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PF 0000053760/ Kg AS ORI G NALLY FI LED Process for the
conti nuously operated purification by distillation of
oxi ranes, especially propylene oxide 5 The present
invention relates to a continuously operated process
for the purification by distliilation of the oRFp®RpS3760/Kg
formed in the preferably coproduct-free oxirane
synthesis by reaction of a hydroperoxide with an
organi c conmpound. The crude product obtained is

[ iy\f 1&{ wall colum into low, 10

gt 2d2<poi | ing fractions and the

oxirane is taken off as internediate boiler at the

side offtake of the colum. In particular, the
. : : i

dnvention_ relates to the continuously operated
rification by,distjl!lation of ,propyl.ene qxide rqQqm
Pheoceiscfor tincotinicats| ensatih puriiiatondy Sstibasenof paranes,

cust omary processes especidlly propplen@lokideoxi ranes can be
prepared by reaction of QllifW
W t h hydroperoxi des in single-stage or nultistage :

actions.  Conpared.to a single:stage process, the
ThE cRmsot UPGANPE EMiPoURd 2 SoBEMoBsly, BRerasy prorety, for the

kepficatidhdy %i@ﬁﬂatfijmd)ﬁ thie foxiifahé if@ﬁmiemmhfe pesforbly Ei'diﬂésduct—free
I ncr easeg t sel ectivit t o _oxirane, formati.on. For
BRIEeE Whtiepls yReprigmeka By dropetReowiih gl P1RHIGEpmpSind. The
0RO 7Pduetr obiaied fiorsepiratedr émcd i dividafg twedl @obmm cinto low-,
C oun it . r. rexi t opfpY | e t
SRR 1, B OE, Pl R gl b Bhen Ut s
imtehmedénto boder ati ther sidecofftala i ¢he cotpown dn tpartigilag, the invention
I t i X1 i.Sj i-he. re : i .
BAELE e e PR P BB EPE UM ropyene ovie
Sropatha tréastion fof propyleme ovitht kyilrbgaiy pepexidsi de from t he
m xture resulting from step (i), (iii) reaction of the

hydr oper oxi de which has been separated off in step (ij)
W chstomaey progessee of dheppriprdart, oxiranes gaw be avmwedly reaction of

@ﬁga%g%?gﬂc il SR Wit hiropbiexRIe§ 3R GngeRRgENe Whuliistage

per oxi de takes
reactions.

Compared to a single-stage process, the excess of organic compound to be reacted
can be kept relatively small in multistage processes. This increases the selectivity

to oxirane formation.

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 (iii):

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

(ii) separation of the unreacted hydroperoxide from the mixture resulting from
step (1),

(iii)  reaction of the hydroperoxide which has been separated off in step (ii) with

the organic compound.
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place in at |least two steps (i) and (iii), wth the

hydr oper oxi de separated off in step (ii) being reused

in the reaction. 5 The reactions in steps (i) and (iii)
are preferably carried out in two separate reactors,
preferably fixed-bed reactord- with the reacti BRO®POSI7T60/Ke
step (i) preferably taking place in an isothernal

reactor and the reaction of step (iii) taking place in

an adiabatic reactor. 10 This process can be used

Qa%e&ﬂﬁieél Y, the rree{clﬁ%n rdfahé ofsnff céth Swiﬂlttl‘ib hydroperoxide takes

dr operoxi des o form oxiranes dro erOX|
] gmwﬁstgwgéwéﬁe@nﬂéu@fw ﬂaﬁolpaﬁ Cgszﬁfd% step

ainfheinlErefidipinithe fabRonind i s preferably brought into
contact with a heterogeneous catal yst during the

reaction. 15 OMng to the high selectivity of the
{Iﬁé%h&fdmstlhl ﬁfﬁf(lhclﬂldoﬁnpra@@@tﬁ'tetabry lcﬁrn@tlsmlt mefvai rsephrate
0 as c C oxirane s esi s,
PRt Bl e e G VD L Testioh e 91 Bfferably
@kllﬁgeplﬁé@m anfikGthyine ecattud dnyd dhogactigeofstern@ii) taking, pladedn an
g%labtgcsryg)erom de conversion in step 20 (i) is from
QICIEIEION, 9096 and that in step (iii) is about 95%
based on step (ii). Over both steps, a total hydrogen
roxi de conversj.on of
e e
ox foranexicinesi Thechydropendside usethmeh_ssweqmﬂ ds preferably hydrogen
p i3 I
SBCRidE ARl e, BEAE cBpofind iR prdvghl, m{IRRLE i o
hetemgenahise:aa&yssdmmgthgrml@m al for specific organic
syntheses, e.g. in the preparation of polyurethanes, a

hi gher concentration of at least 99.9%is frequently
fwegdarthe high selepsivity gHethn geaqtionp ehis stiaad efipregagtion is also

Pafetrbd 63 QprodueRired BxilaR sﬁﬂfﬂegllscat ion by distillation

carried out "according to the prior art is carried out
in conventional colums with a side offtake or col ums

MARGURE, tHe #RWVE Procedican bBQﬁ@deF(brt ﬁ%@ﬁ'u{get @byt Yxide from
conpl i cat ed appar at us

t i,vel
angrnydee gffe&emeg%ji aémsex peroxide qonveiog in step
ROITH BonPibdut B8% {0006 ahé Vitat il step @i s alsout 96 %ckbhskd gh step (ii).

rit 35 It is an opject o resent i.n
6S‘tqrn$/‘%’é S, el BB BYroies FRTETG obaboph 9% bhn be
ashieastba f proppldne oxidbeeleandtyi afrabolit B93%bl e or gani ¢
compounds with 3- PF 0000053760/ Kg hydr oper oxi des, in
particular in terns of energy consunption and therrml
Sfheassde dxirane obtained in this oxirane synthesis and the work-up still contains

impurities. It is generally obtained in a concentration of about 95-99%. For it to be
suitable as starting material for specific organic syntheses, e.g. in the preparation of
polyurethanes, a higher concentration of at least 99.9% is frequently necessary. It
therefore has to be subjected to a purification step.

The purification by distillation carried out according to the prior art is carried out
in conventional columns with a side offtake or columns connected in series. This
necessitates relatively complicated apparatus and a relatively high energy
consumption, since the oxirane has to be distilled a number of times to achieve the

abovementioned high purity.

It is an object of the present invention to optimize the purification by distillation of

the oxiranes formed in the reaction of suitable organic compounds with
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particular, a process which is operated continuously

and all ows the oxiranes which have preferably been

obtai ned by nultistage reaction to be isolated in high
purity by distillation with a small ‘outlay in terns of
apparatus and a | ow energy -3 Ttonsunption is t8FBI0AHINKe
avai | able. W& have found that this object is achieved

by use of a dividing wall colum in a continuously
operated process for the purification by distillation

Qi‘gltﬂr;d;ﬁr&)fdésaﬁleparﬁ&ﬂ&ieﬁ thting éﬁ@fg@fﬁhahhgumdqﬂaﬁalfsm In

ne synf esi s, by reaction of a er oxi de

BeticulEs, & PRRATCHBisHb HPRfat“?t’?@“ﬁb?%’é‘é]ﬁta“Fir#Q{Yg g oxiranes which

%@6’ ?Pdféiﬁ 14 tweﬁ\ﬁb@ﬁﬁe@by M1t1au%31ﬁayuma¥m Bdlawdomelagh purity
| ati on o0

purificatio di sti t he
105 dhsH AR, itd PR QYD Bt ety of 1apBpahidnaf 10w cnergy
RyAaARRIRE debavralie avaibgani ¢ conpound, wherein the
crude oxirane 15 is separated in a dividing wall col um
into low, internediate- and high-boiling fractions
awé hhb@fd%drtﬂﬁl&hissoﬁjaétﬁn achibvabby nteohe divdiagiwall esluam in a

B PO a5 6t LSS0, AL, B o
dortidd limtthe npﬁ:ﬁiﬁblyl moﬁuct#fmnsxnﬁnet lsgnthesis dys redctivheof a

present Lhvention be separated off from
TP ‘ﬁﬂﬁgporwct%o [Ffé\%dsuess, since only short

reS|dence times in the dividing wall colum are

ﬁﬁ%m%és%ﬁ%mgg a%c&fdfu%éf]? PE‘N}% 2.} c ﬁﬂﬁéﬁsﬁ%ﬂg&ﬂtﬂd PRicRsd for the

vantageous atl 0 the highly
rpasificaticn bandllsullﬂirtmabf yhe Aixiraee cfsma%els the-@xirapg $ynthesis by

rrgfﬁ:gigﬂ of ta dg% xifd Qﬁv]‘ﬁ% &%aﬁlb %o%%?ﬁf‘twhérﬂi{% ke oxirane

ay i1 i terns of apparatus and

neaepmtc@mlag@wmg: mélmqiuma rntoloni-n ierrediate-ngidoligh-boiling
gﬁ%ﬂp argf’tﬁle okﬁaﬁé)l'mﬁfeﬂ%ff £ inhemdiiid thxI%I- ke side QERARES

e prior art. This is highly advant ageous
for industrial use. The process is preferably enpl oyed

Rfe 6ﬂ9an@'(§h'ﬂel SthiPBd Gh aPhiER Yty oﬂbk‘éf@ralﬂyl ﬂhlem 99 9% under

preé)are yrrultlstaereactlon

e iseHatan Eancisions 30 e af I PORe B MheareRe ivgntipndt can
Wel caped it éfr&hVirﬁbd}maéV&hdder hewe thegimkEe fstrédss Gince only short

e s e P G WA 7 Bty Bappp of the single
gﬁbﬂﬂ’ﬂﬁldm Thi3 ib ?ﬁgﬁhlja aﬂ%ntdgeﬁss lfdﬁ' ﬂfﬁ disalatidnuaf the highly reactive
ividin e _us e | as
tapde S'Frg@j&a lﬁ]ﬁq |(§‘“3H8§Neko? r&"SS"?a?O&tLF‘T (r:nﬁ w lgrg%eggseqpﬁg resent
Fih@duﬁhsleh@d(w aofeﬂuatd phtays il ¢erafsf ofakpmratne andweduced energy
t

heSuppon porbipgd with o ipGhet ity ColpbRCR i bishllaion
qubeasses distlotedan mwmartyThanemgbbf advantagepusdor igdwstriglise.
si de product

The process is preferably employed for the distillation of propylene oxide which 1s
prepared by multistage reaction of propylene with hydrogen peroxide.

Distillation columns having side offtakes and a dividing wall, hereinafter also
referred to dividing wall columns, are known. They represent a further
development of distillation columns which have only the side offtake but no
dividing wall. The use of the last-named conventional type of column is, however,
restricted because the products taken off at the side offtakes are never completely
pure. In the case of products taken off at the side offtakes in the reinforcement
section of the column, which are usually taken off in liquid form, the side product
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4- PF 0000053760/ Kg still contains proportions of
| ow- boi |l i ng conponents whi ch shoul d be separated off

» via the top. In the case of products taken off at side

of ftakes in the stripping section of the colum, which
are usually taken off in gasdous form the si d@wmmg
still contains proportions of high boilers. The use of
conventional side offtake colums 5 is therefore

restri ct ed to cases in which contam nated side products

&ﬁF RAif o?ﬁigﬁhﬁms\% S botling Brifsbniads which $tivuldbé &patded off

suc he separation actl on _can be inprqved

wadhg PPbBb@ﬁ@QSﬁdtfﬁP@Kés taken offad side offtakes 10 @ewmamwctwn
&f ﬂ‘he'dahﬁm awhieh rﬁe &uaﬁ&‘thﬁéﬂ“@ff"iﬁ'g’asdoﬁs i, ahd gﬂelpaodd&s still

| e regi on ahove an feed point, a
%qn@@n%pwan@nsvﬁ hvghc%m B el}h%%e o ﬁ%‘regeen%w%e?%cwmns

S WerbRréRE@icredrd TS iniwHich fbrtgfinatdd sidAprod@dté arepermissible.
of ftake section fromthe inflow section and prevents

crossm xing of liquid and vapor streans over the entire
Wheh ANdiG1dass wallGh |1@§ﬂalldﬁ it fich Paslumaf thehepaationmctidiian be

{0k bF R SRS P 2t Figh YUt B GG Pure form. A
dividing @all Whhsealled i dieemididlé segion dlbovei and I:&lowbdld fead point and

B8 s erornbi T R B 5 RSy SERGHE FE cap Bp e8P bined

mmrplme.nltssealstdfﬁmm oﬁtdkamptlm dnmleheamﬂdyuiseawn(mﬁ prevents
2. 471 .1 .
GossbunbE 4t fighiflanti Vaodl REERhs Blerdths 3ok betbfinXrgss section in
mtseparepxirtheucmmm Ehm vctium the totdl oxumber of- d:epltlaiim eglumns
rgﬂn?ffécﬁe Beihe WL ilnatin [fﬁfl ltlcPln}bHéd? Gni¥frks ﬁrﬁbéé%eﬂiﬁgﬁts l'ﬁve

used success separati ng m xtur
simiillar beitiog poimtssal |y (EP 0 133 510). 25 Finally,
dividing wall colums in which chenmical reactions can
be carried out with sinmultaneous distillation of the

Phis dyps of gelumu bas Resvwsed ElarrgraBpleipe tengepagggion of an initial
Ahieosede %ﬁlp%ﬁ&ﬁg iffdiRacl efhane, fropae satnarwmﬁa(tusmaﬂ 134),
saponi fications and acet ali zati onslagg 0 1§ﬁ 28 %
tqrgm eeparationhd EsITe Pt drptgne; ioeng apd xylepe Sé‘ﬁé?ﬂ@ and
¥ HBOesdpardiRg IdF themPitifeanst BHEMaRES| B-héptane and n-octane
d| stl Iégﬁ#on ina dividing wall colum. Here, the crude

PdA bm the oxirane synthesis is introduced as
feed Z into the colum. In the colum, this crude

g‘}l{i@ggﬂi{fc(ﬁg&%g gatmea(?lso Ee us Ju%‘&%ﬁﬂ? £5°% Exrlaﬁlng %ﬁ)t(gﬁ?esl wifich
boil azeotropically (EP 0 133 510).

Finally, dividing wall columns in which chemical reactions can be carried out with
simultaneous distillation of the products are also known. Examples which may be
mentioned are esterifications, transesterifications, saponifications and
acetalizations (EP 0 126 288).

Figure 1 schematically shows the purification of the oxirane formed in the oxirane
synthesis by distillation in a dividing wall column. Here, the crude oxirane from
the oxirane synthesis is introduced as feed Z into the column. In the column, this
crude oxirane is separated into a fraction comprising the low boilers L, for
example, decomposition and dissociation products such as acetaldehyde and
methyl formate, and a high-boiling fraction S which comprises, for example,
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35 exanpl e, deconposition and di ssociation products

such as acetal dehyde and nethyl formate, and a

hi gh-boiling fraction S which conprises, for exanple,

-5- PF 00000537601Kg sol vent and water. The hi%hb&ﬂéit&yK
oxirane is taken off at the s1de offtake for FF 53760/Kg
internmedi ate boilers M To take off the product at the
side offtake, it is possible to use receivers in which

5 the liquid or condensing vapor can be coll ected and

Whivehk BRY whterl aBet ghutibeoxirafs igitaken offiasitkle sideeofftake for
col umm, The prﬁess described in WD 00/ 07965 and t he

apspemediate bodersMy ryving out this process are preferably
used for the oxirane synthesis. The apparatus consists

f ap 1Q isothermal fixed-hed reactor.,.a separation. .
%ﬁp‘&?%\?%§h%\ﬁ'5° t ab'ih&ﬁéffq %@ﬁﬂg%&w&w@e@& receivers in which
A B6id g condéddingovgeesan e ddllectpd @nd vhicinweytbeolocited either
sui.table for .the preferably continuous purification by
¢ q¢q%¥$§%ﬂ§§° xi rane which is prepared by a
process 15 conprising at least the steps (i) to (iii)

Thegntes damtiarin WO BfaBY gl A APRTRS, BF shilFipe om wis

grocest a1g prefetablypisedrfor evoximne sgnthesis.\Ehesipparatist comkists, of an

for, I nstanc rihed. | [T Ty cTar-1g R
sonarial BRGF NG Sensf R dptEPub s ahd S it dpgd-bed
teack®0, nore preferably from 45 to 100, theoretical
pl ates. The process of the present invention can be
carried out particularly advantageously using such a
despughinglpsthiehproggsscef thenpresesd imeagiion is syitablpdor the pyeferably

i st ¥ i j rocess
DA Rlonh PURRERId Y 4R G TR LI BRpared by  proces
compoising @t leapicthe stens () inbas dofingdabd¥st i cal plates in
the columm, the enrichnent section 2 of the inflow
part preferably has from5 tqQ 50% npre preferably from
5 eastya0u; the fESGSPS O BIenBresen ARYOHOR: Biis PRESIRIR 9 g5F pusipmery
REiAHRYzARALY cORgnrs HVing &t 080 BlE Bfftileksefottihitaddeotit Yolumns
30 tg 300/ the stripping section 3 of the offtake part

BRI RIOTAflom 5 t0 50% nore preferably from 15

to 30% the enrichment section 5 of the offtake part

bly h f 5 % f bly f
Ryeh Godtviding WA cp Ry relislly hef BBy P B3 e ity from
a5ckoof O, athedrgtival phatest The podaess) of thef presdnlt ynveation ca ibe Sarried
{0, 50%, 100 €01 6L L AR Y L QI RabggA0% 11 each case of

The upper combined region 1 of the inflow 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 from 15
to 30%, the stripping section 3 of the offtake part preferably has from 5 to 50%,
more preferably from 15 to 30%, the enrichment section 5 of the offtake part
preferably has from 5 to 50%, more preferably from 15 to 30%, and the lower
combined region 6 of the inflow and offtake part of the column preferably has
from 5 to 50%, more preferably from 15 to 30%, in each case of the total number

of theoretical plates in the column.
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35 of theoretical plates in the colum. -6- PF
0000053760/ Kg The sum of the nunber of theoretical

. plates in the regions 2 and 4 in the inflow part is

preferably from80 to 110% nore preferably from90 to
100% of the sum of the numer of theoretical Plb(POQQOé%?ﬁOng
inthe regions 3 and 5 in the offtake part. 5 It is

| i kewi se advantageous for the inlet via which the feed
Zis fed into the colum and the side offtake via

Rl AP0 AR08 O LR PR HESEORO 308 ) bt

pait ag pvﬁeralaiy?frmn 8840 1il7k, grore r%efgwgfﬂ %ﬂﬂc‘g] ‘gdog’m;éf the sum

%Shﬁle'dahﬁier bBthHebRtieAIPYs PGB radom 3 @nd9 5 th offtaMeipah. i S
romlto 8 nore preferably Trom3 to 5, theoretical

pl at es above or bel ow the side offtake. 10 The divi ding
vk likelsk BBvatifou fdrlike RIQCAS Whith the feedr2Redd into the column

|nvent| prefera CanI ured erther as a
o sideopArakB v g PR OIS ks f B iereg i BT ap be
ra@mffdiéﬁtﬂ‘iélghﬁ)lﬁl thy Eﬁlmhm relduve %0 ﬂﬂqﬁ)sim?ﬁ of dleufheorcncal
C aV| n Ci rface
aPaée; 3 il 5 13 0BG A8 P DT P o O hb & Foore
phferablyTtbrh G 16 S0theBreriBal ;ﬂaemalﬁmeeﬂ bpiekihe gldeﬁfﬁhke
packi ng provides a high separation efficiency conbined

with a |l ow pressure drop per theoretical plate. In the
&h@‘dﬁﬁdﬂng ivaitlecbluran usglimathe process dfitbe preisentrinvention iepgictarably

ConstBed S L bk p Sl RtBin, palfihe Br gpdered

packing bhas & tray pplung. Fecexamplg, ibis pdssiblef tbtusk ehmmetaltoh &nesh
.o i
BN AR e 30k g R of (0100 A5 O0G ™ refestly rom
wbout 2%} derdo pa&m,wg enderegh paking cRidy pam @royidesng high
#%l fﬁ@lefl OPESRbihYd WithY 18WGHessuRt drbf per thestefdnt plate

T e OX|rane I's then 1 ntroduced continuously |nto
the colum in the formof the feed stream Z which

'Iﬁé 'aﬁsx?erﬁé}maﬁaf r&bﬁﬁgxﬂuﬁ&g 0P Qhé icOfnAe) mbsfeg@we@f gedcolumn
er than the oxirane.. This fee ream eneral Ly

|dﬂ\qG¢CHby dboinevading; wal) which CoRsiniafi e SR erd t5Fich 2{ pothe
SRS Dhre ik sRippirl deBlitidB Yof iRPsHtaképarg,théstdipping section 4 of the

subsequent lc?/ | nt r oguce | tﬁﬁifr}'} %}Pﬁaﬂ%@eﬁ?%{a‘ﬁ’%" provided with

tohﬁ:réco ml@ﬁg enmaamqmm@t Tl“ham\&dhldg ovedl dnche dhemhalbaimsulated
Thi.s el i mnary vaporization is particularly useful

W Biese FF@lqnéedstream contains relatively large anounts

of low boilers. The prelimnary vaporization enables a

g(ﬁ-nnSI d(? r aoLe llgﬁgen BirBudedkShuRidush e iHe! R i Gt fol of
the feed strcam Z ‘which comprises components having boiling points lower and
higher than the oxirane. This feedstream is generally liquid. However, it can be
advantageous to subject the feedstream to preliminary vaporization and
subsequently introduce it into the column as a two-phase, i.e. gaseous and liquid,
mixture or in the form of one gaseous stream and one liquid stream. This
preliminary vaporization is particularly useful when the feedstream contains
relatively large amounts of low boilers. The preliminary vaporization enables a
considerable load to be taken off the stripping section of the column.

The feedstream is advantageously metered by means of a pump or via a static
inflow head of at least 1 m into the inflow part. This inflow is preferably regulated
via a cascade regulation in combination with the regulation of the liquid level in
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35 The feedstreamis advantageously netered by neans of
a punp or via a static inflow head of at least 1 m

-into the inflow part. This inflowis preferably

regul ated via a cascade regulation in conbination with
the regulation of the liquid Tevel in 7- PF  PF0000053760/Kg
00000537601Kg the inflow part. The regulation is set so
that the anmobunt of liquid introduced into the

enrichment section 2 cannot drop bel ow 30% of the

NRE e ow ?bﬂ €Thé teghdftioncie Ret §® gfad tﬁehﬁh{fnlﬁmdﬁ liqufat peeduded into
is I npaQr ant to en out, tr e uct ua S

e COCRADE Sectsiun 2 SRRk o bepws AL o6 e Sostt) VAR, T'has been
|fbﬁlﬁi/\ltlﬁ1€ s e fﬂr@ﬁkﬂufeoirs 1h'lp©rl!dms/tcsem @it ttdmbldsomellﬂixctuatlons in

ow ng down t he. st pi ng section 3 of the
??‘5?&“‘6’5@“@“ Qnegm%%e(getween the side offtake and

the enrichnment section 5 of the offtake part is set by

'1F""” 5RyisE petafh O 08 S 6on o bE aedS TSR et gom e

1ﬂg)sermnm ofvikk u‘.d!'ftalﬁdpan efide ¢aumhdetvgnahe gidexifftale and
I LR Y AR IR e SO e
db\thati thg ammiunt ob ligquidsgoing to theenegiodes carinoe dropf alow 30% of the
exarr[a)ll‘i | n Chem Eng. Technol. 10 (1987) 92-98,

ng - Technol. 61 (1989), No. 1, 16-25, Gas
Separation and Purification 4 (1990) 109- 114, Process

R A S

regulation wethedshani sms described 20 in this prior art
can also be enployed for or applied to the process of

the resent invention. The regulati on principle
atign dmpehasis s £ornibencresaling ob diddingr wall o have been

l&é@éﬁﬂed & eizhﬁpleom UhUﬂxUSEmg aRehRs1ed0 987)' 9AHR OCTherh.-Ing.-
OX|rane

h 25. ab
Tasbnck 6h (19801 Dot ol %n&a&a‘?ap#aslor{rﬁ@j E‘Pﬁﬁr—w%ﬁ@g) 105-
tlflus P%&E@Ea n¥c:}iﬁ9ét<§r(19‘ﬁ) 334341,€I'rahﬁ IIQtHeErFEUIZE(lt@gﬂU Part .A A39-
at | util.i zes e
Ehmieal Enemiesng A P15 578 e Bt BBlalfgs gopprived
Cil:iaﬁitsl grior @it ¢anndlse be empl@gdl fot ongppliedanehe procssspofothe geesent
i.n 30. the upper section 1 of the colum. The

8nent point for the tenperature regulation is
preferably |ocated from3 to 8, nore preferably from4

E'gffeﬁl;ﬁgufangg rp‘f‘fn'cﬁ:% d@écﬁf)gcf bgsw&t&gn YR toe&dpﬂ{icﬁlmy useful
for the continuously operated purification of the oxirane by distillation. It is readily
able to cope with fluctuations in loading. The distillate is thus preferably taken off
under temperature control.

A temperature regulation device which utilizes the downflow quantity, the reflux
ratio or preferably the quantity of runback as regulating parameter is provided in
the upper section 1 of the column. The measurement point for the temperature
regulation is preferably located from 3 to 8, more preferably from 4 to 6,
theoretical plates below the upper end of the column.

Appropriate setting of the temperature then results in the liquid flowing down from
the section 1 of the column being divided at the upper end of the dividing wall so
that the ratio of the liquid flowing to the inflow part to that flowing to the offtake
part is preferably from 0.1 to 1.0, more preferably from 0.3 to 0.6.
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Appropriate setting of the tenperature then results in
the liquid flow ng down from 35 the section 1 of the

» col um being divided at the upper end of the dividing

wall so that the ratio of the liquid flowng to th

inflow part to that flow ng t$ the of ftake parFOP@O53760ng
preferably fromO0.1 to 1.0, nore preferably fromO0.3 to
0.6. 8- PF 0000053760/ Kg In this nethod, the

downflowing liquid is preferably collected in a

receiver which is located in or outside the colum and
from which t id.is.then fe ont i.nuously into .
P hesiot. e o tbingiduid s pRTeraBIRolIGHSY il reioRgpvhicn
ds doeaed ih e@ebmide the polowirdend frodnf wdichnthey hh'ugh is then fed
static head o | UId ich nmakes S

pp ol e retdivngy TR ERETes Son s BRSO % i f Sy
rERninor prevideai Isnﬁ“mimﬂ)c (bsgh fstatic elx&ndpbé ligaidv edichivwhekes it
packed .col,umms .ar e, used, .the

@sfik@&féahieﬁ”%%? (€ oY htieq Al P e bt Baler, by msans of

regudating devicesxfoe erampleredwisy 8WhenlgacKérbcolamos asst usedmhathqund

051508 ol 09,16 b gl o cxma

|rcrtcarmal s and/or incorporation of pressure-reducing
devices, for exanple orifice plates, so that the ratio

of the vapor streamin the inflowpart to that in the
dihetvager giream atsthp Aesesrend) of the diwiding wall 1 ipset by seleetigy gnd/or
f

dﬁlﬁé‘i’m&ﬁnﬁ) of tﬁeos n‘%aﬂmoﬁ ﬁltEHl%lsazPﬂ)‘ g on&srg&lv I&ﬁgn of ?i%'sﬁfrb—%ﬂucmg

princip erature regu

qumcps:s dor ten@nqlfaﬂmﬁw plase 5O dhat he ratie obdhe yapersstream in the
R JatRY tl@ﬁ'iﬁ‘ﬁ?et@f'ﬂaké pRE WVhidaFabl frdnh 6.8 0VE?, prefdRibleftom

secti n 6 of the colum. The bottom product can

toek-bre be 20 taken of f under tenperature control.

The neasur enent p0| nt for the terrperature regul ati on

device is preferab |.ocat.ed from3 to . .

Jh dheayeylenhammarealon PrdBlees feaperau: EEblaigy deise which

leieés gedquahtitynakeDbnm thel tot@@t aé re@nlating @ataneatr is provided in

ol S rteng Hhdhe FpagBhe boHomaptel e HickiSte ve
Gtadesat off Yundek emeiitust cdniel. SThte mehsurelent peint forthe temperature

pur gose, ,the Li d ,l.e or e S
SegAEGH e el et bl 2 G B RS poetBltB o™ o
ttheoretital piateseabost the lbeengnd 0fzthdceisnmegul ating

paranmeter for the heating power. The distillation is

advant ageously carried out at a 30 pressure at the top
dh addition] thedevd) regﬂathmr iofaoturhn 9eqtnoorﬁ and thus fasghe bottom of the

S b AR RSy i 0 it

this purpose, the liquid level in the vaponzcr is used as regulating parameter.

The differential pressure over the column can also be utilized as regulating
parameter for the heating power. The distillation is advantageously carried out at a
pressure at the top of from 1 to 10 bar, preferably from 2 to 5 bar. Accordingly, the
heating power of the vaporizer at the bottom of the column is selected to maintain

this pressure range.

The distillation is then preferably carried out in a temperature range from 35 to
110°C, more preferably from 45 to 90°C. The distillation temperature is measured
at the side offtake.
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this pressure range. The distillation is then
preferably carried out in a tenperature range from 35

«+to 35 110C, nore preferably from45 to 90C. The

distillation tenperature is neasured at the side

of ft ake. 9- PF 0000053760/ Kg3n the case of t h&F0000053760/Kg
distillation of crude propyl ene oxide, a pressure of

about 3 bar and a tenperature at the side offtake of
about 50C have been found to be particularly useful

3R dherbdse\bfahd deillation by cruide pirbpylenoskide, 4 predsuro lof abowtd bar

o be able to opera di g col.umm
a0 nperains, ah dBs s atttakgont et 6 helS HeER, ffind 1o be
irls e ful andiallow layhi gphiuttygstop ylenoatide &t boobtainad.t he
separation of multiconponent mxtures into | ow boiling,
i nternmedi ate- boiling and high-boiling fractions, there

dloebe! Sab&lb th/ opmtei thiec dm(hng wall mehmc in af trottde-fe nmanmarrthe
{
B b B NS U R =R a0

which are critical to the separatlon problem referred

R R R
sbpﬁmgfanddughrboﬂmg fragtions, dfrere ard wauglly spediigcations in respect of the

o Eﬁdﬁnsmw@?w&ﬁ %‘fﬁh&%élﬁﬂ? gﬁﬁ %@ﬁ B&lér@%'tﬁ& iddle

lonr
Gfactione Higre, individugh pmmpqw@twwh.a@mcmmal to the ss;nara%n pmem

%{i’éﬁ&g@& Q0 iR cbRbofdnt F el&oﬁié%ﬁﬂ bf a {phiralifi€of key components

targ [Tng’fraction’in the liqui d at the upper end of
is sgeaified-ng wal | armounts to from 10 to 80% by wei ght,
preferably from30 to 50% by 20 wei ght, of the val ue

which is to be achlevedlnthe treamtaken . of f t he,..
Adhsrenpedo the Speeiligaiigns fgnthe b b hslefss 1% dbe %ﬂ%@ﬁ%ﬁ@ﬂmg

tffh%tﬁ@ﬁ’ W}?@férﬁly%i Wted 914 GO Wﬁ@ﬁ&&l(ﬁﬁf thkllﬁluld at the upper end

hi h
&P‘bd’uﬂ@@& W I %ﬂﬂlﬁlﬁgvgla gggtsp{;gcg %@HC?‘W@UOH of key

%@ﬂﬁ)@ﬁéﬂtﬁtfbﬂ heo highehoilbgTBiaoeo $n ithe Iquuﬁi at theseppercniddof the

dig fﬁfg@g&%g& F}BP’hﬁ%‘é’rgdgglwggyeq%ﬁtg&eger%] 50 90 B950% by
Iwalglitnabhhatvahbo;irlhchn & tofbeachieved irsthe syedrn takenloff atebarsidefThe

Vg RN v el TR PP drte) Bmponens of

ctbmimglehd)mngofradﬂw isohighei, | marg lifmidc1si mmdncqmentpu dgi mflow

She L B, S8 AR 5 0

\naurghtc;eduftomﬁemﬁamcm ch is to be

Accordingly, the specification for the low boilers in the intermediate-boiling
fraction is regulated by means of the heating power. Here, the heating power in the
vaporizer is set so that the concentration of key components for the low-boiling
fraction in the liquid at the lower end of the dividing wall amounts to from 10 to
80% by weight, preferably from 30 to 50% by weight, of the value which is to be
achieved in the product taken off at the side. Thus, the heating power is set so that
when the concentration of key components of the low-boiling fraction is higher,
the heating power is increased, and when the concentration of key components of
the low-boiling fraction is lower, the heating power is reduced.

The concentration of low and high boilers in the intermediate-boiling fraction can
be determined by customary analytical methods. For example, infrared
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achieved in the product taken off at the side. Thus,
the heating power is set so that when the

v concentration of key conponents of the | ow boiling

fraction is higher, +the heatjng power is |ncreased

and when the concentration of0key conponents of m@ﬁ@3””"Q
lowboiling fraction is |ower, the heating power

reduced. 35 The concentration of |ow and high b0|Iers

in the internediate-boiling fraction can be determn ned

10 PF@SW ¥ benaky '/f&rQEtecthﬁ heoils theF@fm;ﬁmgﬂpbns%mmﬁ tlRrresktion
spec can pe..us
FURRIEE SHRE VHSEACPE JTHEBNGS ot eIt cAPRiDppy, These

mheaburemebBi Ogh Ibielﬁhﬂrfeﬂeduﬂ)yn-ﬂ]iaandlr@ﬂyt freithe column. However,
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facilitigseare eheinsprgvidedh at the w@pergatghlsweh exdraf thgrdaylding wall. Liquid
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wad | andlyagdi do dstelgnineotlmirs aopipesitioshn ﬂhenaguopaﬁenregulaﬂon
: g
GRhDHRY B 5k b8 etk fnlHi 18 it on 2"
appropriate regul ation rrechanl sns can then be

Sp ecxﬁé@ge (@ﬁl&ﬁf&oﬁ Qtdﬁt dfél?%%?%ﬁh{ iE5 Tl;&nﬁb&ﬂﬁe for the

anfhnv pas ang loéftaker parhywhich ere sspapmed ?ramonﬁ anathes bythe dwldmg
m;l ch 10 o %%g@é%@% fohO Pofien B0PTdI8E ﬂms&my @epfarﬁb Ngom one

not t resent in one_colum  but
BH?@FTC an Iﬂ'}ls §E%ﬁ‘é?@bp‘?l§?ﬁ“b rihe diyiding ayall Mwn.wéb%scwmmse
afast (RphysicaBy deparatt @alu\ﬁﬂisl whieh WiEh Kave tbbehe@iali cfipled

at Ieast t aII rat e col ums _ which then
oot ae@ﬁghe?@ Fermdlys FOEplas cofaSorehangs Napor gk fiquid
'bB@deﬂ' imsnpcml @férgphsﬂmﬁo@ceﬂaﬂgeonmp@m @olhnir. qmud specific

apment e tap atvateee b erPaRs covled sbimpsag also be

Tob&fatddhmdeh Qiffethty pressupdse avhicH vam makerit pbsthlodo achieve better

under diff ressur
30 Goisf dnt uSberis. el FeaPreg 30 R lopdn SRR EIFE, b of =
Icenﬁntmamdmdm,gf\mll tdlemdi stillation than in the case of
a 20 conventional dividing wall columm. Exanples of
dividing wall colums in the specific enbodi ment of
tExampids| 9f dixidipgewald otalwmas an ethe rpegific cerahedimeat lof thermally
cb@@é&éol%maﬂ%éf df bty %H R V@i ANt in which
energy I's ntro uce V|a evap |zer V of the columm
V\/ni ch is | ocated dovvnstream of the colum provided with

& D Gowk virﬁﬁt irf @ﬁ@h%neiﬁyzls ihfaSduebd Qﬁ. B 'vraﬁ@ﬁzcr W of the

h S arrangenent, the crude Oxirane is
column Whlchgis located downstream of the column prov1ded§ w1t¥1 the inlet for the

feed Z, viz. the crude oxirane. In this arrangement, the crude oxirane is firstly
separated into a low-boiling fraction and a high-boiling fraction, each of which
also contain intermediate boilers, in the first column. The resulting fractions are
subsequently transferred to the second column, with the low-boiling fraction
comprising intermediate boilers being fed in at the upper end of the second column
and the high-boiling fraction comprising intermediate boilers being fed in at the
lower end. The low boilers L are distilled off via the top of the column and
condensed via the condenser K. The high boilers S are obtained in the bottoms
from the column. The high-purity propylene oxide can be taken off at the side
offtake for intermediate boilers M. The two columns can exchange vapor and
liquid viad and f.
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separated into a lowboiling fraction and a
hi gh-boiling fraction, each of which also contain

»internediate boilers, in the first colum. The

resulting fractions are 30 srﬁsequently transferred t

the second colum, with the fbw boiling fractl8’51000003760’Kg
conprising internediate boilers being fed in at the

upper end of the second colum and the high-boiling
fraction conprising internmediate boilers being fed in

at the Iomer end. The |low boilers L are distilled off

i a th of t.he, col umm .an con nsed
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ffiggiesdr 224 3 coea aealna%é)af folumns
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presmreﬁrdmmntﬁ@ﬁctioal pla00 nR/ nB, preferably from about
250 to 750 nR2/ nB, can be used as ordered packing. Such

packi ng provides a high separation efficiency conmbined
vint dbjectivew! the pesesseofdhe prasent inventiostis tapbtpireexiranginwhich

ggjlt%?ﬁh%reis fresEHlempJ%x @ﬁfontaf%eo@éq% of {hV%HIchQHe b$m!d? all
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Xl ran havi ng puri fera | east_ 99. 9%

ebtainsdy ﬂ‘hmea@qnyaaﬁﬁ equstespasp by wedghiy “951 thgogung (i irage and
Qi B8 Rportdis ﬁn%ﬁé‘iﬁ'ﬂ‘i@éiﬁ%eﬂigol(}@% are by weight, with

t he sum of oxi rane and

If the process of the present invention is employed for purifying propylene oxide
by distillation, the propylene oxide should be obtained in a purity of preferably at
least 99.99% by weight. The concentration of key components of the low boilers
(e.g. acetaldehyde, methyl formate) and of key components of the high boilers (e.g.
methanol, water, propylene glycol) in the product should preferably be less than
0.01% by weight, based on a total of 100% by weight.

To obtain the oxirane to be purified by continuously operated distillation in a
dividing wall column in the process of the present invention, it is possible to use
the starting materials known from the prior art for the preferably coproduct-free

oxirane synthesis.
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25 further conponents present therein being 100% |If
the process of the present invention is enployed for

» purifying propyl ene oxide by distillation, the

propyl ene oxi de should be obi ined in a purity_of

preferably at [|east 99.99% 2 wei ght. The PF 0000053760/Kg

concentration of key conponents of the | ow boilers 30

(e.g. acetal dehyde, nethyl formate) and of key

conmponents of the high boilers (e.g. nethanol, water,

propyl ene glycol) in the product should preferably be

less than 01% ba sed .t,0t al 9
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conblehiond le:yam{ﬂes @ft sadh di ginid ¢anpamds having 36ledstwind i double
I gcess of the present invention, it

i gn%ggciqtﬁ{gek(gl &1 arting materials known from

the prior art for the preferably coproduct-free
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ER&Aes, T&ﬁﬁl@ﬂé r#?aﬁQt e%?ﬂog&ﬁ&?é“esc ycbHexem!t €Rdrbornene,

trinethy es odecene trldecene

coclohentenshe wayléml@hwee, t MinylexiaRe. atinercielisKeRsenestyrene,

E L1yBLte gl eegﬁmo&ﬁié’des‘)b% ﬁ1%§borhédb0f efiflend, el R&AMBFdroindene,
rani ol , al ool Iin 10 a

methylFTsaey | opheyslensnt F@Fopent‘é altbS%I“Shexerfa’ClOdOdmne
r] eleaéde%aﬁene Cyﬁilﬁé}ﬁnt aﬁ;ﬂnnylvbawkmmel ohax@fe, A, beta-carotene,

V|n loxir Vi n xene ty c c en
)i i96%4 a UQHQB’ v gﬁlﬂ%ﬁneﬁfé’ 51| n@gﬁ"éde the haﬁylt Chitoride,
téi@dlﬂ@hb@tem ,nagng, alF@ingél ﬁteymlge mhc:hxgl;l omeenalsli ebwenediols,
i vin odec ododecat r.i
S IOBRHEReT Ry BB R APAon bt RCRCORO b B LATIARH isroids.
kﬁldﬁ rxlhbmsj aﬁli&:ufgbtgtﬂr antehola) uydanirated d:aﬂ)oxghotayidscﬂmlcb ras cwryllc
net ha qr.i,de r I
r"i‘ﬁidh ewqt% rﬁl'l% 8ﬁlgr i‘%ﬂ% %II(P rggl%[ eneg1 @Hgﬂcefi‘é Cagﬁo unsaturated
dm agids swrheak olex; agpd Aireteé acidopaladtie aocids paturalkyeessniing, fats
%gr ated steroids, ethoxyethene, isoeugenol,

ol e, unsat ur at ed carboxylic acids such as acryllc
acid met hacrylic acid, crotonic acid, naleic acid,

%é%t&%@t gcgﬁ&i do HURSRS Ufémﬁgi f?cgnff‘ttbys aGiEhh LS. Farticular
ol eic aci el c aci almtic acid, naturally
@eefarence gs f given taneeaghing ethene propene and butene. Very particular

preference is given to reacting propene.

As hydroperoxide, it is possible to use the known hydroperoxides which are
suitable for the reaction with the organic compound. Examples of such
hydroperoxides are tert-butyl hydroperoxide and ethylbenzene hydroperoxide.
Preference is given to using hydrogen peroxide as hydroperoxide for the oxirane
synthesis, with 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
hydrogen peroxide is produced. This process is based on the catalytic
hydrogenation of an anthraquinone compound to form the corresponding
anthrahydroquinone compound, subsequent reaction of this with oxygen to form
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Preference is given to al kenes having from2 to 8
carbon atons. Particular preference is givento

- reacting ethene, propene and butene. Very particular

25 preference is given to reactlng propene.

hydroperoxide, it is possibt&3to use the knownPF0000053760/Kg
hydr oper oxi des which are suitable for the reaction

with the organi ¢ conpound. Exanpl es of such
hydr oper oxi des are tert-butyl hydroperoxi de and

ﬁwﬁdgsﬁ pa@nmehmd rsamqgem (éﬂtr?]cﬁﬁml?b %épa“r&lg&ﬂf the hytropen peroxide
SI n 0 er oxil,ae. as er oxli
& 8T LE i B BB B @Wﬁs%s?m of the

mbnalcsmpbemm@hamheobmdad basled. The preparation of
hydr ogen peroxi de can be carried out using, for
exanpl e, the anthraqui none process by neans of which
Winr dviesviby df hhae sithiageinene prbepssoid gitenoin ‘Bfllanmy Bnoypbopedia of

B Pt b oRiobn VSR o R R 0 e
to formthe correspondi ng anthrahydroqui none conpound,
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pmoaomezyosméf@mc Hid\to dav@mgcre\pemmqnen@ﬁgﬁ‘waa @Pw@ﬁ@nch s thus

Fkg g is given in "Ulmnn's Encycl opedi a of
ustrial Chem stry", 5t' Edition, Volune 13, pages
447 to 456. It is |likew se conceivable to obtain
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per oxodi sul furic aci y anodi ¢ oxidation with
si mul t aneous evol ution of 10 hydrogen at the cathode.

Ky HeQlyWfieSis OF thdsxiRMl G s hfdibpetoRiak dndl Iﬁl@oﬂgmds:ompaund

per oxononosuyl r| c acid to hy er oxi
BoF Rl erea g RSy ER Sssch e aﬁds@deel Ritsess % Eftsjency of e
eUN6E Hdre heparsgétbas taalyste par prefeyablpgsed. per oxi de from
the elements. 15 In the synthesis of the oxirane from
t he hydroperoxi de and the organi c conpound, one or

il deerogeabhs cathlybty swhich aare bavitablidefbrt thei respastive reaation are

Bapds IS Prstereh e ioad S0P Blhe 0o MRS RHARE oporgus oxidic
aeterials esg. V\hlzcbhw elheu 'Cata-b‘SQ faead Plﬁembp@omw a tltamum-
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nprise’a porous oxl
ee@neas pwuspmdxcrmeteual al ysts used pr ef erably conprise
a titanium,

Specific mention may be made of titanium-, germanium-, tellurium-, vanadium-,
chromium-, niobium- and zirconium-containing zeolites having a pentasil zeolite
structure, in particular the types which can be assigned X-ray-crystallographically
to the ABW, ACO, AFI, AEL, AEN, AET, AFG, AFI, AFN, AFO, AFR, AFS,
AFT, AFX, AFY, AHT, ANA, APC, APD, AST, ATN, ATO, ATS, ATT, ATV,
AWOQ, AWW, BEA, BIK, BOG, BPH, BRE, CAN, CAS, CFl, CGF, CGS, CHA,
CHIL, CLO, CON, CZP, DAC, DDR, DFO, DFT, DOH, DON, EAB, EDI, EMT,
EPI, ERI, ESV, EUO, FAU, FER, GIS, GME, GOO, HEU, IFR, ISV, ITE, JBW,
KFI, LAU, LEV, LIO, LOS, LOV, LTA, LTL, LTN, MAZ, MEI, MEL, MEP,
MER, MFI, MFS, MON, MOR, MSO, MTF, MTN, MTT, MTW, MWW, NAT,
NES, NON, OFF, OS], PAR, PAU, PHI, RHO, RON, RSN, RTE, RTH, RUT,
SAO, SAT, SBE, SBS, SBT, SFF, SGT, SOD, STF, ST, STT, TER, THO, TON,
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gernmani um, tellurium, vanadium, chrom um, niobium
or zirconiumcontaining zeolite as porous oxidic

- material. 25 Specific nmention nay be nmade of titanium,

germani um, tellurium, vanadium, chrom um, niobium
and zirconi um cont ai ni ng zeollftes having a penPHEp0053760/Ke
zeolite structure, in particular the types which can

be assigned X-ray-crystallographically to the ABW

ACO, AEl, AEL, AEN, AET, AFG AFl, AFN, AFO, AFR, AFS,
IBARETANET, AFN'I WS'V WA, WG, YARD, Z&N, st!%ENrc AFQo mixed
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SGI, SOD, STF, STI, STT, TER THO, TON, -14- PF

%%OO 37%}%&% }%%wexﬁgf Ti oh{e\{lﬂla\rl gscM M_)ﬂ Ic:ﬂ' l\’%[\l I.n? OT an

0 m Xxe ructu es conprising
MFISMEL tmiveeda btowatwne n Meoy @drticutag qurefeessnce Heirgivesr ippthe, tltamum-

T ) »
oA T Tl SR S RN e ed 10ug T 2 2,
¢BRESE] andbhleo Girzeglitesi havingea prasesssyk ofiructyse mﬁhous with B-
hEBiﬁ tion. 5 Further titaniumcontaining zeolites which
e nmentioned are those of the ZSM 48 or ZSM 12
structure Particular preference is given to Ti

i;? TR DRV %vmagéﬂus% d¥Ela Rblerizeiécus Watdfst drigHising the

ed structure, articular preference 1s given to
Gﬁ%‘lﬂmtcﬁﬁﬁauﬁﬂﬁél 1&6‘#@&3% ‘ng zeolite catal ysts which are
generally referred to as " TS— 1", "Ts-2", "TS-3" and
also Ti_ zeolit shavin r amewor k truct

Tis PP @ s i POsQssI o A § d/catglyst; However, it is of
?ﬁﬁﬁ@&@éﬂﬁ ?@sﬂil@ fUtSﬁleac:h@ltyﬁr ﬁ@ﬂrmw acﬂtapécysbbdy aopiprisinggthe
e I'tani um c ta|n|n silic
ot padicnaieta il pBcBteS Kb o, B ot e’ danfle pged for
Wcﬁicmgtthe khaped dody ifforr the porous antidie matesial.possi bl e for
the catal yst used to be a shaped body conprising the

porous oxidic material. Al processes known fromthe
Nobd¢ netdls émthebfermseduitable noble metal components, for example in the

form of water-soluble salts, can be applied to the catalyst material before, during or
after the one or more shaping steps in these processes. This method is preferably
employed for producing oxidation catalysts based on titanjum 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.

Of course, the shaped bodies can 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
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20 produci ng the shaped body fromthe porous oxidic
material. Noble netals in the formof suitable noble

+ metal conponents, for exanple in the form of

wat er - sol ubl e salts, can be applied to the catal

material before, during or -aPter the one or ndF 53760/Kg
shapi ng steps in these processes. This nmethod is
preferably 25 enpl oyed for producing oxidation

catal ysts based on titaniumsilicates or vanadi um

al Ilnbmeﬂ 46 wAki¢h Be ﬂeﬁ&‘iﬂs Iré@oﬁhbl&fdﬂdbacﬁt%dntarefbuhkﬁd%ff in a
pos gletoo a ca sts 641Ch contain fromQ, 01

S g BT Bt MMl a6 P APpfwhere
@bﬁﬁaﬁun‘gﬁ n;ﬁ'es“se:lpg deﬁnéthdﬁmiUnwn ofr m;lgetmtlomminlgaduhmances This

sm r t r Si |
Srenerion pyaies” by 4Relhee ArhE A3 o4 d iy e o use
iforegéhedft forbprot¥ssesomerttined Itleers hathe dlidvaskies of:thn plier art.
processed further. Al nmethods of comm nution are

concei vabl e, for exanple splitting or crushing the
Asagndvbnbndi isspossibrie tr esef all sélvents véntl abmipletely e rat deass partly

RS Vg T it RaY s, B ORERRE s Toenckle, MG 1 H0F s
ate/ ahiphatica I‘I3"’]£'alulm‘1'?1‘3 chmelc atiomtic orydnecarbensu lestscs, iathers,camides,

SRR aglgmg o &!&B alcﬂﬁglﬁt’gﬁ)ensol tf CHENES 6 ﬁ%gltib{ the form

DégpsmmePeefﬂGnC@éeﬁﬂQM@tuSmg aleehaly rﬂ@dlssforf rlilfnﬁﬁlol as solvent

lf'gfyf&{ This is preferably carried out in an
ﬁﬁ%#tﬁe ggrs trmsrﬁwere containing precisely defined
anounts of oxygen-donati ng substances. This

PRABRASR bPTheRIxPaBS §yﬂt§es¢se $tCi§ iob egursd pblsithe iPuse2al SuifRefiable

It is also possible 5 the rege ation
ERAGICES I ATR DEYFBHIeq HEDE FeSROHE TRISoh SFACHT it gt restricted
2 h@'incﬁ{liﬂualpﬁeswhﬁﬁﬂic&)xmahe s¥nthesds iIRatiger] @ isIaBogobsible to use,
?Ol vents which co?FI e@eﬁ}éé‘gr at | east partly dissolve

% i rgSGRdE OF FU in the oxirane synthesis.
Exanpl es of solvents are aliphatic, cycloaliphatic and

ronat i c hydrocarbon esters

B P S R SR e NS e SR sy P
preferheoisipgverstedising fixed-Heditube hctorsasfixed-beRredctorence
is given to using al cohols. The use of nethanol as

solvent is particularly preferred. As reactors for the
dn ithenatmveydestriedsoxitane isyntbésis whicheds poeferablyeemploysd particular

:i)?é}&%'n%{?g; e@veﬂ‘ﬁ% ﬁﬁﬁgaﬂ oGl fiREEbES ?éacﬁﬂ'a%?ga&(g folf @teﬁ (i)

espec reac K eactor 1s hot restricte
iand ian iadiabatio/ Bxebed ieactohtor siepr(tile synthesis. Rather, it
is also possible to use, for exanple, a cascade of

stirred vessels.
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 by the
process of the present invention using a dividing wall column having two side
offtakes for liquid, 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
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Fi xed-bed reactors are preferably used as reactors for
the oxirane synthesis. Further 20 preference is given

+ to using fixed-bed tube reactors as fixed-bed reactors.

In the above-described oxirane synthesis which_j
preferably enpl oyed, parti cullgf preference isl’fﬁ%‘##@%
using an isothermal fixed-bed reactor as reactor for

step (i) and an adiabatic fixed-bed reactor for step
(iit). 25 1t is also possible to react a plurality of
Qfr@egtinient,OMpodpida ofi thermhilecouplidp Gopreforiablly. hdst from five to fifty

| i kew se concel vabl e t se lL.urality. o

RotiFbip dnose MEETAY romdifehcB, Bl HeRetrr the oyl mymber of
tegaaical plarpinthdcohmii.or a plurality of hydroperoxi des
are reacted with one another in the respective steps,
various 30 products resulting fromthe reactions can be
bt epeeferred embodiment of g, oxiane\synthesisulsydragen perexidefis vsed as

RLAbRLBRI: V5h 2HHES of @i Rffaddind CRAAbE: S G Coghate! ith a
¥ PhE process of e present I nventi using a )
heteiogenepusadatalys| duringhthei regeticno Birther pseferenkeds fthgn given to
clera o t e !

bishlele oRfug i A R by LERERRA R e daflithe belflg Préflene
oxideakbes,iis & pasisulsglarrateried enybadimenty the propesyef dhe prsent
LD Sl Yt SRLELS, Al SR UPTRpari of i
propyleac (oFiger fosmad in fhe; coprodyst-frep prgpidene) gridpgynthesis from the
RORARME CORPKAeRE bR PIBICt steddn 066¢ @ @ivlinghann@dlumn.

coupling 8 preferably has fromfive to fifty percent,
nore preferably fromfifteen to thirty percent, of the

TRE %ﬁ\%eﬁtiﬁip SISOerO\g_H&EQ’{ @%@ﬂhs Pdrada ﬁsririg’\otiﬂ‘e?ccﬁmi_numly bptrated
a preferr emhodi ne i he oxirane.synthesi .
Rytsesy B e G by Bipitlalen RIS SR dartierhin fhe oxirane
eyigadis byorgacting dfsa trydugperodide owvitloranaotganid leompound, which
het er.ogeneous catal yst. durin I Qn,. g
EPEPERS ALAHL opRafbeltioh BiesRrink fi PERE ot ekt B¢ divigine
aallaoham forqurifying theamdranh byalistiilatienbei ng propyl ene

oxi de. Thus, in a particularly preferred enbodi nent,

the process of the present 10 invention conprises the
& aprefomedsémbogimeat efthn apparatusdion carrping auba femingpugly eperated

@&‘?’% g&ﬁpﬁ@su?@c%ﬂém hdéﬁil]d?ﬁn.c&f)ﬂled&ﬁfahg rfefndt AP YdeBirane

. 13)/ _ rom remaj ni ng conponents of the
symstesis by reastion of p Aydeopesoxide Wish apiorganig cempoupdethe apparatus

IF5E SRIa AR the Codif Rk SfiSprises ARPRAR! b figthéiaial FeitoroWhd 2one
contl nuously operated 5 process fot,_th%tzﬁurlfl,catl on

! ! . P s
lpffiabatia rearter fomcastying auiohe staps (DAndedi); 3nd: &RgK3tOR ApParatus

$HthE SR p3iiPand £asidiRg wall calimtifo? parieyihg thewixifin@By distillation.
or gani ¢ conpound, whi ch

The dividing wall column can comprise at least two thermally coupled columns.
The invention is illustrated by the following example.

Example

Propylene oxide was prepared from propylene and hydrogen peroxide by the

multistage process described in WO 00/07965. The crude propylene oxide obtained
had the following approximate composition:
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conprises at | east one reactor for preparing the

oxirane and at |east one dividing wall colum for
purifying the oxirane by distillation. 20 In a

preferred enbodi nent of an apparatus for carryi

conti nuously operated procegg “for the purifi ca{%w&y&mg
distillation of the oxirane formed in the oxirane
synthesis by reaction of a hydroperoxide with an

organi ¢ conpound, the apparatus for preparing the
abbued2Zcoyrpicight of &iw-bedatz comepansnts rempaisingethe key camgonents
Qn i abat i r for carrying out the steps (i)
dh%‘hxfg) atﬁﬁaaacegilgsf ©t on apparatus 25 for the step

(abbit ¥AYsd yowetightt ofgyropyltna:@lidﬂ:m for purifying the

& §Huta[9§ "bB/Y Q’ei;ﬂ He@?t’ ﬂ?éto 0 t}é'(%gﬁﬂtr Y@ l!(l:'lg l‘kg%%gifﬁponents

Timhanmbemtemd ls21nrtbp,)d¢mlwiby the fol | owi ng exanpl e.
Exanpl e Propyl ene oxi de was prepared from propyl ene and
hydrogen peroxide by the nultistage process descrlbed
iTihe\ubjeuive afothe distdlationdeaypiophiaima poke @eorybensi prdde haying a

33l 5 16} 9900, RBDEAPI I OIRAPLF ke GompcfrenIo lss than

out 0.2% wei ght ow— bai |

rbarnwglgbbrlfjmtmsn@lrppp@, ;t hsy MBI Wap tddsti Wétlﬁyq glVldlng wall

ceruﬂ&f RaAf fﬁﬁ&uslté appdteoreholl tplAS 5% presviit Gbkhediop of 3 bar
ene about 0. 8% by Wﬁ’gﬁt of _ hi h boi | .

ﬁﬁomﬁega%ﬁf 621G The BepiRg P8 the, bo Weyarpgﬁlaggof the
‘éﬁ\ht&fnﬁaﬁ?l éolﬁmlﬁrv@d%ysbﬁs’tftlﬂt the @btal Jdiﬁembatilimtdf\tﬂas_elgoﬁipenents in
i stillation ai r ene, oxi de
i$he Preguet ta]fﬁﬁ‘r%??‘ ggﬁs tg@ @9%@"@ ﬁtaw ng a
total content of key conponent s of less than 0.01% by
ht . t hi t X1 '
i o B e R VSR bl o e
tvtapaﬁzﬁrlp@ater rahd ttles armbusat cpfrmslsnalepaat;ect theoutghpthe fcoBinpaper hour,
t f 6 - 1 h
36 S5 Bor s BERSRT e gtofisRAgh, ) B8 (REpallioh (s, column

sonfipatatiting tlteoaraalngcmnnte ishown nmthed#blt: mesesadentgsbnent s | n
the product taken off at the side was less than 0.0 1%

by—wei-ght—35—TFhe—+eautred—energy—content—of —th

dlaltininlcanfigmationi ch| Reergy stquirements/ (kg ofiprapeleng apor Epegy
power and the anoun Oﬁﬁe/ﬁﬂlggy(gé R@?ﬁg HkiHeAPh| t hRaying

col utm per hour, whs used ure of the
ef fectiveness of the separation. As columm [%]

@ﬂch{f{;@cggﬁmthe arrangenment sy gsiown in the tpble _

were se

with side offtake

Two conventional 1.74 10.8
columns connected in

series

Dividing wall column 1.45 25.6

It is clear that the dividing wall configuration had a considerable energy advantage
over the two conventional distillation arrangements. In addition, the thermal stress
on the highly reactive and thermaily labile product was lower, since significantly
lower reflux ratios were necessary for the separation compared to the conventional
column with side offtake. As a result, the residence time of the product in the
column including vaporizer was lower, Compared to the series arrangement, the

product was thermally stressed only once in a vaporizer.
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Col um confi gurati onEnergy requirenents/ (kg of

propyl eneEner gy oxide/h) [kW (kg propyl ene

oxi de/ h)]saving [%4 Conventional columl.95- with side

of ftake Two conventional 1. 7410. 8 col uims con '
series Dividing wall col urrnI.I%525.6 20 It is%@ﬂoﬁmﬂw
the dividing wall configuration had a consi derable

g6 Hre RARB AR ral9 ¥ fiduhe L, @p3aadvent i onal
distillation arrangenents. In addition, the thernal

stress on the highly reactive and thermally labile
pr oductomBinel @e¥a6n ofthe deflew gnd bifeaketpast of ithedividing wal column
rati os_were necessary for .the separation conpared to
the cm@hﬁw%fg HERHOWRA si de of ftake. As a
resul tStrippingrsestiatesfake diftake phartt he product in the
col u i.ncl udi v [izer | oner. Conpared to the
serie @PP%@S%H%%@%&%\%@M was thermally stressed
dnl y dirrichinrenasectipo iof ter offtalBparPF 0000053760/ Kg Li st of
reference. n [ L. fh qur and 4: 1Conbi ned
rﬁggi oﬁ?ﬁbwﬁ@%ﬁ{mﬁg{ﬁgﬁdﬂ(%?gﬁ%&éﬂaggpgéof the dividing
Wal | doividing #8Hr i chnent section of the inflow part

St rigpni; ' -t he of ftake part 4Stripping
s%gcti o@%&g?ﬁ@%ﬁ@{%&ﬁﬁ#t 5Enri chnment section of the

of ftake part 6Conbi ned region of the inflow and of ftake
?ﬁlrt g@@ii ding wal | 108Regi on of thernmal coupling Z
eed 5L Low boilers M
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

K Condenser
v 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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Side offtake for internmedi ate boilers MLSi de of ftake
for lower-boiling oxirane M2Si de offtake for
hi gher-boi l i ng oxirane S Hi gh boilers OK Condenser

VWapori zer d Vapor fLiquid 2 rizontal and

i ndi cat ed di agonal i nes in'?ﬁg col ums synbg$agﬁﬂﬁh7&&Kg

packi ng made up of random packi ng el enents or ordered

packi ng which may be present in the colum. _19- PF

0000053760/ Kg W daim 5 1 A continuously operated

S&oc&&a for the purification by distillation of the
formed in the oxirane synthesis by reaction of

a hydroperoxide with an organic conmpound, wherein the

rude X|rane IS se L vidikn
5 99 RXORaRGS SEPRHE Dy i KRB O e
the airnm ﬁmrmdum&mmxmfahc awthestsdrywdctaneoﬁmhytbvpmmdh mth

id f
oo oS e Bapn R TR, 506 R bl kg
t her nawdlly coluoml indo dowuninterm@diatk- mndchigh-beding fraetkansi and the

claim 31@% %é Jf?hsnltni{f'g‘eﬂia]‘t’é @lﬁgamk i YeHaRe has 15

from 3t eore process as
claimed in any of clains 1 to 3, wherein the

gi Sti '4% a8 clfifded! @dciqith 1atw1?er&1ﬁnm@r(ﬁwﬁ@gowanf &amml is

5to apressure of froml
t he tcpplgwed |as-; theamally eaupled eumges.t he sj de of f t ake and

the 20 pressure being nmeasured at the top of the

colum. 5. A process . as, c¢clained in an cl.ai s 0

3. whet ameewmiﬁmeﬂw%m rfgs?emherqlﬂﬁiquvwa&‘gﬁﬂé CPmeHl has

Cf)rce'ﬁdn@BO‘wlmtll%Bﬁ:‘t’l@al%laté% by wei ght or the sum of

a

4. A process as claimed in any of claims 1 to 3, wherein the distillation is
carried out at a temperature of from 35 to 110°C and a pressure of from 1 to
10 bar, with the temperature being measured at the side offtake and the
pressure being measured at the top of the column.

5. A process as claimed in any of claims 1 to 4, wherein no impurity is present
in the oxirane in a concentration of above 0.1% by weight or the sum of all
impurities is not greater than 0.1% by weight.

6. A process as claimed in any of claims 1 to 5, wherein the oxirane is
prepared by a process comprising at least the steps (1) to (iii):

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

(ii) separation of the unreacted hydroperoxide from the mixture resulting
from step (i),

(iii) reaction of the hydroperoxide which has been separated off in step (ii)
with the organic compound.
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impurities is not greater than 0. 1% by weight. 25 6. A
process as clained in any of clains 1 to 5 wherein the

*oxirane is prepared by a process conprising at |east

the steps (i) to (iii): (i) action of the

hydr operoxi de with the orgah? “conpound to gi v & 000453760/Ke
product m xture conprising the reacted organi c conpound
and unreacted hydroperoxide, (ii) separation of the
unreact ed hydroperoxide fromthe m xture resulting

. om sA @podess as ¢lainied inedaitm @rwhefrein las isothieropéd fiard-ded reactor is

whi ch has .been par ai. fE_ 1N St Lk - W .

or gani BE8 IR SERn % " Bl R forsehedt gl e usefPisf e (ki ond o
cl ai nesdpamtion appargus shsee imstep(i)sot her mal fi xed- bed
reactor is wused in step (i), an adiabatic fixed-bed

reactor is used in step (iii) and a separation .
Fopar ab podess as ethimned én apy Of icjaims 180 7 wheseidstbe hydroperoxide

cl ai i i ' :

hydr oo '%‘“%e%wigﬁ’ t ofpan Sl e js propylene and
or ganitbe eeaction odcurs eyer & hpiergpnesns catalyst o dore peanylane oxide
OCCUr S;,sQéfhn@ het erogeneous catal yst to form propyl ene
oxide as oxirane. 10 9. A process as clainmed in claim

8, wherein the heterogeneous catalyst used is the

apol i t £ ploeeds asllainfid iARRAGE, Whebdi tietictotbBehedtd catalyst used is
conti nuously gperated process for the purification by
distiﬂhﬁ??ﬂﬂﬁa% khe oxirane formed in the oxirane

synthesis by 15 reaction of a hydroperoxide with an

organi ¢ conpound, which conprises.at .|least one

(105 heAmeAPPRIEIE: B CHEYIR GUL G Seinipusty eted progesy fa, the
3 f S egﬁrriﬂchﬁdli\n bp ﬂﬁtiahucij@ dfothe px'gm&r ﬁoﬁgﬁl hettllemira?e syshesis by
efined in claim.,7 and. pviding.wa co o1 .

pur 1 £ yEASIen L ABidfaraon e ity GrBhis RompGiid! Whict Fomprises a

least one isothermal reactor and one adiabatic reactor as well as a

separation apparatus for preparing the oxirane as defined in claim 7 and a
dividing wall column for purifying the oxirane by distillation.



