1 A process for the epoxidation of an olefin with

i nproved energy bal ance Background of the invention 5
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concerned with energy integratlion aspects. EP 1 293 505
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US 6,756,503 B2 relates to a process for producing propylene oxide which comprises
reacting propene with hydrogen peroxide in the presence of methanol thus obtaining a
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col are obtained. The nethanol obtained as top fraction
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Therefore, the present invention provides a process for the epoxidation of an olefin
comprising
40 (a) reacting the olefin with hydrogen peroxide in the presence of methanol as solvent
in at least two reaction stages to obtain a mixture (M-a) comprising olefin oxide,
unreacted olefin, mathanol and water, wherein between at least two reaction
stages, olefin oxide is separated by distillation;



stages, olefin oxide Is separated by distillation; 4
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s P it e ek 8 a'@@m"& S”??ff%%%%??‘%e%?“’m 3 1) stroam

t he diobtainadfram(K2) is simailangeushused as vapprizat of{K1)aandwherein (Td)
pr essnd thedop istrédim Sblaimed froMqK2) drPe-intraduted itél{ayi di ng

waé c#hyafgnqg?(ﬁ n%ﬁﬁ't?ﬁzlh hp“ or to introduci ng |nto
ons am bt ai.ned from 15#

20 erdée&unﬁaaaortte PrFEPaID (T Opiaitea 7 st jeast onedigilation Gplumn used in
bdd), said vapardamstcdam {Tdl) nerdprisingrat (6489 85 wihrd misthaeolnistused to oper-
Cofglanagst pdramy étqlefs@ BH&; Pefdrikdtusb@ iy éifl/éaag.ggl}\ez g?ﬁug?éh(?%it):mn used
ar"&%é’mo‘(%&é (ﬁﬁgﬁ @g(%béfé'ﬁ@gm obt ai ned from (K2)

are re-introduced into (a); (e) evaporating the mxture
25 ( \fhdi prasent thviahtionediso relatésdtora hropesst foethen dpbsidation ofi prepbne, com-
fr LAt least one distillation colum used in (d),

y top stream,(T conpri sj | east 85, wt

g U TS ol (38" Zerxids I dhe Presanes of Mythapol as
| east solventnapb laasbiwoumon stages tocehiain arraixiire (M-a) somprising pro-
E:ol) untp ( yiene Coxide!) ufeabted Froptne, Plopaiel dAsthdrtl .and Water{ Wherain be-

e o)
30 @é%@éhge{%m @w@ﬂgggf&ggfp%dng ‘6%3 I &g&nla%e% n;{ye&.&ﬁus‘tim

pribS i [#9PRTEInG LarBeRtpR PERENG Bp:AHe st (e bdAtiigien o offain a
int hemphm;eu’fbe Mpﬁmmmmnmd at ddast8n wi.+% af pioperss, ahdva mix-

r react 'tﬁr@ ﬁf- OE&“ bridi élh%ho? whterldnd 8t I@%’@)wt‘lwrpi'o“dtyll;éﬁg oxide;
U b SBote B0 S8 REeg 1455 Y Bl 5 o bRk
35 5t aged?) COMBIRJNGH oaskPTiwt. %ofét!mnat@ui ngyntepdyeing (M-et) bte (a);
(Hp) sempamting) theupropyleree dxige dpmnthefmigturd (M-bil) int twoediétilatign col-
by di Siphds, @hbrelh frdtn HlalfRét Qisflilation column, a first mixture comprising at least
99 wt.-% of propylene oxide and a mixture (M-cii) comprising water, at least one
compound having a boiling temperature lower than methanol and lower than wa-
40 ter at a given pressure and et least 60 wt.-% of methanol, are obtained, said first
mixture being introduced into the second distillation column from which a mixture
(M-ci) comprising et least 99.8 wt.-% propylene oxide is obtained;



m xture (Mbi) conprising propane and at |east 80 wm.-%
of propane, and a mx- ture (Mbii) conprising

nmet hanol, water and at least 7 w. -% of propyl ene

oxi de; (x) separating propene fromthe m xture (Mbi)
by distillation to obtain a m¥xture (M 35 Xx)

corrpr|3| ng at least 95 wt. -% of propene, and

ntdy
qglpy E&Hﬁ% %Meé}t dtnﬁtcg nfx@t%nd I{a@rg}bmﬂglﬂﬁh?n met.hanol
i st anﬂt PWP than waterfrom gtjog;to obtain a mixture
di st i |(May)icompdsigifrom 48 t¢ 80wt %mﬁmethmotanqbfromnﬂgo §5 wt.-% of wa-
| east (@9 W . -% of propyl ene oxide and a mxture

d h
5 L, %ﬂ%%ﬂfaé?‘a?ﬂﬁ@ﬁwﬁ%ﬁﬁ BB and | owor
t han VB 4dhe aixtate &1y Belptrodusad inte afirgt distillaien; colgmn (K1) from
- % of nattidhethe lvaparr top Gtréarm I{Ed), is ©blalhell] the tdistination i ¢<1) being

vei g ra%e%me %Pﬂéinﬁs%b'daﬁta' an_col um

from ture east 99.
%V@r 0 9? E?f%n‘@d)ﬁ in ucggﬁm: 2SPRY! d distilla-
10 t he at | edon columndlsa)nmmstllietwnng (@)malrbumg'lepcnuhatammassure

than met haiabmae 1306E (K2 teihg'rdidding WaNEdIlien,M Xt ure

Compr 13 Fﬁ)é“ﬂ‘?#'ﬁwk%q{’ 6’9%85\%’{'5’ W8 ko2 S ) g o

t o 55 () isheated @ 8 teraperatyre fipm d4ier HO; “fgwith-the batiems sigeam ob-

t he mitaihed frofiNKL), and evhergin (he)cohﬂansm usadrt® dohtlanselthe top stream
15 | Nt r oypehichd fin? (12 id gnrﬁhna%&w \ﬁéh'ae P"SJ(kJI%EnJ WhéRein (Td)

PN Pmnﬂi.%ﬁggﬁa 'R%"ﬂ K8} arp B

pr(e)ssmvemﬂffgrtbm&%ﬂ) bar and (ii) the bot t oms
stwipdih aviaporep sre@m(tdls obtame@hmd;madt o GistMatiGCEiNsmn used

d' Iﬁ & dl éa?d vélp%r EWBW?B %lslné %?Iegktséd J.rl] 9} ﬁ)Q@aﬁa »&lﬁgm from

carried

20 ba@0 %@F ﬁ" ) greised do PR.P"%SPF '996IPGFH¢“Y %Mmr% in (a), from
pr3 tnr10tvct B{mfr(‘ﬁd:)mre nged iotopedaléPat, ledsh parbaltyta)vaposmrenad in (b), from

b3 @Bl 1054, %fé’f'rr \dfé hfpakats atliCastph MERES Gd n]&P from

ﬁ)d%\,@\ﬁe%o{‘qgf‘ %3@@ 9 S”%?[Eeﬁcpgﬁt@' B3 “0 h the first

s tdistilationcolymndn (R dfrgm 3m %M % of @ nhemtumwﬁtmg@gmpamalw
25 vamrpbm uséd inlHe second distiltion coluniislin (cfromi20eo 4O P s%roeami) are

?p %I&gt)paflf W WE\d(yj i) 1(5% 35 Qﬁ % of (Td) are
itvqasgﬁr  QPRVEYS o g oYL MREATERA UspE A (e). ARG TS 1 S (T
C clrei umed toeat Ieast pedl)ally eperate \ah pemst orepcontroebeat @kchanger used in the

gm &ocoMprisingoai 3R/ furthBE Infdgratioh Ghdthod se-
30

% 0 are used to operate at | east
W“f@t'é%éj‘)ed in (a), from3 to 10 wt.-%

of("X T Qatl’@s ed tab the, distilletior; colump Jiseq 4n Stagp| (9) with the bottoms
vapor i steamuofethisi coluftin) and thenfeed of at Ib@stvdne- distiliatidnT chluran @sed in

used tsﬂadb‘( {) tboh&ﬁ@m&ltﬁg bdiuRnvapori zer used in

t % dt t t
Sk, S o g o e B 59 AT oo
35 di st i |5teaesda), () (ic) fy)( and (e) inotwiozstagesogherein-indths firstretage, the
are ussedémsenisaooled with waterstiaving reni inlbt teniperature @p fromzts to 40 °C

used ighg tﬁ@eﬁhg:hd ﬂg%d&%g@é r 503l vduﬂ uG@r ha@ﬁa&ﬁh%@ettem—

to 40 wt

par ¢ 1 AR G 901 b lo b Sc.drsanis e Loffperature,SFie yyater ped In

of ( Tdhe second siage is lowepibanithe lalat temperatupa of the water aised in the first
40 vapor igigye.used in (e), and from3 to 30 wt. -%of (Td)
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are used to at least partially operate at |east one
control heat exchanger used in the process, said

process further conprising at | east one further
integration nethod se- 30 lected fromthe group

consisting of (11) heating th@& feed of the distillation -
columm used in stage (a) with the bottons stream of

this colum and the feed of at |east one distillation
colum used in stage é&% with the bottons, stream of

t Hicsordig denthe prepent IRvGABERh dhenpropess f%wesqmyawbqua’ n com-

f posesat | east one distillation colum used in 35

mﬁ@?gf’%ﬁ" tr{ek&eﬁn(% hytiohen panbxidéindnd Bl)eséﬁbetdl‘ﬁ\eﬂ{a%l%% solvent
1 1tk i Shglo bR HAE ) SR RAD B goce
C andlnrqﬁcleﬁed%f@@ shathanoh gad watal, whergiankatween; at legplctivo reaction
with \aﬁges d’nsﬂnlox!;!ewsammd byedlshllamrnat ure of from5 to

-fa) Byhﬁsgﬂﬁw to%f‘ﬁln a mix-

oo e ol i

Det ai |nathahet watqyiaind at least{7ivd.-%orof olefih oxid® - According to
Of aﬁrse Grafing ARy Fronh tHe rtidQREMVEDIN § attidest eﬁ&mhﬁiaﬁwaage to
nyarof ?’éé&ﬁeézhﬁf#@imé?@ﬁ%%@%“{%%ﬁ R o Bndh bcure
sol verdM-ciiscompriging|walarand ok o obtain a
m(d) ursepdriting methanol frongthel mikiure (M-citjdn at loastematdiehllatlon stage to
ol ef i RytliPh Aikle -Ql \6@1‘31 ?sn OXIB%’(%Q&U%?%%&* %ﬁa up to 10

di st et Rt 5&5? I Amadeade 645 PO HErh Sl

miwhergie a VRBYr tbg stpanm (T d) btained fromodttieast one distilation; celumn used in

( ), bdid vapar o stRsnR{T %ﬁmﬂw@mm Ribirianalid uded to oper-
"ot i OB @i ol gl i s

o> aldeast gne plitagas\al () apd/o)i |) in at |east one

dlstlllatlon stage to obtain a mxture (Mci)

ng at least 99 wt. -% of olefin oxide and a
mx e (Mcii) conprising water and at |east 55 wt.-%
of net hanol ; 8%% separating nethanol fromthe mxture

( M5 toythe plefin u wling taistage| (r) thess ars: nEyepecific resiriglionsFer ex-
a dimpi, mnégﬁrdpﬂemmteﬁbmob/mbné 2DltefS, bitadidifeppentanes, pipery-
ot avcy oo 5o, e, pone
vl .l,'ldP@%n%- tetradecone 4q picesene.drpmpena-and tetsppropene, PO'Y'
d| l:stacidnas | polyisobltenas, Usaprierien terfahes, gaxamioly tetool,tlimplyt acetaten me-
op rfe%?@é iréhd eag*a& pRffehe Serﬁ%gﬁrhgmah% K origrﬂélnd inylcy-
502%1 e yRyigg e iR yclohexaha; StyRe. shelRittens: Fyoddsaions, viny-
| mom ifdene, slgtrahydeoindens,) methyistyrane, dicsigjepantadisngo divinylben-
olzshe eyvisdotiezons) rcglelagxbcatml'mg etilyene, dbhmyﬂ:uﬂdhmpwtamln A, bete-
r 4 rleec vfn?ﬁe@b ?Iglr)] ‘%Ildaeé crd @ﬁﬁe but loride, dichloro-
p o8 picn %@M@ ik &/ lghiaestols, pon-
odermlﬁ;soctadlemumn@enot& wrsaluyat?darﬂtm'ds etheuyethens, isoeugenol,
d ahetoles undatireied eaoxjlictdckid Rem s acryiid i, aneéthacrylic acid, crotonic
Urdcly, ARRHE aBB Vityiddofid aBA Chsat by Tatty acids such as oleic acid, linoleic
acid, palmitic acid, naturally occurring fats and oils can be reacted with hydrogen per-
oxide.

Preference is given to using alkenes containing from 2 to 8 carbon atoms. Particular
preference is given to reacting ethene, propene and butene. Very particular preference
is given to reacting propylens.



but edi enes, pol yi sobutenes, |soprene, terpenes,

geraniol, linalool, linalyl acetate, ne-

t hyl enecycl opropane, cycl opentene, cycl ohexene,

nor bonene, cycl oheptene, vinylcy 30 cl ohexane,

vi nyl oxi rane, vinylcycl ohexend styrene, cyclooctene,

cycl ooct adi ene, vinyl- norbonene, indene,

t et r ahydr oi ndene, nethylstyrene di cycl opent adi ene,

dtyi nyl bep- zene c] ododec cycl ododec, trlene

s (THemRIore; thaiRspsany inkenianirelates To pipamAens B daseribed abipvst wheein the

vi ohgfini Qfepieyddl in atagée(a) i plppeneaandjﬁm respective oleﬁn oxldel@ propylene

megfal | I chloride, dichioro- butane, allyl alcoho
5nethallyl al cohol , butenols, butenediols,

cydopentenedlols n 35 tenols octadlenols

t rAcgerlingde staga (@)of ﬁ\emwemhfms reaeted yith hidragen peroxide in the

i qnesegmof methamtahebnenttimaatmt derbactionstagdsite obtainctsmixture (M-
% hCox »dée‘ixhn%ﬁ | fiefifC hfdthaRlal! ﬁateﬁ% n at

n’ﬂLq:)EI cetlc Qfeg &lsat ur at e Pt%ggl?/ aCI erafore,

10 ndbhe rrublhtye owass m@rlsas at least| thei followingrselyeence af stegas;\in)ttn (iii):
hydrogen per- oxide. 40 Preference is given to using

sttt v b g
t n
r g(ﬁgtn |e rsgpmmemeumﬁadéd‘ﬂemfmmetdﬂﬂuw%l&ﬂﬁg fromv stage (),

15 T &t e%&c@ioﬁ‘ 8 oféfirt which ﬁ?i)ﬁéélrh%g?ﬁmvcﬁr ﬁ’ﬁ%ﬁ& qu with fiydrogen

oIe in stage opene
respectﬂeﬁ‘d‘éyefl n oxide is propylene oxide. 5
According to stage (a) of the process, an olefin is

r e’ﬁfei'éfdrlve\/\kth | {3y doP B&prize! mweie?n td stéifes (PaRS gi)cet |6dst one further

e
ob@g«?ﬁﬂ sta%%xeﬁ% i %ﬂoﬂ "QWS‘@ attlg’?“é’@é%%?l n oxi de, ge Ac-
20  rfosdieg &y aoprefamd amn @ﬂ&mr a9:{a)conpsigts of| these: three

tvs:lagds these reaction stages, olefin oxide is separated
by distillation. Therefore, 10 the inventive process

co i ses I t,the foll ow, se uenceo st.ages (|
© AR oisgoes 1 and ). ref3ars o e e dIcns &g oy Heltion i cer-
prriﬁplem&, wi th hydrogen peroxide to give a mx- ture

25 corrprl sing olefin oxi de pref erabl y propyl ene oxi de,

w r&rﬂf {j ﬁ:fl %éa%ﬂonosfsté S i Jig&gqyoﬁg or in
I'et T n om m X ureresul rom
(.#qmlwms’wm QrHa cgntinueys md [nd Jadepen rﬁw prapfe the other
of feaction staggdn patch madslorliy derigmntinypas maddd er in bantieausanode. Ac-

St&ﬂﬁn ® aﬁ 8lerf RidR bl%%rretl Ronitfddineng rboirpl'e‘ébﬁ’&eﬁaéés) (|)a£}ﬁ!l (iii) are
"'r%’l ﬁ{“o ﬁt one further reaction stage and, iIn

30 5 A Mod- at | east one further separation
stage. Ac- 20 cordl ng to a preferred enbodi nent, the

pr Theespbxiibtigereactiondn stages ¢) arfd (lil) syrefetablyccarsdagut tn thépresence
U OofSdt 36keP oﬁ&b&ﬁ@'c&hfgﬁ Z &E@rﬁ'eaéselsr\&aﬁﬂe&’y&hﬁna alumnnosmeates

restrict eaction IS . ed
2 charg ] F‘Q)“""P'?a’]ds‘aﬂﬁ 8Eydes g contsiyiig (oroRREss W gre prt-
357 egrgbly smallas thanabout0.8 am: Aherpetworyof such zsolrtes is made up of SiO, and
AIQ, tetrahedra which are joined via shared oxygen bridges. An overview of the known

structures may be found, for example, in W. M. Meier, D. H . Olson and Ch. Baer-
locher, “Atlas of Zeolite Structure Types®, Elsevier, 5th edition, Amsterdam 2001,

40 Zeolites in which no aluminum is present and in which part of the Si(lV) in the silicate
lattice is replaced by titanium as TiIV) are also known. These titanium zeolites, in par-
ticular those having a crystal structure of the MFI type, and possible ways of preparing
them are described, for example, in EP 0 311 983 A2 or EP 0 405 978 A1. Apart from



sem - conti nuous node or in continuous node and

i ndependently thereof, the other reaction stage in

bat ch node or in sem -continuous node or in continuous
node. Ac- cording to an even nore preferred enbodi nent,
bot-h- reaction stages (1) and §@ii) are 30 carded out
in conti nuous node. The epOX|dat|on reaction in stages

o HigpH B iy, Syl Fp{Ei8R oo Ser Stk adliohpd AL Sien as
krﬂbmnurar giseonium. i, dronnicobalt, Inickal @elliuma gereanimacbergn or small
C lumiouats of fidorin@gin thé mmmmhuemm prefecably kion pejendrated by

V"ﬁh& Jf "t w@ rVorsdT%lf (it AR p?@?%&olg% gaﬁ‘ ﬁﬁv&r&%n re-

51 langdim, %Hﬁ’ﬁ'@@“@rﬁaﬂsﬁﬁwe %8 U, plcksdcor more

Artharaefr Vhe motgr ratlocofiditanivm asd/oanadien, aicspnive, fcbiomiym foo niobium
legtéllﬁﬁr $um bﬂsihqon Mgd 'gdrfUm ahdorVanadilmQihdAi QlEﬁrﬁShéuvanfdlorsct:hﬁomium
e Te1E5 RobR® erdiify b e Fies TR ST H36 P i i o
alumnumis present and in which part of the Si(l1V) in

10 t HBtamuhu nlites, ingidriicutar |tlsosbeh'dviageﬁdgstat sttw:mwmf mb MF( typ®, and

bo YOO - ﬁﬁ& thbih2Bfe! dt@? i WO 98/55228,
fvstiest e pritlie ot bR

descrl bed, for exanple, in EP 0 311 983 A2 or EP 0 405
97IB|s/Hnowﬁ~Wftltd°nidPﬁ‘“zédﬁtes&Ia|vi ¥ MFllsthichad 'chbeSi(!BHﬂﬁed via a par-

15t bl 0 o, W S i
gdrgipy aw P80 Pmnanédh% differ foprm alkali matal fitanatgs or crystalline and

f | amorphioeis TiQy phaseszeol i t e catal ysts whi ch have
preferably been regenerated by the process of the

Bt S Ry, o
C iRt mumnummw-@ontammmktes bavieg\e pentash zeolite structure, in

t tpartioofar thEhtypesoibich cart be asdigried Db raywonystatidgraphically 4ol thenstructures
Zi ABVINACO) AERAEIT AENOAET] ARG UAFI, APN! ARO SAFR OAFSS I AFTG AFX, AFY,
angyt 'Ar@&“m%%s%ﬂ@@"maﬂ%% §'A19P%*=U“mé/ ﬁpvw BCT,
o%%"#% . 546, By é@m&@@e ?ﬁl-.'bhé%c% <Hl'eLo,

DAL, PRR\QRG, DRE, eERbﬁ§V ETR,
pce@ blFRerﬁ.-;& RRA, pﬁlépﬁlu r@MEhGﬁNaIGQ@.dSlEW | IIEBd JS\f dTE, ITH, ITW,
eXiWRy [ IWwW,i JSBWYKEIBLAB 28V, LIO, LOS, LOV, LTA, LTL, LTN, MAR, MAZ, MEI,
Eaaeﬂlra@weﬁt’wagw NORZABREMS0, MTF] MTKDRITT, PR, MWW,

étﬁénhﬁﬁb”%g}»ﬁ‘%é b% o46! HAR BAD, PRI, PON, RHO,
f

Btk aigtaihga fo sl oo,

i rﬁB"érS&E SFR) SFEe§FdnSEN Skth $CToSOL: ﬁSYaﬁa Fi ﬁ!]ls Sdiff TER, THO,

f rTON,a1SG IUELNERIAUOE | USINBTESVET, VEL WNLASY,IWEIRWEN, YNU, YUG and

arngophous 1102 phases. Specific nention rray be made of

Ui dr@disd nixed SirIB0reH B twd BF mifd Hﬂhe aboveael cRires? Rurther.

S il bl ot

WIS steustuse apesalse mmembwoeysa il the gracess etalhlaynmtnm drurther
StifathirhHcomtaining\deolié€ whibhr imay/tfel meritiohlad AfeTthodd-havinythe ZSM-48 or
st i@@“‘ﬁfﬁ AFS, AFT, AFX AFY, AHT, ANA, APC, APD,
A ATO, ATS, ATf, AN, AWO, ANWV BCT, BEA,
BEC, BI K, BOG BPH, BRE, CAN, CAS, CDO, CFlI, CG, CGS
40 CHigr theHpyrpaieof fhe ppesent ib¥entionyopfeDBe isRF@N DESing DEpolites hav-
D(m{; afe iR stildture,EMTMEEBbuctleg an MRMEIEhed strliturefdidn MW struc-
5@9 ﬁ.u%'ler %re%s g%lsm%llm%e 'i"-contamm zslol E’ca‘a?y'?:ks which

are generally referred to as “TS-1", “TS-2"°, TS-3", and also Ti zeolites having a frame-



IVWR, |WN JBW KFI, LAU, LEV, LIO LGS, LOV, LTA, LTL,
LTN, MAR, MAZ, ME[, MEL, MEP, MER, MWFI, MFS, MON,
MOR, MSO, MIF, MIN, Mrf, MIW MAN NAB, NAT, NEES,
NON, NPO, OBW OFF, CSI, OSO PAR, PAU, PH, PON, RHO
30 RON, RRO, RSN, RTE, RTH, R#A, RWR, RW, SAQ SAS,
SAT, SAV, SBE, SBS, SBT, SFE, SFF, SFG SFH, SFN SFQ,

o ol e 55 e e Pl

of the abovenenti oned struct ures. Further- 35 nore,

t It st BESdGHIY \ mﬁmfh E&lﬁ&&tﬂwanﬁ&m midte prefera-

5. ety oqg‘r@se 1207 N i, £5h b rbicef of Bowrer, as gran-
Fw%@s micfosphresnasoaneth Pﬂ@ei baving, dor qyample. the shape of pellets,
mMesylindens; dvhaols, $tass spHores, hgndmchswforch&I\ésl&tmdates such as

Stéxﬂﬁ&étééhav‘ir% exLJH oP4'leR 1%9% ma(r g’:cgfromﬂo?’
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|nven renC Ven
hend & Jm?@g 968 @#"ﬁ@hﬂf e pref-
10 ni erably 9f frqthAZ & érandmsmwlytnmferabbmf &omFQ,6ttd @ mm. in order to in-

Df@éﬁeetﬁé BulkSdedbityeor the Wxiridatey), it\is bféfél ll’ﬂﬁ tB:ch mag @iunum; with a
nerally referre 0 as
Bheefggghy%iﬁﬁd %ﬁé& %@%B%TI zeolites having a
frarre 11 work structure isonorphous with beta-zeolite.
VefFoy gaeli bf thukafonphgfrmﬂmﬂsert isspagsiblerto tuse at/bastonecankiitiveal binder
15 Caﬁr@d{‘%{ fba&fonUEﬁ eﬁféd&?&rﬁf f‘eaﬁ'b‘ﬁetpafef h'm ent. Prior to using

¢ ithel rlveLia 14 epeXaaaaRion B e arssert ivarion, ks bossibieo sutably
bI gretm theraatalyst tis case.the gataigst lanusem;wsyppm @atalyst arcatsier can be

WAy Pod WhicHEdre intit, 06 avhich iAot rédct With h9dddhen peroxias, olefin,

@wﬁtp‘o& &S havi ng, f or exanpl e, the shape of

cylinders, wheels, stars, spheres, honeyconbs
20and so forth, or as extrudates such as extrudates

hauostga,refémblyea AirpS e or Ai-MAW tchtalyst i remplalyed evhioh, is poodeced by first
pfﬁﬁﬁﬁ&%&oﬁheﬁdsofﬂr Joxhrd 3 mu%@ h‘e}*édf #onﬂ&i Scd&dﬁﬁ E@Ebm o 260

%n ang WW% ‘? i dl %ﬁgﬁ ;g;afara Y extrudates

prﬁd_ﬂsalmeﬂabpvﬁromo 5 to 2 nm In order to in- crease
25t he bul k density of the extrudates, it is preferred to

St g L 9GS bl e
et 91!’9“"?‘1"91 rgog pealergply 'rt%‘aesbe ModPeast one addit i onal

bi nder 15 and/or at | east one pasting agent and/or at
| eAshe ﬂU@ntﬁQrp?ocﬁﬂé 18 Gosiid o usBrthé’!sarﬁé’oH&lH&Gnt ofreactors in
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25 Therefore, the reactions in stages (i) and (iii) are
preferably carried out in suspension or fixed-bed
node, nost preferably in fixed-bed node. In the

i nventive process, it is possible to use the sane or
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tors. It is still further preferred to use at |east two
fixed-bed reactors in stage (1) and at 25 |east one
reactor in stage (iii). According to a still further
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20 O course, the preparation of hydrogen peroxide from
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heat exchanger to a tenperature in the range of from 50
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the colum. Therefore, depending on the respective
point of view, distillative separation according to
stage (ii) can be described as separation of unreacted
olefin or, alternatively, as 25 separation of olefin
oxi de. The evaporator of the dFstillation colum used
in stage (ii) is at least partially operated wusing at
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f rime dtﬁdihg)wi’lDo&f_;mmmé?i :g Elﬁmbpf ihatpr;saﬁt ihwganﬁgnh fgr:éhably con-
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] . . om 0 % nore
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AL FRsRon g 05 Sl port, he Sfiphing sbaobb 3ne i Bert ahd the envich
prreent seetiop of thefafRake partor partsthemof is/arerproxidad witk pedgred pRacking or

25 f rrandidm packingOTRé dividing Wakt carfbe thetmiatil insalated in thebs eggiche. t o
25 % of the nmethanol, is taken off as in- ternedi ate

bojler_and, still nore preferably, directly fed back to .
ot Tigccifierantial pressurs ovar, dediviging el qolusmri fan fe uized 94 roaulating
t hmararoétanfor ted hedting power.HEhepdistillafiamiscddvantageduslyr carriedadut at a
St fetre dtife topdf fbmi1Sto RO BBE pRiNbAbIY RE M TR 58 ar anére prdfbrably from
whj s froml to 2 [ [ et erabl r t
t heor r I e ofi'take. “The ™
30 {'hf b st 300 ol et B a2 B sienced o 42 F3ra 15
di 18.di-hd-&di9or@hanm used in the process of the present
invention is preferably con- 15 figured either as a
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e i 5 ook o e S oLt oo
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eft1cCl en'(t:h%ggr nf Iﬁgll ne h@ﬁ@ﬁsgb?g\% pressure drop per
theoretical stage. 20 In the abovenenti oned
c_dﬁfei distillatiands theh préferablylcamied outie artempanatund range froon €5t 100 °C,
40 91 HbdGRerBRably from 70 to 85 °C. The distillation temperature is measured at the bot-
tom of the tower.



the dividing wall, which consists of the enrichnent
section of the inflow part, the strip- ping section of
the ofitake part, the stripping section of the inflow
part and the enrich- nent section of the offl ake part,
or parts thereof is/are provi d8d with ordered packing
or 25 random packi ng. The dividing wall can be
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The distillation tenperature is nmeasured at the bot-
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NYonjiy. € than 300 ppm and having a hydrogen peroxide
content of not nore than 50 ppm preferably of not nore
than 20 ppmand still nore preferably of not nore than
10Atthenbottem < dhe distilatien, selumana sifearn @ssantially epnsisting ofmethanol,

25 mw&tur andiireadiedl hydrogérepéro:ﬂd@fs diﬂﬁnanlﬁurma béttnh lof theDgotumn, a
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st B0t e Plage 81 FLPe invafingeragess rpferati ot st g, more
35 obﬂ"ﬁfﬂ’@b’ atAﬂaﬂtf@ i efcthestream daken fram theosidernfitake arecfegyeled into

| sstagé @i ned having a nethanol content of at |east 95
W.-% preferably at least 96 wt.-%and still nore

ref- erably at | east % and havi ter
CofteuieioRs saem fee Yo frogiietionofmd; ereiprary e, figing wai dis-
notiligtiarheoiungn, Bssantialty congisting oflmethanel, watsr @and luhreactied iydrogen per-
40 N, RAther fadltto 1@ reabtor BPEHge @R SPrbfRFeMY, &b bdt®nisrdbm is cooled
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stage cooling, more preferably to a temperature of from 20 to 40 °C, still more prefera-
bly to a temperature of from 30 to 40 °C. Still more preferably, fresh olefin, preferably



colum. At the bottomof the distillation colum, a
stream essentially consisting of nethanol, 25 water
and unreacted hydrogen peroxide is obtained. At the
bottom of the colum, a mxture is obtained having an
olefin, preferably a propene d8ntent of not nore than
50 ppn1 preferably of not nore than 10 ppm and stil

”DJ Gﬁbﬁau iRSRdyPintd 18 reactol B R the bot-
Slpicmes ey b A
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hydr ogen per O oxide, is then fed to the reactor of

stage (iii). Preferably, the bottons stream.is coole
prThertotah 10 RemeXidseRnuersion s prefasabhe aldpest 89i5.%, mere praferably

e xatiiquist99.6 Pi; niré prafaralsly atlgast 89.7 W0 andpartictlary préforgbly abloast 99.8

prgferably to a tenperature of from20 to 40 C, still

nore prefera- bly to a tenperature of from30 to 40 T.
Bstil nore preferably, fresh olefin, preferably 19

pr Byseraaction snixtuxi abtaines from stagkeiii) urafarablv has amethanel content of from
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Therefeebiyoafifom § to8 wtkb, Mdauhlth@mai c@sghhpt heseanges mixtyre. The
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The t ot al hydrogen perOX| de conversion is preferably at

R prdfoct i iDlaRorP 5 9 Rlattor 8 th 0 R 13 fd&% ure (M-a)

P ocaiat ) ok e avartive Progess: d'ﬁ?ueﬁ'xﬁﬁ aﬁ?%r' 2en ifoginé top of

30 sttagdls(matlpl) columnef slepg (i) &8 ba combinash with tha-product oﬁxtlﬂradahen from
5Qh6 Padtbrof stafe ,tg'[;gb %E;rrﬁitﬂgl‘?m-ﬁ ﬂflcl‘;ﬂ?rﬁﬁd ﬁ?z Sﬁz/mb)-dYtthe in-
g&:‘)ﬁfdcﬁéé Qt&r ssitld 7sd hg Blodyet mixture
baSEe tnecrgsgior af st {1y a0g) the toR sirepim PL%@WBW atio Gijen o stage
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35 eSHeY ,aixh_yem.a mﬁq)bmdfrom 15 to 25 w.-% based on
0

the total weight the reaction mxture. The olefin
oxide, preferably the propyl ene oxide content, is
pery in the range of from1l to 5 w: % nore
preferably of from1l to 4 w.-% and especially

According to stage {b), unreacted olefin is separated from the mixture (M-a) by distilla-
40 tion to obtain a mixture {M-bi) comprising at least 80 wt.-% of olefin and a mixture (M-
bii) comprising methanol, water and at least 7 wt.-% of olefin oxide.



preferably of from1l to 3 w: % based on the total

wei ght of the reaction mxture. The olefin, preferably
the propene content is preferably in the range of from
Otob5w.-% 25 nore preferably of fromO to 3 w.-%

and especially preferably of 20omO to I w: % based

on the total weight of the reaction m xture. The
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of peinb Qslisé® oh thebtal WoigKt'of mb&ab (MibHges. S5 The
di stl 1Tation colum Ts preferably operated at a top
pressure of froml to 5 bar, nore preferably o f from

20 1 Rrgferably, the misiue {iv-biilabiained as hottoms,stream sompRgas of figm 55 to 80
stwil-t, nmreprpfeeétﬂybambnyoﬁm#bandespoaallybprafemuyﬁmeato 70 wt.-
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9d.fmm ) et hanol, of from 13
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iiouiil ol st st i

40 | ing ateast 93évt -% of oleﬁn oxide and a mlxture (M-cu) compnsmg ) water and at least
55 wt.-% of methanol are obtained.

Separation according to stage (c) is preferably carried out in at least one distillation
column, more preferably in one distillation column. Preferably, this column has of from



preferably propyl ene oxide. The evaporator of the
distillation colum used in stage (b) of the inventive
process is at least partially operated with at |east a
part of (Td). More preferably, I to 20 wt.-%of 30
(Td), nore preferably from2 gp 15 wt.-% of (Td) and
espeC| ally preferably from3 to 10 w. -%of (Td) are
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and especially preferably of from50 to 90 theoretical
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era OXI erred contents of
(l\/l-CI) W|th respect to olefin oxide are, for exanple,
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tp fﬁa q?ﬁ W agd% ppere %ﬁgpyrﬁ%i;%?:% %?;ea(

preferred enbodi nent of the inventive process, the
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and especially preferably from 2 to 5 bar and a temperature of up to 100 °C, more pref-
erably in the range of from B0 to 100 °C. The compressed stream obtained is then at

least partially used to partially operate the evaporator of the distillation column used in
stage (c). Preferably, from 50 to 100 % of the top stream, still more preferably from 80



water is higher than the respective content of m xture
(Mbii). The evaporator of the distillation colum used
in stage (c) of the inventive process is at 30 |east
partially operated with at |east a part of (Td). Mire
preferably, 1 to 50 wt.-%of 28Td), nore preferably
froml to 40 w. - % of (Td) and especially preferably
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ST v st G ot s f B e i

ofcot\mg&or(n ahichzan ohigiure fcompliging at Iemtae wio %@ (lsfingixidee obtained,
25 t QRRicPmikRAe beifid introduddifto m&é&m@hwﬁa&mﬁtﬂnﬁ Qnd%rot Pto 30 wt.-

“’E o RECaro 5380 .5t Mot el BHeR € Vi) sed *ﬁegF&"d gflation
ol o Wich an 24616 e iTRA oY=t 89841 -% Joth ks

Thihtmﬂemre (Td) is partially used to start the
operation of the evaporator and the conpressed top

* ts tﬁ%ﬁ?%rg ﬁ Bt @ﬁfﬁ&i\é i gido il? n {ﬂ ghﬁ:ﬂ:&

15MoPh of olefin okidy. | s used to operate th| s di st| I I atl on
colum. According to a further enbodi ment of the
PreeRAdbly, Hyeefirst éﬁumﬁﬁﬁﬁbﬁhrﬂm% 190,ahdre peferkdly <¥f from cao to 100
pr is perforne

35 nﬁ‘;dfgsﬁgéés'?%&%ﬁ@?'é&ﬁr e @Fakﬂ&? %‘Q%P distillation
colunns 20 Therefore, the present i nvention al so
r eThet first column prmdemblympetﬂectaﬁ Dtop prbssuee offroem dibar o less. Espe-

( cauauytpbameb@f ihe diaﬁuéiﬁn icBlufANS.bpératdd a8 af mmh %blanaét laQBp pres-

usegg‘?ﬁ“{‘ﬂ.\geas '?fsh%a;& ’?t? mofé ¢ %)or ) 20 q@#ﬁofarably at
40 1 j nat mogg thap O18:har dﬁ°’°cﬂﬁ‘F‘ B‘Ph rgre @Hiﬂado 7.bav, and:still more prefera-

c dII]D at notngoratth#re nﬁ;ﬁt b&iBmeerr;gﬁraﬁgesl dfthedjtap%gpﬁrdsures are, %ter example,

9 ba Inford pidretably Aok 64 bk {68 prefeftoli %p pressures
secon r gia%%ﬁu'a a out06]4 a?frnﬁbou?a% barr %Fna%out% Gggar or about 0.7 bar or
about 0.8 bar.

45



% of (Td) are used to at |least partially operate a
vapori zer of the second distillation colum from which
an olefin oxide streamconprising at least 99.8 w.-%
olefin oxide is obtained. 30 Still nore preferably,
the ol efin oxide stream obtai 2&d fromthe second
distillation col- umm conprises at least 99.9 w. -% of

O'F%fajbb&('tr[&ee}aoﬁﬁd &y hgs Bfﬂn‘?g? %or#aﬁ:?%‘%mglgl‘oz%n%mh:igsto%
oS ABaR)Y Prslerabl of M%ﬁhae@ﬁmamm 40 to 100
35 and especially preferably of from50 to 90

t hieY RicbricPolisrhR Ssreferdbly 6bdrélbd 804 WP preSsuré raf f‘i‘g?l t 7 bar, more
5 CHEpRABY; @be?%?ar%{nﬁéﬁ%"?ﬂﬁﬁ%@% " oper at 6

as a vacuumcolumm at a top pres- sure of less than 1

barhe mirtuss gbtaihed fadrh Yheatop oHthe first eoluina whithSs fedras fead stream to the

prs%woaséwmatcaﬂ%ﬂﬁ&r Bt bhriiin By Prdibts raan fra#aasrabbrymore

e oydiéll ) progé Hhaving, bomd g the olefin
10 zﬁur’%"’%ﬁ@i Pmaggf?g%d?%mfea 'FE th?A Aiiehydes

prsélp’é asioy exarapie.cacetaldahyde, and/er fsqnaldebm eTheée bywsod ucts can be
preoptaineddn tharten stfeam efitberfirsicoluniroin tan@mbubibof uprto ammm-%o ptefera-
bayly 0p 61020t w090 ahd bsidciall Priferably dpatb 015 wiBeUbagad %n the total

gL P SNl g ot o

15 es%"e'" preferably of from35 to 50 theoreti cal
st ages. The second columm is preferably operated at a
t dpwes surprisinglyofound bat chopsinga distillatiomtop pressyrecyf dhisiinge allows for

f rdmana 8 Jitrdhigh a%ee sty bf the [Viefincixide| prefarably prapylehe oxide,
rth I:EE rﬂ) )ﬂliéjlro fnﬁ'&ﬁ%o%ﬂ@%@%&n@@qq%ﬁs@ rﬂlglné'a'i fefast partially,
20 raPl!r?’m«BNeasr(m 1o orergtathe Mapasizerefcthe second distillation

re:x:lumnofg:tdgaw one or nore stages of the overall
epOX|datIon process, having b0|I|ng poi nts | ower than

%M %qumﬁé gg By sfaﬁgl(cg '0%9263 @Eof (Td) are

Sisel 1o, Aperate e yepprre mfu 8 (Td) are
Mmrsteélamvamnze! thei seeend golume Mqa@ vnfmm 9 Fﬂa15
f |%s:f (Tt) laverusedrio apermatentha tvapdrizapofite firsBealimn &id fromficto25 wt. -%

b|df dré uSed2d rah%h% 6f #b |s§cd?ﬂﬂfoﬁfn&b IEgpétially Preferably,
e wtt% %o ‘Qa tt@' t?lgzle ffshb) Iumn and
qé’onﬁ t%% WPs‘ffﬂ@ﬂﬁ

that choosing a distil I at i on top pressure of this range
al If neaessasy, atdeashpng fagd straam fethinthatdeast ope distifation cplumh used in
t hetagd (6] ¢ e tiedfad witheh&bétibmé dteam \dbifod®ontihis colimn

regard to the | ow boiling conpounds, and simultaneously

USé n@ E!E | east partially, 20 further preferably
e ely (Td) to operate the vaporizer of the second

35 distillation colum of stage (c). In case two
dl Aiddoi'dlrigt foCstageo{d), Mixturg W)eabmnadsm&:tigb) (c) &s oottéing étream is
e 16 8 furthbr Hisllative SsiRfatioR p R:F?Sésaﬁﬁvﬁl/ a%ﬂ%'(ﬂu) &Impris-
29 %S{{ﬁfo W'%‘tc’:g Qhﬁafw&'ﬁn& %%%%e of Wilpr CT?Q  Gixure (M-di)
T

,, MFEVEPOR B RO s atlgned. T

Distillation in stage (d) can be performed in one, two, three or more distillation columns.

According to one aspect of the present invention, distillation in stage (d) is carried out
in one distillation column. Preferably, this distillation column has of from 10 to 100,



% of (Td) are used to operate the vaporizer of the
first colum and from1 to 25 w.-% of (Td) are used
to operate the vaporizer of the second col um.
Especially preferably, fromO to 10 w.-%of (Td) are
used to operate the vaporizer24f the first colum and
from2 to 20 wt.-% of (Td) are used to operate the
| : (Y% .
% oEraply o ARG 8l ckRany BrekrafSF B5A 3 t0 70 thorsica
88f1 ati on col umm used in stage (c) can be heated
vvlth the bottons stream obtained fromthis col um.
St HedistilatRh obbowr iSiapgratesl attenpresgur® preferatilyl obfrérviictioi 12 bar, more

5 olyiréfarudly df from 2th A9 Dat and sspetially pPéferably/of fiBini3%o 10 blaf.ect ed
to a further distillative separation process in which a

m hi.S- at t 8
ﬁmh%su‘e“@ﬂdm}gﬁf m 8 i g Biigmn %@p%ﬂm%ww
( \efhana! apd, wv@£9§¢ merg Ripfecably At loast 20 wir% of methanol
olﬁndlunetq 1om-°aog mater.amra praferably ableast85 wia% df enethanobandaup to 5
10 | rwio%eaof water, moferpreforablynat lenstide:wi. 194 oft methamod androp to 4 wt.-% of wa-

AQBOdrd dsPeé.mycw@reﬁsn%@ feaStf97tvASYIYT ffeBitinol dNdRUpith 8t -% of water.

dIStI|| ion“in stage (d) is carried out in one

at i Preferaply, ,this di
ﬁ?ﬁﬁh%’ép%f’? BlsiAlure & prefabyh e e 917 iocI ppope gpeferably i
8. and especially preferably of from30 to
15 70 theoret| cal stages. The distillation colum is

Oucoided tok p?efamsmwmérﬁfoeﬂﬁtﬂmf inbgritioh, distimatibd il sthge (d) is

%ﬁ? dl&lﬂw &"éﬁn ﬁ‘ﬁ&t& bﬁb&ldmn (K1),
R et A P ] i i i

gosegpnd distl }and up to 10 wt.-% of water, nore

20 preferably at least 90 wt. -% of methanol and up to 10
wt Accofidingfto \acstitt furthep prefeped featbatlimentitf the praiserttGnwaintion, theogolumns
pr H')i?gi@ (I@)Iggl'ddlf.!.léérﬁhasal%é é&% ‘ﬁ%&f@ﬁ g 16 0B en‘iBbHeHﬁnenla t{;gu c:éndensar

ndefie m"Uf the’ ati @;&:P n simuk-
) ter ecl a r
witEneasy a8 b anerizes d st of ?"

25 | condenserused tsfooﬂm@eéhﬂ mmb@“@dam the secped #laﬂlgton wl-
ofurdn is usadsimutiareopsly aie thalvaporizar ofithefirstdigfillaticn @lumn. According to
Acdrottidr ag\bbaxrrannltm‘ Bdttorri WMU@M ﬁémtdaﬁmﬁf ey Whlch is fod as
' qHﬁRtslrgé\'nl I'\&teﬁ mtr&ﬁIcE [46{8 AN with the

\%&? aS[%Hr unﬂlﬁj? gégnamdlment
30 ait %p%'ﬂ '@9%nt from the top

pressure of a second di stl I I atl on colum (K2). 20
AcTheraforegthb resest invantion alsb eslatps tof proeatsasidaderibed tabode, wherein
t hﬁ‘ sBigeya)ta mvn?eésu@duswlhﬂomﬁlmﬁned(Mtnar&n&é@r @éed to con-

g&'trleyto %HQA %815@&8 to ] i[ﬁ-jl-l % seds.lmul-

35 “E %%%ﬁ&sa an m?'%ﬂﬁ W Wtion u%@am@‘ﬂi” mh% bttoms
@lurn, K o 26 g e BT (K2) s

cd]qgtml, pnﬁorép Qplag lintroduged into (K2), wrth the bottoms stream obtained from col-

umn (K2).

40 The term “first column (K1)" as used in the context of the present invention relates to
the column into which the mixture (M-cii) is fed. The term "second column (K2)" as
used in the context of the present invention relates to the column into which the bot-
toms stream obtained from (K1) is fed.

45 The distillation in the first column (K1) is preferably carried out at a top pressure in the
range of from 2 to 8 bar, more preferably of from 2 to 6 bar and especially preferably in



25 condenser used to condense the top stream obt ai ned
fromthe second distillation col- um |Is used

simul taneously as the vaporizer of the first
distillation colum. According to another enbodi nent,
the bottons stream obtai ned f28m col utm (K1) which is
fed as input streaminto colum (K2) is heated, prior

Q{\?;Fdru;@g o? ﬁ%ﬁ%@eg bhf ﬁﬁﬁauoﬁ"a-f t'ﬂe nd%i&gﬁ{‘ﬁ(zggs‘ prélfdkably
erfB0tRd Aihat a °B(P'?§'Fe§e' 'H{'F b preferably of from 8.5
arte1é<babandedspeﬁa&y pretarably inttiee qange;iwm 9|to\13bal on al so
relates to a process as descri bed above, wherein

5 SURFarérd) the BrdsBhe ftﬁéﬁ'&l@o Pédai&é {oli;é a§ @E&Tb% rarE&faaU:ﬂerem
B

h
o o o 1 e G TP 8O 0y 5 g rossre o

udthel sesond Hisgiatiom oaloms ks froms 8 tdt4 baxpori zer of the first
distillation colum (K1) and wherein the bottons

in ol whi ch i ed.. a
<t BB b bRt RS aibE o ot ProfihelsP deBSpA phoVR, nerein

10 I i cBduced into (K2), with the bottoms stream obtai ned

f r(i)(rjn ahé ml)ﬂum (KKH) is intdudad ibto rarfirst idistiltetion ebluim (KK1fjom ahich the

used iy tﬁ ifod?

t he coI rm ? p{ﬁﬁg e g(ht%ﬁéeaﬁ?dﬁ/ﬁ ﬁﬂ Pés‘né %ﬂ&@ﬁ.ltta?atop

term" used in the cont ext of
t H@) prtheenttomm@mm @btairtauatm (K1 is linfrodutadninta a tsecardi distiliation

15 t he bqiotunirpem) Shé Qitilefion M (RQFbélﬁQD&rﬁ&llbut'a% aft6p! presSurd defrom 9
distil 3L |nthef|rst colum (K1) is preferably

carried out 'at t.op, ressure in the range o

C Soiorejh prion 1 ORNGRLITIERE), Bhe Petms upRm ORIec iR (K1) & heated
esp ecembénatues FomI100Ity 180 °C it thebotpmpestreamiobtained. forh (K2, and

| Lol i 150 it 9k ()t st
20 ¢ (NeQpgly ﬁydl I"zellrﬂf)@é'breferably of from85 to 14
bar, and especially preferably in the range from9 to
13‘-‘rbﬁl"ably5 thB'RItteMe skearh bﬁta[hbe rremt(Ku mr @84ted B & lchiperfletiom 110

:)ﬁggsg?ee 0 tpﬁe?elgﬁlﬁgrp dj stll t| on Céﬁuﬂ#ﬁblfﬂg?tﬁekbﬁsmand
%‘!ﬁﬁ‘%ﬂ‘ﬁ@!'ﬁ?ﬁ“ APe1T0eCor  the second distillation

2500I um is from8 to 14 bar. Therefore, the present

'“W}Bﬂtﬁﬂ'a éfcbofu‘?fhﬂkﬁ isproférably A8 fa dﬂﬁsﬁ.nl t8 8ImakiPr6ferably

B 0, T b Bl o 1 e o stpp gotained
wHramcalyan (K2) pimden&y the masgfiqwrefithe fracsion &f thi mded back to the

dltaﬁof(l(ajlon in (K1) being carried out at a top
pressure of from2.5 to 6 bar; and (ii) the bottons

i ne om s introduged into C
S SERRSY LB 5 e r LS 55 bl bt B o 25
b@ndgasmalhf@mfmblmfﬁmﬂepommml slagés.om 9 to 13
bar, wherein prlor to introducing into (K2), the

%l&tﬁlgﬁ?ns&fl 'E:F&errfglg r&&ﬁﬁ%)q]{oseld“ %gi?ﬁreférgbl from 10 to 55
35 oA asperd ﬁm«a@m 15 359 LeProeAL 8BS 352§at o

condense the top streamobtained from (K2) is sinmulta-
ZQwamrglw atmmrmar prefefed afibodimentthe distiadcdr cRimh (K2 as config-
],/ atcﬁ“ @ﬁ?@aﬁ eﬂa\;lﬁgo & {egt) oﬂe mgg-%ﬁget&eﬁrably one side-
ke. Preferably, the dlvldmg wall column preferably has from 10 to 60, more pref-
40 erably from 15 to 50 theoretical stages.

The upper combined region of the inflow and offtake part of the dividing wall column
preferably has from 10 to 70 %, more preferably from 15 to 55 %, the enrichment sec-



to 180 C, nore preferably from 120 to 180 C, nore
preferably from130 to 175 C and still nore preferably
from140 to 170 C. 25 The reflux ratio of colum (K2)
i.s preferably in the range of from1l1l to 5, nore
preferably of from2 to 4. T reflux ratio is defined
as the nass flow of the top stream obtained from

%H’Ef‘trk*f@ﬁovﬂbéé-l fé ﬁ&%ﬁ% 5@??%2 rmphbms% 30 %,
ag,

s streamfe th
riLoq FPPEIRG Speton of B el PaTLerelsrah 1330cjf, Boeproferably
3dromriﬁto 3o %rthe ab'lpplng segtion of thepafitakerpartprgferably| hag from 5 to 50 %,
prrﬁérerpa&fbmwffm&r M51toldD %0théuribmAe lsbétdn of titOsRake r"F;uart preferably
0 I

> e S b 8 BEE I ) o
pr@? inflaw apd offtake gt okthe solymn:nrefereblyheg fro %, more profera-
Adiyframn r1§ tb 306 sihielath taset dfdine Wmambadofellﬁmeticﬂbstagest ih¢he col-
digggd.! l ation colum (K2) is config- ured as dividing
wal | col um having at |east one side-offtake,
preferably one side- offlake. Preferably, the dividing

10 yalihe diddingwalhealaran {62) wsedhin the prcass of thequesanbinvention is praferably
erc@hfguréd Sithei s & pacﬁ@d bblamh ebntﬁmlngsir&@ﬂﬁpacihg ol Bwiered packing or

Gé:focﬁlfrﬁﬁ MIS it i8] %ﬂ? ﬁ‘w@g&t mQ%H;ﬁng hav-
Dk A i e
t i ro¥m, fastdrderiad packing Buch packing PlelSleehaéugl'r sapafatioo offidiehey com-

15 "ikad Wit £loRPrassiireddivg ?erttﬁb&&lc% he stripping section
of the inflow part preferably has from5 to 50 % nore

preferably from15 to 30 % the stripping section of
t H@ ther aboxereenigned penfipusation of theyeolymm, thesregien of the, columsy divided by
prthé diviginigywdll; ahich Tohsists of thie anfichniant isedtion of thecinfilowpart)fthe strip-

[tﬁqs?ra XSf $8'dmeRb o 76 skip g;@} ohm inflow ﬁ(ogaa‘a{eeennm-

m o 30 % owers
of 1 OFake artor ot ParRor (ars PIgved s pgtag packing or
p rmh@ﬂamqklrlga“ﬁhé dividing walh c@vbethermally insulatedin these yegiansm
15 to 30 % in each case of the total nunber of

PRBINTR SR e M o s
i rfdkhasi the advaniagethat gartain by-groduels resyiting ffﬂ@ronagr mophetagas of
25 cadverall epoxidaﬂonlpl@esmmima qmuksmmd foord enetithroh c8incsgmixture (M-
s sHo@y 'Baek ntds&adeiap&ws%@attﬁat%ﬁ dividing
G elham el el Ao b i i
25betmatml loep/ Fxamples d@rdwcaobmomng areSgampquads isigh as glycol
prétverges a hi gh separation efficiency corn- 15 bined

30with a |l ow pressure drop per theoretical stage. In the
abovenentioned configuration of the columm, the region
of THerRIOM o énpresRT mHOHIGY, 18 GhREACiArzedin- aki SncompassRs. in speciic
c aeattion stages.t ke stages (ajramdt (d); dwo dividingf walheolumits, thusprandering the

t heefdlilopBxiddtioR Process sindd efidvel take part, the

stripping section of the inflow part and the enrich 20
ment section of the offtake part, or parts thereof

35 | sTherefongy theinmesentnyentign gisp é@faﬁ?ﬁé‘k? REPCB$S as dangtibgd above wherein
padumrg(KZ]’lseadiwdmglwaljjwluhh can be thermally insul ated
|n these regions. Conpared to a conventional

a %’8'54 8th56 [l K heHEmed BE wid-prostund ailfitation Qding S cSaAtidrd distile-
column (K1) and a dividing wall column {K2), the top stream (Td) obtained from the

40 top of column (K1) comprises at least 85 wt.-% of methanol and up to 10 wt.-% of wa-
ter, more preferably at least 90 wt.-% of methanol and up to 10 wt.-% of water, more
preferably at least 95 wt.-% of methanol and up to 5 wt.-% of water, more preferably at

least 96 wt.-% of methanol and up to 4 wt.-% of water and especially preferably at least

97 wt.-% of methanol and up to 3 wt-% of water. According to particularly preferred



(d) has the advantage that certain by-products
resulting fromone or nore stages of the 25 overall
epoxi dation process can be easily separated from

nmet hanol . Since mxture (M di) is nost preferably fed
back as solvent into stage (a7 it was found that using
d| vi di ng wal | colums prevents these by-products from

p&'@ gﬁﬁ Lg% fhah™s wi B8 o Fﬁfg&%eé as, for
Btttk e b e

is characterized in that it enconpasses, in specific

r ckhettomperetusg)el(Td) iscprefenablydn theapngenef from) 90 tot3017G, imiire, grefera-
5 weblly offimi951te, 12011Csand @splialip grefdrably offrona 00 eptdvicGat | on

process still nore effective. 35 Therefore, the present

| d b b
whihPetiSRe Brean bFtaBb ok i G R 1R R 8T iR 1t 140
st &g ngre) \prefaraplyy in dherangesof; fiem p"r"@stgu'r:"@ "cﬁ SMCPMRQ tmthe above-
usiesgridcetesad lembehlrrléhsttlmk Ibottorhé Stheanslis fad I3 )(K2Nandz prior to

10 91 fdddthd) hedfBh 'wi h ) of AR {3180
gt kit OGS A e

prmrerpa&felyblmﬁ'oh‘eu@ttogm?/@ -% of methanol and up to 10
-% of water, nore preferably at |east 95 w.-% of

o eas%ﬁém&‘%%b‘f shrgsfi e TpSloro il sl o
HendA pryyfeped watas sptentiof frem %. - % of

met hanol and up to 3 w-9% of vvater Accordl ng to

! sbrelain -@eéﬂ'téi it 2)" confiiBed AP Iast 88"Wt.% of
R e B T

(oI
20 rmvte‘iﬁmf@raéeramoa mfprably atleast %th% obmetharol and up ta4 3 t% of wa-

prief endodspacially greferabhOdl Iéast 97 Wt.S6 offlinethiandl tandwiptd Bat% of water.

mﬁm@ thr] mcﬁléﬁy pheiéimedl sMisidhdr, thé BijiPgFeaiv 6tRaifbd froMMNBolumn
e I I

to gg) CCOf ?Hng tpdg)q% t?}(;\s/%d’h é ego(&&g&gle é‘eftr@e%*g'% of

e rment, this bottons streamlsfedlnto(Kz) and,
25 prior to 10 feeding, heated with the bottons stream of
( Kthe mistuee {(M-tij@blaineddrani thebottorn bHcalumn §€2) comprisasaat least 90 wt.-
pr%fof water,yndré profdrably abiedst@5 twi.-9%0f waler eidoéspetisityf proferabB(at least
t%?%‘)@oﬁﬁ%ﬁf’i’dfémbl -@u’% 85&nBklyreb'df Mekitof P ]it7l%sg metha-
le nqgglﬁ?i {h? fp %e{of'a%'ig Ke% tr\'@ﬁ &rﬁ’ I gaﬁtﬁrﬁ& water,
30 F%'?JI%!B?’E’P @H?’Qﬂ“@r’%ﬂbg@ﬁ?ﬁ' S qmomﬁam of thg,over-
stﬁ"equléﬂhqml proasiss.deaples forsush by-produets are-ghvgsl cempounds such as
| erepylé® giycolsYTlndse byerixucts canrbe coptained FO(MAH)Ih af amedrdiof up to

04 @t 496, PreTerablyipdd 3weam! 90 wt - % of nethanol and up
to 10 wt-% of water, nore preferably at least 95 wt. -%

35 AT o Dol e o i R 9 o e
vw'"tr%umd st@eﬁ (da\ﬁemegi?é&m% producad it apleastong stagp of the
wt qveralhepoxidatidnaprotesa isuchups glycd etiers like methoxypepanols. As to these
Acaintiueds) | was sorprisingly ifaundythatrabbes-desdritadoind-pressire distitationp addi-
Sttroﬁal(lp iptising @ diviing-wall edlimn | &fiéws CoH A oh8 hah& For ;SrB&Ebur% (Td)

40 " asedt's Haid Bihirbe 51t AfograbBh of 8 D0k pidcB, and Sinfunlheclibly, on
the other hand, for simultaneously separating these by-products from the methanol

stream (Td) which is fed back as solvent into stage (a) and obtaining a mixture (M-dii)
as described above having a very low content regarding these by-products of not more
than 4 wt.-%, preferably not more than 3 wt.-%.

45



water. 25 The m xture (Mdii) obtained fromthe bottom
of colum (K2) conprises at |east 90 wt.- % of water,
nore preferably at |least 95 w. -% of water and
especially preferably at |least 97 w.-% of water.
Preferably (Mdii) is essenti2Bly free of nethanol,
i.e. it has a netha- nol content of |less than 5 ppm

8 SR e ggﬁsg.gt;urqﬂoﬂakggéﬂmé URALAP Bolfin (k2) com
" cREised Ai-19ast, Wit OF lYeR) ENeEs, PRre PeTorblY a5 esist 15 We-% of glycol
e mthersland espepatl;cpmfaratﬂ'y(atrlqnsezo Whi% etgweobqthgsosmmeremrably
gl (MRl mm&ndﬁol THRtEntast nophei%\/thsms less than 2
N o R

to t he process of the present invention, it is possible
that the m xture (M-CII) i ntroduced Into stage (d)

TP SHEPRRN AL BUER T b ARy pdl o
e & 5o opor iotlels o J4T sl s iy wll cot
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Optionally, prior to separation of propene from (M-bi), (M-bi) can be subjected to at
least one further separation process where by-products resulting from the epoxidation



process is still further inproved by heating the feed
streamfed into at |east one distilla- tion colum of
stage (d) with the bottons stream of this colum. Mre
preferably, the feed streamfed into the second
colum, preferably the dividi2® wall colum, is heated
wi th bottons stream obtained fromthis colum. Still
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35top of the col- umm or as a side streamof the

di Proferdbl, oM 0! 2000k.-%! Rford praRially 6 295 15 . -%\dn¥)espécially pref-
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column used in stage (x).

40 Therefore, the present invention also relates to a process as described above wherein
from 5 to 60 wt.-% of (Td) are used to operate at least partially a vaporizer used in (a),
from 1 to 20 wt.-% of (Td) are used {o operate at least partially a vaporizer used in (b),
from 1 to 50 wt.-% of (Td) are used to operate at least partially a vaporizer used in (c),



preferably less than 5 wt.-% nore preferably |ess than
4 wt.-%and especially less than 3 w.-% based on the
total weight of mxture (Mx). 25 Therefore, the
present invention also relates to a process as

descri bed above, wherein in 8&), the mxture (Ma)
additionally conprlses propane, wherein in (b),
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compounds.

Therefore, the prasent invention also relates to a process wherein prior to stage (d), at
40 least one of these low boiling compounds is separated from mixture (M<cii) to give a
mixture (M-y) which is then fed to stage (d).



25 According to the present invention, a mxture (Mii)
is obtained fromstage (c) conpris- ing of from55 to
85 wt.-% nore preferably from65 to 80 w. -% and
especially prefera- bly from75 to 80 wt.-% of

met hanol, and of from15 to 43w .-% nore preferably
from 20 to 35 W . -% and especially preferably of from
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prefer ly of from1l to 1.2 bar. It was surprisingly

fou hat choosi n distillation . to essu f . this
20 | 1S sepristing Moinae: B t,mixip () LB Beskaneiedliaten fiage to
t he baibiaime mmmsatMﬂdc)tdorrpagag at besttaﬁewll -Swobmethane) and up to 10
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25 rfc)and (Y he mixture (Mcii) additionally conprises at
| east one corrpound having a boiling tenperature |ower
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40 and especially preferably loss than 0.04 wt.-% of the low-boiling compounds, based on
the total weight of (M-cii) and referring to the sum of the respective weights of these
low-boiling compounds.

Thus, using only (Td) to operate the distillation column, it is possible to decrease the
45 amount of low-boiling compounds for at least 50 %, preferably more than 50 %. Using



Accordingly, the present invention also provides a
process as descri bed above, wherein from5 to 60 w.-%
of (Td) are used to operate at |east partially a
vaporizer wused in (a), from1l to 20 w. -%of (Td) are
used to operate at |least part8ally a vaporizer 30 used
in (b), fromlto 50 wt.-%of (Td) are used to operate
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c%l n the context of the present invention, it was
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0.12 wt.-% based on the total weight of (Mcii) and
referring to the sumof the respect tive weights of
these | ow boili ng conpounds, can be separated in a
stage (z) which is 30 performed after stage (d).
Therefore, the present invent8®n also relates to a
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?ﬁﬁﬂg&aﬁ ﬁ‘le QQ@SF t‘a': %ﬁé&]ﬂ ((‘Fc)) 'is E&b‘@ @Hé& ; onp Msgb#.ually aé least one
baPPIFgr U Bla&leaﬂé’mdiﬁﬂatpﬁé’ﬁ'uﬁ’@t‘-ﬁaﬂ& atignst P@ﬁ/\eerWQ‘P&r(ﬂ) (b).

3Hcyanddz). at a gi ven pressure, said process conpri sing
(d) separating nmethanol fromthe m xture (Mii) in at

| eas stlllatjon t.age to tlnamtur
5 VRl . i e ol e (@hend is
103"959"'9‘1 %'“‘Rﬁfﬁeﬁew stage (ditis P@&I@b')b ﬁ@'"@%ﬁﬂb'éﬁm , three or
hamoracolunnsi imiong) preferpbly dow columneestilltrhena prefetebiynane eamventional
I CbMi‘Imrt (1) et 6e dividihgawall adluthe (K2, @intl)espocialy prefegiabiy as two-
c » gﬁaﬁorf‘&l N &ﬁﬁf&ﬁl i pﬂgpé]lfoblﬁ 1?%%9?% taﬁlgw well column
10 gug? an l"romthe m xture (Mdi) by
d| stillation to obtain a mxture (Mz) com prising
f rdwegespecialboif stage (d)-isperormed e iwo-prasgurerdistilation usinglaconven-
wttiotaldistilationrcolu@ih (Kapahdidndivieling vidll eolamqK2), apd Whamimmethanol is

(Tdébaﬂa&dlfﬁﬁdthb%lﬁtaﬁ(%&)ﬁioﬂtﬁﬁ%tmm M) ¥orAprisirRadt ea8l 85 wt.-

15 gyg@w " @tt-% &%ﬂ;;riget the &J%CP &g::::-

déﬁ&ﬁﬁ |Bﬂ$1 yrta&eof(wﬁeraﬂ'a top stream Qfdé isr@male% rﬁlé‘n): and the mix-
HeuredM-di) Bmbtaintd asstop istréam fiomy(K2h ithe mikture {M:wdii) isepbtaimed as bot-
t toMe stéam lﬁéﬁﬁ K29 laHd %o mBAIrE (MMdil) & GBthilied RYMQARS BIB-Diftake from

20 2tnle(b THE' vxgﬁ?isyus@?% WBQM ancf e%ﬂdérﬁéﬂa ﬁr(?d) re-
pr%# 0.1g1 oM Jhgmqf%?'?%ﬁ d3siribad harginabove and
Jierainynds &P'dc‘anﬂﬁ'i'ﬁa po thecatdeast ane WBP‘I'“dc'&ﬂ"’lﬂﬂrﬁ boiling

1Gemm;atumbmeﬂnmnmmambara lqaqdhm watey 4§ fedskpieetaee K2) td obtain a
stragtord (M-z) as bettdms swshnd.soinprisiny feors BS5eto 98 wt. 494 tof erethanol and
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According to a still further preferred embodiment, mixture (M-di) obtained as top stream
from (K2) is additionally fed into stage (z).
45



The m xture (Mlit) obtained fromthe bottom of colum
(K2) conprises at least 90 wt.- % of water, nore
preferably at least 95 wt. -% of water and especially
preferably at least 97 wt.-%of water. Preferably
(Mlit) is essentially free oB4nethanol, i.e. it has a
met ha 30 nol content of less than 5 ppm nore

! 16 P furth8S ambddifent, B %@wmhl) bieﬁnélﬁaas rstream
one ﬁ%qu gg@géﬁﬁﬁhgﬁ?t& ng eggm dati ont pchess

npl es for such by- products are glycol conpounds
S moraimgptp efysthas ompodiment; a parf thergongensatecof{ Tdkis fagkas reflux to
5 cdheé wproEdolumn(Kt)di i) in an anobunt of up to 4 w.-%
preferably up to 3 w.-% 35 A mxture (Mdiii) taken

Ifo %m rtﬁléggjrm Slﬁagocﬁ% d&ﬂ ﬁ&%m%m of column

|aIIy preferably at Ieast 20 W . -% of gl ycol
10 ethers Still nore preferably, (Mdiii) has a nethanol

ccs&gm 7) pmmmpwnww bsig on&/distiiatien RHIBMAT ARG, fof 8%ample,

i
angﬁrés e%cl) ﬁ?"”éw@ ess %mﬁa’% Blytﬁﬁc C Ooztg:’fr?gth{&emal
a %ﬂqeﬁi 'PUH' 9 @ grafermd Aressuraof,fom & tg §:bgr.ymore pref-
o lerabiy ﬁ'dnaﬂstottﬁ)bmtmdaspedmllymm(rKﬁo 1.2 bad di Waa)smpriqnghe‘dund that
15 i rﬁhgoiﬁﬁéﬂ Qistifietion 45p ssxﬁ&ﬁpfh@ rB & Rlows|of 6I§lﬁh| a hlgh degree of

ol B?n%(fi’e‘é‘%"teﬁ@ ol i O té‘éﬁﬁwﬁ? angiane-
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n?frﬁfn%{ on 1s We&ou@ {)Fe%tgre Perjially a vapor-
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to 1 5 bar and especial ly froml to 1.2 bar. It was
S (Manei profargbly, fram 18 to 5a.twt.i%, stitlcucre pesferablyy fom 20atoi 40wit-8gof (Td)
Pr&é asu@toofpeﬁdﬁé &t l6@st %maw @Vépofigsr uabd i (B). Eﬁﬁs’bld’ly @keferably, only
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prtesie reream\aomprising dessthan B@Borde%a mere peaferably lersstban DS wt.-%
ahandeaspecidillyprefarablydesstharn0.04 wik% ofthe flow-ballingacompoands, based on

30

O[iRs WA Wi ﬂt%@%M—cﬂ Ad ﬂiféaﬁng’s\tovme @UmZdthe bb%sdeﬂva of these
35 f r@?‘b&p. % g8 ugﬁ1 Iq)zbafrﬁp dtl %B% Fénd up
ore 3¢5 will ?E@eat é’:‘ﬁm W%

Sw momg@&mmv %WF% etr@n@oawup S-Sl et

arraorasmfetablyogiém aut ~Yoccf Srethanol ped Lp tord whpWr of water and espe-

cially preferably at least 97 wt.-% of methanol and up to 3 wt.-% of water. According to

40 particulary preferred embodiment, (M-z) comprises less than 3 wt.-% of water such as,
for example, from 1 to 2 wt.-% of water.

Mixture (M-z) is most preferably fed back as solvent into stage (a).

45 Thus, by using only (Td) to operate the distillation column of stage (z), it is possible to
decrease the amount of low-boiling compounds for at least 50 %, preferably more than



25 izer used in (z). More preferably, from15 to 50
W.-% still nore preferably from20 to 40 w. - % of
(Td) are used to operate at |east partially a

vapori zer used in (z). Especially preferably, only
(Td) is used to operate the vaporizer used in (z). 30
According to a still further preferred enbodi nent, a
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wStage () water. According to 40 particularly preferred
enbodi rrent (Mz) conprises less than 3 wt.-% of water
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are used to operate at least one vaporizer used in stage (e).

40
Thus, yet another instrument is provided to still further improve the energy balance of
the overall epoxidation process and simultaneously to recover a product of value, i.e.
propylene glycol which can be separated having a degree of purity of preferably at



part of a distillation process. In this context, it was
found that vaporization can be per- 25 forned using at
| east partially the nethanol steam i.e. top the stream
(Td). Therefore, the present invention also relates to
a process as described above, 3&ddi - tionally conprising
(e) evaporating the mxture (Mdii). 30 Therefore, the
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9 epOXI at| on process a SO enconpasses, in a
0 { 1 98Pt exchangers used to at |east partially
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usméréfélat {8 priisaht ihwlle’htléﬁ)albb provides H'ﬁ&eﬂ@%dé&ﬁﬁﬁe@%& , addition-
er ich serves as
allk‘é?lﬁérlus aa?é%xc gh?lhﬁg{eﬁg vgr all process. Due
to t he nunber and various possibilities of inproving
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According to yet another embodiment of the present invantion, the inventive procass
comprises still another control heat exchanger which can act as counterpart of above-
40 described control heat exchanger (fly wheel exchanger). This additional heat ex-
changer can serve as a source of methanol steam in case at a given point in time,
there is not enough (Td) produced in stage (d) to meet the needs of the overall proc-
ess. In this case, fresh methanol and/or methanol condensate obtained from (Td) after



2to 40 wt.-%of (Td) and especially preferably from3
to 30 wt.-%of (Td) are used at |east partially as
feed stream of at |east one control heat exchanger and
therefore to operate said at |east one control heat
exchanger used in the process3730 According to a
preferred enbodi nent of the present Invention, the
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40 Therefore, the present invention also provides a process according to any one of
above-mentioned embodiments, wherein in (c), the olefin oxide is separated in two
distillation columns, and wherein from 0 to 20 wt.-% of (Td) is used to at least partially
operate a vaporizer of the first distillation column from which a mixture comprising at

20



that the overall process can be further inproved by
specific condensati on stages 25 wherein top streans
obtai ned from specific colunmms are condensed in nore
than one stages, nost preferably in two stages.
Therefore, the present Invention also provides a
process according to any one 3 above-nenti oned
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40 3. The process according to embodiment 1, wherein the olefin is propene and the
olefin oxide is propylene oxide.



10

(c) separating olefin oxide fromthe m xture (Mbii) In
at least one distillation stage to obtain a m xture
(Mci) conprising at least 99 w. -%of olefin oxide
25 and a mxture (Mcii) conprising water and at | east
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t g2 UNTR-préciiss dedbirding Rrenmttdinikin® BowRereindn (L) e dddre (M-cii) addi-
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and vvhaagel n the vapor top stream (Td) is used to

oper at atselp rafihg B &t Ié&dt%n@tcont pBasd h H%ﬁiﬁb %:Bfnt Wthan

in at ast ned| |II ion, c %{i“ﬂ%’
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et Rt o

at | east parOival-Y%yofavatexpand & mixture ¢-diihcaraprisingrat |abSt $0 win% of
1 to 20 Wygtép of (Td) are used to operate at | east

parti al I [izer .use Th 0Gess .
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P e drficheb AL 6 nb @A ork 8% 86 TR Y (ra) are

used to operate at least partlally a vaporizer used in (a), from 1 to 20 wt.-% of
(Td) are used to operate at least partially a vaporizer used in (b), from 1 to 50
wt.-% of (Td) are used to operate at least partially a vaporizer used in (c¢), and
from 5 to 60 wt.-% of (Td) are used to operate at least partially a vaporizer used
in (y).

8. The process according to embodiment 3, wherein in (c), the mixture (M-cii) addi-
tionally comprises at least one compound having a boiling temperature lower



met hanol and | ower than water fromthe mxture (Mii)
by distillation to ob- tain a mxture (My) conprising
from40 to 80 w. -%of nethanol and from 25 10 to 55
wt.-% of water; (d) separating nethanol fromthe
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than via®r fromthe m xture (Mdl) by distillation to
obtain a mxture 10 (M 2z) corrprlsmg from85 to 99.5

vvt - %.Qf f L
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(b), to 50 w.-%of (Td) are used to operate at

east g 1y a vaporizer used in (c), and

11. The process according to embodiment 1, additionally comprising
(e) evaporating the mixture (M-dii).

35 12. The process according to embodiment 11, wherein from 5 to 80 wt.-% of (Td) are
used to operate at least partially a vaporizer used in (a), from 1 to 20 wt.-% of
(Td) are used to operate at least partially a vaporizer used in (b), from 1 to 50
wt.-% of (Td) are used to operate at least partially a vaporizer used in {c), and
from 1 to 50 wt.-% of (Td) are used to operate at |east partially a vaporizer used
40 in (@).



20 from5 to 60 w.-%of (Td) are used to operate at

| east partially a vaporizer used in (z). 10. The
process according to enbodi nent 1, wherein in (c), the
olefin oxide is sepa- rated in two distillation
colums, and wherein fromO t4120 wt. -%of (Td) is
used 25 to at Ieast partially operate a vapori zer of

the, f'f g;&%déqﬁerpﬁof?m{l@in%nﬁ%%%% of (Td) are
obt i rHeAd 9@: %eope@te Al1gast 4P SR HoRt arghanger used i the
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conpr i miltapedisly &wthé vasbriendf the sacerid or first distillation column.

18. The process according to embodiment 17, wherein the top pressure of the first
distillation column is from 2 to 8 bar and the top pressure of the second distilla-
40 tion column is from 8 to 15 bar.

19. The process according to embodiment 1, wherein in (d),



oxi de is obtained, said olefin oxide stream conprising
at least 99.8 w.-%olefin 25 oxi de being condensed in
two stages, wherein in the first stage, the condenser
is cooled with water having an inlet tenperature of
from15 to 40 C and in the sé2ond stage, the condenser
is cooled with water having an inlet tenperature of

from3yto d;ﬁ& ettt GBI s ifdBtdBdShio! & AR bl ﬁn%uume K1) from
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8 to 15 bar. 19. The process according to enbodi ment 1,
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15 | Nt r 0GEGARbdLUBEOIN® (A).7 st distillation colum (K1) from
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préds s uthe Rspcess @aearding t%em&mFentén wherejn the H@UWPF saparated in (d)
st r eans adintodueed into(@).( K1) is introduced into a second
dlstlla 5 tion colum (K2), the distillation in (K2)
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proces OXId prbpene conpr
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pr eseraiagedb ommn artmktums(M-a)jmnnslng ah fealst3 wt. {%vof propylene oxide
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35 st agesatigash olypethanqlis separated by distillation;
(y) separatlng the at least one compound having a boiling point lower than methanol

and lower than water from the mixture (M-cii) by distillation to obtain a mixture
(M-y) comprising from 40 to 80 wt.-% of methanol and from 10 to 55 wt.-% of wa-
ter;

40 (d) separating methanol from the mixture (M-y) in at least one distillation stage to
obtain a mixture (M-di) comprising at least 85 wt.-% of methanol and up to 10
wt.-% of water, and a mixture (M-dii) comprising at least 90 wt.-% of water, and
re-introducing (M-di) into (a);



(b) separating unreacted propene fromthe m xture (Ma)
by distillation to obtain a mxture (Mbi) conprising
propane and at | east 80 w. -% of propane, and a m x-

ture (Mbli) conprising nethanol, water and at |east 7
W . -% of propylene oxide; (x#3separating propene from
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vapor top stream (Td) is obtained, the distillation in (K1) being carried out at a top
40 pressure of from 2.5 to 6 bar; and

(i) the bottoms stream obtained from (K1) is introduced into a second distillation
column (K2), most preferably a dividing wall column (K2), the distillation in (K2)

being carried out at a top pressure of from 9 to 13 bar,



(I') using 1 to 40 wt. -9/6 of (Td) to at |east
partially operate at | east one control heat exchanger
used in the process; 25 (I1) heating the feed of at

| east one distillation colum used in stages (a), (b),
(x), (¢), (y), (d) and (e) wd4h the bottom stream of
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tained from {(K2), and wherein the condenser used to condense the top stream
obtained from (K2) is simultaneously used as vaporizer of (K1), and wherein {Td)

40 and the top stream obtained from {(K2) are re-introduced into (a);
(e) evaporating the mixture (M-dii),
whersin a vapor top stream (Td) obtained from at least one distillation column used in
(d), said vapor top stream (Td) comprising at least 85 wt.-% methanal, is used to oper-



ums, wherein fromthe first distillation colum, a
first mxture conprising at least 20 99 wt.-% of
propyl ene oxide and a mi xture (Mii) conprising water,
at | east one conpound having a boiling tenperature

| ower than nethanol and | ower4§han wa- ter at a given
pressure, and at least 60 wt. -% of nethanol, are
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carried out at a top pressure of from2.5 to 6 bar, and
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stage 5.



TS-1 catalyst in two reaction stages (i) and (iii),
wherein between the two reaction stages, propylene
oxide is separated in a stage (ii) by distillation. 15
Reaction in stage (i) is perforned at 20 bar, in stage
(ii1) at 10 bar. H202 convers#4®n in stage (i) is 91 %
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ture (Mdii) (bottom product of the second col um)
conprises 97.5 w.-%of water, 2 w. -% propyl ene

gl ycol, 0.05 w.-% nonogl ycol ethers, 0.45 wt.-% hi gher
glycol ethers, and the mxture (Mdiii) (side stream
product of the second col um)4%onprises 22 wt. %
gI ycol et hers and 88 wL-% water. The second
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15 Process according to the prior art, conprising stages
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% glycol ethers, and 88 wt.-% water. The second methanol/water separation column is
operated with 16 bar steam (water steam) from the grid.
40
In contrast to example 1, water steam from grid is used to operate vaporizers (reboil-
ors) used in distillation column as mentioned in the separation stages (a), (b) and (c).



tion colum with 14 theoretical stages at a pressure of
1.1 bar to obtain a mxture (M bi) at the top of the
colum conprising 89 w.-%of olefin, 5 6 wL-% of
propane, 4 wL-% nethanol and 1.4 w.-% of oxygen, and
a mxture (Mbii) conprising Bt hanol, water and 11.1
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of the inventive heat integrated process. 10 Exanple 3:
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Subsequently, the crude olefin oxide is separated from the mixture (M-bii) in a distilla-
tion stage (c) at 0.5 bar in a distillation tower having 80 theoretical stages to obtain a
top mixture (M-ci) comprising 89.8 wt.-% of olefin oxide, 0.04 wt.-% of propylene, 0.04
wt.-% of acetaldehyde, 0.01 wt.-% of methanol, 0.01 wt.-% of methanol and a mixture
{M-cii) comprising 76.2 wt.-% of methanol, 22.7 wt.-% water; the rest being heavy boil-
ing byproducts of the epoxidetion. The pure olefin oxide (> 99.9 wt.-% propylens oxide)
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distillation tower having 80 theoretical stages to
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of colurhrnasaxl as rAghtionexd in the/edparation Stages(a), (B)e(ddc)and fy).
boi | - ing byproducts of the epoxidation. The pure
olefin oxide (> 99.9 wt.-% propyl ene oxide) 55 is
s epa fallawing viias, Fﬁ'MMPQFIWQ‘!I'Q top/h recysied methanehag,solyent, are
35 PI fsodiedl B GPerdte Bt aboVe-Bestribéd prodddson  tower having 45
theoretical stages as a side stream product from
theoretical stage 5. Low boiling conpounds having a
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obt ai ned. 10 The sol vent nethanol is separated fromthe
bottonms streamm xture (My) in two ther- mally coupl ed
distillation colums. (My) is introduced into a first
distillation colum (13 theoretical stages) from which
the vapor top stream (Td) is 8Btained, the distillation
being carried out at a top pressure of 3.9 bar. The
bottons strean1obtained is intro 15 duced into a second

ti llééltl‘gi botﬂg ;ﬁo u ‘gg?l bura Pt{ﬂ“di‘ % ed ’!}\éraﬁ the Bﬁa&,&é‘gﬂ%m Js additionally

st@}@@ﬁj by 8ffe wmplmlmy lgbwagtheaamfé of thatfurther extenged heat
prlﬁ@ﬁmﬁé&;ﬁoﬁssb&n rbatothé\ sdéaﬁ\lrthbuthb@t |ﬁl§ﬁ|@lléﬁ xture
e divided wall disti tion tower is eated up in

a counter current exchanger mnth the bottom stream of
this tower. Two thermally coupled distillation towers
are real sd such that the condenser used to con 20 dense
the top stream obtained fromthe second tower is
si mul t aneously used as vapor- izer for the first
colum. The m xture (Mdi) (liquid top product of the
second colum) conprises 98 w.-% of nethanol and 2
wt.-%of water, the m xture (Mdii) (bottom product of
the second col umm) conprises 97.5 w-% of water, 2

.-% propyl ene gly- col, 0.05 wt.-% nonogl ycol ethers,
0. 45 wt-% hi gher glycol ethers, and the mi xture (M 25
diii) (side stream product of the second col um)
conprises 22 w.-%glycol ethers and 88 wt.-% water.
The second net hanol /wat er separation column is operated
with 16 bar steam (water stean) fromthe grid. The
McOH- vapour top stream (Td), obtained fromthe first
distillation colum used in 30 (d) having a pressure
of 3,9 bar and a tenperature of 104 C, and conpri sing
98 wt-% nethanol and 2 wt. -% H20 is used to operate
vapori zers (reboilers) used in distillation colum
used as nentioned in the separation stages (a), (b),
(x), (c), and (y). The foll ow ng heat duties,
cal cul ated per netric ton/h recycl ed nmethanol as
solvent, are 35 needed to operate the above-descri bed
process: A heat duty of 383 KW (t,,on/h) |Is necessary.
Stage (a) consunes 35 % (a heat duty of 135
KW (t,~h)), stage (b) consumes 6 % (a heat duty of 21
KW (tM &h)), stage (x) consunes 6 % (a heat duty of 25
KW (tuh)), stage (c) consunes 13 % (a heat duty 40 of
50 KW (tM aJh)) and stage (y) consunes 36 % (a heat
duty of 140 KW (tM"1h)) of the MeOH vapour top stream
(Td), obtained fromthe first distillation colum used
in (d) having a pressure of 3.9 bar and a tenperature
of 104 C. 56 Conpared to the heat consunption in
exanpl e 3 the heat consunption is additionally
decreased by 9 % This exanple dearly shows the benefit
of the further extended heat integrated process
conpared to the processes w thout heat integration. 57
CLAIMS 1. A process for the epoxidation of an oi enn
conprising 5 (a) reacting the olefin with hydrogen
peroxide in the presence of nethanol as



solvent in at least two reaction stages to obtain a

m xture (Ma) conprising olefin oxide, unreacted

ol efin, nmethanol and water, wherein between at | east
two reaction stages, olefin oxide is separated by
distillation; (b) separating_unreacted olefin fromthe
m xture (Ma) by distillati to.obtain a 10 m xture
(Mbi) conprising at |eastiagmat.-% of olefin and a

m xture (Mbii) conprising nethanol, water and at
least 7 wt. -%of olefin oxide; (c) separating olefin
oxi de fromthe mxture (Mbii) in at |east one
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and (x). 5. The process as clained in claim4, wherein
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wher ei find wheeein thevapar lap steam\{Td) js used to operate at least partially at
least one vaporizer used in at Ieast one distillation column used in at least one of
stages (a), (b), (c) and (x).

5. The process as caimed in claim 4, wherein from § to 60 wt.-% of (Td) are used
to operate at least pertially a vaporizer used in (a), from 1 to 20 wt.-% of (Td) are



additionally conprises at |east one conmpound having a
boiling tenperature | ower than nethanol and | ower than
water at a given pressure, said process conpris- ing
(y) separating the at | east one conpound having a
boiling point |ower than 10 _nethanol and | ower than
water fromthe m xture (Mdlsf by distillation to ob-

tain a 0 = 2
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00 ld‘étﬁ% férid atl@ast ;?X%aof methanol,
vapori zer us&d 6 wt. ﬂ)df warteorrgnld J')ne a?ba\sl)ftonao/gom Ba %a\ﬁng a boiling

temperature lower than methanol and lower than water, and a mixture (M-
dii) comprising at least 90 wt.-% of water,
(z) separating the compound having a boiling point lower than msthanol and
lower than water from the mixture (M-di) by distillation to obtain a mixture
(M-z) comprising from 85 to 99.5 wt.-% of methanol and from 0.5 to 10 wt.-
- % of water; ‘
and wherein the vapor tap stream (Td) is used to operate at least partially at
least one vaporizer used in &t least one distillation column used in at least one of
stages (a), (b), (c) and (2).



used to operate at |least partially a vaporizer used In
(b), froml to 50 wt. -%of (Td) are used to operate
at | east partially a vaporizer used in (c), and fromb5
to 5 60 wt. -%of (Td) are used to operate at | east
partially a vaporizer used in (z). 10. The process as
clalned In any of clains 1 # 9, wherein in (c), the
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the fi gﬁgﬁgﬁggd,sﬁﬁhgﬁmﬂ}hﬁ process as claimed in claim

15, wherein in (c), the olefin oxide Is separated in
two distillation colunns, and wherein fromQ to 20
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of (Tdflengesis cooled with water having an Inlet temperature of from § to 20 °
wherein the inlet temperature of the water used in the second stage is lower than
the inlet temperature of the water used in the first stage.
40
16. The process as daimed in daim 15, wherein in (c), the olefin oxide is separated
in two distillation columns, and wherein from 0 to 20 wt.-% of (Td) are used to at
ieast partially operate a vaporizer of the first distillation column from which a mix-



used to at least partially operate a vaporizer of the
second distillation colum fromwhich an ol efin oxide
stream conprising at least 99.8 w. -%olefin oxide is
5 obtained, said olefin oxide stream conprising at

| east 99.8 w-% ol efin oxide be- ing condensed In two
stages, wherein In the first stage, the condenser is
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15 to 40 C and. jn e Sec he condenser | .
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distillation in (K1) being carrled out at atop
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bei ng cemniedgmAte 15bag t op pressure of from9 to 13
bar, 30 wherein prior to introducing into (K2), the

?gtfsgrsfhétﬂrﬁa}l?% 85 Eiimaath éﬁ cfav'ifln?lat 1 to918 Whalehin (@
obt o ndd % RS (i i ﬂ%sﬁéqeﬂ 'm @wﬁﬁsﬁgﬁﬁn %@g@ﬁrﬂéﬂ fom
2% ondense t H@"f’b é’FP@'&FﬁPm &g distillation in (K1) being
si mul taneowahyadmlaatmppasmrenﬂmmﬂ S(MBbar&deo The
Iglr Slcglsf](lé yas tﬁé BatibRth étﬁaﬁlﬁtﬁﬁuﬂagfro )%d ivtrbdfistld iirfto @ second distilla-
of ol ai s 2opSBIH 142), 5 IR @ﬁ?}eﬁsp%“%e?ﬁﬁ%?%m
is re-intr cﬂﬂl@@@tpﬁ?@a( a). 40 22. The process as
30c| ai medvHeneiapyiondtd inthodlucing intd (K2}, 1the \bottores strédme obtainba froin (K1) is
separ atigied th o f@npbiatuns o 1004 CARAA “Ckith (hd)bottoms stream obtained
from (K2), and wherein the condenser usaed to condense the top stream obtained
from (K2) is simultaneously used as vaporizer of (K1).

35 20. The process as claimed in claim 19, wherein (K2) is a dividing wall column.

21. The process as claimed in any of claims 1 to 20, wherein the olefin separated in
{b) is re-introduced Into (a).

40 22, The process as claimed in any of claims 1 to 21, wherein the methanol separated
in (d) Is re-Introduced into (a).



