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;ede(_ZZ[]4PIN*6AT(_nv7 As originally filed 5 P.F.
53763/ Kg B02/0294PC | B/ AT Process for the continuously
operated internediate isolation_of the oxirane forned

in t" w -free oxirane synthesis by neans of a
divM'mwmmmmw mmulunn 10 The present invention rel ates

to a conjsgdously operated process for the

i nternedrate isolation of the oxirane formed by P.F.53763/Kg

r eacty roperoxi de with an organi ¢ conpound
in td“Wﬂ"@ﬂWﬁmmmw coproduct -ftee oxirane synthesis,
wherein L@ﬁﬁproduct m xture formed in the synthesis is
fractionated in a dividing wall colum to give a

| ow-boiling fraction, an internediate-boiling fraction

and a high-boiling fraction and 15 the oxirah@2/f234PC IB/AT
taken off in the internediate-boiling fraction at the

si de offbaEE of the columm and the hydroperoxide is
t ifedi he high-boiling fraction at the bottom

of the columm. In current processes of the prior art,
oxi ranes can be prepared by reaction of suitable 20
organi ¢ conpounds wi th hydroperoxides in one or_ nore

st aglrocess for the cantipnonslyonerated intaaediatgdwdationof the peigane
i N Vibred e oprodvceifite bLikand & nilfais tbyGiiedis of Adividing wall
organi ¢ conpound with a hydrquroxide to conprise at

| east the steps (i) to (iiifq Eﬁ}(i) reacting the

hydr operoxi de with the organi c conpound to give a

PrIRE edserdtiXddhtiSn SRS {054 BéhiinlSudi P BpdrRda PFEBR for the intermediate
ound and unreacte separ

(of0) d hydroperoxide, (il ting )
t FROTaLRP fcthe OXisAaT JB%‘PQS‘x%H de4qg 4ihd 1\¥§‘SE‘P Pé‘dFe‘glaﬂ‘ t4ngfganic
f compaingpin3e (pryferablyPedprodid?68¢ girai §ynthepisy eheteimehe product
t d hde i . . ' t .
RSEPERRT SR SRS 0] i
r éavebpiding dfactions agriplgrnediztonpiding dragiiemandyg high-boiling fraction and
hyily ®0R0OXd GRer 888 tiY AEBmbdia@ibollB@SractidR ab iR REde( dfftake of the
21%81,}} I Izﬁlngj ’tlbeglrytﬁigoptepo(?(icpey ig {akBr off th ﬂlee hslgerﬂﬁ‘&ﬁrtlf Pra(gfofn at the bottom of

the column.

In current processes of the prior art, oxiranes can be prepared by reaction of suitable

organic compounds with hydroperoxides in one or more stages.

For example, the multistage process described in WO 00/07965 provides for the
reaction of the organic compound with a hydroperoxide to comprise at least the steps

(i) to (ii):

(i) reacting the hydroperoxide with the organic compound to give a product
mixture comprising the reacted organic compound and unreacted
hydroperoxide,

(ii)  separating the unreacted hydroperoxide from the mixture resulting from step

(@



10

15

20

25

30

5 reused in the reaction. The reactions in steps (i)

and (iii) are preferably carried out in tw separate
reactors, preferably fixed-bed feactors, with the
reaction of step (i) preferably taking place in an

I sothermal reactor and the reaction of step (iii)

taking place in an adiabatic reactor. 10 In general,

this nultistage process can be used for reactingP.F.53763/Kg
al kenes with hydroperoxides to form oxiranes. The
hydroperoxi de used in this sequence is preferably
hydrogen per oxi de and the organi c conpound is

L e A U i el PSR i

can i orgpae camepiuad, be used for preparing propyl ene
OAb&?dJlél? e Eé&@ﬁfelﬁmh@&%aﬁx QBBE&[hdRﬁﬁlpt‘ﬁb @2drogé}€x1de takes place

reaction’is carried out in ne

siay LAt tww@pef&mﬂa &1% wifbdie l?sgir(apf&aﬁ"ﬂfgﬁe%rﬁtéﬁ]oéfdn step (ii) being
greastd'in flreapydtiene and cont ai ns about 4% by wei ght of
propane. The hydrogen peroxide conversion in step (i)

is from 20 about 85%to 90% and that in step (iii) is
abesutcag Byt i stsed(ibandstiidhare iproferally enarriedeout Whtvea eqparategreactors,

hmﬁfe%@ﬁﬁfa&f g8 lgﬁ:téi@ RYie fhee @éhcﬁén am%ﬂ 1)9;&8/fewy {aRing place in an
ac eve el.eClti Vvl
SROGENTA! eariot MR FreCo Y e DT Dl o adBBT eagtor.

this syntheS|s is also referred to as a 25

Cﬁpgr 14 otﬂclsr ?\ﬁll@&’f&% aﬂ%ce%&’ L eo%' sedI ﬂ)r rgéc?mg aq’g‘?éf wifh! fiydro-

sep Icul ar, roper rom

¢ PEO¥idsoioraen firapéfe The dud &pewsaemséd i $hip segpence is preferably
ORfdrégengroxsdeniag thd@gatiic eanpamd iy stefRdipbrodght fiito rosth@vith a
(@% isl}o betﬁet ed Hﬁ kﬁe geactlon The hydr oper oxi de

i %rpgef 5?%%3)?% é%\i‘r}% & 8{‘:? 30 by distillation, where

it is taken off at the bottom of a col um. P. F.

5':13]7@6 %&Q prgce-EE' %aﬁ’ ' GG EAN bP %s&fv‘ P(ﬁfr ﬁﬁ:l%ilm%f ﬁroﬁiy‘l&?ec bdidle from

fromthe product mxturelnth é g}t he
hQPYpRs #id Rpddroger Reppxdde; Wbe.r??ga%tsepm B0 ?aaﬂedogwt in methanol
dissidlvdnat Tienpropyiencodedan asiSlyt fohemicak gradé’r piopylere and contains

nll%‘ilpa% b}? \9%- gmeof &th[{a% fﬂge}lg?lpdrg%'?eroﬂglg CI)I?JC%IOI{ in step (fl) is from

t #@ubﬁﬁ%aﬁ 80%i andthatyin ptep iy feaboBa?I % desed 9& ﬂ%(n)I Qver the two

CaBps afhtydiogeﬁs péogidp bhversiad bOabduy 999Sdah|HeadchiePed it £ propylene
QX|rane whi ch has previously

b%@ﬁ §$§§V5 %m%??§P§§ °bropyl ene is reacted with

hydrogen peroxide, the reaction mXxture to be

fb%t Rﬁaltsqg%rpyelgdtﬁ%ldfqﬁé RACGRTRAS $§BthediOls aﬁ%iﬁfﬂ?ér?ed to as a

met hanol ropyl ene oxi dé as oxIrane,
b§r E?@e%U8ﬁ3é§“W§ﬁhoxypropanols 1, 2- propylene
dlglycol acet al dehyde, nethyl formate, unreacted

PR 05 LS8 RN S T s

vp%tlnermodtep nbxtuteh@sdzsprm eRtiRedr Hngegthe ynicagted hydreperpxide from
| Stefd B) GOt RMeBRUaH thd ﬁebctmrrweém opdTBige Is"]ﬁ@ﬁrdbl;sieﬁdrated off

ow. boi.l ers under
dB%ﬁFPﬁ%FPDWR§8ﬂd?P? aﬁ%Fg%§ f&SUPR unr eact ed
organi c conpound. It then nornally has to be subjected
to a further purification step, i.e. at purification
by distillation. This can be carried out in a further
distillation colum
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which is connected in series to the colum used as
separation apparatus. This 20 procedure involving at

| east two-fold distillation of the desired product
requires an increased outlay in terns of apparatus and
energy. It is an object of the present invention to
optim ze the separation by distillation of the

oxi ranes formed in the reaction of suitable orgdhFc3763/Kg
conmpounds wi th hydroperoxides 25 fromthe reaction

m xture, in particular so as3-0 provide a process

mhich is inmproved in respect of the energy consunption

the distillati .t | ich

otat S ipeispier8Re SRk otk i Hrodisf Gttufefn HE'shile cotumn
cdsj the hydropapoxidd. de this prigoeditandletion by diséilationithe oxirane is then
CtQitn! AR YR }ﬁu?tﬂt@ \ﬁ!ﬂ ltlQ:V\@gto‘F ShLXd16:ARA ef‘heomrﬂ'“ﬂﬁ&medlate 1solat10n

preferaply by tista reactli be.i so] at ed
HetsEs Budhs ieyamom Hf e r‘?é’di"‘&t‘%‘eF%ga{“lt MIERPHQR mIXfsGy In contrast to
atbié payfidatioBDy ttinaionfwldpiacatried oaineh the exigane whidh Has previously
q%%gg%%&QEd%ﬁye have found that this object is achieved

onti1 nuously operated process for the
|nterned|ate i solation by nmeans of a dividing wal

Cl@lpwmleﬁé 1st@&tw(w{tﬂﬂ?dr5gﬁnr&%)@d’e iRae4dtion nfktufe to be fractionated
e with .an orgdanic conpoun

erRBEiRY Dhpr i i BB MR Te FHER R PRISE oide as oxirane,
phs)@mduttm savteat methoagmropathiofsg [1y2- momdembed;gbzcalo atdtaidahydé,ymethyl

t
8@??%%2%%6%?@@%%?@ G FORBII, BropB Al R len ofovide
otsduArapeBidsound i n the oxirane syntheS|s wherei n the
product m xture fornmed in the synthesis is
actl nat ed..i di.vi di I Y
Itw— Bx1 |cn(§g[fﬂregc$ﬁ via thaenp(ﬁ)n\’\%#hﬁe éoq . atc):gorflr% t%f t?ig rlo(r) nart is
ageatamipgtethwish icpmngurfds amphp thoshHstehaboyg Mhmhebehsvet askvetatile low

ottdcllefsn u%@ert g 'dﬂtﬁlﬁﬁ&g'&h&’h@ﬁ’d | fd?ge)tarnﬁﬁé I With aﬁnr&:ﬂ:@‘ed or anic
ftake and t %k;o per ox ken

hffogrrposaﬁhlf nff}oge? %ha %%‘blfﬁieﬁd%aofl”” ‘HeP“c‘E ncaﬁlﬁv S‘%ée at
ppeifieadorn by tdineillpti@s s canv b camied alut dwa futtkerodstilmatien tcolumn

b\gtucﬁ olls gso%ﬁec%dr ?rf ts?éfes %et leuﬁll%aﬁ%edo& gclﬁ?ﬁ{ ll.jloﬁ aratus. This

cRIPEAtHTY Wvakyinghatilsast ﬁwoﬁeﬂarcbisékaasm aé thesde§5ﬁfbpmdé€r §Agires an
biic@hsetlioutl@f inQekrmsFf ppeitiPiRl enblpg. OXi rane and the

hydr oper oxi de used can be separated from one anot her

under mld conditions and with little thermal stress

i 1t it dreohjecs o€ e ppésenhiaventiogdaoplimize e ssparagombesedistillagion of the
S&Qfaﬁeé’ ﬁﬁﬂng@nﬂ:ﬁwt ﬂeﬁ@%n Ht %ufﬂﬁﬁ@%%%ﬁﬁé doth ()Gﬁdsddvl‘ﬁh Ay dr8peroxides
mg?méco unm coppared to tn@ col umms connecte

ke reppfion mixtyes ingRE{cplan §9 4% tORFOYIYE aTPIESS B’b‘cch is improved
cmrrp&pactctff tiar enelgygdohyumgivatin e @dilkation aetheretekyall stribssl te which
SRR, COFRALETh bGLIB, T AP S0R80E Ll yhcn i
tméé%ncentlrwa@@y tagd zallowy ub@wxe:requagbtmnect drefgragty by multlstage

aRpaiont tbsb@[},@laﬁéalelhgﬁg}i? piiity 9 CinththédiaB idokioaeith RNeW Watlay in
qual it nore, the dividing wall columm has a
5???@%WBWF9‘PB@F%%%%gy consunption and thus offers
advant ages in respect of the energy requirenent
conpared to a conventional colum. 25 This is
extrenely advantageous for industrial use.
Distillation colums having side offtakes and a
dividing wall, hereinafter also referred to as
dividing wall colums, are known. They represent a
devel opnent of distillation colums which have a side
of ftake but no dividing wall. The possible uses of the
| ast 30 nanmed type of columm are, however, restricted
because the products taken off at the side offtakes
are never conpletely pure. In the case of products
taken off at the side in the enrichnment section of the
col umm, whi ch are usually |n Iqu|d forn1 the S|de

e — N R e Y
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5 restricted to cases in which contam nated side
products are perm ssi ble. However, when a dividing
wall is installed in such a colum, the effectiveness
of the separation can be inproved. In this type of
construction, it is possible to take off side products
in pure form In the m ddle region above and bel ow t he
feed point and the 10 side offtake, there is a FP.F. 53763/Kg
di viding wall which may be welded in place or may only
be physically | ocked in posit4on. It seals the offtake
part fromthe inflow part and suppresses cross-m Xi ng

t. A I
%esﬂggg Eogltna'ﬁgat Yige ?ﬁea i ﬁ@?ﬁr ? Y)? ctogﬁ?lﬁ)%l'y ?efé@dgﬂ&ess for the
oifitempdipte ommmy rmeaasmf asdividingewdlbaelume pf hthaxigane formed by

Sfefdtiodlof @hidré&r@&ddﬁvﬁh abldrgani€Botapsunti g tﬁ@p@fermmeﬁroduct-
of distillation 15 columms required. This type of

C ?Waﬂ%@%@éﬁ used, for exanple, for separating a
N het pmeeenoﬁnwandnaae;ordanglarpeqvmlnscqoawmmamﬂ)bapaated pusess for the
meéz&e&]%%)m&?l;tﬁ{ h oftH Q)Qﬁéﬂ%gfognééﬂsé)g Véa@té&{ oPERFERE erox1de w1th an

uene an ene for Separ aFtJ Ulg
nPTERRie éorapowdn@s&@r%lramvnﬂﬁﬁﬁ,awr%m dherpradych paxtpregorsied in the
1%121tlﬁ§13)1s frE]:tiUnﬁiﬂeﬂlgn walividiag waiincolaaim tapive abewttsslihg fraction, an

rﬁﬂﬁ%ﬁ?é gte(bgén@qiaggelg T&? t fugg b%ﬁl%gtf{agg&{: zﬂld tﬁ Q)? 'reln'e rfs?taken off in
cihe imterenedratenbitng trh@mn@althermfft@kﬁsar@athe b}édr@mw)pé@lsdglfen off

vwnttne ﬁlgmﬂoﬁﬁ‘l e&uﬁmﬁmﬁé bdidhd SMnOEolhMA. products are

al so known. arr‘p es of such reactions are
esterifications, transesterifications, Saponl fications
amhke proedsabf matpirasmt ifEeRtiOn AIREVABBYxirB@ té-bgisokted directly from the
SPeQ&fB‘?J ﬁl?&ﬂlr!a -‘629 %ﬂ@r‘ﬁ?eﬁtatfbelsb 19 Egﬁgl'sﬁl?]ﬁoﬁ GR P{eastafng o Rimd f&vhich

Xl rane rane
h%rlwﬁ&p@sqxu@ iy sepprated effcles §lstll¥it@“d Fystharmgradh oxirane and the

CRY dmiibro;&*@éf ﬁ.ed chebd epaiatedTroiit &ﬁw@m [Ihdlag nﬁrdcmsnaimens and with

513({}]%3;; %reégfnlu ng%cleg L 3E§8r%?eﬁ1|t nrhvgntl%r} since oPIH/ short residence
r dmes Ao mepgsxdry e thesdividimgtwadhedl edn compargd tthcoMumns eapnected

f{iPGh O riis Wds& nﬁgna?(iv%ﬁgﬁﬁﬁ ’hick %HhYCd?rfl dﬁﬁﬁﬁﬁ‘étlﬁgﬂy reactive

or ganl C compoun n I nt { e-bol % ﬂl {)
cobeEnally THLE CHERQRHRS o RmEar @qthsar?qﬂrﬂﬁgd*w%& i fpegprior ar

Wheaidvelqpisdesd of hs peestrit abveyitiaf tharefera ddadsl tdy chdogelr axliayién terms

t th i T

t ggg)ﬁa%msvxlg{i '8?%@ éc?rgﬁmgtpgf tW@L o@ed dief! [lﬁﬁz Fu?thr:rmore the

KET ake r I nterme |at
Miivitheg ovaljaedleme dwpoupdtiodady dew apereyseanaerption apd s offers

| Q&Vrahﬁl?ésl iﬁiQresfﬂ'eéthf' thE e £ qudiréﬂhd:ﬂt |cdmphied 3 alcbvenfPnadicolumn.
nce again with

h%?éﬁ)@?@ﬂeg’eaqvﬁ"t?wgui eac(él‘f 'és provided for this

pur pose. 10 The |nterned|ate boiling fraction

w{ll'aﬁérp&)lﬁlnﬁs o (ﬂ’ﬁaﬂe%sahfl %céh\m:lﬁi %ﬁl h@relh%rbls%fréferred

I d or vapor ormat

it a3 v el S ey, rehcey ey FepEn 4 doselopgut ffigilaton
t Golumas whivhihes s sidhiofflakambat hodiaidiag wall.Be posdbld@sesrof the last-
outS|

o dame cfj {Seypg |'(1)(1§ \c/:él%%l?ln%% (évee'vgr(,)l 'tr?n{ﬂe& Qe%i@g _Cmé gho(aﬁﬁts takefl off at the
f side pff@hes wm.newtcynppbeﬂly pureoirphe ease of predugetakereeld ut ﬂné Side in
t agelBRhmBAL foclibe of Ahd @6luniaS Schi@N dreVauely andiguil fodeehhe side
off at the bottom of the columm, can be reacted once
again with the organic conpound in the apparatuses
provided for this purpose. 20 The oxirane synthesis is
preferably carried out using the process and the

apparatus for carrying out the process described in WO

00/ 07965. The apparatus conprises an isotherna

fi xed-bed reactor, a separation apparatus and an

adi abatic fixed-bed reactor.
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25 Use of the dividing wall colum of the process of
the present invention as separation apparatus nmakes it
possi bl e to have a plant by nmeans of which the oxirane
can be prepared continuously and be isol ated by
conti nuous internediate isolation and unreacted
starting materials can be returned to the oxirane
synthesis. In a first stage, the organi c conpoueF.i5§763/Kg
reacted with the hydroperoxide in an isotherna
reactor and 30 the reaction-gi-xture is transferred to
the dividing wall colum where the oxirane is obt ai ned

he j.ptermedi ate-boilin c ion taken f

B0 T iy PraRonis - Bt BPbinE O DR ch "Fhewtd be
tse;ginatexboffwmgthe ere thh o, cahel pratiects takemptiun thei idet inethe stripping
seé: ionF g@édﬁi}nnjwh&ﬁ%‘étu@ﬁ’al@rlﬁ Qlaé]’&%bﬁn hd Bidé Bﬁ)dﬁét%ﬂ' ddntains

npoun second stage’in at
IPFOPOFR‘)CIHS@J?Q |boil eﬁrw‘yv%rpé cPaveRLaRp a@ &F‘l@ajﬁ% cgfamas is therefore
GENiaedD, caﬁdﬁhﬁwﬂﬂ:ﬂ cahtamiheeduidecbraduch ast pertmissiblerat er i al
recovered via the top of the colum. Accordingly, the
process of the present invention is particularly
defayer, tden aivbvidiog i atluis drstalled én pechi aa@@um@dhgﬁf@%wemesaﬁf the

%Mmggbg d:?g %@hﬁ R)R/@dj ggtt?lmygetwﬁgwgugm % i9 bs@aﬂ}efbl faNe aff side
i B de E o e Ty B SREIBR SR ierirg s G dk-fecd bbint 284 the

catepafitake, thergisve dvigingsall twhitlh may é)ewm‘rqlndl i9i plgeet dremay only be
p%??&aqg/ Rlcanif pSﬂHP@ URdseﬁ‘qugé' rbrfg r t Sr{ Ql?ee vﬂz)art and

parating'the unreacte
FURRIGYSES F«"é’§~‘éﬂntl¥lﬁ@ of lisiyids aredy vappr (stl)%amﬁ( oven) the cndirg ﬁfg‘umﬁecmss
hyétioapiar dis giee 8h ikehcdh@tin bRethe &ﬁﬁ@bﬂhﬁﬁhd@ﬁpohﬂlt shikfures whose

ﬁpg%)ggegx‘is PavtehSémB% ﬁqg P(ﬁstgh{i'll regu(feg hd YOt%C)];h& q'ég o¥ 8istillation

usbimusge@umdy 20 di viding wall col ums haV| ng one or

nore side offtakes, for exanple colums as are

nentioned in the prior art. Sucgb? di vi di ng wal

chnutyRe RAolumB hag Rechgised, Lo XABIPLL IS SPRAHHIE wt% of methane,

remliaae,pptbbareabfhcy blitanen(US 2t4715064), ffar tsemadting| y npikede oélbeyzene,
l%g}lezgmé e9e U&%Piﬁ)t%%ﬂ aBR ! t%} %gparagnlgu%ﬁn&[qu %?Sn R{xane n-

ent articul ar
ahmtilnf argb@regtpge@é’(hy%ﬁ@ confl gurati on. I nthis type

of col umm, the upper conbi ned regl on 1 of the inflow

rt..and ftake part, of the
it el <ohF, B ds be s sk BRI scpfi ot Trsotpapicalt
twildE B3WreoEPIhEB33t80RI nunber of theoreti caI pl at es
in the columm, the enrichnent section 2 of the inflow
part preferably has from5 to 50% . nore preferabl )
f‘?lé*fHYlS"‘tl@"g I gohema iy which ghgt@vf@ E?ﬁc%’“éfca'? g qaﬂF/eficmt with
Pl tgneebsedisdllayioh @8 ter rotditd are Al knowneEpamles afbdugh reactions

IDare es:t%erﬁ?(’:/an&ls—g—transesterlflcatlons saponifications and  acetalizations
(EP 0 126 288).

Figure 1 schematically shows the intermediate separation of the oxirane formed in the
oxirane synthesis from the hydroperoxide used in excess in a dividing wall column.

Here, the reaction mixture coming from the oxirane synthesis is introduced into the
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from15 to 30% the stripping section 3 of the offtake
part preferably has from5 to 50% nore preferably
from15 to 30% the enrichnent section 5 of the

of ftake part preferably has from5 to 50% nore
preferably from15 to 30% and the conbi ned | ower

region 6 of the feed part and offtake part preferably

has from5 to 50% nore 5 preferably from 15 t o B§9%3763/Kg
The sum of the nunber of theoretical plates in the
regions 2 and 4 in the inflowpart is preferably from

80 to 110% nore preferably from 90 to 100% of the

SRR & P TR Bl iR Riscbdcih kAL R, b iied BHILE tow-
f eoilimga ilactiano 1) whiwh ecankistsf eseentiphy rof wmmehctedeonghiic adompetind, an

OinfeRE G RE-b3f hfr§ct1oH Jolﬂﬁ)ri‘éfﬁ utHQ Jxﬁhﬁ’é 'arY(? ath ﬁjﬁgtlmg fraction S
posI tron, of t heor et ?%&yfl{ at es, é

pVBIch FomIsfss ek ltioptmERC oaﬁr%meé%qt@r f”rl@ﬁplt’et“&n water.
n‘Dlteammraﬂé Breaikein\offf 4t ol s3dd affthke fohimteraiediag bojleatvs above
or below the side offtake. 15 The dividing wall colum
used in the process of the present invention is
pFlest ereapicycamnorng msed ca badpolasd drqsadhedpvebpilipg fraction which

C@BIR JFF MGhé &ﬁb@tﬁr{h@&ﬂkmﬁ ané@ bﬁﬂwtemed ofidehphiddviftaBydrdigroxide
a exa sheet nmetal or nesh

t
p‘é‘éﬁ‘? ?{ﬁ)awga¥§]%rogfé§%£oglthlpgu@a§ ace area of from 100 to
1000 n2/ nB, preferably from about 250 to 750 n2/n8,
Hl‘?edﬁ%&i%e%ﬂﬂ%ﬁﬁ&i@g%? Fibide ¢ n_gﬂra‘ﬁ@%g'd@%re%f;fr%&t?s taken

separ ation ncecco
pqatggg higBidRroyapeE forfth@oqh@tstdgaqfft@,lfeatT@ takg, offfhis fraction at the side

a?l@ttdlﬁémﬂtsl pURSiBleaoNist gweevtersowmﬁ at®catedl Wither ihkide ble lgutgmte the
0] e C | wa
oeltrE AR s Wi det e Bk WS G818 1

part, the stripping section 3 of the offtake part, the
SThd Htﬁhlﬁ)gllﬁtgq“tdcﬁé"n 4yiéh tybeauyltt)@wls%@ utaatt;tdr@gwoxtdbemgether with
C

enr| nment ect| on Qr art era

gt i Hor e 0 kel $5 e PaT aF BRRIa: car be reacted
ebeerpiia wathdthée hganik:wonipmgld\nﬂ fthe apparatusesnpbviged fos tHimpepose.
in these regions. The m xture obtained in the oxi rane

%nt hesi s which conprises |ow boilers L,

i Fhepxeap synshass is preferably cpirigh oybying the eroqegs angdfe apparatus for

| Bdrf aeﬁtteombbaycuésértbed rihowtjm)/mﬁssrrrrhas‘apbaems Zoompnses an
Thlti’a dstre mis gener

o et iR Tetalof cebued plbiiyy R Guiablic Hed-beo
preevtaporl zation and subsequently introduce P. F.
53763/ Kg -9 it into the columm as a two-phase, i.e.

d,l stre or int formof a
SBREah e i ige N du L ProveSs gl Aot SR Reseparation
paps]iaratuﬁ makog itipessitle v davet h@lahebgl sd¢ane afwdiclt thierosxirane can be

pE glnjea eéo\lln{u?d'ugl? AP At éol?{e ?X\/ngﬂlllll.g)ltl§ 1htehr;mﬁate dtsolatlon and

apori zation“can si gﬁl y reauce
t hereadted Ppiting mypsrialsopandie rehisnag tedhe axirangfynthesiy 18 arfirgihstage,

| theaslymind f}cﬁwﬁh Ys teBétb®0lite QB hytlrape(ﬁébﬂﬂé inl 3r FsEBernal astlctor and
ner nt o

TGt iy BT 3 R W R g bfhgone i
prithiaedbh ythe anteingdiaterboiling feaction salge frergubheatsidsnoffiake and the
CRRbARELIA idbBikintd) 6 9;19 nglgHblﬁné eM8liod. el@t'é'l@&ér%nfﬁt)uﬁ(h% then
acco dat1 on space of the inflow part. The regulation

is set so that the anount of liquid introduced into

the enrichment section 2 cannot drop bel ow 30% of the
normal value. It has been found that such a procedure

is inmportant to even out troubl esonme fluctuations in

the feed flow or the feed concentration. 15 It is
simlarly inportant for the division of the liquid
flowing dowmm fromthe stripping section 3 of the

of ftake part of the columm between the side offtake

and the enrichnent section 5 of the offtake part to be

set by nmeans of a regulatlng faC|I|ty SO that the

Y 1 . = oy
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30 The regul ation principle described bel ow has been
found to be particularly useful for the continuously
operated internedi ate separation of the oxirane from
t he P.F. 53763/ Kg -10 hydroperoxide used in excess.
It isreadily able to cope with fluctuations in
| oading. The distillation is thus preferably taken off
under tenperature control. A tenperature regul atiBR3763/Kg
device which utilizes the downflow quantity, the
reflux ratio 5 or preferably7the quantity of runback
as regul ating paraneter is provided in the upper
0 t e 0j

t§ ga%peéi ra ‘%r %alrneuﬁtfl Ctﬁ i éc pre er JTF%&?%G&F rlgm%g(ﬁlgbauc
geacir e preferably fron14 to 6, theoretlcal pl at es
bel ow the upper end of the colum. 10 Appropriate

tri of the tenperatyre then results in the ui d
F ol AR POP BRI st ot SH SEmp, e Blsp i wsed as
diavtirggerdatatialtrbmvenep @ia thatbpaft tlieh@hdnvi di ng wal | so t hat
the ratio of the liquid flowwng to the inflow part to
that flowing to the offtake part is preferably from
gepordingly, othe nprpeesp r&ff teaplesent riByantion is opagti@ilarlys upgful for the

tobhﬁmféﬁﬁ hﬁl@nmédhﬁe GéMtfoh Ol D okirsél HomSa Preduer atiktyire which is
is | cate in or outside

cal lected in a receiver
tPREPES |‘1¥rﬁPr8%e<§s FTORR S aeﬁ“%t@ F‘C%Su 4o W% hen fed
continuously into the colum. This receiver can thus

t ke ide
{01, i MO LD BN HnRIAL (g o protu

It
pOSSi B‘P‘étuf‘br c?‘ﬁ%“?‘i‘%qwﬂlf t Bagied p QESARY oFOTRRYD era“1dn ypreacted
regul&y®®pﬂBQMEI by means of regul ating devices, for
Nt % Ui lggpa\r/a i’n\léfs% Iunreactfa(f X?r%é Sgldg ?{' ecséorﬁgx?uarﬁzgsg}tgl%%om step
there(@onveyed to an |nternal or external receiver.
e va&&ﬁngmeem@ger&m WRIR Tha§ BEerOdephiR ddity nplstag (ivyakith the
I's ‘set Sel ection and/or dinmensioning of th
separéfg If SOmPEPR%I s and/ or i ncorporation of
pressure-reduci ng 25 devices, for exanple orifice

pfc?%ﬁ%f ot htehﬁgcf‘e}%p of rtﬁ'é k) sgﬂct 1&5@?}1\59’39 Mis %:i)gs‘ﬁﬂ@t? st I?:Fstomary

fdivging. vga"t gplymns hamng ‘e‘leafﬁl IVOTP st @ftgk% of e’iamn f 091Hems as are
ahentiEini thegdbriaggul ation principle, a tenperature
regul ation device which utilizes the quantity taken

off at the bottom as regul ating paraneter i s provided
i Suchhee dBidihgweall colutminnlas, dercexample preferdbdy dwinurtf. toTHE more

%Efcfhﬁl r&ﬁ‘ Y&t 68, rba?t'i&[a@fy%’r@feﬁ%l} R&8m0ab ko Utﬁé’&étlcal plates The
er aé re control asur

LR re? G the @re-Binsiigh am BE £aied PRRPRGUATY iBanbEsugly using
phisfeenfigiratidnocat ed from 3 to 6, nore preferably from4

to 6, theoretical plates above the | ower end of the
colum. In addition, the |level regulation in co

dlachi sype®t splymnnihs uppsr combinsdregion bef thdntlow part and offtake part

of the dividing wall column preferably has from 5 to 50%, more preferably from 15 to
30%, of the total number of theoretical plates in the column, the enrichment section 2
of the inflow part preferably has from 5 to 50%, more preferably from 15 to 30%, the
stripping section 4 of the inflow part preferably has from 5 to 50%, more preferably
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5 colum can be utilized for regulating the quantity
taken off at the side offtake. For this purpose, the
liquid level in the vaporizer is used as regul ating
paraneter. The differential pressure over the colum

can also be utilized as regul ating paraneter for the
heating power. The distillation is advantageously

carried out at a pressure at the 10 top of fromBF53X763/Kg
5 bar, preferably fromO0.7 to 2 bar. Accordingly, the
heati ng power of the vaporize- at the bottom of the
colum is selected to maintain this pressure range.

The t t t t h

o a0 b PR Seoten 1ot B ARl SRR b e S 10
i0‘74,5r@9rel nrefiesblyefremr Edtoa30% hide e:ndéarmrnﬂ tsedtion 5 pf the offtake part
%'Qﬂféﬂ)'l)nﬁesyfro&hﬁtoog@%sﬁ%?e Elrefetranﬁy R 95 14 |39‘7 a8 He"Sbmbined

colunn 1 n a preferred _enbodi ment of the’ process
oPWeREseind ghthe fﬁ%?ﬂr e ?fgarﬁr Biff preferajy élafbsrpm 2tp 50%, more
Forefebebiyhom, 15t 0%, The burabf die ruaieeofthusretial plaks is idaegions

r f of,

t% ﬁcﬁ lf zns é)% tn?ﬂ(R{/ §£r? {)Pe]rgfeﬂg?)? Hiﬁg)t ttool 18% %10?& 8%%%%%?7 (gm{no% to

tath thpreurdiofithd numberl of thenretigal phites inrtheibigeonsreend S in the
nmgper art. he abovenenti oned regul ati on nechani sns are
usuaIIy enpl oyed in conbination. 25 In the separation
of mul ti conponent mi xtures into | ow boiling,
| htielikedsataeetabiel to heratenttie fidegpoiraiand nige dfftakd dtadifferehthieights in

I f ks [gNel. € f

Slrg? m&zy eraﬁ@ee % thé; g:hklgpﬁldof vvthk%oﬁlP(Z?éca‘? A&tEse 'Eiﬁ%'fé@d"?omt is
i metewlyﬁqraqeé af ﬁé@ﬁit@ﬁ Wwhigh &, fromdl {9 @umprecqseisetbhfrem 3 to 5,
Vht6rBticl Blatk labovedr bkRw the sidepHtagt.l on probl em referred
to as key 30 conponents, or else the sumof a
plurality of key conponents are/is specified. P. F.
5Bhsdividing wall Adlemewred it thet procesp@f itlid prasednd invientiort isepreferably

héGifghRl leBh& a's'a Bl?ed' d&ilﬁﬁm&ﬁﬁlﬁ *i’é}idt)fn'}gicfuﬁg%teh{%ﬂts'o? ordered
pre erabl re [éi"“bwat e |vrsron ratio

ms ing or % QT srample. shegt gieky %rmsg ppgking having 2

ds;pemslrcoymﬂraed Iaﬂ:al sf $etn 300 tthat000 e/ mYnmrefetabiit flem abodte3s0 to
ats f h he

a?gﬁjlﬁz%u p%aélrt%elﬁ%:g (iﬁrge(p ?) éﬂaﬁg §ucﬁ‘htaklgﬁ% oﬁ{e;s hlg@aslébzg'atlon

fp%fﬂrm@nqecﬁowméwm@ lgmprespvréfdécrramﬂryhepre@ﬁ@lmat@ .0 50% by

wei ght, of the value which is to be achieved in the

t ak ff at.the. si d.
¢ B BB e e e e Bish ob i@l which i
cdinjled bpittle dividitgewhall Grandaiohipnigesf thaetiidmang séritighdraf the inflow
r? thd StHping Sedtidh "PoUGHE %fﬂlt(e[kfecbahh fhel dfibNG §e%%h Qrbf R thilow

con ntratlon of co onents. 1S lo
| %aggalrff tga earichment section, & of Partt thereqb s mrﬁeawys@erlﬂ%wt @rdered
Apakingi srghydont peckipeeiehematnd thef divididgewhlow theinalysinsulated in

t diate-boiling fraction is regul ated by
n’%S é?ﬁﬁe heati ng power. Here, the heating power in

the vaporr zer is set so that the concentration of key
C@H@%ﬁﬂﬁé ofo&'inetihﬁl 'tlfé\/\/oﬁ%nlel tHeE@C\thi@H dth;Iri@@s |ldvﬂ Wolers L,

r. en
e, Byicofigh s By e FadRa IS G Bl o the
weolgt , asoffeellh&. VRlisideathisgéam sis t genbmillgchqued.etilomaverhat can be
Y
I {é&ggtgi&%({t)@ Kﬁgahtb&fv\;]tgﬁtf%eﬁg?rg%{ﬁ g(g %&?13%‘&%nﬁ%%s‘e&&nﬁ9 Y¥tfoduce
conponents of the | ow boiling fractr on is h| gher, the
heati ng power is increased, and when the concentration
of key conponents of the lowboiling fraction is
| oner, the heating power is reduced. 20 The
concentration of |ow and high boilers in the
i nternmedi ate-boiling fraction can be determ ned by
customary anal yti cal nethods. For exanple, infrared
spectroscopy can be used for detection, with the
compounds present in the reaction m xture being
[ dent ) f| ed by nmeans of ther T characterl stic
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P.F. 53763/Kg -13 It is an objective of the process of
the present invention to provide oxiranes having a

purity of preferably at |east 95% but particularly
preferably at |east 97% w th the sum of oxirane and

or the conponents present in the oxirane being 100% by
weight. 5 1In a specific enbodi nent of the dividing

wal | colum, it is also possible for the inflowRhr33763/Kg
and of ftake part which are separated from one anot her

by the dividing wall 7 not t-®-be present in one colum
but to be physically separate fromone another. In

EU@ @%ﬁﬁ%:h{rgrgae gs%set re.! 2 eo% Xﬁ(ﬂ %d@ehrgtogllgm ﬁ)ﬂﬂ of a

vgasams tstream had e liquidosirepme iﬂml nrszvap@u;ﬂtled w\mrhmdwéy wful When

RO RRE - stRlED &dﬁ%ﬁ@'ﬂewuwypha@ge CRhRS &qu;xangsﬂe@pgr The
and liquid between i ntrooduced v

&{PVPBH@“@BI ‘Ei‘ﬁnS‘g“FﬁFaé“]é’p@gF‘Pel f?ﬁ%oqnnﬁﬁt SIF{BRINE rigetion of the
adhami.age that the thermally coupl ed colums can al so
be operated under different pressures, which can nake
it possible to achieve better setting of the
tEqu)f@uhﬁtma@ isegleantagseusly indroflegedting qypriityregateshmanngs into the
lﬂﬂb\bepaetasf nﬂ:fanﬁop@rp@rﬁ b90ﬁ| a @iaME dhﬂltﬁav Wehd of @ Waw. 1 &5 This
S 0 unm e Speci
HRURPB TS ROP PR PG Vi aie o BT PEEE{gfion with the
sluxhl_asdriaavblcmgxhlytmmoﬂ‘thg accesndation $pac-pfythe énflows parhsThe regulation
R4 Ynd: %&Iﬂhgﬂﬁg&yl ﬁdﬁ&ﬁ ﬁ[ﬁg %ee%lwnﬁer{t R&tion 2 cannot drop

vapor|zer | ocat ed

desiers 8P @a0h the nemral valugnk hawe@n\imr@rfh@trﬁéwlbﬁmﬂure is important
NioXel &kt ButitfubRsbrasfli@efiods inlthe fdad $loardr lgfesd®tdncerdtia€ion.
product mxture is firstly separated into a | owboiling
fraction and a high-boiling fraction, each of which

allt sosimilatlpimpdranefomd divisiob oif Merléquid flowing downdrom the stripping

CQLHEMS of tAE offekH phit BBth rc@ﬁHan@:&v%thSH@@@ﬂt‘dE@iﬂMhe enrichment
um W

transf rre e sec

£ SR00 S101 QB e gt 1 L AP G e GiEn ety ot the
admbunt ofl ;hnaaud iemetuctd ithe tizeregiod Scoinoomdrap delove30% of the normal
hj gl boiling fraction conprising internediate boilers
being fed in at the lower end. The low boilers L are
distilled off via the top of the columm and isol ated
VAahdréifee Q@ﬂl@ﬁﬂ%glﬁiréﬁaenﬂlﬁs Ind BB @il & Apfroprifte AdpURLIOE thethods.
in the bottons fromthe colum. The purified propyl ene

oxi de can be taken off at the side offtake for

i Reglatiodira¢cbaliens o opMatiThdividing well goduging havehash akagpeibed, for
39xa lin &, Y] ql'eéﬂn@l Cio 987y 92- 92? ClFem 5.3%7&%61!&9)1 414 (1989)

3,s a furth rlant cou
Suhﬂé 25 ﬁaﬁ PRATYIAY lcatme‘* &?8 @9'@ feen fpecring
v12 19933 388do MransrICeE 12h@984) Baxh A 689644k iGhiemidak Engineering 7
hS:-al S
b@@?z’r 95 7g1a)rf‘ééf' d@éﬁlﬁ}oﬁeﬁgcf{‘aﬁgr\pgade%ﬁ%dZm tﬂ% P]L(?}\é\ﬁr(t: oc n also be
apiplayed top thednacses oy haprasest ventina o b a@i@ért RetOThe
hlgh boilers S are 5 obtained in the bottoms. Low

b enr.i ¢ ternedi ate boi |

© P, Bediaha Phg detisla bR ies pect B i, 6f Palbftaflf Bfhgu or
aﬂxd lebutinuoosly e pper8ed niterinediatei tsaparaticey méditlet eoxitan¢ efrem the
are transferred to the lower part of the downstream
colum. The purified propyl ene oxide can be taken off
fromthe side offtake for internediate boilers M The

two col umms can exchange vapor and liquid via d and f.

10 The colums of figures 2 and 3 can al so be

configured as packed col ums contai ni ng random packi ng

or ordered packing or as tray columms. For exanpl e,

sheet netal or nesh packing having a specific surface
area of from 100 to 1000 nR/ nB, preferably from about

250 to 750 nR/ nB, can be used as ordered packing. Such
packi ng provides 15 a high separation efficiency

conblned with a | ow pressure drop per theoretica

o,
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If the process of the present invention is enployed
for internediate isolation of propylene oxide, the
propyl ene oxi de should be obtained in a purity of
preferably at |east 95% by wei ght. The concentration
of key conponents of the |ow boilers (e.g. 20
acet al dehyde, nethyl formate) and of key conponents of
the high boilers (e.g. methanol, water, propyleRd.53763/Kg
glycol) in the product should then preferably be |ess
than 5% by wei ght, with the sum of oxirane and key
conmponents being 100% by wei ght. Therefore, the

sent invention alsgo.rel tes a.pro S .
BB prude S5l b el i Salif ok in 2R RE5 hefitons fp doading
iTihe distiligioni i thad pretératp eakles offawmdenttprapersygespnivel. ght |
with the sumof oxirane and all the other conponents

present in the oxirane bejng. 100% [
ps*r Ewstyge regnlatign deh Wﬁwb SHli7e5,ihe @WI}V}@@Q it yn%dgﬁv ratio
@p@feﬁérﬁﬂy ItlEEI @Iaﬂﬁql'l trent30k as cdgalating paramatedisviravidel inathé upper
sectl%rml %f the olulﬁ\ r ?’H(Ee nIe%tﬁ@lgeﬂt [ho‘irnefop R f%?ﬁ)%;atl.[rE q%ulatlon is

oXira Sy nt
mmfenablal lgcaterdofmnf} o, trmre ;prqf@rnablarftom érto toh Ehegretied méates below

QM@ﬁﬁﬁﬁﬁﬁofmé%&%m§3763/Kg -15 Preference is given to

usi ng organi ¢ conpounds whi ch have at |east one CC
doubl e bond. Exanples of such organi c conpounds havi ng
Appraaste seningGf Gedaupdratutzathen resdlsud ¢het lnmid o wiogidogn from the
%E&E)ﬂelsof tRe E&E&% %emgrd‘f\ﬂﬂ'édeﬂ ®he Jpp@f‘&rﬁf‘&f thgdf‘%ﬂflﬁg;@all so that the

I sobut ene, ILen ent enes, ﬁ ene
ratknaf difeliquid Slopingeto “‘Gc‘flﬂ?ﬁéﬁsmrtd‘iol @l@b p¥ifg, to the olftake part is

tpréfsRblyftdr0liese.0, feResetrabliofiead®io (L6.i decene,
tetradecene to eicosene, tripropene and tetrapropene,

pol ybut adi enes, pol yi sobutenes, isoprene, terpenes,
derthisinpithod} theadosmiflowlingkiquid isaprefesabdy collected in a receiver which is
TIE&EB@ ﬁ-‘.r}ﬁ%ﬁ%‘él&otth Q@fﬁﬁm &ﬁﬂcﬂr&ﬂ%}{ﬁf‘ﬁw lﬁﬂlﬁi RhBALRA. continuously

nor bor nene, C oheptene, 1Q vin ﬂg exane
vah%salwaﬁeT i3, TeRGIN Eyfan g dakgon ‘g‘i g#’lé d YR fesefapis Qe provide
caysmffdxﬂﬂthdngirmatmhemy liquid bhichanakes itrpodssilele for the liquid to be passed

%t truﬂﬁ‘%/rqfl Q r@%ﬁﬂgd n‘[?iﬁhn%}ﬂg%é/arng 3¢ rtigq}aﬁgg g@ﬂ@&t ﬁg'eﬁﬁlﬁple valves.

cat I ene
sWhFlbﬁ?f‘é‘ed evlﬁﬁl@ﬁw%wmhé higuidyis digsyrcollectp i clleciors g from

\thét¥ cbslened fol aanireh@l orddxteyhal Fakivees, crotyl chloride,

met hal | y[ chl ori de, dichl orobutene, allyl alcohol,

met hal | yl al cohol, butenols, 15 butenediols, .

chiel vpensecadiaotis, lopentahof she dividiog ewadll is,set by selection and/or
tdﬂn@ﬁs‘f&ﬁ@% of tﬁ’en§éﬁ)%féﬁl@ﬁ QfkeffaRr Qd(ﬂj(ﬁ' m@ér %M@ﬁ R Messure-reducing

i soeugeno unsat ur at ed f o§y i c acids
sdfawe%gorawmpﬂfcoraf&ecplatﬁfetsﬂgta.f & ratisgf e VAR AR 18 pginlow
npaktetb Chadlti ttle offiaky bare Btprefemblydrom 0sab a Dapeteritdy fpmaed ds1.1.
such as oleic acid, linoleic acid, palmtic acid,
natural ly occurring fats and oils. 20 Preference is

ginvibe abeveaicriines feaviatien Priegiple, & derBpasaibisofeerlatiprs device which

Ptﬁflizéﬁlﬁls %ﬁatﬁft?i&él@ BF&t 'th% tﬁit%ﬁlrhstr@gdlﬁﬂfgt;iaﬂﬂne@érhﬁ BRvided in the

e r iC refere
By ebipElieeion b B st s SQloR pPO Ao Mgterod be taken
| off podesithh@eritoreusetrolh é‘hk n@asuréryelrt poert dod e serpyiragbreaegulation
suitable for the reaction with the organi c conpound.
Exanpl es of such hydroperoxi des are tertbutyl
hydr oper oxi de and et hyl benzene hydr oper oxi de.
Preference is given to using hydrogen peroxide as
hydr oper oxi de for the oxirane synthesis, wth an
aqueous hydrogen peroxi de solution also being able to
be used. 30 The preparation of hydrogen peroxide can
be carried out using, for exanple, the anthraquinone
process by neans of which virtually the entire world
production of P. F. 53763/ Kg
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-16 hydrogen peroxide is produced. This process is

based on the catal ytic hydrogenation of an

ant hr aqui none conpound to formthe correspondi ng

ant hr ahydr oqui none conpound, subsequent reaction of

this wth oxygen to form hydrogen peroxi de and

subsequent extraction to separate off the hydrogen
peroxide forned. The catalysis 5 cycle is cl osedByp3763/Kg
renewed hydrogenati on of the anthraqui none conpound

whi ch i s obtained back. An overview of the

ant hr agui none process is given in "U Il mnn's

cycl.opedi a.of Industrjal Chem stry:. .bth Edit.i .
B i R Sterpaploca s iSbc s MOTOMFIERL fiph b eBibical plates
ciboeeihe ddover end obthe @pluniny dr ogen per oxi de by converting
sulfuric acid into peroxodisulfuric acid by anodic

oxi datjon wi.th_sinmultaneous evol yti gn qf. hydroge t
A Biiono e 16Y4) B NAoR dn g o sestio o S for LR Befim of the
tdotuind eads wtilizedfor eopniaing shel duantity takeh avfft 20 theysideosféake. For this

o i M Yo BT o ' red.
B o BRLLUP e 0 Ll patpter oo,
peroxide fromthe elements. In the individual _
reRcdifftRntidl tprédsSurB @%&r tAk Soluiii&ian k8 be@ifinédCascreflaitpdpar &meter

sel ected, approprjately, .for the reaction.of is wth
e e oy A gy e RSB RIS A Fptsurt at the
pop o rom @fido 6 bay pred¢rablg foomdi7itd Griwr.vidchulinglndbk héading power
of¢ @g?ﬁh&ﬂer FONEYSEom RE HAELEQRES 1§ SeBLYE Mo ihiftafl BRESSssure
in ich one or nore sultable catalysts are added to

i #88%ase the efficiency of the reaction; once again,
het er ogeneous catal ysts are preferably used. 25 Al

t er.ogeneoys cat al Wi e. Sy r 0
EREURARDEE b D S B R EEis bR B0°C, more
gpreterablofromi2ado 42t Ilyis measvneddi thowige oflekes por ous
oxidic material, e.g. a zeolite. The catal ysts used
preferably conprise a titani , Jger.mani um .
tapsaringln e, BiRsFe# BehiBnplidie dRidipg gyl Golumn in a preferred
zémieminentiof dretpaocesef tBOpzemt intventits ip froou®S txd blarc
mat eri al . P.F. 53763/ Kg -17 Specific nmention may be
made of titanium, germanium, tellurium, vapadium,
chyrghermene, tha distilgiian tamaeraiurcdihe side otftaks Hy hpyeleaist embediment
h@fth® Brode BN IR PréseAeMVdntibn KL 10KEE0°N particul ar the
types which can be assigned X-ray-crystall ographically
to the ABW ACO AEl, AEL, AEN, AET, AFG AFI, AFN,

AFQ®, beARPle taFSperatETthe Sdinidiag AEN, colim inNg, tronble-frggpmanner, the
Abbvemdtiontd qul%ﬂf&u mRdhanisthkre ﬁM@ly %y&ﬁﬁ,mﬁblﬁatim
BPH, BRE, CAN,~ CAS, CFlI, CGA, CGS, , CH, CLO CON
CzP, DAC, DDR, DFO, DFT, DOH, DON, EAB, EDI, EMI, EPI
ER the E8MratiddOf falticompbtienGhisxtufehinto GO®boilg, intéimediaBvwboiling

:\/&@ hiéﬁ-}g\’{)iliﬁgk{acﬁ}@& thk}E\Fére k}ﬂg’uy k%ifi(%\zﬁﬁ?s %@s}%gdfi\t}ééé@kimum
MREmissible propgTLionmfylonamileryand INgtsboigonin dyepmiddls fragiap Here,
PiNdividitl cor@i@en@@ﬂicl&sycrimﬁm REHepdrhdion prélemRTerredBE.as key
SBS, SBT, , TON,

SGI, SOD,. ST Tl ., STT, TER,. THO...
TEREPAPERS, el (Qnguim QPG OEFEKLORTRR e &R is P ¢
or to mxed structures conprising two or nore of the
abovenenti oned structures. Furthernore,
titani um containing zeolites having the 1 TQ 15 4,
SSz-24, TTM1, UID-1, CT-1 or CIT-5 structure are
al so conceivable for use in the process of the present
i nvention. Further titaniumcontaining zeolites which
may be nentioned are those of the ZSM 48 or ZSM 12
structure.
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Particular preference is given to Ti zeolites having
an MFl or MEL structure or an 20 MFI/MEL m xed
structure. Very particular preference is given to the
titaniumcontaining zeolite catal ysts which are
generally referred to as "TS-1", "TS-2", "TS-3" and
also Ti zeolites having a franmework structure
i sonor phous with 3-zeolite. In particular, it isP.F. 53763/Kg
advant ageous to use a heterogeneous cat al yst
conprising the 25 titaniumedBtaining silicalite TS-1
is possible to use the porous oxidic materi al

péa%r%r}cg%? @%tss?]é/ tsl%aéltom\m%e'ﬁgg&)o%ler% 11‘?l IR 1n%f'mé?cgzﬂé%§1lmg fraction
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k(ﬁ@%ﬁh WAMTH %w%lbﬁ)fatl%r& s&@@tlﬁ?th‘é%@ﬁ’ceﬁﬁﬁtl(ﬁ{ &ddé? lcod &rﬂ:ﬁts for

% Bigepings rigsion & e soe BT 4 waber SpcortRe S pat aimois to
nfrbind Orre 889 byongigitepre feratl p fromx3ntp156%i by wéightf of the edlue which is
V\‘%tb%racﬁ%l/%p#?hesﬁllegﬁl tal&%rbfpzﬁ t?eoﬁbé qﬂ eli unﬁl?l?vlﬁ@ﬁ @z{nytﬁén be set so

urirng or a

sthapwhen @p@pgceunﬁatmve@f&epjrcsmgg@%s ofthe @@éi%lw ﬁr%ctlon is higher,
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i.cat vanadi.u
aoTgeRs i R 148 By i P A ea O i heskSFocsi b
to obtain catalysts which contain from0.01 to 30% by
\Aﬁ'c&ﬂamgfé/ ﬂl%espgélflﬁﬂgfoﬁ £8CfE %VV%BQ&@ if ﬁf%n;hfeﬁﬁecgﬁtg—%gllmg fraction

consi st nrum rhodi um pal 1 adl um osrrheu

i isiregwiwed gy meﬁrmﬂﬁtherlrﬁéﬂvgjmwaoﬁereaﬁha gytingppwei e vaporizer is

C&dt &bytliitstharhcﬁn&ﬁ&@tidnb@ﬁjkeyf armlﬁmamfplfer theNoWEboflinkSfiadidn in the
O The s bodi.es c 0 .

fﬁﬂ?lﬁealt A]fyeﬁg?(ﬂgpgi Mdm O%R%?oefr%lngg?ova f)'eb,y W.elght’

f prefesatdyrfitom $p|t t50Pn gy ovelghtu@fhihn g/atu@ewwhhp%a) bodfhieved in the

Eroﬁﬁ& fakiéd kar alC keMiea! Thise Qﬁ%@ﬁtﬁlgaﬁo@érelsdﬁ Gol 8 when the
above

exa
ppwavtr%/ g?ﬂﬁ?’felfeéocronr@ %@&% ot E?@E% ?faﬁ‘?'{ ﬁe@g@%{n the heating
apoweer id motkmaat, andtvhemtheasnanoatioresf key compommorcefdbe tiw-boiling
t rated by a nethod in
oS Bl By Bl Do e R Geact 1 vat on ar e
burned off in a targeted manner. This is preferably

C ané b@xﬁ:leﬁtblzttldnrbf aowiane highgasleft ifNEO hﬁdrﬁnem@fd:t-tﬁillmg@actlon can be
eCl s.e

u at i
B R
DEe Aisd®d Tor2@et@tion g witht the scogipoundsoprssdnl dn tthe graetierh aixture being

r ﬁﬂ:ﬁﬁﬁé@%& Qﬁbaf?{ QP ﬁﬁee%a?&téfrﬁm heesiond eﬂfesé 'ihetahﬁrements can be
|scu%5|on As sol ven

pGUEFH Rt wdlqﬁsdéfeaﬁl "‘s W@ - WOTEKCTe B T%I{C§|l§,glapn 1g using gas-
| emsmapardphic niethedd. Ve thisecast, aampmgg featlities atesthas eaovided at the

|
L 0t T PUNGE s R, 80, Bl BRI Bg s B then b wkon
e SORNYOUsY H¥T &, “li‘?ﬁvé!ésfm@thPoS‘@ bres g amyqeét@négtegwae their

ab@xﬂp@dlﬁ‘(ﬁﬁoﬁ‘ﬁe a-ﬁbﬁ)gﬁ%V@Q&lﬁtl(ﬁlaﬁleaﬂlzﬁl%nﬁecaiﬁ&fénl153: héiivated as a
Ies reference is g|Vent0 US|ng

%ghS?gP%?ﬁgnﬁﬁg‘Hk met hanol as solvent is
partlcularly preferred. As reactors for the oxirane
synthesis, it is of course possible to use al
concei vabl e 30 reactors which are best suited to the
respective reactions. A reactor is not restricted to
an individual vessel for the oxirane synthesis.
Rather, it is also possible to use, for exanple, a
cascade of stirred vessels.
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P.F. 53763/ Kg -19 Fi xed-bed reactors are preferably

used as reactors for the oxirane synthesis. Further
preference is given to using fixed-bed tube reactors

as fixed-bed reactors. In the above-described oxirane
synthesis which is preferably enployed, particular 5
preference is given to using an isothermal fixed-bed
reactor as reactor for step (i) and an adi abati cP.F.53763/Kg
fi xed-bed reactor for step (iii). The oxiranes used

for the process of the presemd-invention are thus
preferably prepared in an isothermal fixed-bed reactor

a[ﬂll mbdfcéﬁga X 559&%9 og eesgr?t 1¥Ns"ent\é’1l1tt<¥1 p;obl?de]ogmaneg havmg a

werity efopreferably at 1¢a§t A %.Ppup psrslmrihréy pisfarebdy ot laaspPifleavith ;he sum

Off SRR &@rmlrrriréﬁeﬁrr plasdnbfh (RY B%i08 m@?ﬁgdao%lay Wéight.

| i kew se conceivable to use a plurality of

hydr operoxi des for the reaction. If, for exanple, two

olhgiespecific empodimest bkl dividingow alk edlinh;x, iofs altepchrosgile dodi thie mflow

a}?a?t ;{n%ao(}h% opla?t fcn al%ns%pﬁgt@& I?I%En brﬂ: z{nlaﬁlef EZ Ii)r?ec&{u\ﬂﬁl wal] 7 not
ducts resultin reacti o

ct@rbebrerewméybme rscﬂumn duphiobg physica m&te feome ﬁn%ﬂs&thﬁfekl this

ofpetitie dhbdaahan! tRXidhadigs wan calufim béﬂl ﬂﬁ@aé(ﬂﬁ;ﬁd;e at least two

ccessful | he pr ss of th e nve
b&rswr@r Seaatt GonaBIRIRER By dieLs p e MG Hopbied With one
danoiteir.nSpchethérmadly womplbdieolnging wechaingkev apof tiadk élslulddwtwrtmghem
aﬁutt é(}% #Sfors mr}sd&ea i oﬁfyeo&OEOIEIQQ ?hezsﬁe&ﬁg eerrrb%alme%@ hAs the

di Vi courm aV|nqqiél[v\n/gn ftakes is o
stdvantaes gt r*y% theropally oupled s qafelioohie PResRIEY |“ﬁé°f erent
Opicssares, which akemalaf i& pedsibld e dehipes betied setiigd dfaketebpesunde level

he h
t egglrelogtg? [hl% Qi?s'{}@atl X\L {nﬁﬁg (rzzlrsg r(# gﬁeﬁﬁfﬁﬁinﬁg&ﬁéigfgo\kﬁg@mmn.
thernal coupling 8 preferably has fromfive to fifty

PEL&RHIEs of BV Rlingdw Rl %lﬁﬁlﬁmnythf:r fﬁd EhB&ImER Jthhdrindily coupled
percent, of t he tot al er 0 oretlcal plates in

t f'fe“‘BB‘T R OWT'hghF‘ﬁ@té‘rﬂ V Hh 1EWFY r ovi des an

apparatus for carrying out a contlnuously oper at ed

pﬁ%ﬁfaesf’ SB&(I%B %rﬂnﬂt ﬁrvﬁﬁ&l tl%g-gdéd Qfia H%eva‘%hfé?r\‘? of the

e OXl rane reactl on

hg&\d@p&bdﬁh laéoqme@rﬂoa/ﬁstg}a@a?ﬁ tge E Hp‘&dﬁte whiclpthe: product mixture is

5?&3613/%’@1 Z.20 this astaieaicar, E}&Cbrefih;odhﬂﬁﬁ:t is @i&st@me@pﬁlﬂ? aitola low-
[...carr Vi ng ont | (0] s :
T e
t heilegxiim stndlrstmﬂthmsrTélebysuitmcftacbnnsorre autisgqeope transfereed to the

WidcBnd Bol@eaRjith tﬁ@WBGﬁm?tfﬁ%u&PE%ﬁw fr@érm@ﬂﬁﬁ%dlféﬂs being
t he oxjrane conprises at Giast one Iﬁlg}l er.nal

aﬁeéi 4 {he gpﬁeéﬁg@ of theasgeonyl cqlypn and the oiling fractlorg: t(:(().)mprlsmg

intermediate boilers being fed in at the lower end. The low boilers L are distilled off
via the top of the column and isolated via the condenser K. The high boilers S are
obtained in the bottoms from the column. The purified propylene oxide can be taken
off at the side offtake for intermediate boilers M. The two columns can exchange

vapor and liquid via d and {.
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5 carrying out the steps (i) and (iii) and a

separation apparatus for the step (ii), where the
separation apparatus conprises a dividing wall colum
havi ng one or two side offtakes or at |east two

thermal |y coupl ed col umms. P.F. 53763/ Kg -21 List of
reference nunerals for figures 1, 2, 3 and 4: 1

Conbi ned region of the inflow and offtake part dtFt53@63/Kg
dividing wall colum 5 2 Enrichnment section of the
inflow part 3 Stripping sectivon of the offtake part 4
Stripping section of the inflow part 5 Enrichment

f th fftak 6 .,Combi ' f .
B s o o e A S SR Lol 27 s BBdiment
Ltbwetmgy & it ®ied evio tifet edperifesrV ofithe eduinatietopwlhifte the kaction
'\(g[ g% g@é %%s fe0d zl q*ﬁ@rlo\b%hér@q, g1 digiiRd e »%Iaciﬁe top of this

g er - [ ng o ir ane 0]
Hivehaed atg ¢l %eéetry Di§a falhsrcon diqsaru?ég 1&%& h&‘b?f?&?rs § are
amhnﬁbda@ouhalbonoms nidive doders di aytnhad withniagerinediataeboilers are then

f : i
CTF%%?% ?% Fﬁ%ollﬂ gﬁ?g}; El%gdr?%ﬁl mﬁ@aqrﬁ cbjlﬁmg anﬁqu‘g B?n!@%ﬁ' dAiched
tWigh insdrmeiate bqﬂens arsgméqrrcg to gl B@@r 9@9@ e\iewaptggam codumn.
1Tl{eﬁ)lﬁﬁiéﬂ'p?dﬁ%%)bx?ﬁ&faﬁﬂ)?d?lﬁh%ﬁﬁﬁmf 186 side®fftake for intermediate
inter ate’isolation o e oxirane

RSN 5t s s 5aPaRetoyep 4 GEHF§ 8 fpound

in the OX|rane synthesis wherein the product mxture

f'ﬂfer%%r*\& (;frff‘gu? JRS Sad acl%d‘ 5-1""&%?1 Pt%ﬁeag ph&e@ cgiu‘ﬂin@cﬂ&ammg
um to %I ve a ol ract
random packing or ordered packmg or as tray columns For example 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®, can be used as ordered packing. Such packing provides
a high separation efficiency combined with a low pressure drop per theoretical plate.

If the process of the present invention is employed for intermediate isolation of
propylene oxide, the propylene oxide should be obtained in a purity of preferably at
least 95% by weight. The concentration of key components of the low boilers (e.g.
acctaldehyde, methyl formate) and of key components of the high boilers (e.g.
methanol, water, propylene glycol) in the product should then preferably be less than
5% by weight, with the sum of oxirane and key components being 100% by weight.

Therefore, the present invention also relates to a process as described above wherein
the sum of key components in the purified oxirane is less than 5% by weight, with the
sum of oxirane and all the other components present in the oxirane being 100% by

weight.

For the process of the present invention for the continuously operated intermediate
isolation in a dividing wall column of the oxirane formed in the coproduct-free oxirane
synthesis, it is possible to use the starting materials known from the prior art for the

oxirane synthesis.
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10 internedi ate-boiling fraction and a high-boiling
fraction and the oxirane is taken off in the

internmedi ate-boiling fraction at the side offtake and

t he hydroperoxide is taken off in the high-boiling
fraction at the bottomof the colum. 15 2. The

process as clained in claim1l1, wherein the dividing

wal | colum conprises at |least two thermally codpF.ed763/Kg
distillation colums. 3. The process as clained in
claim1 or 2, wherein the di¥§ding wall colum has
from10 to 70 theoretical pl ates. 20 4. The process as

BrlIRe | ggglg.«gytto Olsing! 4 gggﬁn o hits WAERGHaDe bRl o5E TUEGtouble

Hobdr Exanepleshef sicht orgame |cgmpolm¢péraatngraé least ohe GCgéouble bond
QBéﬁéhﬁehﬁkﬁﬁﬂfmﬁngo 60C. 25 5. The process as

claimed in any of clains 1 to 4, wherein the sum of
key components in the purified oxirane is |ess than 5%
kyyhenej giupylent,t h-btifese, S2Hhutefie, cixotrueme, dnddizh¢, pdmeenes, h@iperylene,

e t I r n
CI{%QB%? Wl%?%#f{?%? gé]pé%r%% %@tﬁ%@% (ﬂ[%ﬁ%lﬁgr#eégtééggé‘g@élltene, nanenes
dmwe,ofnd@p%ewéet&adp@ﬁns towRisPENd, THREORSNG UL tatiaRtogeRs, poly-
%mﬁdn%s nﬁo]&fﬁ@blﬁéﬁeﬁ aik@pl*eﬁe pfe@;ﬂﬁéﬁdg&hfnl@l Fl[lﬁﬁﬁ‘ﬁislmalyl acetate,

CR R T nony o bubSnRED e Hohishe! idkbimSe(! Byetoheptene,
t\dngcym)hax;meo duioylorirateur einygloyglohiestmey  styene.eaytlodctene, cyclo-
O RARnE, C\QH?&H{‘BQH@H@ Yhd %@Ctégat@ﬁﬁflﬁ&%é oxﬁlgﬁ{lst(gkén% dicyclo-

separatin e unreact ed droper oxi de from
Regtdicee. dyinyienzesd. CHolpdosERne, cyelednderaigerney émbgtl%pdlphenyl-
(Buxadich@, Citamin A, @aﬁtdaf@edehemhlydﬂhemlabﬂde dHyl\Mml]dJSE bsyl chloride,

bl%gtﬂal J?pgﬁlg}@% SICLIOI‘ etngp aﬁlI al(% OB tcrlllfk? .(%101 butenols,

nd,” W an 1 sotherm |xe
ds@@edwl%t eyslqpientengtiiolan peaica®lat iastadicreld, bfélde@@a’éi olrnsaturated

bsﬁérﬂﬂs Ugtﬁgxyefheﬁé e@oe.(dgbﬁ&l a&e'ih&fe Jﬁmumapeﬁsomccm@mh as
| r
e, i G ek S B PR S Sl Bsgoratea

biaty géitls surhas obrit add, limotdic acidgtabmitigendposurdy acgwsting fats and

Qﬁking the reaction. 20 8. The process as clained in
aim7, wherein the heterogeneous catal yst conprises

the zeolite TS-1. 9. The process as clainmed in any of

CPI@fC[’?]Cé— ist glv? toviieshed ﬁlavﬁrigefr@mgzatbi Ecarlurpnomsl Risixhldr preference

pr o ne. an oxi ran o)

P M5 80 SR SRS Pie TG it BUCRY NP RBLfG mfedbilp eiven

ploaeasting propylehed |nterned|ate i sol ati on of the oxi rane

formed in the oxirane synthesis by reaction of a

eroxide wth a anj.c co und, .
XS EPEERSORES. ibiscbstiPie 30 SRDtE 45 PHR I dnetomElsS Which g sitable
ofoe thesedchion with thcearghme cmpbtmdeE)&ﬁl;mti of lsath eydrepesitxades are tert-

C%}’lcﬁ}réﬁ%dn i@hnd Qt‘ﬁ PhERbe (hzzrlré)?&gx bl Pje eqéncgelg 4 foNusing

a separa Ion, ap or t e step
VM{(&geph@rg)@ﬁearaét ygfppgng‘ea qisthe oxirane synthesis, w1th an aqueous

hydrogen peroxide solution also being able to be used.

The preparation of hydrogen peroxide can be carried out using, for example, the

anthraquinone process by means of which virtually the entire world production of
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P.F. 53763/ Kg -24 conprises a dividing wall colum
havi ng one or two side offtakes or at |east two
thermally coupled colums. .A(F _.Aa .A.ANA .Aa .A . A
.AUL. A . Au .AN . Aa .Au. Au. A .Aa . A . A A& . AaY. Au
.Aar. A 3&79ty >

P.F. 53763/Kg

-16 -

hydrogen peroxide is produced. This process is based on the catalytic hydrogenation
of an anthraquinone compound to form the cotresponding anthrahydroquinone
compound, subsequent reaction of this with oxygen to form hydrogen peroxide and
subsequent extraction to separate off the hydrogen peroxide formed. The catalysis
cycle is closed by renewed hydrogenation of the anthraquinone compound which is
obtained back.

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 converting sulfuric acid into
peroxodisulfuric acid by anodic oxidation with simultaneous evolution of hydrogen at
the cathode. Hydrolysis of the peroxodisulfuric acid then leads via peroxomono-
sulfuric acid to hydrogen peroxide and sulfuric acid, which is thus recovered.

It is of course also possible to prepare hydrogen peroxide from the elements.

In the individual reactors, it is possible, when the organic compound is selected
appropriately, for the reaction of this with the hydroperoxide to occur under the
prevailing pressure and temperature conditions without addition of catalyst.

However, preference is given to a process in which one or more suitable catalysts are
added to increase the efficiency of the reaction; once again, heterogeneous catalysts
are preferably used.

All heterogeneous catalysts which are suitable for the respective reaction are
conceivable. Preference is given to using catalysts which comprise a porous oxidic
material, e.g. a zeolite. The catalysts used preferably comprise a titanium-,
germanium-, tellurium-, vanadium, chromium-, niobium- or zirconium-containing
zeolite as porous oxidic material.
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Bla]/%f c% Ry ?]AFT
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aiagé} FalLs 61:]51@]@1@ @ﬁ\]m a0l ¢ ¢ alrRalis®) £l g ak R IRV CLEV,

A eehsi ozl 3%%41%5#24 SLRAOE ] iﬂ?é’dr@ﬂ SRHERSE Mo,

cm]ms@cmmmmpmm%mww MT;‘ NIESDB(ON (OEH, OSI, PAR,

0 ek
F%%B@ (1)“% i%%ﬁ % S SBT, SFF,
&@%}SQD()S |1§E§£ V@ )V‘.f:V; WIE,
"W, oY 0, (ZbN/‘éWd’tﬁ@S&JtQ%ﬂ&e& )Stru(ftﬂx@%d&n Jisin j_‘zmolm of the

1 (ggi%éitﬁ)fﬁ A%( Lgrzzs T%MO%I}{&&% ){‘gg ?riltamgf&(; e? ?aV@g the ITQ-

1&),%& -24,- TN %R (D-1, &1T-1 or CIT 5 structure are also conceivable for use in
a&l’é%@ew oflﬂleﬁﬂf&eﬁt) m%l)g%'@ft}{e} 1i{@hiund-06Atsin zebﬂes which may

109438’ ( CS! 10% , &10%
&bf( Wentsmsd/&l& thyse Oiéﬁgﬁ‘ﬂr Gﬂ‘%%ﬁé@@-lﬁ“ﬂurgl 10%4& () Da

Particular preference is given to Ti zeolites having an MFI or MEL structure or an
MFI/MEL mixed structure. Very particular preference is given to the titanium-
containing zeolite catalysts which are generally referred to as “TS-17, “TS-2”, “TS-3”

and also Ti zeolites having a framework structure isomorphous with 3-zeolite.

In particular, it is advantageous to use a heterogeneous catalyst comprising the

titanium-containing silicalite TS-1.

It is possible to use the porous oxidic material itself as catalyst. However, it is also of
course possible for the catalyst used to be a shaped body comprising the porous oxidic
material. All processes known from the prior art can be used for producing the shaped

body from the porous oxidic material.
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zX6bCl @ S! 109N T\ & ()-! @! 10%\ & ()-,t10% & ()-! @! 10%
T\ & ()-!6!10%\ I\ & ()-!/L 10%\& ()-@bB z[ PE:! 10\
10\ 10\") "10% & ()-1 1) "10%\]\ & ()-1
11°9$!110%]& ()-!D9$! 10%\ & ()-,s! 10% & ()-S
.2DO}[9PE: 1! D "109®HDH&' ()-!D f "10%DHDH&' ()-!6* f
"1096HBHE ()-!,f "10% H, H& ()- @O0%& ()-"S10%4& ()-9

111}724: 10HSY4A10%4& () - S3 P.F. 53763/Kg
"10%4& ()-S. 10%4& ()- @f10%4& ()-!S "10%SHSH& ()-! N
"TOYMNHNHE () - 1111118 #$) H A0H ;" 10%u& () -

T&I10% & () - '&'10%&'() &10%&'()-Y"glO%&'()- 10H

W/%%?R)al_sgﬁ i%%/%)gn ()f g’l?lqlal}g%oll;)l%()%%al é,)oirip!o%ﬁ%, éor(e)x_alin@e in the form
"of OEz-8O1(ble shls) rarBhe-appligho the taugigst material before, during or after the
"o]w L0 §h)ap1§g ls{jegs/ﬁ'fgﬁhgge pra&s@é@ fris @%Mp{e}er kfl}gr%bh%'yéd for
producmg oxidation catalysts based on titanium silicates or vanadium silicates having
a zeolite structure, and it is thus possible to obtain catalysts which contain from 0.01 to
30% by weight of one or more noble metals 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.

The shaped bodies can also be processed further. All methods of comminution are
conceivable, for example splitting or crushing the shaped bodies, as are further
chemical treatments as are described above by way of example.

When a shaped body or a plurality thereof is used as catalyst, it/they can, after
deactivation has occurred in the process of the present invention, be regenerated by a
method in which the deposits responsible for deactivation are burned off in a targeted
manner. 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. It is also possible to use the regeneration processes
mentioned there in the discussion of the prior art.

As solvents, it is possible to use all solvents which completely or at least partly
dissolve the starting materials used in the oxirane synthesis. Examples of solvents are
aliphatic, cycloaliphatic and aromatic hydrocarbons, esters, ethers, amides, sulfoxides
and ketones and also alcohols. The solvents can also be used in the form of mixtures.
Preference is given to using alcohols. The use of methanol as solvent is particularly
preferred.

As reactors for the oxirane synthesis, it is of course possible to use all conceivable
reactors which are best suited to the respective reactions. A reactor is not restricted to
an individual vessel for the oxirane synthesis. Rather, it is also possible to use, for

example, a cascade of stirred vessels.
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preference is given to using an isothermal fixed-bed reactor as reactor for step (i) and

an adiabatic fixed-bed reactor for step (iii).

The oxiranes used for the process of the present invention are thus preferably prepared
in an isothermal fixed-bed reactor and an adiabatic fixed-bed reactor, with the

intermediate isolation being carried out in a dividing wall column.

It is also possible to react a plurality of organic compounds with the hydroperoxide. It
is likewise conceivable to use a plurality of hydroperoxides for the reaction. If, for
example, two organic compounds and/or a plurality of hydroperoxides are reacted
with one another in the respective steps, various products resulting from the reactions
can be present in the mixtures. However, such mixtures of two different oxiranes can
also be separated successfully in the process of the present invention by intermediate
isolation by distillation using a dividing wall column having two side offtakes, as long
as the boiling points are not too close together.

A dividing wall column having two side offtakes is shown schematically in figure 4.
Here, the lower-boiling oxirane is taken off at the upper side offtake M1 and the
higher-boiling oxirane is taken off at the lower side offtake M2. In this arrangement,
the region of thermal coupling 8 preferably has from five to fifty percent, more
preferably from fifteen to thirty percent, of the total number of theoretical plates in the
column,

The invention further provides an apparatus for carrying out a continuously operated
process for the intermediate isolation of the oxirane formed in the oxirane synthesis by

reaction of a hydroperoxide with an organic compound.
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separation apparatus comprises a dividing wall column having one or two side

offtakes or at least two thermally coupled columns.
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7 Dividing wall

Z Feed
L Low boilers
M Side offtake for intermediate boilers

M1  Side offtake for lower-boiling oxirane
M2  Side offtake for higher-boiling oxirane
S High boilers

Condenser

~

A% Vaporizer

d Vapor
f Liquid

Horizontal and diagonal or indicated diagonal lines in the columns symbolize packing
made up of random packing elements or ordered packing which may be present in the
column.
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We claim:

1. A continuously operated process for the intermediate isolation of the oxirane
formed by reaction of a hydroperoxide with an organic compound in the
oxirane synthesis, wherein the product mixture formed in the synthesis is
fractionated in a dividing wall column to give a low-boiling fraction, an
intermediate-boiling fraction and a high-boiling fraction and the oxirane is
taken off in the intermediate-boiling fraction at the side offtake and the
hydroperoxide is taken off in the high-boiling fraction at the bottom of the

column.

2. The process as claimed in claim 1, wherein the dividing wall column

comprises at least two thermally coupled distillation columns.

3. The process as claimed in claim 1 or 2, wherein the dividing wall column has

from 10 to 70 theoretical plates.

4. The process as claimed in any of claims 1 to 3, wherein the pressure at the top
of the dividing wall column is from 0.5 to 5 bar and the distillation temperature
at the side offtake is from 10 to 60°C.

5. The process as claimed in any of claims 1 to 4, wherein the sum of key
components in the purified oxirane is less than 5% by weight, with the sum of
oxirane and all the other components present in the oxirane being 100% by
weight.
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@) reacting the hydroperoxide with the organic compound to give a

product mixture comprising the reacted organic compound and
unreacted hydroperoxide,

(ii)  separating the unreacted hydroperoxide from the mixture, as defined in
claim 1, resulting from step (i),

(iii)  reacting the hydroperoxide which has been separated off in step (ii)
with the organic compound,

with an isothermal fixed-bed reactor being used in step (i) and an adiabatic
fixed-bed reactor being used in step (iii).

7. The process as claimed in any of claims 1 to 6, wherein the hydroperoxide
used is hydrogen peroxide and the organic compound is brought into contact
with a heterogeneous catalyst during the reaction.

8. The process as claimed in claim 7, wherein the heterogeneous catalyst
comprises the zeolite TS-1.

9. The process as claimed in any of claims 1 to 8, wherein the organic compound

used is propylene and the oxirane is propylene oxide.

10.  An apparatus for carrying out a continuously operated process for the
intermediate isolation of the oxirane formed in the oxirane synthesis by
reaction of a hydroperoxide with an organic compound, wherein the apparatus
for preparing the oxirane comprises at least one isothermal reactor and one
adiabatic reactor for carrying out the steps (i) and (iii) as defined in claim 6 and

a separation apparatus for the step (ii), where the separation apparatus
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two thermally coupled columns.



