwﬁ IRvpens &Hd Astémm@r%@rsss TS"E‘?

yﬁnfg'eu;nagn MSBET é?”érfd éeﬁi ﬁbéw“fée GERE RN Y
particul ar gﬁﬁ @ELg\'/:? tyﬁl p f EUGaﬁﬁ‘S ZON,
40possi Bfe @A §'58fm'bf?cbﬁ&+q%@5 %%carr@oraﬁéﬁ mem?@ﬂo”QQQ teres. ruriher-
908/ 55228, EPole,3ilahil@@BomaningRedites0iaviig8hallTQ-¢r SER-28, PD0-12 60 DAR.CITWRr
20081135398 P13 ERRE0&14Y6 49%63cdnceivabls fden@enn thwprotédsadTi thenirgemiont €8rther

havi ng the Mahiuslédhedinif@zechisRghidrdRBY bl RGNl Fe @I@d’s%'l‘%%'n@"theXngﬁS or
di ffractionzpptielifcand also via a lattice vibration band in
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work structure isomorphous with beta—zeohte Very par’ucular preference is given to
using zeolite catalysts of the TS-1 structure and the Ti-MWW structure. The abbrevia-
tion "TS" stands for "titanium silicalite".

The catalysts, especially preferably the titanium zeolite catalysts and still more prefera-

35  Dbly the catalysts having TS-1 or Ti-MWW structure, can be employed as powder, as
granules, as microspheres, as shaped bodies having, for example, the shape of pellets,
cylinders, wheels, stars, spheres, honeycombs and so forth, or as extrudates such as
extrudates having, for example, a length of from 1 to 10, more preferably of from 1 to 7
and still more preferably of from 1 to 5 mm, and a diameter of from 0.1 to 5, more pref-

40  erably of from 0.2 to 4 and especially preferably of from 0.5 to 2 mm. In order to in-
crease the bulk density of the extrudates in the reactor, it is preferred to cut the extru-
dates with a stream essentially consisting of an inert gas.



10 AHT, ANA, APC, APD, AST, ASV, ATN, ATO, ATS, ATT, ATV, AW, AWW
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40  In order to remove heat generated during the epoxidation reaction at least partially, it is
preferred to equip the reactors used in stage (i) with suitable cooling means such as a
cooling jacket. As cooling medium used for cocling the reaction media in above-
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To prepare the hydrogen peroxide which is preferably used, it is possible to employ, for
example, the anthraquinone process by means of which virtually the entire world pro-
duction of hydrogen peroxide is produced. An overview of the anthraquinone process is
35 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 converting sulfuric acid into
peroxodisulfuric acid by anodic oxidation with simultaneous evolution of hydrogen at

40 the cathode. Hydrolysis of the peroxodisulfuric acid then leads via peroxomonosulfuric
acid to hydrogen peroxide and sulfuric acid which is thus obtained back.
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load LSA, wherein the standard catalyst load LS of a given reactor is that catalyst load
which, if constantly applied for a given reaction period T to this reactor containing the
30  catalyst, results in the maximum yield of olefin oxide based on hydroperoxide. There-
fare, the standard catalyst load LS for a given reactor relates to a specific set-up which
comprises a given reactor, a given catalyst contained in said reactor and a given reac-
tion carried out in this reactor under given reaction conditions such as, e.g., reaction
temperature, temperature profile in the reactor, temperature of the cooling medium and
36  its variation during the reaction. Based on these given boundary conditions, the skilled
person conducts the reaction in the reactor for a given period T in order to find out
which catalyst load is preferred to optimize the overall yield of reaction product. This
preliminary test is conducted with reaction conditions which are maintained constant
during the given period T. These reaction conditions of the preliminary test are the
40  conditions for the process of the invention. In other words: in preliminary tests, the
skilled person determines, for a given reactor Rn and a given set of reaction conditions,
including a given catalyst, that catalyst load which, if kept constant, results in an opti-



10Bef ore hydrogen peroxide is used in the process of the invention,

it is possible to free, for exanple, a commercially avail able

hydr ogen meo ospos/asssol uti on of undesirabl e i ons. Concei vabiEe:wmiaods
are, inter alia, those described, foniexanple, in US 5,932,187, DE 42
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15 of hydroperoxi de fed per kilogram catal yst and per hour into a
given reactor. The term "catalyst” as used in this context relates to
t he mass ovoubns/izaesl yst particles enployed in the rea®crerobessrn
these particles optionally contain, apart fromcatalytically active
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not nore thad rMeylasd topfzafage aing I4fde sTRESrd AR chtdhdt, and in particul ar
not nore than 2.5 bar The above-described heating, either in the

react or exa t he tubular reactor, or in an external oven, is
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out. Thd&, trdregwiniewpsration.whi ch the respective desired product is
readily soI ubl e are suitable for
According to an especially preferred embodiment of the process of the present inven-
tion, the at least 3, more preferably the at least 4 reactors and in particular the exactly 4
reactors R1, R2, ... Rn are sequentially taken into operation.
40
If, .g., the process in stage (i) is carried out using exactly 3 reactors operated in paral-
lel, a first reactor containing fresh or freshly regenerated catalyst is taken into opera-



15 this wash process. The anount of solvent used and the duration of
the wash process are not critical. The wash process can be repeated
several tiw@gooamsFggan be carried out at el evated tenpererweams/odhish
the use of CO2 as a solvent, supercriisi cal pressure is preferred;
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86‘nnect ed in par aI I eI a first react or
cont ai ni ng fresh or freshly regenerated catal yst is taken into

oper ati on. AfdoRfintoCBE tpaédanP BWe@dn Ofhet dafdlyst WaaN. bhe Rk a:bé(e'iér &fa ?
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after a certE“é fe %rr Ef“?ﬁe 3 theacqtﬂ)’?rtéoa\dé%i@t%‘re”dﬁﬁ‘t’t@” 'ﬁ“ﬁ'\t@mfﬂr‘%éﬂﬁ‘%rof

f r eshl y3F edeme@bed 1dal bSymore mrefesdbénofifrmo(loper df LB nmokf preferapiyodiifeim

certain perioms -0f35) L8Rind eligh Mow frbrefBH @bmqontaiz)iLgg fresh or
freshly regenerated catalyst is taken into operation. Shortly prior
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into operat Brﬁovqrh%CCPf ng; to 1ae, pEg PNt IHERH Yo HieatatIYRG aeH & 9fsé feast one of the
deact i vat edegeoialiysperation desietas noare theih op¥rfatm the dverage stan@4d gealsdbadn

of the 4mt algrsind isarfetdheirsm emnhtalydl ookt babrasithd HiRerf r@éﬂ't&r@ ftﬁr@%@'&ata-
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< 1.5 LS) or within the range of from (0.5 LS = L < 0.95 LSA). Preferably, the catalyst



given reactor are in the range of from7 to 13 nol/kg/h, preferably
of from8 to 12 nol/kg/h and even nore preferably of from9 to 11

mol / kg/ h su@k00sg3s3s. g., 9 or 9.5 or 3010 or 10.5 or 11roviebkgéibriers
According to the present invention, time catalyst load L of a given

reactor at gagii V&t %gm:da & thé F@acio%? }O’r‘{'é%ﬂincﬁ?ioﬁ RewhiAn gk Qhod @bﬁéa.s}@m
rQ .

LS, LS being.the standa C S hi s reactor

preferably, %{t B aﬁaag‘ilg{ %Z@gé%ﬁ'g LS Tere P@&é@bj}f Wi‘?@” @netfﬁrsafa {1%' iAhgR
of 35from (0o wkin the rame efFomidrte - B L-8r abieyoreferaolyorith(rothe range. (4)1 -11S35)
mor e pref er ablay vathinf themafde 65rom 10.85) . HBAIR] 0¥ eNeMBicte pridrebialitinothe

from (0. %y;{a:hlg;@bfﬁréné#vpé?@;{@é or @Etﬁmh%}rgt etcﬁfrroﬁe(toﬁr-%?ée)rf_ts. i nventi on,

the cata oad L east one o e reactors 1'n operation
deviates nore than 5 % fromthe average standard catal yst | oad 40
LSA and is dhdrelsreemccdrdiomte he esaccidlysrrefeved eabodiaeht of the ipeesethiprention
reactors. Thhsreintdactyed wﬁmts dreaded a0d waérelnaastty@ @ablors 418 i SFhthSat
I n operation it < . |
the T an oig%@%gj'%ﬁb@w%;% @9%856 s gé’b%?t*gpépég%a!v%%f Al e
WO 200871 35 S AFEHERPE8ET 63343 -115) Lisla LB SPnaNT SAadere feslp lpaof the
react or s i nfiishesaator. dive tafalybttlpachoftsheeaons graciot islin-the radige loBfrom (W96 ki 1D5)
'E he range ;)f_S:E,rL(SII Hefhghthe sin83rdloStalyaPlogd Bf BEekadidyredtib bid thaeat-ARIRad
1.1 - 1.4 - : 18- :

pr &f er abl y ym“-*?ﬁ?*'fd?%%%ngﬁﬁz eSS STUSR A%, B e e BB spte
from (0. 65 ysrd?@‘?o‘clf'é?thé{ n nore preferably within the 5range of
from (118 - 1.3) LS or within the range of from (0.7 -0.9) LS.

Therefore, aeqpdifh toa futh@preBpeE babbyimphtad tid R8s POSH TR Mheftfin BRR1Y 4
present | “V%%Efo%‘aéé"lﬁéﬁ lald %%%A gxfbtlg%ar%c%r% 4 b b?e?&ioﬂ%.a\:@\%neﬂ)&nt in
exactly 3 reactors are in operation at a grven point_ in ti ; one
react or bei H§olhe E?FCtBbb?'HQ iC4h O eRfkationy Heyealalysh JRpdodf &y Fegpior dnip-the
range of from (1.1 - 1.4) LS1, .81 being the standard catalyst load of the first reactor,

20 the catalyst load of a second reactor is in the range of from (0.95 - 1.05) LS2, LS2 be-
ing the standard catalyst load of the second reactor, and the catalyst load of the third
reactor is in the range of from (0.6 - 0.9) LS3, LS3 being the standard catalyst load of
the third reactor.

25  According to a further preferred embodiment of the present invention wherein exactly 4
reactors are used and wherein exactly 3 reactors are in operation at a given point in
time, one reactor being out of operation, the catalyst load of a first reactor is in the
range of from (1.1 - 1.3) LS1, LS1 being the standard catalyst load of the first reactor,
the catalyst load of a second reactor is in the range of from (0.95 - 1.05) LS2, LS2 be-

30 ing the standard catalyst load of the second reactor, and the catalyst load of the third
reactor is in the range of from (0.7 - 0.9) LS3, LS3 being the standard catalyst load of
the third reactor.

Unexpectedly, according to the present invention, it was found that the less deactivated
35 a catalyst is, the higher the catalyst load of the reactor containing this catalyst should
be.

Thus, according to a preferred embodiment of the present invention, the catalyst load L
of a given reactor is changed from an initial value in the range of from (1.1 - 1.5) LS,
40  preferably from (1.1 - 1.4) LS and even more preferably from (1.1 - 1.3) LS at the be-
ginning of the reaction carried out in this reactor to a value in the range of from (0.95 -
1.05) LS, preferably from (0.97 - 1.03) LS, and then to a value in the range of from (0.5



10 tor is in the range of from (1.1 - 1.5) LS1, [Si being the
standard catal yst load of the first reactor, the catalyst |oad of a
second reavo osixs3esn the range of from (0.95 - 1.05) Lg2rrkBistmeng
t he standard catal yst | oad of the seadnd reactor, and the catal yst
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exact Iy 3 remeémres ifak&rding to an especially preferred embodiment of the present invention,
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35 period of time begins which enconpasses the "given point in tine"
referred to in feature (2) of the process of the invention.
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WD 2008/ 135398PCT/ EP2008/ 054973 18 load LA is in the range of from
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35 in stagBgimorgreiealixal sag 86casndinpartioyier pdead 87 e product
m xture obtained therefrom and the overall effluent consisting of
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2008/ 13539 8HDErHERP 00 BoEpdGdyion, is in the range of preferably from 20 to 70°C, more pref-
erably from 25 to 65°C and particularly preferably from 30 to 60°C.

According to a preferred embodiment of the invention according to which the reactors
35  in stage (i) are fixed-bed reactors, the respective product mixture obtained therefrom,
and the overall effluent consisting of the combined reactor effluents, essentially con-
sists of olefin oxide, preferably propylene oxide, unreacted olefin, preferably propene,
optionally solvent, preferably methanol, water, and unreacted hydroperoxide, preferably
hydrogen peroxide.
40
According to a preferred embodiment, the overall effluent obtained from stage (i) has a
solvent, preferably methanol content in the range of from 55 to 75 wt.-%, especially



19 preferably of from60 to 70 wt.-% based on the total weight of
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t r eat ment sé][ pre?era 'y Tat | east one
separation In partr cular, stage (a) corrprr ses exactly one
internmed?®ate separ ation stage. Therefore, the present invention al so

rel ates to 8tapedgess ohpFies rdbagagdsa)n SOMQIHr SGthe? bddclisreaaidsO thiénelibe
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drogen pero |q ol ure co
preferably E %S@Péﬁ% '8%353863 ?@aﬁf? BERLY 8RR a)rﬁoé?’etﬁaﬂglwo FRaSHRMEtagend
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hydr oper oxi de, pre era rogen per oxi Hi )reaction of the

hydr oper oxi de, preferably hydrogen per oxi de, whi ch has been separated

off in st agEhe(refpye metmea@hémvwlopaefneefatbﬂo PppopessevhedSTHiage ) comprises
"m xture resulting fronrstage (1)" as used in the context of the

present o4 ven- kg rtogfdrf]e e pr{&a&\rg;{@deh Sl #80droBdbF 8é“datr%5|¥sned

R2, Rn which aré P%endffé?)% & (tjhgrve a mlxture comprrsmg olefin oxide, preferably propylene

oxide, unreacted olefin, preferably propene, and unreacted hydroperoxide,
preferably hydrogen peroxide;

(i) separation of the unreacted olefin, preferably propene, from the mixture result-

30 ing from stage (i), obtaining a mixture comprising unreacted hydroperoxide,
preferably hydrogen peroxide;

(iii} reaction of the hydroperoxide, preferably hydrogen peroxide, which has been

separated off in stage (i) with olefin, preferably propene.

35  The term "mixture resulting from stage (i)" as used in the context of the present inven-
tion relates to the overall effluent stream comprised of the effluents obtained from those
of the at least 3 reactors R1, R2, ... Rn which are in operation.

In the process according to the invention, it is possible to use the same or different
40  types of reactors in stages (i) and (iii). Thus, it is possible to carry out stage (iii) inde-
pendently of the reactors used in stage (i), in an isothermal or adiabatic reactor. The
term "reactor” as used with respect to stage (iii) comprises a single reactor, a cascade



In the process according to the invention, it is possible to use the
same or different 40 types of reactors in stages (i) and (H ). Thus,
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21 is present. Even nore preferably, in each of the reactors used in
stages (i) and (iii), the catalyst used for the epoxidation reaction
i s enpl oyedo a¢sfipsed- bed reactor wherein the catal yst ipgTartdos/adapizsm
zeolite catalyst, nore preferably a B% 1 or Ti-MWcatal yst and even
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di stillati ond waEm espedidliy)prefarablyf@am EHeMdordtlcdl ayesi sting of
ol efin oxide, preferably propyl ene oxide, solvent, preferably

met hanol angd unreacted qlefin, prefera- bl ropene, is obtained. At
the top of S?Fé”’ %ﬂ?rﬁ@”'gv@ﬁﬁé%ﬁgﬁda?%%tmﬂét & regpi i g realiainekirpmR i) a
wat er cont elitfedi thdisiiteiien edismn of () fam 296 3P thebetiadilsiages belot thentop, drévan
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nore than 100 m .preferably of not nore than 20 ppmand still nore
preferably &‘ thggqp %ﬁ'feeé’?%}qﬁtﬁ’”l‘@?%ﬁf ()2 sERam espentialy serpiing cheletnodde.
wei ght of t preferabkt proeylenst exidee dolagnts prefetabty roétharimd acod Lonencte@Olef, prdfera-
bot t om of tihig petipehd,lid eithined. @@ kHeNBp ofths HIBAR) HEReIMY RbYur A tShdd¥hOf
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preferably un cte drage eroxi de I's ob ) _

t he col um, a'ﬁﬁﬁ)’(’?‘iﬁ? BF%Qa@gpg?Cﬁga)rﬁg\@mQ@ Wi b 1381 ihaving 2 dydoappyide, pref-
propene cong'ébly hyfirogen petxide tchatensof npp morg tremeTtlbdpm, afrefectbiynafrret rvag
35 10 ppm athdn 20 bbi amarsel poeS srerkly fnot@breBER 1§ DA, iR cBBas8Msed on

having a ol @f il Qi ngtRéﬁfigﬁé%Yairfedpaﬁ%%{;;ﬁgﬁh%&gr%ncome“t of not

nore th 50 ppm p era of 'not nore ppm and still nore
preferably of not nore than 10 ppm in each case based on the total
wei ght of tAdhebsttam ef thbdistifesidn aolumhea biotaroessehtidllpeonsidtingmf solvent, pref-
aoTher ef or eerablﬁra?whna:g veitert i@ W t hpforeRitlo, Blofethiayiunitadibh in Aol
separation : L0 S escr.li as,_separation o
unr eact ed o@%@?g IICS) %gtagrfétd é%ﬁggibvﬁ(% of i Cgﬁmgr %h ')Sl%%d? 0%?'819 ?na‘ﬁ@ﬁ gpole-

r, e c}/ as seﬁ)
VO 2008/ 135 85@?%¥5§@@e@gggﬁgnt f not more than 50 ppm, preferably of not more than
35 10 ppm and still more preferably of not more than 5 ppm, and having a olefin oxide,

preferably a propylene oxide content of not more than 50 ppm, preferably of not more
than 20 ppm and still more preferably of not more than 10 ppm, in each case based on
the total weight of the mixture obtained at the bottom of the column.

40  Therefore, depending on the respective point of view, distillative separation according
to stage (i) can be described as separation of unreacted olefin or, alternatively, as
separation of olefin oxide.



22 According to a still further preferred enbodi nent, the
distillation colum used in (ii) is configured as dividing wall
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Preferably, the dividing wall colum2preferably has from 20 to 60,
nore Spreferably from 30 to 50 theoretical stages. The upper conbi ned

region of t i af | ow. an ftak rt of. the dividip |1 colum .
pr g:‘ erably E‘gcs?r 'P%%} 3 S_[;l'_gfu%er@%reﬁgg@ 95\1?8?'8'Pa§|“§? %F@'ﬁﬁ%sg(ﬁﬁn@ﬁs‘?%{” {fris
the total nEPRd@rredrast fudingtwallagolanmdexing it depst ooe wire;offtdke. ersfdrattiyrone
section of siHeofftakd.CRvefesattly, pinee tiekimigl wallléblras pfeferabip ha /oR 90 o8, enore

preferabby proamuthpirsd 380 90 tiebftisdisiapi.ng section of the inflow part
preferably Eaes fr%r% 15 t% 70 % im)réi%preferably from20 to 60 % the

stripping section of the offiake part preferably has from5 to 50 %
nore pref er b YPRF sRMPEIE dedon 9 the Heflownandcefffelre parbet themividing well column
of ft ake par prefaraiflghadirgm Bas 50 vaMAS ptederZbly HomH © 30r98f @hiadlowal hiipar2d
to 60 % anghebhfcd QMREs GPHY DRfnd, S0k %Hric%ng%h@e |§r'ﬁ lo?YKeain#ovPFLr% g}'(e?%?bly
15part 9@ tge onL]gr{Q @geferab;egq%qs 0ro? 3{%9 OtA; mor e P ef ral ﬂgw
from 15 to 30 857 Ph° B4 dh MAARR KO 4P SRS SURPIRG RESP R pidag M
stages in t P&t esieIARly Ppe fiom 13 leelll Yo renie Rrafergbly dont 29 ta B@ %.rihestrippiag
whi ch the psaduoetof thexdfitike palitpedfevably hao fromhis)toise %, etbre Ptederbfip el 1618 30
ot hanol - prat e Sy an g R D%@S@A%fﬁézgﬁ%%ﬁ{o?ﬂo%= g
nmet hanol , { .

40 alo, st PPﬁeFeﬁ%t?%lf% eiipa@ &vaf‘gﬂlﬁo‘ﬁ\”@ ?95“%'@%/5%‘?8 §%°e6‘f’%“l’ pgd offtake
preferabPy Batphtgencalomppreferablydiastiien $ &t 20 %s oloveprefergrefremabltg 30 %, in
met hanol , i sadhadess otthé teaal number sretckicadtealtideelin @Bdolufini | | nore
preferably, directly fed back to stage (i), to be arranged at
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with a | ow [essur kdrop per theoretical stage. n
abovemantioﬁ&f' gd’ﬁ% guration of the colum, the region of the colum

di vi ded by
The dividing wall column used in the process of the present invention is preferably con-
figured either as a packed column containing random packing or ordered packing or as
30 atray column. For example, it is possible to use sheet metal or mesh packing having a
specific surface area of from 100 to 1000 m%m?®, preferably from about 250 to 750
m?/m®, as ordered packing. Such packing provides a high separation efficiency com-
bined with a low pressure drop per theoretical stage.

35  In the abovementioned configuration of the column, the region of the column divided by
the dividing wall, which consists of the enrichment section of the inflow part, the strip-
ping section of the offtake part, the stripping section of the inflow part and the enrich-
ment section of the offtake part, or parts thereof isfare provided with ordered packing or
random packing. The dividing wall can be thermally insulated in these regions.

40
The differential pressure over the dividing wall column can be utilized as regulating
parameter for the heating power. The distillation is advantageously carried out at a



the dividing wall, which consists of the enrichnent section of the
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50 ppm pret 0o, W (Fg AR Q roperoxide, preferably hydrogen peroxide is

obtained. At the bottom of the column, a mixture is obtained having an olefin, prefera-

bly a propene content of not more than 50 ppm, preferably of not more than 10 ppm

40 and still more preferably of not more than 5 ppm, and having a olefin oxide, preferably

a propylene oxide content of not more than 50 ppm, preferably of not more than 20
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not nore than 10 ppm in each case based on the total weight of the

m xture oki@hdaeessgds the bottom of the colum. At |east pppkbroediosiss
stream taken fromthe side of the diyjdi ng wal | colum can be recy-

5 cled as solvent into st of th nventlve roces
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i ntroduced gt@?@(]; he reactor via, for exanple, one-stage cooling or
two-stage cooling, nore preferably to a tenperature of from20 to 40
C, still m)re referabl to a tenperature of from30 to 4
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preferahby H&ré hetdraihg Grebk BYid rbferaB Fomnd, Bakbiticrdianlyeddieley Ak te
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W th stages?e(ag
hydrogen pel&:eee s ﬂlﬁ'@?@P'é‘Eﬂ gty ﬁ&erﬁaW@ qr@&ﬁ#l%!&f@@ah%m%%%de
prefera- 25btejerably tyrmrogemmpeoidecrand® adde®7 % and particul arly

preferably in the range from90 to 96 % The total hydr oper oxi de,

pr ef er ably [ | e

B o S20Y ot SEBSRPE 8 A5G 55 00, o B M Ak il
and particu droggn @PT% dﬁr'éﬁoé‘?fﬁrﬁpﬂ)’ ‘&thq ERgE @Q‘ g4 Ag 9'i”th/é ’F‘@E?c?rﬁff’l‘?qlﬁ % Hpe
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based on the
preferably hydrogen peroxzde ES preferably in the range from 78 to 99 %, more prefera-

25 bly in the range from 88 to 97 % and particularly preferably in the range from 90 to 96
%.

The total hydroperoxide, preferably hydrogen peroxide conversion is preferably at least
99.5 %, more preferably at least 99.6 %, more preferably at least 99.7 % and particu-
30 larly preferably at least 99.8 %.

The reaction mixture obtained from stage (iii) preferably has a solvent content, prefera-
bly a methanol content of from 50 to 90 wt.-%, more preferably of from 60 to 85 wt.-%
and especially preferably of from 70 to 80 wt.-%, based on the total weight of the reac-
35 tion mixture. The water content is preferably in the range of from 5 to 45 wt.-%, more
preferably of from 10 to 35 wt.-% and especially preferably of from 15 to 25 wt.-%,
based on the total weight of the reaction mixiure. The olefin oxide, preferably the pro-
pylene oxide content, is preferably in the range of from 1 to 5 wt.-%, more preferably of
from 1 to 4 wit.-% and especially preferably of from 1 to 3 wt.-%, based on the total
40  weight of the reaction mixture. The olefin, preferably the propene content is preferably



35 tion mxture. The water content is preferably in the range of from
5to 45 w.-% nore preferably of from10 to 35 wt.-% and especially

pr ef er abl yw@ﬁgof;ﬁigggng to 25 wt.-% based on the total werghiogbssbie
reaction m xture. The oI efl n oxide, pgeferably the propyl ene oxide

content, is. preferabl h [ ange of o
ot of or abl y BTOF Fae P g {65 v o ere il ey B afboe GPO onssity
to 3 wt. - % Pigiselly efiramhe tq bwaf%mm gh hedqﬁaltmgfrt@étbplrwﬂm opdie. The
olefin, preferably the propene content is preferably WO
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st ages, for (Oxame (charl tagt(@yes (b), (c), and (d). The process
according to the present inventi on can corrpri se stage (a) and stage

b t t t . st b),.
Sthge (o) ol ob Zataﬁ)un Rl g mﬁ; e S ot Shiabyk i
m xt ur e1%‘ Ma) by tuig éM )campidsing @ least 80 Wi of defimaidug eixtupe Bylpii) comprising
conprising at | e@sént&ﬁemiably%:éiﬁarmil efdter add dt i@ast DUWtLTeof OMiibokide;
conprising ggl Vgéﬂa’rz-)ltﬂg%fe%%mdéé f@ﬁftﬂ?ﬂmture"(ﬁtiﬁi in2i bRt orleetﬁs?ﬁlat?on"gtag?ﬁ/?)

"h ot T east oneblFEIa PRAYT el Pagens Bty ﬁggtnw% IR P 4 mixtre?

in at |east one’d
conprising at | &dst) 9gpiging watsr aod @’ﬁ‘iﬁﬁ‘ﬁtéﬁif\’éle%Qﬁ@’\@nfnpmfﬁrﬁbly(fﬂﬂﬂ@npb
conpri siteg Wt esepinglingtsolvesis preferaby methavbol Borh e nixtregfediiall 3t least one
met hanol; 15 (Qﬁsnﬂ%ﬁ&?ﬁ b’?&oﬁ@l @ﬂ%xt?rgr(t L&] @r% r.sm!at;h 'taérvﬂm/oté?%ol-
mxture(Mcn) I Lon ]g

mxture (Mdi) E%ﬁp?reiqr yg}e aé‘& gn SF’\ME 10041 1/ QoY"%tEhtan p%&?’&?rﬁb%d”)
met hanol and upcemprishot leags HF winds erwatetnd a mixture (Mdii)

conpri si ng at | east 90 wt.-% of water. 20 Stage (b) According to
stage (byp, Ry i@ted olefinis separated fromthe m xture (Ma) by
distillati o tain a mxture (Mbi) conprising at |east 80 w.-%
of olefin and a m xture (Miii) conprising solvent, preferably

met hanol , wateardiag i sfegd @aginrepciad. delings senasdtpa fromitae mixige (M-ag &y distilla-
chenmi cal (gr aa;atommeaemkmrw@@d) asmpfisiid 4tngasiad atialof olefis bAg e nﬁiﬁ)me (vhe
m xture (M o

of from5 t gfl)f(gﬁlﬁﬁsﬁgj/gd #én@?ﬁéglgaég@mﬁé ?V\}éfértaﬂd %ﬁeé}ﬁt 7 w@ /I:Wf%oﬁﬁ GQbé/

based on the tot wel ght
m xture“{M bi). 30Separation according to stage (b) is preferably
carri ed out in easatcheesipst grede paipsté I utedds starting material of stage (a), the mixture

(M-bi) can additionally comprise up to 15 wt.-%, preferably of from 5 to 10 wt.-% of pro-
pane, based on the total weight of mixture (M-bi}.

30 Separation according to stage (b) is preferably carried out in at least one distillation
column, more preferably in one disfillation column. Preferably, this column has of from
5 to 40, more preferably of from 10 to 35 and especially preferably of from 15 to 30
theoretical stages.

35  The distillation column is preferably operated at a top pressure of from 1 to 5 bar, more
preferably of from 1 to 4 bar, more preferably of from 1 to 3 bar and still more prefera-
bly offrom1to2barsuchas1,1.1,1.2,1.3,1.4, 1.5, 16, 1.7,1.8, 1.9 or 2 bar.

According to a still further preferred embodiment, a mixture (M-bi) is obtained at the top
40  of the distillation column comprising at least 85 wt.-% of olefin, still more preferably of
from 85 to 90 wt.-% of olefin, preferably of propene.



colum, nore preferably in one distillation colum. Preferably, this
colum has of from5 to 40, nore preferably of from10 to 35 and
especi al | wpsed/etsadal y of from 15 to 30 theoretical stageprphosiiscors
distillation colum is preferably opetated at a top pressure of from
1 to 5 bar pr nor e

from 1 co FBIufdie Fifre i oheied ab Botfuesi iBst BLfoR fal e
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of from 55 il omde; Seferanheprppeéraradrley from 60 to 75 w . -% and
especially preferably from65 to 70 wt.- % of solvent, preferably
nmet hanol , o£ frzT 13 to 25 wt.-% nore preferably from15 to 20 w.-%
of water, a |l east 7 Wt.-% nore preferably at least 8 w.-%
nor e pré@era- 5 bly at least 9 w.-%and especially preferably at

| east 10 wt Acegrdifigio sirgerfd)embxtwen(Mii) obtabedtiromsisgr kb)as talouns st@am is
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mxture (M Bl "/OBF%N%ﬁgpFe“fé’rﬁ} g%%@f‘anénlbéreﬁﬁtaﬂ%t oms streamis

subj ect to a furt |st| tive separation process in whlch a

m xture Mm% conprisin east 99 wt.-% of ol ef oxi de a

m xture (M ePaBmRserd gtovﬁigé’r Céﬁdp@f@@%g?m% OWt'” Q%"%ﬁSt $of \%H'ﬂa“on
pref erabl y ocstrhamodreargermblyan ned disBeian a¢limn. Rreteoatdy, tigs taume dge of fegm
is preferabbytcio ek greterdtly @tirdntaGio MoandicsbédidiRtordlrabg ot fidm 5006 80
preferably k]% %ﬂ@au‘é{a@&é' | ati on colum. Preferably, this columm has of
from30 to 8 e preferably of from40 to 100 and especially
preferaBly of from 50 to 90 theoretical stages. 20 The distillation
colum i s piled eistilalign opematiedrefiratédy bpgrateded suoe pafssfneamfrembabaoer less.
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at not nore

nor e pr ef er 8418 mare High OrﬁJ‘Paé ‘E‘Hﬁ’rPrBfe'?bb’a?t nomarestb?rr P 7rP§F é‘”BrSELf morgspraf-
erably a5 netablymt ecttrnane t0ar60.b&er. PRrfefred medey afrigebpafesshe arefopeespis, e
are, for exagmlEs id 09BPL.- BokWréfeblafom TR BarlRb SfLhabbyerd o plediares

to 0.8 bar. glP ?or%%rggigbgt? L%bqistglilro?%b%tq}t‘)%&ro %UP!)% baft P%ﬂ% ugt)é tga@ror

or about 0.5 "bar 0Or ar or ab ar or - a
30Accor di ng@Pdt 8-81%f erred enbodi ment of the inventive process, the
m xture (Mci) ob- tained as top stream conprises at |east 99.1

W . -% Bpreapiddifg abh ){)r@érréoe@fﬁbo&ﬂerﬂ oMhe ln\/entiﬁf@rpﬁbcl@ésﬁf’tl‘i%,r AiddYe -diyasst
99.3 . -%, arﬁ%reasptﬁﬁgg %QCXmBﬁ e%ea@ﬁa E 4 Wy, - HoreBitereidoly At 169% 99 wt.-

r ef er abl | east oXl ?f
oxi do. _ Pr of e {5 @5%%?@%\”& Sﬁf@ rirs ale eé%ff'sp G b g
for exanpl emOfehp:ieFeéa éﬁ% A; of olefin oxide, preferably propylene oxide. Pre-’
ferred contents of M-ci) with respect to olefin oxide are, for example, in the range of
35 from 99.1 to 99.9, more preferably from 99.2 to 99.9, more preferably from 99.3 to 99.9,
more preferably from 99.4 to 99.9 and still more preferably from 99.5 to 99.9 wt.-%,
based on the total weight of mixture {M-ci).

According to a preferred embodiment of the inventive process, the mixture (M-cii} ob-
40 tained as bottoms stream comprises of from 55 to 85 wt.-%, more preferably from 65 to
80 wt.-% and especially preferably from 75 to 80 wt.-% of solvent, preferably methanol,
and of from 15 to 45 wt-%, more preferably from 20 to 35 wt.-% and especially pref-
erably of from 20 to 25 wt.-% of water, wherein the content of mixture (M-cii) regarding



35 from99.1 to 99.9, nore preferably from99.2 to 99.9, nore
preferably from99.3 to 99.9, nore preferably from99.4 to 99.9 and

still noreypibesisaddl y from99.5 to 99.9 w.-% based osctie009b:ab73
wei ght of mxture (Mci). According e a preferred enbodi nent of the

i nventive prqcess he m xt ur Mcii) ob-. 40 taped.as bottons stream
conpr 1 ses. ofoTFhrraarply TS 25Nl ssvaleup eutf o B B8 e T B h o,
and especi aFl";V-'rBI(“éfbé}-abl y from75 to 80 w.-%of solvent, preferably
met hanol, and of from 15 to 45 wt.-% nore preferably from20 to 35
W . - % and espaxtdiag toja furiekr erebatvhyntef tHer @ase20invent®Bd, sdparfionbf vlefireoxide,

wher ei n § hepeaianbropilené skidd, e g€ (d) )s pee@ahsl Gt 1048 two, more preferably in
2008/ 135398{?@@@@%&{0 73 27 solvent, preferably nethanol as well
as water is higher than the respective content of mxture (Mbii).

According tg . a further odi nent .of the present invention,, . .
Soparat i on il Gpl PREBTUGE agaps %BW%E%EEFW%&(@”‘ ¢ gecondigintiagion )
i s perf or medmMpfoaPrisasaaitleash§9-Inyre ¢frddfisragsiey stilhmeigoordiesabiy atdeqspH9.99

col umsi10  wEt% bf olefir exiqer ef er abl y, the ol efin oxi de stream obtai ned
fromthe second distillation colum conprises at |east 99.9 w. - % of

ol ?‘;i n gXi ?@ref%‘lhiulb,' thﬁ‘?i?s@_c@l%tﬁ\fnq{alémﬂfroﬁut ad %?%%0 %}%r% reg[?é?éi‘i%yi 81%r6’rf1 40l18f1bp
oxi de. Prefer . the fir ol u 0 r o} , hore
oreferabl y 600 parbiieboTElsbe R Epdl o B R B abl y of from 50 to
90 theoretical stages. 15The first colum is preferably operated at a
top pregsur hefirst caomh iharfoably essatelisyd @-tog padsbyre pf @bar Bbdrygr |¢dse Espe-

di stillati ogamPbidfiRadf tRP@EMERS @furfn MapHREH HFBoRin GidRPaPs BpSHES
of less than nor

T r r ref erabl t not th 0.9 bar
oot or bt v e st © kah e Pkl of 3ot MR ShAn Y S R PR g,
0.7 bar, an8olgpereithaig?-8 bE'ﬁ &foss ar@f%vatéx atiot Mo Bak AdrPan. amdis4l more prefera-
Preferred rangesiobmotdthah@ps pae Feefereedaradged of thextaprpleasure 20e,ffonanddpde,
to 0.9 bar, #BRIE3 RS lostabhYref 5o MiArdRi0.4 BarCod. 984, PRISHES 1B PréRbres
pressures are, .f.ol examp e, apout, U4 DAk or AR0Uro Q-3 BAL, G (2PN
about 0.8 bar.

Preferably, the second column has of from 25 to 60, more preferably of from 30 to 55
25 and especially preferably of from 35 to 50 theoretical stages.

The second column is preferably operated at a top pressure of from 1 to 7 bar, more
preferably from 2 to 6 bar and especially preferably from 3 to 5 bar.

30 The mixture obtained from the top of the first column which is fed as feed stream to the
second column can further contain certain by-products resulting from one or more
stages of the overall epoxidation process, having boiling points lower than the olefin
oxide, preferably the propylene oxide. Examples for such by-products are aldehydes
such as, for example, acetaldehyde and/aor formaldehyde. These by-products can be

35 contained in the top stream of the first column in an amount of up to 0.3 wt.-%, prefera-
bly up to 0.20 wt.-% and especially preferably up to 0.15 wt.-%, based on the total
weight of (M-cii) and referring to the sum of the respective weights of these low-boiling
compounds.

40 Stage (d)

According to stage (d), mixture (M-cii) obtained from stage (¢) as bottoms stream is
subjected to a further distillative separation process in which a mixture (M-di) compris-



Preferably, the second colum has of from25 to 60, nore preferably
of from30 to 55 25and especially preferably of from35 to 50
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of 1 to 10,
preferred eﬁ?ﬁ?ﬂ?ﬁ@ﬂ'ﬁa“e'ﬁ Celn@npf@sent invention, distillation in stage
(d) is
30 The term "first column (K1)" as used in the context of the present invention relates to
the column into which the mixture (M-cii) is fed. The term "second column (K2)' as
used in the context of the present invention relates to the column into which the bot-
toms stream obtained from (K1) is fed.

35 The distillation in the first column (K1) is preferably carried out at a top pressure in the
range of from 2 to 8 bar, more preferably of from 2 to 6 bar and especially preferably in
the range of from 2.5 to 6 bar. The distillation in the second column (K2} is preferably
carried out at a top pressure in the range from 8 to 15 bar, more preferably of from 8.5
to 14 bar, and espedcially preferably in the range from 9 to 13 bar.

40
Distillation column (K1) has preferably of from & to 30, more preferably from 7 to 25
and especially preferably of from 10 to 20 theoretical stages.

Distillation column (K2) has preferably of from 5 to 60, more preferably from 10 to 55
45  and especially preferably of from 15 to 50 theoretical stages.



performed in a two-pressure distillation process, where in a first
distillation colum (K1), distillation is carried out at a top
pressure whoehasnsse fferent fromthe top pressure of apseaefndsnsiors
distillation colum (K2). 30The term2dfirst colum (K1)" as used in
the context of the present inventi on reI ates to the columm into which
the m xture (M-CII) is fed. The term"second colum (K2r as used in
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from t he bof\ddiiensly.cbe prasesKel) the rgsenkiagerdien cansempevirther gagesvige ex,
nor e pref er abbl @iifitatias btafbs ad far 46 obfimaidy oraaiabis pewivalslaye gorebeeabl vy
at least 97 w.-%of water. Preferably (Mdii) is essentially free of
solvent, preferably methanol, 15 i.e. it has a solvent, preferably
met hanol content of less than 5 ppm nore preferably of less than 1
ppm In addition to water, (Mdii) can conprise certain by-products
resulting fromone or nore stages of the overall epoxidation process.
Exanpl es for such byproducts are glycol conpounds such as propyl ene
gl ycols. These by-products can be contained in (Mdii) in an anount
of up to 4 wt.-% preferably up to 3 w.-%



20 Additionally, the process of the present invention can conprise
further stages, for exanple purification stages as far as olefin

oxi de or val uabl e products are concerned. Cains 1. A continuous
process for the preparation of an olefin oxide conprising a stage (a)
(a)reacting an olefin with a hydropergxide in the presence of a
catalyst to obtain a mxture (M) con‘b@(i sing olefin oxide, wherein
stage (a) conprises at |east one reaction stage (i) wherein in (0 (1
)the reaction is carried out in at least 3 reactors Rl, R2, ... Rn
connected in paral- lel, wherein each reactor contains the catalyst
and wherein the standard catalyst |oad LS of a given reactor deviates
not nore tgMimsS5 % fromthe average standard catal yst |oad LSA; (2)
at any given point in time during carrying out the reaction, at |east
one of the & cdniasdusPrdc@@THOhS piddarath of an oleBA ok e QbthpinPRERIEPN for
regenerating the catalyst present in this at |east one reactor so
that at least 2 reactors remain in operation; (3) at this point in
time, the at@)l eagpcingrasabdioreth nhysipeperaxidsin theeropaeat e datslysitit abtaipd. 1)
the average cat alpyyghrel@QRfcdefbristgldleffiltfideange of from (0.8- 1.2) LSA
(3.2) the catalyst |oad of a given reactor is within the range of
(0.5 - 1.5) LS, LS being the standard catalyst |load of this reactor;
(3, 3) the cathetepsitageda)kompofcsat Ichgast react@nctagt ligshewddo(ipr s devi at es
nore than 5 %fromthe average standard catal yst |oad LSA and is
different fromthe catalyst | oad of each of the other reactors;
wher ei n t he (bht aftygsaciiggyig cprrigd owt igptlesst 7 exeiow R, &2y hdlnronagctedin arel- of
hydr oper oxi de f etdl, péferdi tl Faabtot adntdipisthe eatdlyfend Whereinithd ardiidScatalyst
reactor; wherein I of iven reactor is
t he catal yst | oaﬁ’ggﬁﬁéﬁ?%@ﬁ geggt?{ g‘iﬁ%ﬁ%s “é’g’g‘glieeg"‘“r%? %a %vaeenaVFlgﬁ%? 5n
period T to thisdaeésealgstleaddeHiini ng the catalyst, results in the

maxi mum yi ez} of atah@fiven pXihdia thasReing BarPye ANelQ%¥Adsn, HRaHLE of 8 at

average standard gsgﬁarg%got #gy?@ LS@l is 1 ‘%ﬁ sum o&) t he sttancha\r d ;

catal yst |oads of“%PI"F%x: »RET RET RPPATPY G 15y sting the catalyst
present in this at least one reactor so that at least 2 reactors remain in operation;

(3)  atthis point in time, the at least 2 reactors in operation are operated so that
(3.1) the average catalyst load LA is in the range of from (0.8 - 1.2) LSA;
(3.2) the catalyst load L of a given reactor is within the range of (0.5 - 1.5) LS
LS being the standard catalyst load of this reactor;

?

(3.3) the catalyst load L of at least one of these reactors deviates more than +
5 % from the average standard catalyst load LSA and is different from
the catalyst load of each of the other reactors;

wherein the catalyst load L of a given reactor is the molar amount of hydroperoxide fed
per kilogram catalyst and per hour into this reactor;

wherein the standard catalyst load LS of a given reactor is the catalyst load which, if
constantly applied for a given reaction period T to this reactor containing the catalyst,
results in the maximum yield of olefin oxide based on hydroperoxide;

wherein the average standard catalyst load LSA is the sum of the standard catalyst
loads of al reactors R1, R2, ... Rn divided by n;

wherein the average catalyst load LA at a given point in time is the sum of the catalyst
loads of the reactors in operation at this point in time divided by the number of these
reactors, and



wherein the average catal yst load LA at a given point intine is the
sum of the catalyst | oads of the reactors in operation at this point
intinme divided by the nunber of these reactors, and 31 wherein in a
given reactor, the catalyst load L is changed stepw se during the
reaction in this reactor froman initial value in the range of from
(1.1 - 1.5) LS at the beginning of the reaction to a value in the
range of from(0.95 - 1.05) LS and theéh to a value in the range of
from (0.5 - 0.9) LS before the reactor is taken out of operation for
regenerating the catalyst, LS being the standard catal yst | oad of the
reactor. 2. wheeipmegcgsen refctay] te natdlystudeerieischanged biypiviopdurmgititkerehgion
hydrogen peroideacicfohl & RitRE $aTe AfihClaRbdBild (12 - VORI €hitnd Pginning

catalyst is titani um zeolite catal %t 4. The process any ]
110 3, whePbMs EHREOBIO TAPY1S tsigpsenl Fom (OPfe |56EE 48T Ben fyyvalye in the
claims 1 tordhgekifomi(0.5i-m.9)i08, befdiethelreicion is takeh@acsgpetatiod RE rqpeLESiige
of a sol Ventthe_r%talﬁﬂq,sﬂfeﬂfgq éstgﬁda@fc@lc s?koaﬂ"?fi%gléé?iaf,oﬁe solvent is

met hanol . 7. e process of any al ms erein the at |east
3 react®rs Rhe pRRess.of clalii 1 afker&ih @lelhyangeloride iy 18@61e0k Serafide.t he
catal yst present therein is a fixed-bed catalyst. 8. The process of

any of xl ai %e%r&c@ss_%fcl\éﬂ@'i%}ﬁ,@%&ﬁﬁie%ﬁtaﬁiﬁéﬁ?@%{u&n{%ﬁ%@%g load L

of a given reactor is within the range o rom LS,' LS
bei ng the stapdal.g %ﬁ%ﬁ%é@ 119 LS J188E The process of
any of clains tg 8S er EI}nI’? agg’o‘?lg?rrfglt}%og%@%?{o‘pf eé aver age catal yst
|l oad LA is ih the range f.ro 9- 1.1 .LSA. . 10.. The process of
iy of 1 ai e PR M sraieR Ted Pindiecsh - B0 olobtin pgedy MRt
process of efabelva®, wherein n is 4. 12. The process of claim 11,
wherein in (i), at any given point in tine, 1 reactor is out of
oper at i%on aftic Bracesmef olagn arwhdrein Gpapkbntanmethdnol. The process of claim
12, wherein at this point in tine, the catalyst |oad of a first

r eac'([jor?di S Mhe bfiReds N gey (?f cld’ri]ﬂh@?ntd 8, whereid the at leﬁﬁ B ,redeﬁlsl REI ..IIgc?arfe
standard ca t a t ir react the cat st. Joad of a
second reac%%léruyzlﬁjé1 'dllﬁe %ﬁgorfg %%@eg?tgj&?tc?h%{%ﬁ%%?mfﬁ edl%é,catﬁ & bei ng
t he stagndard,catalyst |o of the_second reactor,_ and the catalys
| oad ol ne hf Bihess ok ot e 1 K7 o et ateb et . B the crepysipad gt a
LS3 bei ng t lgvestandasdvitan tleyatge bbfdm@®.7t-Ne) 18] L beisgthieatandard 2atdlgst

The processiffi Shid fydde Wherein at this point in time, the catalyst
| oad of a first reactor is in the range of from (1.1 - 1.3) LSI, LS1

bei ng the s r . f.the first r or,, the catal yst
| oad ofgha sgggﬁ%cgsé%g%ﬂyfis%m#g?? chg “Fhésﬁe?%acc?f) r%fnrgotﬁq?%b B"S:-avef%fs‘j&al?@}zl,
LS2 bei ng t Raddaridathg raweal fem (P§ad-10.SBhe second reactor, and the
catal yst load of the third reactor is in the range of from (0.7 -0.9)

LS3, L93. beilhgptonessof amdeficthimai & 9 stheradanl isdésstthee drlequatitor act or .
11.  The process of claim 10, wherein n is 4.

12.  The process of claim 11, wherein in (i), at any given point in time, I reactor is out of

operation and 3 reactors are in operation.

13.  The process of claim 12, wherein at this point in time, the catalyst load of a first reactor
is in the range of from (1.1 - 1.5) LS1, L.S1 being the standard catalyst load of the first
reactor, the catalyst load of a second reactor is in the range of from (0.95 - 1.05) LS2,
LS2 being the standard catalyst load of the second reactor, and the catalyst load of the
third reactor is in the range of from (0.5 - 0.9) LS3, LS3 being the standard catalyst
load of the third reactor.



15. The process of any of clains Ito 14, wherein the standard
catalyst load LS of a given reactor is in the range of from7 to 13
nmol / kg(catalyst) / h. 16. The process of any of clains Ito 15, the
hydr oper oxi de bei ng hydrogen peroxi de, the solvent being nethanol,
the catalyst being a titaniumsilicalite catalyst and the olefin
bei ng propene, wherein the standard cgtalyst |oad LS of the reactor
isin the range of from7 to 13 nol / kg(catalyst) / h and wherein a
catalyst load L in the range of from (1.1 - 1.3) LS is maintained for
a period in the range of from250 to 350 h, a catalyst load L in the
range of fr dhe pOCcES of clainn 5, Whercirsatiiis peial indidnef the catalyetrlpabofiarfirstiyeactor

range of from2R0a48 338nY 1airLd1 @) zat @kygém& %qtahda:@ c&tmstrl@éaq&ﬂ%fﬁr&tr om
(0.7 - 0.9) LSis nmainta
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18. The pr Oﬁﬁv\ﬁ%‘(:%ftorq@ﬁﬁ tﬁ’ef, raﬁéegt;){%n}(d P é@) LW gkg 'mel:r rﬁle s't dar@ cﬁ%ﬁfgtyr €

i s obtained rises oxi de’ “unreacted ol efin an
unr eact ed hyR¥ GpBIeSRIEEacod wherein stage (a) additionally conprises

(ii)separation of the unreacted olefin fromthe mxture resulting
from stldge The progess af ansrf ckeims k taukd wherepy the staedagheasadyst lsad LS of a given

hydr oper oxi E'@ctofishh)herrﬁﬁ%tdf%nﬁtotlbefnJIYQg@Qc@nytﬂﬁle whi ch has been
separated off in stage (||) wi th ol ef

16.  The process of any of claims 1 to 15, the hydroperoxide being hydrogen peroxide, the
solvent being methanol, the catalyst being a titanium silicalite catalyst and the olefin
being propene, wherein the standard catalyst load LS of the reactor is in the range of
from 7 to 13 mol / kg(catalyst) / h and wherein a catalyst load L in the range of from
(1.1 - 1.3) LS is maintained for a period in the range of from 250 to 350 h, a catalyst
load L in the range of from (0.95 - 1.05) LS is maintained for a period in the range of
from 250 to 350 h and a catalyst load L in the range of from (0.7 - 0.9) LS is main-
tained for a period in the range of from 250 to 350 h.

17.  The process of any of claims 1 to 16, wherein the at least 3 reactors R1, R2, ... Rn reac-
tors are taken into operation sequentially.

18.  The process of any of claims 1 to 17, wherein in (i), a mixture is obtained which com-
prises olefin oxide, unreacted olefin and unreacted hydroperoxide, and wherein stage
(a) additionally comprises

(i)  separation of the unreacted olefin from the mixture resulting from stage
(i) obtalning a mixture comprising unreacted hydroperoxide; (iii) reaction of the
hydroperoxide which has been separated off in stage (ii) with olefin.



