1 1 JAN 2007 1 - PF 0000053760/ Kg AS ORI G NALLY FI LED Process for the
continuously operated purification by distillation of oxiranes, espdci N 9007
propyd ene 'oxi de 5 The present invention relates to a continuously operated
process for the purification by distillationvof the oxir in the
preferably coproduct-free oxirane synt'h%si S by reaction ggs%&%g‘?%g(ﬁeroxi de
with an organi c conpound. The crude product obtained is separated in a
dividing wall colum into low, 10 internedi ate- and high-boiling fractions .
and the oxirane is taken off as internediate boiler at the side offtake of
the colum. AS ORIGINATLY F§IJEDention relates to the continuously
operated pufftrcatton by drstrrtation of propylene oxide fromthe reaction
of propylene with hydrogen peroxide. 15 In customary processes of the prior
art, oxiranes can be prepared by reaction of suitable organic conpounds

wi th hydroperoxides 1 n single-stage or nultistage reactions. Conpared to a
si ngl e- st agePrucessfos thé bentinicmsly ajerategogmirdficdivnobyndistilatien of exirages, 20 can
be kept relatively small in rnul{l Thi s i ncreases the
selectivity to oxirane format Fg r@fa@%ﬁpl@i}&%&??ﬁf@he nul ti st age process

descri begl in WO 00/ 07965 provides for the reaction of the organic conpound
with a hydroperoxide to conprise at |east the 25 steps (i) to (iii): (i)
reacti on of Thaeptegentopvestivnl creldteth tohe eprfimionslyoopensted thsoagsy efor Preoduct

mi xture Conggﬁﬁ%dgﬁntﬁsﬁdfs&ﬁgﬁ&pgmms PIRUNG tﬁ@‘i)ré{@fa%?fEGg%oduct—free

hydr oper oxi (1.17), separation_of the unreacted hydrqper oxi

. [ ) ide fromthe
m xture res@KERFSYREhesis byt waction of g hydroperoxide with gn drganie gemppurdige whi ch
has—-been sepaidat pebdaél obthiddeRs (Separatthit n 4 hiividigarl GoRRA NEito Jow-JAN 2007

-2-._PF 0000053760/ Kg Accgordingl.y, the reaction_of the organi.c conpound with
the hyd (8p o ST qt%—k @gﬁ li:ughrlgoﬁ/li:lg Sctions and the oxirane R thken® OIF as
- intermediate boiler at the side offtake of the column. In particular, the invention

relates to the continuously operated purification by distillation of propylene oxide

from the reaction of propylene with hydrogen peroxide.

15 In customary processes of the prior art, oxiranes can be prepared by reaction of
suitable organic compounds with hydroperoxides in single-stage or multistage
reactions.

Compared to a single-stage process, the excess of organic compound to be reacted
20 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
25  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,

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

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

the organic compound.



place in at least two steps (i) and (iii), with the hydroperoxide separated
off in step (ii) being reused in the reaction. 5 The reactions in sitEtgaN 0y
and ¢iii)*are preferably carried out in tw separate reactors, preferably
fi xed-bed reactors, with the reaction of step (i) prefer | pl ace
in an isothermal reactor and the reactign of step (iii) fgi(?{or%&gfég@%in an
adi abatic reactor. 10 This process can be used generally for the reaction of
al kenes with hydroperoxides to form oxiranes. The hydroperoxi de used in
this sequence i s preferably hydrogen peroxide, and the organic caonmpound is
pref er abl y DFSUGREL: o reastiemof i prearic sompaugd JHEbths uirepsroxidg dekesy t he
reaction. 1§lasNnng léRt tesepgl) ard €a), i with thediydidiRroxedcidparated 6if $n BRphod of
preparation.is al so refgtrpred to as coproduct-free oxirane synthesis. In

]
parti cul ar,(“t)??gmﬁl%'\‘/sgdﬂ? JE8COl, e used for preparing propyl ene oxide from

propyl ene and hydrogen peroxi de. Here, the hydrogen peroxide conversion in

step 2Q (imed Stk 85 0. an i a0 ) t 95%
based o(r% st%%é ??*?8%%%’&@2 (gp%,B a tg{etg%}gﬁlydg%%é%%gér%x%v e§’e n%grsi on0 of
about 99% ctgactbes, prefhtablpe fixed-bad peagigise vatho thed ecagibr off | ¢ i) oprefesahly 94- 95%

The crude Qqxjin &ce%%%%éﬁ&&haop&qeﬁ%mm@ (ﬁi)%ﬁjﬂggméliﬁﬂﬂ still

contains 25 ifpurities. It Is general ' tration of

(L y obtalined 1n a’conc
about 95- 9owbial@le reactaro be suitable as starting material for specific
organi c syntheses, e.g. in the preparation of polyurethanes, a higher
concentratiqn of at |eas

t 99.9% reguent].y necessary.. |t. therefore has
o e h hils SrocBls faB he ysed zepesi i iHe Sijctitie OF SRERRith BYIGpORIEES | | at & on
car-Di ed outtodomniosiragest The hedipeoxiderised 3n clas séqenodis preferabdy hedicgenal
columMms wit .gi de ft r ¢ S. C in.series, This.
necessit at £err at?‘n\figﬁ‘f %%f_i@%%[&é aplﬁaﬁ%?eggﬁlggbcf ogg?te{ng i%\(/ué af/t Wi"é’haenergy
consunpt i orhetgpgeneouheataysir ghbsreactitse di stilled a nunber of tines to

achi eve the abovenentioned high purity. 35 It is an object of the present
i nvention to optim ze the gurification by distillation of the oxiranes

for med 1°n t@wingtecthediglmelegiivish Pk ther gasiion. dbisp@athed ofi rrRparation \alsoo7 - 3-
PF 000005376£4#a t@ﬁglé@tﬂgﬂ@tifﬁ&&miﬂaﬁe Pydthésedll ar in terms of energy
consunption and thermal stress. In
In particular, the above process can be used for preparing propylene oxide from
propylene and hydrogen peroxide. Here, the hydrogen peroxide conversion in step
20 (i) is from about 85% to 90% and that in step (iii) is about 95% based on step (ii).
Over both steps, a total hydrogen peroxide conversion of about 99% can be

achieved at a propylene oxide selectivity of about 94-95%.

) The crude oxirane obtained in this oxirane synthesis and the work-up still contains
25  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.

30 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. '

35
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



particular, a process which is operated continuously and all ows the oxiranes
whi ch have preferably been obtained by nultistage reaction to be isolatAdnl7?
in hirgh purity by distillation with a small outlay in terns of apparatus
and a | ow energy 5 consunption is to hg made avail able. 0&ﬁ&§7g nd t hat
this object is achieved by use of a dividing wall colum th a “¢on ‘%uously
operated process for the purification by distillation of the oxirane forned
in the preferably coproduct-free oxirane synthesis by reaction of a 10

hydr operoxi de with a organlc conmpound.. The present_ inveniion_accordingly
provi des a SHOPRITSIS Pyl R "Efr & energy CP%IumP. é%? StERpS- '
distillati opaiculafie ﬂ&tés@ﬁﬂné]@iﬁ@d:r&tﬂd thetinosislaand alowh e cxilyes WaRbt | on of

eparat ed | IR meeeR Bedh PPt RTRRR b acd R op o 2P Tafptlidn Hgf By ' ©
hi gh-boi | i ngy dmtaiianonnwnhnal srrhdl uitiag nig tamtsatkfeappﬂratuasandnaelmve@nengg boi | er
at the LyPRGi be obtained in a high purity of

pr ef era (?JSPE%%@ o un er 3 d distillation conditions by neans of

t he process of the present |nvent|on It can 20 be separated off from

i npurities yndgivel Whd Bek M85 ob _ic??ssacﬁé\@ﬁ%yqﬁbyOfS‘P&"vidlﬁ EWMLYHenh i8S i n_the

dividing wall columm are neces because of th eea ngl va orization. This
is highly aﬁ?fﬁﬁﬂﬁbﬂlﬁlﬁ”ﬁ&d PrRECER |‘IhPaR‘-\r’(ﬁ?aB?n b OXiEAne o g

thermal 'y |ﬁ:@h:ie& ﬁertHi@ R&ferdbDy do?t&iuﬁ:@ﬁ‘é@rbxﬁdﬁe SaiRdsisd by cmu@ﬁ gfha present
I nventi ﬁ%}ﬂ's to, uced out ‘rll?)lierrrs of apparatus and reduced energy
25 consﬁﬂpt OB‘H &\/ﬂl’t?{g?“?fﬁ% ‘oduct quality conmpared to the

di s;j | lation processes disclosed in the prior art. This is highly

advant ageousnl Bles AN RAbR ol g IAEvREOS E5R Bull oREARI MopIRUSYEY 07 the

distillation o propylene oxi repare age reaction of
propyl ene mpmrrﬁmdnd@erdlqﬁelabmﬁ thgoomranei farmedoin del oxinanchsyrithagiss byle

of ftakes anglaais ¥t £ oﬁ@ljohdehﬁrﬂ?hﬁ'%f'éaﬁfc &Jrﬁ;ﬁ)unﬂe éreﬁpchfeq;r&de%ﬂfaﬂ wal |

col ums areaﬁtrlown represent a further eve distillation

col urmsiSahi Brseparptedoiy @fdm@ng.‘a@l svlrm&gﬂ%t!ﬁwmnteew@aren@nws bailipg use of

the | ast - nafReliche AKe fHd dXiRbe is/ARHIT &O intéinddate BONE 4 the s 6fFQkE.I Ct ed
because the products taken off at the side offtakes are never conpletely

pure. In the case of products taken off at the side offtakes in the
r ei nf or ceneTihe osirade can bé obtagnedoinuarhijghwpiritly cfrperefesabdy lay 1dask @N9%f finden | i qui d

form the Sf.nglﬁ dﬂtﬁﬂﬂ% c&n&mgﬂaﬁ)f QQ4ns of the process of the present invention. It can

20 be separated off from impurities under low thermal stress, since only short

residence times in the dividing wall column are necessary because of the single

vaporization. This is highly advantageous for the distillation of the highly reactive

) and thermally labile oxiranes. For this reason, the novel process of the present

) invention leads to a reduced outlay in terms of apparatus and reduced energy

25 consumption combined with improved product quality compared to the distillation
processes disclosed in the prior art. This is highly advantageous for industrial use.

The process is preferably employed for the distillation of propylene oxide which is
prepared by multistage reaction of propylene with hydrogen peroxide.
30
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 enly the side offtake but no
dividing wall. The use of the last-named conventional type of column is, however,
35  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



-4- PF 0000053760/ Kg still contains proportions of | ow boiling conponents

whi ch shoul d be separated off via the top. In the case of products 1 a&akaR 2007

off at side offtakes in the stripping section of the columm, which are

usual |y taken off in gaseous form the gide product stil

proportions of high boilers. The use oficonventlonal S|déﬁwﬁﬁﬁgggggﬁlunns 5
Is therefore restricted to cases in which contam nated side products are

perm ssible. Wen a dividing wall is installed in such a columm, the

separation action _can be _inproved and it becones_possible for S|de products

to be takerﬁbélfqonr%nsdamaompﬁpf low-gpihingicopnrasnts pdigh-shoyld beseparaiedotfy ddl e

][ egi gn_ abo?/‘ﬁa ﬂfégopellnlqgé the &f@@@ﬂm takerfoff ad Sidé Eﬁ’({jaibﬂﬁl takf §BBt|1§n canI be .
ixed in p wel di.ng or can nmer ushe i.nta.plac t seals

of f the of (dbe Coma, Svhich 8%‘!%“)’3?‘?6 %i‘&%%ﬂ“%@&%%@ﬂ? Droduich 8 . ng of

| i qui d and coatads prbpmnns of/ bightHuileen The e1se of conventiasd sglectfftaie ¢olumhdi s part

of the g¢ol 85?% EQ%E t I S
require§ npﬁm£$ractﬁgﬁgﬁﬁg%ﬂgfﬁrnj hégﬁ ong%PSHki%édd&§ E@H%%ﬁ%bnents
have 15 S|n1lar boiling points. This type of colum has been used, for

exanpl e, s st iR dubRla colinth Uig <8 8a0b

met hane, et ha%]lgg %ﬁag{ nehlgnS H%u@a%rﬁlel (US ZaCdI‘El 13% y f)?r%ﬂri‘ e separ afl on of a
m xture of iBPFMeAandithegemes aAwib farude psductﬁﬁ@bsmn@ﬁﬂan Hrm: e

separ ation dﬁ’\ﬁdﬁa Riall 14 iastafled id@% aRRIdI reBR AL e @ﬂd bBIoQCﬂlé"f@ed PR Qndl_22 367) .
D vidi qg w%[l §1§gl n al s&%x sed.su cess{gl]l for arat| xtures
whi ch 1Boi 'h& [":fg%c IS, C4E Tgénﬁ’h?f »we WB‘F TN P col ums
i n-whi ch clisioi slade. deaaﬂg@ﬂ&ﬁeaﬂﬁhﬁesemnneﬂnnu&mwmﬂbW'&mﬁuﬁ&mdqﬁﬁﬁmns
distallati n th I i

ment i oned Foesg)%%%“égo? @?&%ﬁ%% Orr;:;tlél'r%%SHfKs éw?l [ onsC%i%r\é%gn&ﬁrE?é (lmolr? and

acet al i zat ithis spagtEPE mhelzeluzag)Thlsoe@cgs: rthe 10@1: mmer ofi | distillaionscoluyrans .
puri ficati ?ér:tblﬂlfedtt*i Ot FARELR Bl Corh B i ARes WAL 0B ipBndits i 111 at 1 on

inadvid m. Here, the crude oxlirane from e oxlrane
synt hed¥s |S§iﬂil?¥th°é‘éﬂg:@tlﬂfz§s feed Z into the colum. In the colum, this
crude oxirane is separated into a fraction conprising the Iow boilers L, for

135 exanbl e, degaupasl 11,00 {N%edh S395' B! LRl OMIGhS SR RS akdpy de and

mixture of the components methane, ethane, propane and butane (US 2,471,134),
for the separation of a mixture of benzene, toluene and xylene (US 4,230,533) and

20 for the separation of a mixture of n-hexane, n-heptane and n-octane
(EP 0 122 367).

) Dividing wall columns can also be used successfully for separating mixtures which
) boil azeotropically (EP 0 133 510).
25
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).
30
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
35 example, decomposition and dissociation products such as acetaldehyde and
methyl formate, and a high-boiling fraction S which comprises, for example,



met hyl formate, and a high-boiling fraction S which conprises, for exanple,
1 1 JAN 2007 -5- PF 0000053760/ Kg solvent and water. The high-purity 1.JAN 2007
oxirane is taken off at the side offtake for internediate boilers M To

take off the product at the side offtake, it is possible ivers in
which 5 the liquid or condensing vaporescan be col l ected %ﬁ@%@@ﬁﬁay be

| ocated either inside or outside the colum. The process described in WO
00/ 07965 and the apparatus for carrying out this process are preferably
used for the oxirane synthesis. The apparatus consists of an 10 isothermal
fi xed- bed réalé’?%tr?nda“@iegaﬂaﬁlaahz&aﬁaf améﬂeamtaiﬁnaﬂ ab#hs sideioffigke by a
reactor. Acegeahedadty boildte My ocess of the present invention is suitable for
the preferably continuous purification by distillation of an oxirane which
is prepared by a process 15 conprising at |least the steps (i) to (iii) as
defi ned abo{e.tal®offdhe progutt aththe pideosffiskafit ishmosgiblestentseirecetvers anwhidh i s

Celeot et | ; g
b T takes 1 it T 2ihichsic bt B 8 collEfed BRE Wi By BR%0Bhed B0 O
di vi di ng walnsideoinowtsige beephipiry has from 30 to 120, nore preferably from 45

to 100, theoretical plates. The process of the present invention can be

carried out particularly advantageously using such a design. 25 The upper

“conbi ned r edhepracess desa ﬂfmow(&a@’%?ﬁ/ ane thes pppagptus ar gRITYIAS iyt vihis|

tcolt ulrm pr reTL 9@9@%9&&@9@ IFSeHFofﬂfg)qx@i‘ﬁ{lﬁ sﬁ{tﬁffs@sf. qtlie)hﬁf)ﬁl@fﬂs?e’éﬁﬁi@tsaﬁ% ?f thg
ota er .o oretica ates in..the colum e entic nt, .section

of the Tt wbepas TerEbed Seeloracsoprifips apgumit, anh b GibALS ABEG-tFom 15 1o
30%+ t he streaporng section 4 of the inflow part preferably has from5 to
50% nore preferably from15 30 to 30% the stripping section 3 of the

of ftake part preferably has from5 to 50% nore preferably from15 to 30%
t he enri chmdecordingly, dhe Progess mf the fraresent prventiopieuitalile yohthe prefaralyt o 50%
more prefer bl OPrfieakiBn B %itﬁ}yﬁ h € ah B¥RAne WRRIINBRpaRA! dsst he

i nfl ow and gﬁt%ﬁgke art o?nt %e S(;o u,r(?r,n pr ef erabcly as% Bl:‘épom %ﬁ[hoﬁg (%S nor e
preferabty FompiBg pideatdhe stepsaltn (HH s defingdaboves a| nunber 35 of
theoretical plates in the colum.

To carry out the process of the present invention, it is possible to use customary
dividing wall columns having one or two side offtakes, for instance the columns
described in the prior art.

20
Such a dividing wall column preferably has from 30 to 120, more preferably from
45 to 100, theoretical plates. The process of the present invention can be carried
out particularly advantageously using such a design.

25  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

30 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

35 of theoretical plates in the column.



1 1 JAN 2007 -6- PF 0000053760/ Kg The sum of the nunmber of theoretical
plates in the regions 2 and 4 in the inflow part is preferably fronpﬁg)mﬂ]m
110%- nore preferably from90 to 100% of the sum of the number of
theoretical plates in the regions 3 and65 in the offtake part. 5 1t is

| i kewi se advant ageous for the inlet via“which the feed Z L0G0a% 700 t he
colum and the side offtake via which the oxirane is taken off as

intermedi ate boiler to be arranged at different heights in the col um
relative to the position of the theoretical plates. The inlet is preferably
| ocat ed at Ehepsum of dma wrnber gistheerstical plates in ghe wgioes & andab|iy the oy to 5,
theoreti cal a&h@ﬁ;ﬁegf pr ﬁoﬁrscbfd PMI% NRoRd ?@ﬁiﬁz&% 98% Tb@%gibm@@aﬂl val |

col um use&) cess of _the presen ention Is ferab
conf i gur ed Withevarmbar of tiposgtica! plates i thegeions, gd RELR N T(P% or or der ed

pack| ng or as a tray col urm For exanple, it is possible to use sheet netal
mesh cki havi ng fac .area of 0 1000 nR/ nB,

preferagl fiﬂsdﬂﬁgﬁs ey %"'zv tcf %Oglﬁé Y %%ﬁﬁrfgﬂ% t&)‘ packi ng

provi des aahdgllre side pffitakici vim wiidh memancmﬂakemdff\mhmanéd:membdeswlm drop per

theor et cal ol 8Le det e ARRY BIRAILARGS RSN @UANLHLlr hORSHUYAT, e

regi on of t consists of the
enri chnent piates. iThe inlesfis tIh@"erabb' lmtedetp%lppsmt)h@vmch Il?;)@oﬂfg Istec8,i more3 of the

of f take pa&%?fefabgvtﬁéﬁfmlswgw%?afchpﬁa&s%ow@rBem% 8l braRg. | he enri chent

section S thereof Is/are provided wth order packi ng or random
packlné0 The d|V|d|ng wall can be thermally insulated in these regions. 25

acr udet ﬁ&br@ﬂgm ?wélh@dl%m\%ds@cﬂﬂ?@n@ peSuhd Bﬂﬂhﬁfﬂré‘seht{ﬁ&l@%ﬂﬁ& i (pll;éféﬁbl t he t

e feed,stream i C i ses co nent s ng boi g points
I ower and ‘A 1'taﬁea FEFIE ng&gg’r?l gont @’&'fg)rt%tﬁﬁﬂ &rdd P Fer%qw d.
However, i tpadang beas atrag cbhgen Fer txamspibj #dt possibld wagkstshestrmétal garméshni nar y
vapor i zatl t b hase,
e aseo i dfifilb 33BHIRL ireick d8Lu fighn 10 AOROBYRE, IRRABITRLED, BITSC
one |i d|ﬁn d aboute 250 t¢h75;0 opfral.i af pedeyed, ppeking.abien Pﬂslaparpmmdbara highsef ul
when the f%@;\ﬁj&iﬁcﬁ?&ﬁi@féﬁ& d]ﬁbmé@{n%' a8 ?&%h&edl%ﬁ%!df‘ﬁh%o%cﬁl Qgoilers. The

prelimnary ‘vapori zation enables a considerable I'oad to be taken off the
stripping section of the colum. 35 The feedstreamis advantageously netered

by nmeans offn ah ubBvéhentioned cohfifnir@tion of the column, the region of the column
divided by the dividing wall, which consists of the enrichment section 2 of the
20  inflow part, the stripping section 3 of the offtake part, the stripping section 4 of the
inflow part and the enrichment section 5, or parts thereof is/are provided with
ordered packing or random packing. The dividing wall can be thermally insulated
in these regions.

L€

25 The crude oxirane is then introduced continuously into the column in the form of
the feed stream 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,

30 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.

35 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



inflow head of at least 1 in into the inflowpart. This inflowis preferably
regul ated via a cascade regulation in conbination with the regul ati fl? ﬂifil 07
the liquid level in 1 1 JAN 2007 -7- PF 0000053760/ Kg the inflow part. ﬂ@
regulation is set so that the anount of |iquid introduced_into the -

enri chnment section 2 cannot drop bel ow 30% of the nornal PEYN0053760Kgs been
found that such a procedure is inportant to even, out troubl esone
fluctuations in the anpbunt or concentration of the feed. 5 It is |ikew se
important for the division of the liquid flowi ng down fromthe stripping
section 3 othetindlows parkkkhepggulatien iheetse| thainthp ampuahof Hauidiineodiced ante and
the enri chmler?RheRscetibh 2L diBn6H AlopHRIFABDY 6f 8 noRYal PARS IPhasfbdeggul at i on

device so that the apount of liquid going to the region 5 cannot drop bel ow
30% of the f%@dﬁ%?WHD\PaPW@ ‘J&EH%P%B@%’%‘%’PNE%Q%F@F gams flacupfionsiy pe

ensured by tfeamsowdt oPEdRicekitiincof thefedat i on net hods. 15 Regul ati on
mechani rsTgB for the operation of dividing wall colums have been described,
|l e

for exa , in Chem Eng. Technol. 10 (1987) 92-98, Chem-lIng.- Technol. 61
(1989), No. Itlis lkevisy i1GpertSe plor ahe aliviaivh Sithe ligaad Jowihg 4d990)frdM%he 114,

P Engj i , | 4). 9- 644,
Chen cal - Eniiine oo 398 s o8R8 padk (iihe ORI dGebd B Mol Bitage 7, %7
in this prite earichwent sgtéen peof dhppHinkea parris set Bppleresiol pragylationslediss of t he

present i nyeibi AR andbight o7 it 'F&ag%itﬁewgi@n 9ea6hbREEp PRl 3Oasoagen found
to be particularly useful for The continuously operated purification of the

oxi ranelby #eE ValEe  on. 1t is readily 25 able to cope with fluctuations in
Io__anfé)ir ng. The distillate is thus preferably taken off under tenperature
control. A aﬂ‘?reratgjr%?re ul atiomt devi ce ich uéi | i zes the. downfl ow
quantity, t BRGeu TReSE I RICEHAUREY 125010y DY RRSTGEnY (o8P Gf, ARRIeRriale

regul ati ng manhtieh erethagdspr ovi ded in 30 the upper section 1 of the colum.
The neasurenent point for the tenperature regulation is preferably |ocated
from3 to 8 nore preferably from4 to 6, theoretical plates below the

upper efd oReguiatiano meghanisps fep thea ppereben jof glividing, avalleegluinas (hage theem resul ts
in the i quidcfibQyVios ed2MPlef i®Chem. Eng. Technol. 10 (1987) 92-98, Chem.-Ing.-
Technol. 61 (1989), No. 1, 16-25, Gas Separation and Purification 4 (1990) 109-
114, Process Engineering 2 (1993) 33-34, Trans IChemE 72 (1994) Part A 639-
644, Chemical Engineering 7 (1997) 72-76. The regulation mechanisms described
20  in this prior art can also be employed for or applied to the process of the present
invention.

The regulation principle described below has been found to be particularly useful
- ) for the continuously operated purification of the oxirane by distillation. It is readily
25  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 guantity of runback as regulating parameter is provided in

30 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

35 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 patt to that flowing to the offtake
part is preferably from 0.1 to 1.0, more preferably from 0.3 to 0.6.



35 the section 1 of the colum being divided at the upper end of the
dividing wall so that the ratio of the liquid flow ng to the inflow papg 7609
that £l ow~ng to the offlake part is preferably fromO0.1 to 1.0, nore
preferably from0.3 to 0.6. 1 1 JAN 2007, 8 - PF 0000053760/ n this

met hod, the downflowing liquid is preféfably collected i nPBO qg@@?@@% whi ch
Is located in or outside the colum and fromwhich the liquid is then fed
continuously into the colum. This receiver can thus take on the task of a
punp 5 reservoir or provide a sufficiently high static head of |iquid which
makes it possible for the liquid to be passed on further in a regul ated
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provi ded i N tiige | ower conbi ned section 6 of the colum. The bottom product
can therefore be 20 taken off under tenperature control. The measurenent

p0| nt f& the tenperature reqgulation device is preferably located from3 to

ﬂr e prefh aglor stre o thedlofver eﬁ@@ﬁﬁ%t dl‘?ﬁilng){xalleﬁm%bpﬂﬁsélé&mh%ﬁforend of
t hi olum. ,In a_ddltl%%t he | evel u colu secti on .and t hus

| a i n
For the. hot fERRSRbingest toe Sedaraian oIS AT frbiPorgion BgPRi B IaHBE quant 1t y
taken of f adevides, ﬁorde:auiﬁlba:kﬁicel—‘;ﬂatestdm thap thep oo, of e Vapipmlsttehmml then the
vapori zer i f | over
t he col umm %‘5‘%"’%‘? SO @Sﬁ%ﬁ@l ze ?a?treigﬁéfﬁaﬁ ﬁg%“r(gﬁé r11t2 ?4 &E‘ﬁ@%ﬁeatl ng
power. Ithe @Pdeilll.-ation i s advantageously carried out at a 30 pressure at
the top of from1l to 10 bar, preferably from2 to 5 bar. Accordingly, the
heating power of_ the vaporizer_ at the b(fttom of the colum is selected to
maintain tH @egpgwrglqngql,éfgu ation principle, a temperature regulation device which

utilizes the quantity taken off at the bottom as regulating parameter is provided in

the lower combined section 6 of the column. The bottom product can therefore be

20 taken off under temperature control. The measurement point for the temperature
regulation device is preferably located from 3 to 6, more preferably from 4 to 6,
theoretical piates above the lower end of the column.

’) In addition, the level regulation in column section 6 and thus for the bottom of the
25 column 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 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

30 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
35 110°C, more preferably from 45 to 90°C. The distillation temperature is measured
at the side offtake.



The distillation is then preferably carried out in a tenperature range from
35 to 35 110C, nore preferably from45 to 90C. The distillation tenppfgéﬁzﬁ7
is measured at the side offtake. 1 1 JAN 7007 -9- PF 0000053760/ Kg In

case of the distillation of crude propylgne oxi de, a pressure of about 3 bar
and a tenperature at the side offtake of” about 60C have bd&RP8H KD be
particularly useful and allow a high-purity propyl ene oxide to be obtained.

5 To be able to operate the dividing wall colum in a trouble-free nanner,
the abovenentioned regul ati on nechani sns are usually enployed in
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ratio of the liquid at the upper end of the dividing wall. The division

ratio is set so that the concentration of key conponents for the
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Accor di ngl y,ard/iseps;ﬁﬁedf ication for the | ow boil ers | n t he

i nternediate-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 Ednpdvibatence o thtspedfictiisinn forgthef high thodlers in ttlhmmtﬂqnﬂddata-tbOﬂm | ower
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from 30 to 50% he .val ue ch 1s to be " achieve

product tak®h the ri“a@mgh‘@a%. Hhe dyyigien ratip 1%@%& $% ghat Jhe (copgendgation d)ftlﬁ-'é[t
components for the high-boiling fraction in the liquid at the upper end of the

dividing wall amounts to from 10 to 80% by weight, preferably from 30 to 50% by
20  weight, of the value which is to be achieved in the stream taken off at the side. The
| liquid division can then be set so that when the concentration of key components of
the high-boiling fraction is higher, more liquid is introduced into the inflow
section, and when the concentration of key components is lower, less liguid is
) ) introduced into the inflow section.
25
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
30 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.
35
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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setting of the temperature level required for the distillation than in the case of a

20  conventional dividing wall column.

Examples of dividing wall columns in the specific embodiment of thermally
coupled columns are shown schematically in figures 2 and 3.

25 Figure 2 shows a variant in which energy is introduced via the vaporizer V of the
column which is located downstream of the column provided with 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

30 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

35 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 via d and f.
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20  An objective of the process of the present invention is to obtain oxiranes in which
no impurity is present in a concentration of above 0.1% or in which the sum of all
impurities is not greater than 0.1%. In particular, oxiranes having a purity of
preferably at least 99.9%, but particularly preferably at least 99.99%, should be

s ) obtained. The percentages quoted are by weight, with the sum of oxirane and

25  further components present therein being 100%.

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

30 (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 distitlation in a

35 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.



I f the process of the present invention is enployed for purifying propylene
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such as acry hacr crotonic aclid, malelc acl
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ethoxyethene, isoeugenol, anethole, unsaturated carboxylic acids such as acrylic

acid, methacrylic acid, crotonic acid, maleic acid, vinylacetic acid, unsaturated
20 fatty acids such as oleic acid, linoleic acid, palmitic acid, naturaily occurring fats
and oils.

Preference is given to alkenes having from 2 to 8 carbon -atoms. Particular
j} preference is given to reacting ethene, propene and butene. Very particular
25  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.
30 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
35 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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corrpound nore suitable catal ysts can be added to increase the
efficiency of the reaction. Here, heterogeneous catalysts are preferably

used. 20 Al ReLALOARS AHSIIEAYDRS Kol B 8B Lefll® T espect i Ve

reaction are conceiva nce’rs en to using catal ysts which
compri $& a porous oxidic material, e.g. a zeolite. The catal ysts used

pref er abl y ¢ gigynfRsi8 of iherOkitkfe. frorfl She TRirdPeroxide bl fthd | Brganitaioathoud,
- chrom um, niobi'um or, ﬁrcotra]i um cont ai nj.ng
onc or more suitable catalysis can ded to increase the efficiency of the

reaction. Here, heterogeneous catalysts are preferably used.

20  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.
25 '
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, AEI, AEL, AEN, AET, AFG, AFI, AFN, AFO, AFR, AFS,

30 AFT, AFX, AFY, AHT, ANA, APC, APD, AST, ATN, ATO, ATS, ATT, ATV,
AWO, AWW, BEA, BIK, BOG, BPH, BRE, CAN, CAS, CFl, CGF, CGS, CHA,
CHI, CLO, CON, CZP, DAC, DDR, DFO, DFT, DOH, DON, EAB, EDI, EMT,
EPIL, 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,

35 = MER, MFI, MFS, MON, MOR, MSO, MTF, MTN, MTT, MTW, MWW, NAT,
NES, NON, OFF, OSI, PAR, PAU, PHI, RHO, RON, RSN, RTE, RTH, RUT,
SAO, SAT, SBE, SBS, SBT, SFF, SGT, SOD, STF, STI, STT, TER, THO, TON,




zeolite as porous oxidic material. 25 Specific nention may be nmade of
titanium, germanium, tellurium, vanadium, chromum, niobium apd jay 907
zircani umrcontai ning zeolites having a pentasil zeolite structure, In
particular the types which can be assigned X-ray-crystallographically to
the ABW ACO, AEl, AEL, AEN, AET, AFG;g&FI, AFN, AFOQ, AFFE,’F%&?‘%?”%KAFT, AFX,
AFY, AHT, ANA, APC, APD, AST, ATN, ATO ATS, ATT, ATV, AW, AWN BEA, BIK,
BOG BPH, BRE, CAN, CAS, CFlI, CGF, CGS, CHA, CH, CLO CON, CzP, DAC, DDR
DFO, DFF, DOH, DON, EAB, EDI, EMI, EPI, ERI, ESV, EUO FAU, PER dS, GQGVE,
GO0, HeEU, I'F¥C, VB, YFE, VDBWVSWFWIEL AVEN, UG, | ZON_emictue\or tormixed|, LTN,
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structure 0 _mxed structures..conps. sin wo_or .nore of .the

abovenent i 35%@35% fcgg_{mlréagﬁ?g}lf?s;@@cﬁtﬁm%mﬂ%&lﬂ% Henhosof ithes having
the | TQ 4, Z28M-480r 7SN 1D, sthuitiwd., C T-1 or CI T-5 structure are al so
conceivable for use in the process of the present invention. 5 Further
titaniumcontaining zeolites which nay be nentioned are those of the ZSM 48
or ZSM 12 HRertigiarpsefermee icgiver tgTbrealisesdaving g YEA arMEL sgrwefure esathavi ng an
MFI or VEL MMV nRxéd sBctuldVd¥ilpaicitsh Slofdteicd! B- giVEd Yo PRY litabid!
preference is given to the titani.um 10 containjng zeolite catalysts which
are genrBr alceptaming zelife Gatalysts waich are geper: YreftlS“Sd 9 ald"T Fg‘@oi ites
havi,ng a frggeswoakd alsbUlit zectitdsShaving A digmewbik $tdrctaedborherphbis Ratht Bcul ar, it
I s: atlvant a%%{))]éutl% to use a heterogeneous catal yst conprising the 15
titaniumc ning silicalite TS-1. It is possible to use the porous oxidic
material as such as catal yst. However, it is of course also possible for

mteria. A PARRAC IR FrauaBths i the Bl SUcEols Cul Qi i,

producilfig thanismeentpining pilicabie T4é- por ous oxi dic material .

It is possible to use the porous oxidic material as such as catalyst. However, it is of

course also 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
20  producing the shaped body from the porous oxidic material.

Noble metals in the form of suitable 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
25 employed for producing 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
30 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.

35 |
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



Noble netals in the formof suitable noble nmetal conponents, for exanple in
the formof water-soluble salts, can be applied to the catal yst mitgils@b 2007
before, during or after the one or nore shaping steps in these processes.
This method is preferably 25 enpl oyed f.Qr produci ng oxi datl | ysts
based on titaniumsilicates or vanadi'dmilicates havi ng"tFéB@)&gﬁ%‘?@
structure, and it is thus possible to obtain catalysts which contain from
0.01 to 30% by weight of one or nore noble netals fromthe group consisting
of ruthenium rhodium  palladium osm u_m1 iridium _platinum _ rhenium gold
and si | ver .2 mgthodcin whicd the deposissiespansible fo5r deackinpion atepurngyl pff-in 896 23
609.6. O qaiefed niabifers NPAS dis DARFRSHIGA0arBied PHRC 85 d iddit AT atmbbphefget hods  of
commi nution are .concei ya]grl e, f%[ exam%l e?iftspl Ltti Bg or crUﬁhl ncg the.shaped
bodi es, a<CRRNIRY, PREiselyh defiped FPQISepl OXygendEnafing. spRstanceto ity way of
exanpl e. 3Fejdremtianropss ihdekyribed m PEUA D723 9498.d0is also pessiblaso asd al yst,
it/they.ca after .deactivat]on. CCL . .he cess qof the present
nvent? on. e RebiERPERORE" peRidEd GeH bR saT oPBBTTRE Ay & el hod 1
whi ch the deposits responsible for deactivation are burned off in a
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cont ai ni ng preci se € anounts of oxygen- 1 subst ances.” Thi s
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aromati c hyd han rs, ethers, am des, 10 sul foxides and ketones and
al so al coh%ﬁé&%%ﬁ%gfe\%ﬁ%g can also be used in the form of mxtures.
Preference is given to using al cohols. The use of nethanol as solvent s
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course possible to use a concel vabFe 15 reattors V\%lc are best suited to

t he redPectsagtors whigh agdestguiiedto the respeetiie reacions. o gepcterds aat seswictaddual

vessel for 4 he iRlividamieveydl ttbeiesoxiraaé bpithedid. Rathed] RQs AREFokdiBleltd udse, for
exanple, a casca%i of sti rrfgt.ve Se%‘ﬁiﬁ Fi xed- bed reactors are preferably
e

used as red®: TAIPG 2 @pcads Of Pl Y5 sis. Further

Fixed-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 is preferably employed, particular
preference is given to using an isothermal fixed-bed reactor as reactor for step (1)
ﬂj and an adiabatic fixed-bed reactor for step (iii).
25 _
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
30 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 lignid, as long as the boiling points are not too close together.

35 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



20 preference is given to using fixed-bed tube reactors as fixed-bed
reactors. In the above-described oxirane synthesis which is preferabhw 2007
enpl oyed, ‘particular preference is given to using an isothernmal fixed-g%%
reactor as reactor for step (i) and an adiabatic fixed-b reactor for step
(iii). 25 1t is also possible to react @ plurality of or rW%m%aﬁggﬁnds wth
the hydroperoxide. It is |ikew se conceivable to use a plurality of

hydr operoxi des for the reaction. If, for exanple, two organi c conmpounds
and/or a plurality of hydroperoxides are reacted with one another in the
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using a di ViPe® K& ng two side offtakes for liquid, as |ong
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colum. 5 Idxide. ARG el 8 habihealyiifertdd EMBo@kidrANMheSHOEER SIfSthe PedcBeN
per oxi 018 is used as hydroperoxide and the o ggnl c conmpound js bﬂo ght into
cont actYwi t'RVERHOR FUPRLER ESCC%EPH?%/@Y QpGrat iqEmpduate; Seralieg, phdhe
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and_f he oxirane.bein r ne . oxi.de. | -particul arly preferre
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one di vi di ngall column for purifying the oxirane by distillation.

20 In apreferred embodiment of an apparatus for carrying out a continuously operated
process for the puriﬁcation by distillation of the oxirane formed in the oxirane
synthesis by reaction of a hydroperoxide with an organic compound, the apparatos
for preparing the oxirane comprises at least one isothermal reactor and one

) adiabatic reactor for carrying out the steps (i) and (iii) and a separation apparatus

25  for the step (ii) and a dividing wall column for purifying the oxirane by distillation.

The dividing wall column can comprise at least two thermally coupled columns.

The invention is illustrated by the following example.
30
Example

Propylene oxide was prepared from propylene and hydrogen peroxide by the
multistage process described in WO 00/07965. The crude propylene oxide obtained
35  had the following approximate composition:



wal | colum for purifying the oxirane by distillation. 20 In a preferred
enbodi ment of an apparatus for carrying out a continuously operated 1 pragesms
for the purification by distillation of the oxirane fornmed in the oxirane
synthesis by reaction of a hydroperoxide with an organic ]%For%g % the
apparatus for preparing the oxirane conprises at |east o A 8

reactor and one adiabatic reactor for carrying out the steps (i) and (iii1)
and a separation apparatus 25 for the step (ii) and a dividing wall colum
for purifying the oxirane by distillation. The dividing wall colum can
conpri se at2Howh82% Ry weightrfilpy-tedling eempenantmeomprivieg flioeyt sosrpanents

i 11 ustrat edmbihyl fitmhe) dravice@ieksd®! e. 30 Exanple Propyl ene oxide was
prepared fr | ene and dr roxi de by the multistage process
descri bed |%°b\%6§§%‘b@398’§13 r@Pglg Bglgﬁyl ene oxi de obtained 35 had the

fol | owi ng aeﬂpuo& B%bﬁw@ﬁ)ghb@f highduilidg cdmpéienBOénprising tHeFkeQQOHBZAO/ Kg
about 0..2% b onents conprising the key conponents
nmet hyl f50r %’tga%{ﬂ cgf’%#gwlﬁgéﬁw%%@&;}% 0% by wei ght of propyl ene oxide,
about 0. 8% by WEI ght of high-boiling conponents conprising the key

conponent s fﬂi@aale{mm Fad 1PBEYA & ﬁe'ﬁs@mmﬁde% ye of the

dlstlllatlon tootaln pure propyl ene o of at

| east 99. 9Pty OEat lﬁw%é’% tl@thq%ﬁ@@ﬂkcqweqt@ﬁk@b%@n@uﬁnés @ﬁle$ ah t han
0. 01% by wej @i b ghii BorPihisP osé hBe MhiXtudé vasedistdicdlt inl 4 Aekvillingawsll Vi di ng

et g eyl e i

vap rizer oaidtdempbratoe 0§ 628C) Thelheatingpoweetof she tblma:bmt hapdrizenlof the
entrat Bﬁﬂ?&ogbvbaﬁf éc?luﬁ:?l@%ss%%(? thapthe tgﬁl B(En%gﬂtgﬁtmn%ﬂcsgggpﬁlo#&g ! de was

Iess t han requi red energy cont
distillati dhedeucﬂtahvasofffatﬁnlsaleewﬁlcﬁrﬁmm@m%lpmﬁwmt power and the anount
of material passed through the colum per hour, was used as a neasure of
the effectiveness. of the separation. colum _ configurations, the

ar r angdfentRestgnied Fnergy o Qfethe ‘%‘M{O&d whigh Wies calsatedi f20m ¢be Ener gy
requi r ementyapbiger Powrk QBN 1B BmbHA’ $fYymaterial passed through the column per hour,

was used as a measure of the effectiveness of the separation. As column

configurations, the arrangements shown in the table were selected:

Column configuration Energy requirements/(kg of propylene Energy
oxide/h) [kW/(kg propylene oxide/h)] saving
[%]
] Conventional column 1.95 -
:) with side offtake
Two conventional 1.74 10.8
columns connected in
series
Dividing wall column 1.45 25.6

20
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 thermally labile product was lower, since significantly
lower reflux ratios were necessary for the separation compared to the conventional

25  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.



oxi de/ h) [kW (kg propyl ene oxide/h)] saving [% Conventional colum 1.95 -
with side offtake Two conventional 1.74 10.8 colums connected in sqr-‘|i_9m 2007
D vidirng wall colum 1.45 25.6 20 It is clear that the dividing wall

configuration had a consi derabl e energy vant age over ent i onal
JaLodglBy ik

distillation arrangenents. In addition,” tThe thermal str ghly
reactive and thernally |abile product was |lower, since significantly |ower
refl ux rati osishelelfarennegrimeyals dor figwesbZadaniddn conpared to the conventi onal
25 columm with side offtake. As a result, the residence tine of the product
in the colum ingluding vaporizer was |ower. Conpared to. the series

the ofitale

arrangenent , 1 t he Cprbusdregiar of feintewpnd dartg|the diyading wall colwen | zer. 1
1 JAN 2007 2 18- FiriéHEH0 Seckion/dfeghd - inflowqdart ef er ence nunerals for figures 1,
2, 3 and A4 Congi ned regtigon ]iotg tﬁ infl ow and offtake part of the dividing
wal | col dm 3 2 EntFPRISSECELLG 5 OBf2KEMAT nf | ow part 5 3 Stripping section
of the of ftake paStippihgSeetigppofithe &eftiw paxt of t he i nflow part 5 Enrichnent
section of the of y i jon of the inflow and of ftake part
7 Dividing V) AR Rudi? LdcriBn P difichcd B © ng Z Feed 3 L Low boilers M
Side of ftakée for Combingeaigionobhibelinflew andoftakepad of ft ake for | ower-boiling
oxirane M 5 de 9ffidigkafior higher-boiling oxirane S High boilers

10 8 Region of thermal coupling

Z Feed

L Low boilers

M Side offtake for intermediate boilers
M

15 1 Side offtake for lower-boiling oxirane
M2  Side offtake for higher-boiling oxirane
S High boilers
K Condenser
\' Vaporizer
20
Vapor
f Liguid

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



K Condenser V Vaporizer 20 d Vapor f Liquid Horizontal and di agonal or

i ndi cated diagonal lines in the colums synbolize 25 packing made uT)1 g}w 007
random packi ng el ements or ordered pacld ng which may be present in

colum. 19 1 1 JAN 2007 dainms: 1. A continuously operated process for the
purification by distillation of the oxirane formed in the oxirane synthesis
by reacti oflaitnsa hydroperoxide with an organic conpound, wherein the crude
oxirane is separated in a. dividing wall colum into | ow, internedi ate-
and high-baoiling fractions and the oxirane is taken off as intermediate

boi l er at tlhe sPdonBayonsly opermied PrReessHpy theipygTicision by slisilationsofdh® odi ed as
éhergal ly CﬂJpl E?I&@fmnnﬁaﬁﬁmemsﬁymm(ﬂfﬁﬁ @b:aﬂmvim\/\/r%ﬁrel n the
ividing wall co t retica . e process
according to cl %%pﬁm?%ﬁm‘@eﬁ#gﬁ%ﬁ s‘]? galﬁf%’ﬁmf ?S“@ﬂgo at from
35 to 110C and walbrcelgur igtoolow-r intermediate1 anch bagh-builing &mmmt@m ature being
measured at t heqgile &fdk%ﬁ‘ﬁf%%éﬁﬁdﬁ{eeﬁﬁ!& Q1 RS Be oARASUHAdnat the top of

the colum. 4. T ro accor t o, an . to 3 wherein no
inpurity is g’@f{) é ' Pfggq %@éﬁ%@??@ﬁ&sﬁﬁn%f above 0. 1% by

wei ght or the sum of all |rrpurities is no greater than 0.1% by weight. 5.
The process acc ne is
prepared b %QE@E%E rg‘ix‘g MH@”WW& Qﬁgﬁﬁl{ (1)
reaction of theﬁ'hmdﬂélp plﬂte& he organi ¢ conpound to gi ve a pr oduct
m xture conpri si ng t he unr eact ed organi ¢ conpound and unreacted

hydr oper oxi de, i) se aratl on o e unreacted r oper oxi, de fromthe
mxture redul ti MBE PIPFEHASP! whipgtoy] “"“28 o1 2 prhieqg %@pﬁﬂaﬁm is carried out

at 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.

4 The process according to any of claims ! to 3 wherein no impurity is
present in the oxirane in a concentration of above 0.1% by weight or the
sum of all impurities is no greater than 0.1% by weight.

5. The process according to any of claims 1 to 4 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 unreacted organic compound and
unreacted hydroperoxide,

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



(ii1i1) reaction of the hydroperoxi de which has been separated off in step
(ii) with the organic conpound. 6. The process according to claimb5 yhe

an isothermal fixed-bed reactor is us#®d in step (i), an adiabatic f?ﬁe@ﬁﬂﬂg
reactor is used in step (iii) and a separation apparatus is used. in step
(i1). 7. The process according to any of clains | to 6 wherein the

hydr operoxi de used i s hydrogen peroxi de and the organi c conpound used is

propylene and e LGaf drRe hydFdpifoRid® Wiichthal BLE 2 B i @kRLySt to form
S.0xl rane. The

propyl ene oxi de : . process according to ¢ 7 wherein the
het er ogeneous cat afjBtheprganic ogpepd. ze0l ite TS-1. 9. An apparatus for
carrying out a continuously operated process for the purification by

distillati of Qxi I, f0 [ Lrane nt i . reaction of

a hydr oper gd;i de -%Q?Wc% a%gdﬁéﬁ {?rgg sgﬁh%%?" %%@%@%ggfzaﬁgﬁseast one

i sot hermal reacwewd iartepof)s an didiabatici fixed-bad reacton soussil du step Sk andiai on

apparatus for pr 1 : hdel =defined in claim7 and a dividing
hﬂgﬂi rifus héeﬁ'ﬂﬁt@ﬁ(uﬂ

wal | colum in the fort er ma coupl ed columms for purifying the
oxirane by distillation.
7. The process according to any of claims 1 to 6 wherein the hydropetoxide
" used is hydrogen peroxide and the organic compound used is propylene and
the reaction ocours over a heteropeneous catalyst fo form propylene oxide
as oxirane.

8. The process according to claim 7 wherein the heterogeneous catalyst used
is the zeolite TS-1.

9. An apparatus for carrying out a continuously operated process for the
purification by distillation of the oxirane formed in the oxirane synthesis by
reaction of a hydroperoxide with an organic compoumd, which comprises at
least one isothermal reactor and one adiabatic reactor and also a separation
apparatus for preparing the oxirane as defined in claim 7 and a dividing
wal column in the form of thermally coupled columns for purifying the
oxirane by distillation.



