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WD 2004/ 048355 PCT/ EP2003/ 013212 1 PROCESS FOR THE
PURI FI CATI ON OF CRUDE PROPENE OXI DE The present

WO nooa/0t83sh rel ates to an i nproved process for PEFEB2003/013212
purification of crude propene oxi de renoving nethano
and acetal dehyde inpurities Lo levels bel'ow 100 ppm
inasingle distillation step and to a process for
the preparation of propene oxide using such a

Erom ep. ReG%5STH6°Fee MOREESARIONDF ChobchdrRlg s

converted by hydrogen peroxide to propene oxide if a
titaniumsilicalite is used as catalyst. Methanol is
Thdprpsafter nezhts oh rehatdseadi arg imoerdvied h)rmaé@:t yﬁ@t* the
activity. 15 Crude propene_oxi de obtai ned y
P idd 6%’%1 Olis 8F1ArYde RFOReNEs OXifle: MemaH N 1ma§§ﬂame gﬁd 'acetal dehyde

WRh A Per £8" ERRh chel B 18, WP REL 20! CEHSF 1 5HER RS and to

aCpredes properi atftm/oal pERA R e MRERY IsutRTdTRLLI fication
ﬁi anount s excgeéﬁﬁg 200 pgﬁ? 20 Most of ?%e préggne

st3dede is used as a starting material for polyether
---polyols which in turn-are used-to nmake pol yuret hane
foans. Propene oxide for this application has to neet

Béé;{qrag@j]tofpwé quvétﬁthrenents and the content of
‘ ano acet al dehyde and nethyl formate has to be

bel ow 100 ppm for each conponent. Therefore propene
OX|E?UEG§%U ed with a tltgnlun125 silicalite cataly
% Aerispkipewn &BatamaopeRsurRd ibesceiverted by hydrogen

ﬁr‘?cf ?oﬂqbg?&ﬁ”etn@' &Bﬁgﬁédm%ngﬂ n1urf?rseﬁ‘??%1gt’]cgg§"§%%5 %gtrrﬁ;Sq%wst.

Fenove thano acet a

Méﬂ*ramai eiathe Pirkférmelt sdlaenemewdidg em h@@ gatenese a@’éﬁ@hﬁty
inple distillation., In mxtures containing nore

Ct‘mprwnﬁo@xmp@bi@éﬁ%d Byi bl St peeaess oialhdsoshains more than

1k byt WARAT obff e, Fra DO Ioph it et iR s ice
ré&t40R4 8 Daperttvho B2 @RS/ \@h881oh cénditions the crude propene oxide

may also contain methyl formate in amounts exceeding 200 ppm.

Most of the propene oxide is used as a starting material for polyether

~polyols which 1in turn are used to make polyurethane foams. Propene oxide

for this application has to meet stringent purity requirements and the
content of methanol, aceta]déhyde and methyl formate has to be below 100
ppm for each component. Therefore propene oxide produced with a titanium
silicalite catalyst has to be further purified and impurities of
methanol, acetaldehyde and, if present, methyl formate have to be

removed.

Methanol, acetaldehyde and methyl formate are difficult to remove from
propene oxide by simple distillation. In mixtures containing more than
98 mol-% propene oxide these compounds show virtually the same relative
volatility than propene oxide. Therefore distillative purification down
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to low |l evel s of nethanol, acetal dehyde and net hyl
formate requires colums with |arge nunbers of
W@ epanassdn st ages operated at high reflux raPCDBEP2003/013212
This | eads to unecononi cal inyestnment and energy
costs. 5 Numerous net hods have been suggested to

renove net hanol acetaldeh&?e and nethyl formate from
toprlepelryedsi afe methanphctacpta ilebyde aadimathys fagmate requires

e RS R T el 8 SRR B R AR rern
r4ti@sPurtiki TéddsOto UneBSRRGEE] aXIEkEnent laaldnema gy n&sitanol

and acet al dehyde by extractive distillation wth a

pol ar extraction solvent having a hydroxy

functional i Th rocess als renpves, part of th
NIReEDF FERposs bark DeRusteTiRg " Eh saBOTs SRLlidicd tnetafdenyce

, n r h /Sl ; ;

A T ey O SN L S akon s on
estrab 1 isfidvamethadnt @rpomif s peapanedoxiglel &d pemove Shygerabed
further purification steps are necessary to achieve
TRME LIRS red propene oxide purity. EP-B 004 019

di scl oses an alternative to extractive distillation

for the 20 renoval of carbonyl conpounds from propene
EP depdyy 746hdigel 6ts the porifieat foropensropshél@xtide ddntaining
sinmple distillation and feedi ng acompound containinﬂihr

mefhanal Linsk feehnddeyde by eupraddivedist stlatien vgihcopa
effaee PO B B Aol otk B pRRRE 150
UESTD BRI AR AR R A e oce.

However, sad cemthe $ben fdam e néxaap bes ,débe mpub&Eiadhpropene oxide
sol.vent contained in the cru?s g{qpene oxi de c

skbaraniednF rantpt dkoAe AW BEMAAOL HE @%tai@&qeﬁﬁlﬂabiw ppm.
Thé S ore HRPBHES PHéfﬁ crgrgfcmﬁg%psc pe %Eés%‘?‘yéﬂé grc r o\)r%o?he

or 1 ndication can be sepa

desirednsrapendenxide tgueitly scl osed process. 30 Al the

sol vents disclosed in EP-B 004 019 in colum 7 lines 8
to 12 are of the type that can be easily separated by

Eé%%ﬂ%ég | 3ﬁ%éé§%%é§"5hf5f¥2r¥%%%g%0€é(gi%ﬁgéiive distillation for the
removal of carbonyl compounds from propene oxide by subjecting the crude
propene oxide to a simple distillation and feeding a compound containing
an unsubstituted NH, group to the distillation column at a point above ~
the feed point of the crude propene oxide. Liquid compounds with an NH,
group, such as hydrazine and hydrazine hydrate are fed as such. Solid
compounds with an NH, group are fed dissolved. in an 1inert solvent. The
document also describes that a solvent contained in the crude propene
oxide can be separated from propene oxide in the same distillation step.
However, the document contains no information or indication that

methanol can be separated from propene oxide by the disclosed process.

A1l the solvents disclosed in EP-B 004 019 in column 7 Tlines 8 to 12 are
of the type that can be easily separated by simple distillation from
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3 propene oxi de because of sufficient differences in
volatility. Fromthe fact, that there is only a very
W@ pwkil048353 f er ence between the volatility of neCTEPH3/013212
and propene oxide at high progene oxi de
concentrations, a skilled pefson can conclude, that
t he process dlsclosed in EP-B 004 019 5 conprising a
P@nnepe eoxddethacause off sl ficientagiifiesencesr éﬁmﬂéahﬂ%a{ndﬁ‘om the

Fier thata th S A5 o Ca YV s EWellRe PemeBRik it 111ty
meeﬁﬁmahhd)'bréﬁé}%eéx?déd at GH‘ﬂgH)‘pr‘ro@Elhé’ ox1§<§’ c%ng%r%%ns a

al so teaches 't hat aqueous solutions of hydrazine have
skl 1edrperison ohaﬂacbmiudeg,esthametheLm@detsarmshbosednuv&l’ -Bf004 019

acet a| dehyde: on ,of al dehyde |s sl ow a
CQM&H%WW]@C@% h@Wa@ ISe Bl qaeab .%mpawe methanol down

eI red VAR SRS 9100 AHL U PO SRl Sy

vidble vaadstfor tieo mohedre of r sopavat ionf siaag@tsadjrttehyﬂmxaﬁaitm
the formati on of insoluble products will 15 lead to

undesired deposits in the distillation colum and the

EP3 OPRD 0L 1Y Kelons BReaEReti SBELRE St BEaEGE e
c@*ﬂaﬁ ﬁ%ﬁs‘é@vﬁt%béé hbh Qe SFAII tRE rdfidRAUST Sletthl @hyaé:
kal 1 ne"conpound, such as sodi um hydroxi de, as

re&nstmtxtafaaidedswdedisvehw andl neaotigin with @ce’eaﬂtdehme flbads to

. h b i fi

EOBBLS, PRAGIESr ) B4R B, % o BHr Ujérk{ W peaCegs disclosed
n‘?%‘PC@ hsShid 'sqg\lvorréacHoH 6Rds éiEﬁ’yd%?éC\ﬁ?lsl' Y&ad T054 ﬁ%{xﬁlgh’ce

propene oxide ropene oxl saponi fi cation.

rempvadt el aestd delmyde emb uhedfarmat it boninsgtalfliec gmdmntﬁ will
is inefficient wwth the purified _propene_oxi

eﬁsinfcamndﬁ@m depasdiis oobe plist Hidet 0w enjdwm éﬁdl the bottoms

réﬁﬁ?gﬁ each and having a purity of not nore than 97
erefore further distillation steps are necessary

to purify the propene oxide. 30 The known net hods for

the purification of a crude propene oxide all have a

U$j123582/d1ﬁ0a@1§c1oaes raapmdeey frosethampuei filcahionef a crude propene
ropene oxid

ofisf b G enve. Tisn I UIPBy5iBe it SAEHaneR GeTon of an
alkaline compound, such as sodium hydroxide, as the extraction solvent.
Although efficient for the removal of methyl formate by sapon1f1cat1on
the process has serious drawbacks. When operated as a batch d1st111at1on
it leads to excessive loss of propene oxide by propene oxide
saponification. When operated as a continuous distillation purification
is inefficient with the purified propene oxide containing more than

1000 ppm acetaldehyde and methanol each and having a purity of not more
than 97 %. Therefore further distillation steps are necessary to purify

the propene oxide.

The known methods for the purification of a crude propene oxide all have
a disadvantage in that they need more than one distillation step to

purify a crude propene oxide containing more than 1 % by weight methanol
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WD 2004/ 048355 PCT/ EP2003/ 013212 4 and nore than 200

ppm acet al dehyde to the desired purity of |ess than
wao@4pgssiret hanol and acet al dehyde each. Ther eP@I/EP1003/013212

is an object of the present ngention to provide a

process 5 for the purification of a crude propene

oxi de containing nore_than 1 % by wei ght nethanql_ and

angomere fian 200 RAFnReriad delsiy e the @qsoéeqh PUBikY ofeless than

r n han 100 ppm net hano
1@§n§ g%g Oﬁdw%ggég%gﬂFgg%¥ %Héhyde usi ng only one
distillation step. 10 Subject-matter of the Invention
Thi s object has been attained by a process for the
Themefcmecatncsnaofobaectmfd’émpomré bietis 1 e voapravige a process
anol nd acet | deh n |nuousl oper at
Ol LR IS E0T o o8 1COHCE AL ST e, Byt ndod RS
%Ob ﬂh? grk%ﬁ’aﬁoq bire m@k@tﬂhbhaéo'oogpﬁ%éf%‘l dehyde R8I ve a

abo eedl ng poi nt of e crude propene oxide in

: pmﬁf?e‘dapnbpemf beidei ventfadnidghess npan HOOvppramethanplodnd less

nmet hanol relative to the wvolatility ?E propene oxi de,

thani 100, ppB rasetAtIeRyAe MSAnhPnan Aiesdbsliild @@ RFEP-gr oup
and capable of 20 reacting with acetal dehyde at the
conditions of distillation to formconpounds with a.

SupgeLt Matpet ff heoliAverithan t hat of propene oxide is
fed to-the distillation colum at a point above the
feedlng p0|nt of the crude propene oxi de or is adm xed

th th d de feed
TP@&I QRdeC n*&asz on %Itt?gﬁ%gu 3?( ﬁ Er&oc%%aptorfetcggflp&pfgcat%n o a
rvubteh&r ¥ fd tdb%t%ﬁhglmét%m %ﬁa%tameh@d@cw ki on
ove the feeding pointS of the extraction sol vent
ccarrtdnmdlmgocmwatmﬂ exttadtivergliabi Uas vdrst whertedd NH2
(Pef et erBragtap sl ¥Sits 5 Stpcbe et o oiaiaer AN 1 4 porint
d
C SR B TR b ot eSS BEHE T s S Bh

at  agWRcEZNRA/FOA 8IREr MGTLEP2B03¢ 0582 1cF methanol relative to the
volatility of propene oxide,

(ii) a compound containing an unsubstituted NH, group and capable of
reacting with acetaldehyde at the conditions of distillation to
form compounds with a boiling point higher than that of propene
oxide is fed to the distillation column at a point above the |
feeding point of the crude propene oxide or is admixed with the
crude propene oxide feed to the distillation column and

(iii) a purified propene oxide is withdrawn from the distillation column
at a position above the feeding points of the extraction solvent

and the compound containing an unsubstituted NH2 group.

In a preferred embodiment the present invention refers to a process as
defined above wherein the crude propene oxide is mixed with an aqueous

alkaline solution and the mixture is reacted for 1 to 200 min at a
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5 tenperature from 20 to 100C before feeding it to the

extractive distillation. The object has furthernore
whe@n/0a36ni ned by a process for the catal yti c PGI/EP2003/013212

epoxi dation of propene in which a) in a reaction step

the propene is reacted with aéueous hydr ogen peroxi de

in methanol in the presence of a titaniumsilicalite
tepeaplor, frogn 20etpAdbdiic befoneeferdingnit o theaeximactivep
dgﬁfqgtéonally passed to 10 a pressure rel ease step,

d 9-¥We product streamis then separated in a

pre-evaporator having |ess than 20 theoretica

separation stages into an overhead product containing
The opgect, hps ofuebleermoreeheandattat hechbly, a amdcéss doa the catalytic

bott om roguct cont.ai ni ng nmet hanol and water, 20 to
e@@@@éghghg IE“P@%%ﬂndﬂﬁﬁﬁt of met hanol introduced with
h bai .
el etk PR Brofd Y ettt ich it RUGEAS vdrogen

pr odpetoxide inheethstoheiadtins @etesdncer @Mastetandumi Silatalite
| east partially condensed and optionally propene and

any ﬁﬁ%ﬁﬁﬁé,presenp are stripped to 20 give a
et gFEE REOHITOPCLstl st CE ARaS06 bR, A5 4T Gty depassed to

e) theyeebgenpal&skr fEpSteRi d) is subjected to an
extractive distillation step as defined above,

ciher thwy paotiottt ebrqamothidhen cseptiedtrednin ree phexeobparator having
extracti sqQlvent is ohtained, and 25 f) all or a
part '¥S Phan %Bt*fhsfmrgtmﬁc%eﬁarétm shages 8h veyhead

ft £t ; ' | '
afte ’i‘ood,g’egtée@ltgymrn%&&rdgi%ﬁ%)g%ggé%ﬂrelsBjt’(ﬁfeyﬁ Shque?]:gaﬁdﬁ? and into a

| nvebdtiton @ddlibe qoutafriiagtnethanyioaas svadeeor28i by 409 éhehe
invention is particularly suitable for the

pur i Eotedt pBAUNGT ot Medleansr opeivediesaddwi P ithaipriodycinsiteean being
;22{1 gﬁyﬁgwﬁﬁﬂogggﬁ%%mﬁﬂ& TRGCH Al 22 e hing in the
bottom product,

d) the overhead product from step c) is at least partially condensed
and optionally propene and any propane present are stripped to
give a condensate containing propene oxide, more than 1 % by

- weight methanol and more than 200 wppm acetaldehyde,

e) the condensate from step d) is subjected to an extractive
distillation step as defined above, whereby a bottom product
containing methanol and the extraction solvent is obtained, and

) all or a part of the bottom product from step c) optionally after

partially removing water is recycled to the reaction step a).

Detailed description of the Invention

The purification process according to the invention is particularly
suitable for the purification of crude propene oxide containing more

than 1 ¥ by weight methanol and more than 200 wppm acetaldehyde (wppm =
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WD 2004/ 048355 PCT/ EP2003/ 013212 6 wei ght parts per
mllion). The crude propene oxide is preferably
W@bdioaioss38s by epoxi dati on of propene w th hydr oBEIEP2003/013212
peroxide using a titaniumcontaining silicalite
catal yst and a net hanol sol véht. The purified propene
oxi de usually contains |ess than 100 wppm net hanol and
wes ghe ggart haper1001 1wpp}n dbetcrude ynppeng oxiae als| prafesably

d
otitpahed BunSRRiGTHORHa! prPbane. Tt hV osRl A BRLde. sing 2
tRapPEn %oﬁ{‘éiqﬁndt; 3515 Y186k eéjatta@%ﬁ aR@M \n@‘e'}%h%h yscﬂl%h’@t THe

extractive distillation. e extractive
putiistied Ipabpene axnchxuumiﬂyocrond;ehn&ﬂew s:hfaedl(l()owpﬂmemethano] and

1455 HRarb 00 HBPE: AR MY E e PR €D | Sycsaianag0 Wpon methanol
| ounds d t
g B EE e S B RO T o ool rel ati ve t o

the volatility of propene oxide in m xtures conprising
propene oxi de, nethanol and the extraction sol vent.
In gheHurd£icaldon qiwosesss/dhe ghude airgbere Px3dey 1§o$t|lbaﬁgted to a

o By S bl mhias Vo SBHE e fofc Th iR kb SRRV

| d%tﬂﬁ B4dhYart @ﬁt@&ﬁaﬁtgo%r&ohgemd coOMMel 8RR mloﬁrcm ymn at

conmpound containing a hydroxy group functionality.
alpoiat pabewﬁlerirhedf@dmglpmnt aff théerude grropere okede. Su1tab1e as
extr ctlon sol.vent = coggrlses one,or

1 xt
exfraGE(Y 391 Eipaite ROTPAURGE. G50 COMPOLRA (HTurgs W 1Eh Joyar, the

\ v@lga%‘f? B?rmettﬁﬁmﬂr V?Eaécﬁﬁ@pﬁf‘%hé”ﬂ)oqﬁtﬂqur A Bﬁg[t)esne oxide in

streans or as b

meﬂUﬁEﬂ dompt T ngrrepsse okied emabhanoltdrel ehe rexttaction solvent.
sol vent is water, propylene glycol,

The st rastyion-so yeinererergbby ﬂ@ﬁh@))b@ﬂ“}ﬂ apHHoPT mpregthan 50°C

oabEbT byl e dinsPPefe Bida s G IRT BfPens VEL e bfyraction

s@mﬂel eaterdh]y Nehel BYEHcE P6h ReBvdritecarbraséagep shat cérﬁp%und

bottom product of the extractive dlstlllatlon can

cenhab hirgl anhydrosyiegroup riinet tinat fey. process streans
obtained in the process for manufacturing the crude 30
propene oxide for the recovery of nethanol and

7P} bROAIHEd tdiB ol RRAYESY the invention the extraction solvent

- comprises one or.a mixture of several components that occur in the

manufacturing process for the crude propene oxide, either as components
of the feed streams or as byproducts formed in the process. Preferably
the extraction solvent is water, propylene glycol, 1-methoxy-2-propanol,
2-methoxy-1-propanol, or a mixture of two or more of these compounds.
Water 1is particularly preferréd as the extraction solvent. This
embodiment of the invention has the advantage that the bottom product of
the extractive distillation can be combined with one or more of the
process streams obtained in the process for manufacturing the crude
propene oxide for the recovery of methanol and optionally the recovery

of the extraction solvent. Therefore no extra distillation column s
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of the extraction solvent. Therefore no extra
distillation colum is WO 2004/ 048355

WOEOABRB803/ 013212 7 required for the recoverpCDEP2003/013212
nmet hanol and optionally the extraction solvent from
the bottom product of the exthactive distillation. In
the purification process of the invention, an

regdittad domltheoranouacy Bfcerithanal mgdoptiasaldyt the exbraghiron

ro is ei.ther fed tg the djstil]ation 0 a
sluSHE T e B toBcioduc Dar ot i exbfct e, SHH s
oxide or is adm xed wth the crude propene oxide feed
to the distillation colum. Suitable are al
Irc ehe uind i cadhomiprboes saof Wwieubsient ivrednNidlig i ongd  wénipoknd
are_ capabl e of reactinﬁhmﬁth acetalﬁehyde at

h
candanindomr WUy 1gukad Niagreup 8 a16hey J@Hp%mﬁaee%'isetm Lation

i 1119.Poi; ' { ; : rLape i ;
ol 2 R AeRine, G ot o AR IREAR irBene oxide or
i PhdniRESRi 4P THe Wirdde fpop@k vkide fsbdiTowtiey diistiinetdri2column.

group is protonated to an NH3+ group. Preferred are

Swisrpuade avfleceipoundre containdng tam vasulsRigtedpitsgroup which
aneopaatY R dEs i Ba 1o F feiie Y 48R, e 6P o
dﬁ%ﬂ@zﬂ&gﬁhﬂﬁﬁgm %ﬁﬁcﬁmdsgﬁtﬂﬂyérﬁb@fﬂ% BBint higher ggan that of

azl ne and hydroxyl am ne as well
propehs dxtide e Sl tablehfas thy dimeentivespldcase, areydtswithe salts of

hydrochl ori d h | am sul f . d [ [

e Rk SO B L LSR8 o
fut-he. 4 av [ Lt fi.t t t

SRl SR, el B oS epteay,

gifoR@ 19 dir8eL19i Béridelatd @nntirogem.orPorfgenabton.t Bxamples for
m xture is an aqueous hydrazine sol ution.
thrset prafiesred compauads eareahydragins uSydRasi Be npgohydrate,

| utions. cgntaj.ni rom.0. i
i bl neso e 2He bl Baang A Mol finlh ssopgnt o
s BHEIREHS JUKAT hp@ra%wtﬁu%&téﬂ,aﬁgdmeﬁe frgeRstifleridee or
surprisingly efficient. Reaction with acetaldehyde in
hydrexytimsine| $udtfate Hpdnaming sisf patticlbardiynprafere¢drost
conpl ete acetal dehyde conversion and no deposits of
i nsol ubl e conpounds are forned in the distillation

15 Y PPOrdred mpBlfieht ! Gt HAE RRLHEMBN §RPkEFe of the extraction

solvent and a compound containing an unsubstituted NH, group is fed to "
the distillation column. Preferably this mixture is an aqueous hydrazine
solution. Particularly preferred are aqueous hydrazihé solutions’
containing from 0.5 to 5 % by weight hydrazine. Contrary to the
teachings of EP-B 904 019 aqueous hydrazine solutions have been found to
be surprisingly efficient. Reaction with acetaldehyde in the
distillation column is fast, leading to almost complete acetaldehyde
conversion and no deposits of insoluble compounds are formed in the

distillation column or the distillation bottom reboiler.

The amount of the extraction solvent fed to the distillation column is

preferably chosen so that the mass ratio of the extraction solvent feed
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30 The anmount of the extraction solvent fed to the
distillation colum is preferably chosen so that the

wore®s/ 048355 0 of the extraction solvent feed WO PCTI/EP2003/013212

2004/ 048355 PCT/ EP2003/013212 8 relative to the
anount of methanol contained $n the crude propene

oxide feed is in the range from0.1 to 10. The anount
rejfativee toothsoamelintc ofitmeithamy eentarisedsini the egudeprepangpoxide

fed.to the distillatip ol i S refe |y chose
feed iha Pike s oa Cd EF Dnereo bl St aRe e PRI G,
coR a0 YUSANTANL B0 7Lau8 Ve ee izt cotum 1c
pffeferably thoseheso @hge theomolGrsratni o2of Itheacanipotiod eootaining an

DRSS i Tt '8 B PR LA T
ARG g SATECRAHIE B P D 20 B0 £ of

tHO eRBrsee Ll 6 1501 9éntt BAd ephier esiipoand TohvEimt ng anmahdubseitised NH,
wel |l as the ﬁreferred nmol ar ratio of the conpound

graoipt 3 rfedgtatherdistst latioecolkm the cwqmpesitdonves the mixture
o EhEL NS 12 i el b BA L S5 g8 bR Bréferre
mgdst PEERNGE TR B sbl lrtOFo GREKATb1aks diePSid tRe

ove the eedi ng points of the extraction sol vent

peafertée modap rabto ofntlzd comppuad cantaimiig amtusgudetituted NH,
group._ Preferabl ge purified propene oxide is

giguPhBe Lk vator H%gttag ewdét #ee 8t umn. In this case the
reflux ratio of condensate returned to the col umm
relative to condensate withdrawn as 20 purified

IproRengiFrtats ohSpruceteraabtie dhoaesiohnthehpurriftige pgropenel oxide
to 5. The extractive distillation is preferably
ippathdraunafrain the gisti d atperesolven fEompesiion pRgve the

nor.e prefera at_an_ahsol ut r f . -
SRR RSEE . o8 B BB A S S8, bR chrbrn

fabs@etuted NH,Sirdubal prafefiTRI LIRS PuRi fivtr pridpeRd oxgad i1en
ubetvs\feen t he éo?unh bott ons and tﬁe f eed %g?nt of the
withdrawn at the top of the column. In this case the reflux ratio of
condensate returned to the column relative to condensate withdrawn as

purified propene oxide is preferably chosen in the range from 1 to 5.

The extractive distillation is preferably operated at an absolute
pressure from 1 to 5 bar, more preferably at an absolute pressure from
1.5 to 2.5 bar.

The distiilation column used for the extractive distillation comprises a
stripping section between the column bottoms and the feed point of the
crude propene oxide, an extraction section between the feed point of the
crude propene oxide and the feed point of the extraction solvent and a
rectifying section between the feed point of the extraction solvent and
the point where the purified propene oxide is withdrawn. Preferably a

distillation column is used that has a separation efficiency of 10 to 30
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crude propene oxide, an extraction section between the

feed point of the crude propene oxide and the feed
wW@oioan483f5 t he extraction solvent and a 30 rectPEWEPIP03/013212

section between the feed point of the extraction

sol vent -and the point where Qhe purified propene

oxide is wthdrawn. Preferably a distillation colum
theorekiad1t $zagehatn hobleghe astirappaiar bectdnoyarst the exgragion

2004/,043355 PCT/ EP2003) 0132

se AR, B BRI R S ey 0520 o EDeRAdEE a1 SEREY in
?Eé’@i”fiyw s%c‘?ﬁf?\ar?ﬁé %E &f1h hﬂq‘?nn@Mdﬁfn é&h be QQ:ray column
eor et St a es e

rectifying section.
cdhtaﬁm1dgaﬂisnreteltnaysc&uahb&s 3ievayrayd wnnbubbdatllpntrqys The
di screte trays such as sieve trays or bub

e ca .
dt&ta%atwnec@ UBD 330 PESO BR & GREKAT salimal aod heth '%ae%wkmgs

a t
o S8 Ths2 0P P PREPTRARCHICN%S, nBPaliolind DaBkin! LhiPde
uskde Thes ldhi 6 AllaBTorc ebLmm &y aﬂllséctombﬂ’m Becisieki with ol ddrete
di screte trays and sections with packings. The

treaysr aied isent wsst Wil packings erhBl extraekiogneertipanis preferably

di.scr r 10,In a further enbodi ment of the
d?ﬁ?\ggﬁ‘f FI}] (ﬂécgﬁf‘dé "d¥opene oxide is mixed with an

aqueous al kaline solution and reacted before feeding
it to the extractive distillation. The reaction tine
Ihet Reethem enbogindre of udhe 1preoptore thaiaedeipriopene oxide is

it MELT a0 SEPUE AIKETINY S0 TGH00 SNEAkacheq \perrd fgedihg it to
tlﬁfrégfréi&qg% iRy n% i n% Sr*eaefﬁfneﬁm. %ew&m hiH 3Qne crude

actio era urers from

pAdHdke diideamitotite %hk@duweﬂ(%dhué Is@l’hutﬁ)npaﬁad efeehﬂr},g thm m1xture
aqueous sol ution of sodi um hydroxi de, potassium

toyideosxtract bre dwmﬂﬁtumr u)s)rta/pécamstn pth@freang@dfraamel to

2B 1R o5 i feRAY G Fr b Bl B eSe FESRE T ke 5P 1
t}l[ﬂﬁ:aﬂy MU0 algoat | %esgciuébu%wm Heek6TARbY-is preferably

sen-so that the nolar ratio droxi de i ons
an requeckss ed 1w iioh o esodipure ydroxtida) |pnéa:§a|umt hysiroxedeat O esodium

c%ﬁp‘géﬁ%a%ggbrﬁgerﬁtdhgre fagﬂer{)%ts 1umahyréﬁ*ox1 & tslgfut%rlfg ©
containing from 0.1 to 2 % by weight sodium hydroxide. The amount of the
aqueous alkaline solution is preferably chosen so that the molar ratio
of hydroxide fons introduced with the aqueous alkaline solution relative
to the amount of methyl formate contained in the crude propene oxide is
in the range from 1.1 to 4. The mixture of crude propene oxide with the
aqueous alkaline solution is preferably reacted in a tubular reactor
before feeding it to the distillation. Reacting the crude propene oxide
with an aqueous alkaline solution converts methyl formate contained 1in
the crude propene oxide by hydrolyzing it to methanol and formate. The
‘purified propene oxide obtained with this embodiment of the invention
has a reduced content of methyl formate. Preferably the amount of
aqueous alkaline solution is chosen to obtain a purified propene oxide

having a content of methanol of Tess than 50 wppm) a content of
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in the range from1l.1 to 4. The m xture of crude
propene oxide with the 25 aqueous al kaline solution is
wpe@hessasl y reacted in a tubular reactor bef oP@I/EP2003/013212
feeding it to the distillation. Reacting the crude
propene oxide with an aqueodd al kaline solution
converts nethyl formate contained in the crude
agatapdelydexotideby thadrel wppmanidta tconbenthafiotethyd formate of
fornpte. The purified propene oxide obtained with
Tesd gﬁ%ﬁ‘rﬂ@ i ¥Rt of the invention 30 has a reduced
content of nethyl formate. Preferably the anount of
aqueous al kaline solution is chosen to obtain a
Thaurinféed opr tpaiso akirdetednbowards aarc ompreoved grares ool the
of less than 50 wopm a content of WD 2004/ 048355
CR@TYERD GPOX a9 0T1DroRese A idBnyaHeoss Ndsademppragde and a

. l; I
BRI e E O P e PO Br s, g O
ekERRICEYRS dREPFIaasidrbf iR Snkaitaby tingo eftexweledupodf ahe reaction

propene with aqueous hydrogen peroxide and a titanium

mexliureatd peotdeapyepene Tha de ngit bveld por vee g th it aih Hrussof

t he extr%ctive distillation of .the jnvention into the
SGRANBLODHSLERR Ao o8 ENERaY (G ?%eBJF ovi de propene

oxide of high purity wwth a mninmum of separation

steps and a | ow energy requirenent. 10 The epoxi dati on
Thé eporpdatd omi ath phopiinegeithpkydrogee pesoxtder iiedcaruied out in the

the presence of a thanLun1siIicaIit§ catﬁ% sﬁ and a
Presansa T dofVianium siiyealdteisadal ystagndid @ﬁh%\& j sdyent.
preferably of the conposition 15 (Ti02)X(S 02)1 X
where x is fromO0.001 to 0.05 and having a MFT or MEL

CeyMNAMRind RELSATUMCE HIrCaT ReWpraFetd1gnbirthei tdnpakitienl
and titanium silicalite-2, are suitable as catal ysts
(Tth,) 18808 porhane ixons pirened d01aka Or o radt kaving a MFL or MEL

i nvention. Such catal ysts be pr.odu for__exampl
chiion a1 i) stties p elE R BB i T ACERTR" £ ap o P fur
s39icHN§taBt harols §eAnIRNEs ot yshst it EROEpodiddtqdn Pr¥cess

contain Oto 20 by
according to the invention. Such catalysts may be produced for example

according to the process described in US-A 4,410,501.

The methanol solvent used in. the epoxidation may contain 0 to 20 % by

weight of water due to recycling of substances tin the process.

Hydrogen peroxide is preferably used as an aqueous solution containing
10 to 90 % by weight of hydrogen peroxide. A hydrogen peroxide crude
product obtained from the extraction step of the anthraquinone process
and containing 30 to 45 % by weight of hydrogen peroxide is preferably
used. Alternatively, hydrogen peroxide solutions in alcohols, preferably
in methanol can be used. These alcoholic solutions can be prepared by
reaction of hydrogen and oxygen in presence of a noble metal catalyst

and the alcohol.
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wei ght of water due to recycling of substances in the
process. Hydrogen peroxide is preferably used as an
wWa@eowenussssol uti on containing 25 10 to 90 % by R&ET/gP1003613212
hydr ogen peroxi de. A hydrogen peroxide crude product
obt ai ned fromthe extracti'on Htep of the anthraqui none
process and containing 30 to 45 % by wei ght of
Pmmnegm perusetldeixed wirtdf prapang inusedamoant exfnbetweeny) and

e eroxi d | utions i n coho
5§ rYOREf?w}nﬁr Crin et I elp ERpEBR dicrica B hebie 2
z@qmprpgﬁﬁ 30 reacti on of hydrogen and oxygen in
presence a noble netal catalyst and the al coho
MD 2004/048355 PCT/ EP2003/ 013212 11 Propene may be
used m xed with_propane in an anount of bet

I ongopmbpdimensy gpaite. Tmvestdenishg titaaiyg ébi}f@ a%tcétﬁngvst is
SHBHE I, 0 R e RLRRAY Rt 0T, g cppenyee 1

thét abydtini Bhe Foppatdeddwdet e fieatiel mmxtmrsasp@ﬂdabbe
the reaction. The catalyst is then used in the form

geanud ap dredreriadr that thae bQﬁ?ﬂn@QﬁdUée%@ypﬁfmﬂ'dBGeﬂgﬁamﬁﬂnQF known
p@nrﬁ%\%:q' Fq{etp)rg@ltgﬂ%?@ bsgig%‘&rroduc%gpﬁ@f or@;a ﬁgd &g‘anu R905" when
ubing di %eﬁféﬁ gaeYlsRt i@y meAg r*'legc’e@r‘sngfé}" %5&§rﬁ7(ﬂ'éd§&j1 rred

catal m xi'ng reactors, for exanple stirred
tamﬂkeaeimr’somrs recyﬂeacyeaciorea@isowesﬂ as noal- F1as mmoingf Feagtors,

f?@@xﬁ%p{égc&ﬁ@r £10° FeaRion b MK e 4l OB oHS LoRorgos
Aoéﬁicﬁaeté65§f gvﬁf"oﬁ%2§§ gﬁ%ﬁ&i?iéw ﬁQQ1ﬁqJ %égbggy%pd a non-flow

reac onnec ownstream:.

meisEd. réaS:tbh mmteb@d doinadireanti sofrefbeab iyvesdd.on the
titaniumsilicalite catalyst 1is used as a fixed bed
over which a m xture of the feedstock nmaterials is

assed. - ataly s .then .use
1B EREhen SapedMEk0T 7S HERShr sl Bt TS Thifbite catatyst
iENMA B $oxed Béd VBFRIA cﬁya WikEurel on the védditbblematerials
addition of binders. For the formng process the
isgtasisgdt Thaycatalyst is then used in the form of shaped bodies that
have been produced in a manner known per se, for example by extrusion

with the addition of binders. For the forming process the catalyst may

- contain 1 to 99% of a binder or carrier material, all binders and

carrier materials being suitable that do not react with hydrogen
peroxide or with the epoxide under the reaction conditions employed for
the epoxidation. Extrudates with a diameter of 1 to 5 mm are preferably
used as fixed bed catalysts.

When using a fixed bed cata]yst reactors with bubble co1umh
characteristics can be used, i.e. the reactor contains a continuous
1iquid phase and a dispersed gaseous phase flows through the reactor in
up-flow mode. Alternatively, reactors with trickle bed characteristics
can be used, i.e. the reactor contains a gas phase and a 1iquid phase

flows through the reactor in down-flow mode.
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contain 1 to 99% of a binder-or carrier. material, al

bi nders and carrier materials being suitable that do
wWmoa04/0¢8363 Wit h hydrogen peroxide or with theP€pBRIOdF013212

under the reaction conditions enployed for the

epoxi dation. Extrudates withld dianeter of 1 to 5 nm

are preferably 25 used as fixed bed catal ysts. Wen

using a fixed bed catalyst, reactors with bubble

colum _ characterjstics can t he reactor

be used, i.e. >
It GnPaiitisu kardynprefebled embefimantpds B paesert dpendden the
tdar, t r iy -kl
PRESES R PORREESY QYo TG AR PocRPERE phd 1S Pt
coftAt dorise s tsetacteciato i iubeit, the eatdhstrigartiara trickle bed
contains a gas phase and a |iquid phase flows through
stat€:reactor in down-flow node. WD 2004/ 048355
CT/ 03/013212 12 In a particularly preferred
Géhﬁbgaﬁgﬂ?édﬁm?he present invention the process is
onagyc in a fixed bed reactor and the foll ow ng
Lﬁl%%ﬁ @gﬁditions are selected to naintain the catal yst
whe@ihn a trickle bed 5 state: Gk < 2000 nih and Lyl

< 50 mh, wherein Gis the.gaseoqs super fici al
Gvis 6be tgaseleys seperdd cidle veheridy sdafiioed ragt Ene pesequsnlaw rate

SRS ED BHENR Pk B Bbr Y 8 WPl Frosgection of
the q;g{g]y%@ﬁ%dl:ijﬁi,ﬁﬂ, velocity defined as the liquid flow

rate in in the continuous flow reactor divided

Lbis the ldqosd-sspetficnal okelotidy deftiakbgsts bbel Tiiquin®, flew rate in
15 X = PG PL Pw PA d
ma;% in the continuous fﬁowzygactor divided by the cross-section of the

catalyst bed in m?,

S

and

()]

“Pg is the density.of the gaseous phase in g/cm?,

oL is the density of the 1iquid phase in g/cm?,

Ou is the density of water in g/cm?,

pnir 15 the density of air in g/cm?,

oy is the surface tension of water in dyn/cm,

oy is the surface tension of the 1liquid phase in dyn/cm,
Uy is the viscosity of the 1iquid phase in centipoise,

Ly is the viscosity of water in centipoise.

The epoxidation reaction is preferably carried out at temperatures
between 0 and 80°C, more preferably between 40 and 65°C. According to a

most preferred embodiment of the present invention the epoxidation
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2 1/3 aw NL Pw UL w AL -PGis the density-of the

-gaseous phase in g/cnB , PL is the density of the
wo papgiogB3phase in g/cnB, 20 pwis the density PET/RR1003/013212

in g/cnB, PAir is the density of air in glcnB , 6wis

the surface tension of water 18n dyn/cm 6L is the

surface tension of the liquid phase in dyn/cm 1L is
rdédeeion Sigosartryiedfouthen la diketl padseactorceqaippedseith edoling

jwis the viscosity of water in centipoise. The )
meansxanrhithe emparatiusa profpremdEain Fhe diearker dgimaintained such

{ t i 80L,. f erapl. '
oy BE ol nOEH e Bl S s C ARG G R 3, gt 1east
3EMPAd Rt maim LeRpE&SRNFe IVALRT it ¢dral pstoxedald 60°0\@t the

2004/ 048355 PCT/ EP2003/ 013212 13 reaction is carried
mosft, prefarébhedbHed reactor equi pped with cooling

nmeans and the tenperature profile within the reactor

i's maintained such that the cooling nedium
Tﬁf%@iﬂa‘ﬂ"i@n MeabtonCP9IprBser®aPcartidt oieaft el é’\%eégﬂﬂessures

the maxi num tenperature wthin the catal yst bed is 60C
ofit10t be 405bamstorepetéteadly H5€0 hbaepdropkie os used in excess

reaction is preferably carried out at elev

apyd 455 rasdGonle SO Jnabied GPACURG &5 SheFat aB) Shatsa dydgggen
o GRG0, 4 i SIS e

aBRTeRsl dThe omeRns | @M sefvamr gsddnag everadl ¢f eosbh ysoras eto
than 95% is achieved. The anpbunt of solvent used is

aphieveratfayiefskrites 40 parts byawRi@iteoh sodvert &p ane gantp by
arts py weigh f solvent.to one.part by weight of
W MOBE Wﬁ?"%gb%grbo&eax?%@x%%q 59?‘%&?%15 In a preferred
enbodi nent of the invention the conditions for the

epoxi dation reaction, that is tenperature, pressure
Ianal proferaeduentedafent of the invention the conditions for the

epoxidation reaction, that is temperature, pressure and the amounts of
propene, hydrogen peroxide and solvent, are chosen to obtain a
multiphase reaction mixture comprising a 1iquid aqueous hydrogen
peroxide rich phase containing methanol and a 1iquid organic olefin rich

phase. To ensure the formation of a second Tiquid organic olefin rich

“phase the amount of -propene has to be selected in excess of the amount

soluble in the aqueous phase comprising water, hydrogen peroxide and
methanol at the chosen temperature and pressure. Maintaining two
immiscible 1iquid phases during the epoxidation reaction Teads to

improved propene oxide selectivity.

Before the working up stage the pressure of the epoxidation reaction
mixture is preferably released in a pressure release stage to the
pressure employed in the working up of the propene oxide. Part of the
propene dissolved in the reaction mixture and possibly propane is gassed
out. The resultant gas is recompressed via a compressor to the pressure

prevailing in the reactor and is returned to the reaction.
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propene, hydrogen peroxi de and solvent, are chosen to
obtain a nultiphase reaction mxture conprising a
WO papgiogB3sfiueous hydrogen peroxide rich phase PCT/EP2003/013212

contai ning nethanol and a liquid organic olefin rich
20 phase. To ensure the for ion of a second liquid
organic olefin rich - -phase the anpbunt of propene

has to be.-selected in excess of the anount soluble
i n the agueous phase conprising water, hydrogen
Thte et idenahitktupetisahin sepanRsed L arpriesRiRAokE LR igke an
. . SN g _
offr 5 palt BoMAN e v Boerd ThIRIBLE prbSHC”, BHAREE pxice and
mé@tHaReNe agdi fosg!etow iprydudietornihiveg wethkdrod, upteradsigher

the pressure of the epoxidation reaction mxture is
bpitlgnarpBing hypredsds. | sUch ps So5UR@MPEE PE9RY NGRS X1t he

GBS BB et g A R gl AR S 1 e

4 B B et IS WA
CHESHLOTIE s eyapdhacsst oty pane whementis vt

20 horpfasblly eat poslv 40| thepretidatesepastaton atepsi and is preferably
returned to the reaction. WO 2004/ 048355 .

AREIENER 7200 3111 360 T ECEAT AT PR SCET I APOEIPEYSs b s ingle

d?ﬁﬁg"lé’fﬁ‘f’l L‘?a RAE tRY 3RMadh g & %a@ﬂon Q¥ELNead achieved in
product con ning propene, possibly propane, propene

thxisteigrithy sesthenolThegne-evdporatdotisogpapatetiat a reflux ratio
cont ai ni ng_net hanol, water, hi

3 i hi gher 5 boilin oi nt_
obyar mﬂ%teglsi aamichf Aestieed BRUAISE b Op§TaLed ’@qgr@sz,y,mthout
, oy ) v
PG TR oY R T RAE G B B aE® 3 BrbsBiaRT Efften 1n the
rafgRFAOMA . 50td hesd mpheRtd Bar has oh @SS tb aldid Zbcomposition of

preferably at nost 10 theoretical separation steps and
hydrqueefmmrakide .dEw gnedcvapordiar. iheperatedf s dhabrbetween 20

SRR CPOE T OREALRD Ce Pl ol Fie BN, Do ERFE/GN Ftdre is

ne : Fev
rg@&vae%r i PLRY o?/EFﬁéa‘EiPpg% Rt PR BT Ay rér§a1?|ﬁg{rfr;;§9 bottom

X ratio o nmost 1.5 and if desire

pabdethePraferaiigd hareathan 86X haore preférablyTherpremasud®l and
in the pre-evaporator is preferably chosen in the i
mpsihpsefenrall Y. Fore thaesd99hah theparonenepdde ted 40 oisy contained

196 (¥T89§¥Hé58rbﬁ%ﬁuct, and preferably, more than 90%, more preferably,

more than 97%-of the water fed in is contained in the bottom product.

The product stream fed to the pre-evaporator preferably contains 0.5 to
20 % by weight of propene, 0 to 4 % by weight of propane, 5 to 35 % by
weight of propene oxide, 35 to 80 % by weight of methanol, 5 to 40 % by
weight of water, 0.1 to 8 ¥ by weight of higher boiling point
byproducts, 0.1 to 5 % by weight hydrogen peroxide, 0 to 5 ¥ by weight
of titanium silicalite catalyst and more than 200 wppm acetaldehyde.
This product stream is preferably separated in the pre-evaporator into
an overhead product containing 1 to 40 ¥ by weight of propene, 0 to 10 %
by weight of propane, 15 to 75 % by weight of propene oxide, 20 to 85 %
by weight of methanol, 0 to 5 % by weight of water and more than
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15 hydrogen peroxide . The pre-evaporator is operated
so that between 20 and 60% of the amount of sol vent
WO ew4f0#8338 t h the reaction mxture is renpoved RET/AP100E013212

over head product and the bal ance.remains in the bottom
product. Preferably, nore that 95% nore preferably,

nore than 98% and nost preferably, nore than 99% of

Zﬁwmvppmoqm:mm dehiyde, faad intoi s hodibmmipnewcﬂncbmtaihéng 0 to2 % by
rhe

BTt PRSI PPETErgrAEnh K5y B of Dy e E é+ft Rthangl. 15°L6 65 £ by
e RROBE AREL: 0111 AP 1608 LOMEXAEUSH ioThepBrAChoinc
S predera

eam fe pre-evapor al ns

b9prduets,20. %ﬁWSV\?BIb@rhWe%tpcﬁDm@mgeﬁ [563‘0416@ andveitghl0 % by
of propane, 5 to 35 %by 25 weight of propene oxide,
welttooBd itemiumei Hival bk satdlfssl, 5 to 40 % by wei ght
of water, 0.1 to 8 % by wei ght of hi gher boiling point
byproducts 0.1 to 5 % by weight hydrogen peroxide, O

The dvebhdnd gﬂb@l&t from thd %ﬁé%@aﬁbﬂ*dt@ﬂ' 14 @tCRatypirtagty

nore t han wppm acet al dehyde. This product stream
condansed eicabiye sependensate nontad nprg peopgner axtde, i mene 8ban 1 &

o B P s Sl
opé(rr%gno odgf:t{ g%g@&}gg?t"ﬂﬁ?i ¥?cQ)pHé’ns%§ 3Ad gKe Vl'.ﬁl'cgt er2b

wat er “and nore

pROheQ 4853s5h BCHi kP @68 (prdgdnie, 1S r2aOmpvessed via a compr‘essor
acetaldehyde and into a bottom product contalnln

othe Mwurwrgwbmgp}rwéﬁere@ﬁtw Paet pdsts eeyc ed to the

rggétgi glguer;? é};% ng gtﬂ o(#%ﬁ hﬁ’eé&ﬁ%n%fte"\@ﬁg 0ssibly
phyFHredcd ?refbrhb‘lg ﬁr“/ b)@tt ghbm theh&(ﬂfd@%éteoﬁﬁoa(l de
and Oto 10-%b ht of titaniumsilicalite

C3astaripper. ?h@fecmbmetad ;timgmxt ofit gast he reckcledaportaeopartial
is,at least partially condensed to give a condensate
CORdR"SPRi ng propene oxide, nore than 1 by weight

nmet hanol and nore than 200 wppm acet al dehyde.

Preferably the 10 overhead product is only partially
Inomaes epredieckddh embotd newte hihe ovephegue peoducd siidml yheripred
mnthéﬁro pane, is recongressed via a co ressor to the
ENARAALPR T w&ma%g copdensed, et fistpeeridegser jagd the gaseous

FPANR e diOthd%irst condenser is condensed in a second condenser
-maintained at a temperature below the temperature of the first
condenser. Preferably the temperature within the first condenser is
maintained at 40 to 70°C and the temperature within the second condenser
is maintained at 20 to 35°C. By using a two step condensation the amount
of valuable propene oxide that can not be recovered is considerably
reduced and the energy consumption for cooling s reduced compared to a
one step condensation. When applying the two step condensation the
condensates of both condensers are passed to the C3 stripper to remove
constituents having a boiling point that is Tower than that of propene
oxide, whereby the gaseous effluent from the stripper +is partially
condensed in the second condenser and the condensate 1is recycled to the

C3 stripper.
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reaction. The propene still dissolved in the
condensate and possibly propane are preferably

W@ Reo4pogs385 out fromthe condensate in a 15 C3 sSPCT/PPmn3/013212
Preferably the stripped-out gas is recycled to the
partial condenser. In a nostlfreferred enbodi ment the
over head product fromthe pre- evaporator is partially
condensed in a first condenser and the gaseous 20

ffluent f the fjrst d | d d
Tk R odd 0 SRR TS Bl B s
frkh ' ; f .1 hy
PETEST il n€lrkl o, SRSkl

Cat s#apper 168 CGlmndstiijectednter art wxeragttibe rditsbe] domdiccording to
condenser is maintained at 20.to 35C. By using a two
the eB‘Vé%“tPé‘né&tqeéﬁWh@Q ahayento gvera Pﬂﬂfdl@ﬂepf‘mpéﬁ%r%T de

cBiftiBahd oS HhePolad BoPEERUEHEN: alf 165 hEFI D) Vo
aEEEHICIERY RO TREMM béttam GMEhe SR re&IYeNGREH PTatWhedblumn a
applying the two step condensation the condensates of

bottan poedietisesrsadnngoaewol andnthecexsraatperrsofl vent is
Lgnnv% constituents having a boiling point that is

0 than that of propene 30 oxi de, whereby the

gaseous effluent fromthe stripper is partially

condensed in the second condenser and the condensate

The exécyuctiod solveht isChrafierabheisel aed ObOWSIZFS propylene
PCT/ EP2003/ 013212 16 The condensate, obtai ned by at

alyeat. brathaxyZ-BeeRAEALi rgmeHOXyvkPRERRNO [pr &t dc M TXtUSR, thereof

Va5, ARG AN R Rl 8! %EL AR 861 el "R Eimpound

ripper i bj eécted To anextracti

. cdhBdiinkhgtdroonadeeitlited N grouphts iphyRIHabPy RIected from
descri bed above to give a purified propene oxide _
hydrazinai mydrazigiet nenehydoatep pre thed etrer 1ren dN | Nesldmetian hydrazine

B AR BRARGTE s Ve 5 LUES Mo orkhas: Dulrazine sulfate,
hyaPAANBI MArgBiTReE orNRydrdRy Bartihe@ Cdu19RtSOHYEMHZihe s '

obt ai ned.” 10
particularly preferred.

In a most preferred embodiment the condensate is stripped in a
- C3 stripper and-the-bottom product from the C3 stripper containing 15 to
75 % by weight propene oxide, 25 to 85 % by weight methanol, 0 to 8 % by
weight water, more than 200 wppm acetaldehyde and essentially.no propene
or propane is subjected to an extractive distillation according to the
invention using an aqueous hydrazine solution containing from 0.5 to 5 %
by weight hydrazine as the extraction solvent. The purified propene
oxide containing less than 100 wppm methanol and less than 100 wppm
acetaldehyde is withdrawn at the top of the extractive distillation

column.

At least a part and preferably all of the bottom product of the pre-

evaporator comprising methanol and water is recycled to the epoxidation
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The extraction solvent is preferably selected from
wat er, propylene glycol, 1-nethoxy-2-propanol,
WQ20080¥83%y/- | - propanol, or a mixture thereof V@CEEP1083/013212
particularly preferred as the extraction solvent. The
conpound , containing an unsubbtituted NH2 group is
preferably selected from 15 hydrazi ne, hydrazi ne
reaebiopdrRederatdiyhyt Npdstiz part NFNEhE wetdry chydhiaed e the
a hydroxyl am.ne as well as salts thereof, sych as
RS Br oGl F e, B finnerite” Ry resonpb iedarg e Fecycle
| g I ragie is particularly
sgr%@gﬁ¥é§£?g§1ﬁﬁ éﬁﬁﬁg?tﬁgbggé ed enbodi nent the
condensate is stripped in a -C3 stripper

and- -t he-bottom product fromthe G 3- stripper
P&@ﬁerai%hy Age1botiam produch\pfnEne) e RVeperatosxi esepartated by

Y . i .0 i t
ASNBEIP IR e BEodich ke TR me bR o oo om
pPHAUREN Eompi s PP RAtEr | Hii GhikbioTHrRMbysrodlcex bhaafonveacted
distillation accordln% to the 25 1 nvention using an
t

haguegsuspenpaiided Aé beiislit & qraréomrafenabdyfaidnod. et be@l product
BRI SRSABETERI0h BP0 Fab)tBaSBIRS 1o Gpsphion step
IR, Ot RE° TR IHI 1190 868 3 GRRYERITY, conduces

undémnpres80eAand ehstpraespard iansklecbdd sabthatathe dempdrature of

ottom product of the pre- evaporator conprising
tg’@t*?ﬁ?ﬁ‘o rodygt \eomBr 191019 BREAGNRY 1tsohisﬁ@rewi g ibaktamp

I EP: / 1 reeact Pr
it am, i bR aBo ey Mg Me GRSk BB Epfe iy
i © cldbd Pifent hef Rhe- BRWARDTAH Ohe icdnd@¥ay esh behoreF tie head
recycle streamis fed to the epoxidation stage. 5
prodiictr An| SaTdhéi WAl 1 ahopr sidpcearobet uﬁ@dpt@-k@abp%mptﬁ- evaporator
separated. b distillation into a head product .
B sFhipPhe s ohe shard e Sefetl 28 B oM Brapgeure s
QoA fderabl PheB@idd.ng byproducts and non-react ed
hydr ogen ‘peroxi de. At | east a part, preferably all of
t he head product
In a preferred embodiment of the epoxidation process the bottom product
from the pre-evaporator is combined with the bottom product from the
extractive distillation and .the combined streams are subjected to a_
catalytic hydrogenation step. At Teast a part and preferably all of the
resulting product is recycled to the epoxidation stage. Preferably at
least a part of the water contained in the hydrogenated product s

removed before the recycle stream is fed to the epoxidation stage.

In a most preferred embodiment an aqueous hydrazine solution containing
from 0.5 to 5 % by weight hydrazine is used as the extraction solvent,
the bottom product from the pre-evaporator is combined with the bottom
product from the extractive distillation and the combined streams are
subjected to a catalytic hydrogenation step. The hydrogenated stream is
then subjected to distillation into a bottom product comprising water
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obtained in this distillation step is recycled back to

the reaction step 10 of propene oxidation. This
waele@uiokdssi i on step is preferably conducted unPE&F/EP2003/013212

pressure and the pressure is selected so that the

tenperature of the head proditt conprising methano

is higher than the bottom tenperature in the

apd dvigh alpwirl angbyaneductie &gl $he inppeprodecipeompristiyg methanol .

hi s enbodj nent of the inventi t he condepsation heat
The' Ad WEHCR S SpPeRNsded 1 REE o Tl SERPE SHETs OfPhaRgne
eE&x ed,t 0 heat the pre-evaporator and the stripper
he energy requirenment of the workup procedure is
consi derably reduced. In a preferred enbodi nent of the

epoxi dat i on process_the_botton1Broduct_ 20 fromthe
The ecabahpisicahirogenalgeni e @refanabl h€apbiad A rasdadieterogeneous

SER i RS 3 LB M o 0.5 o 50w

1Ry @aptriul 81y peeferfbd | ®ABBNAUCRaEe ARGhdReRAETAbSbepaht a
of the resulting product is recycled to the
teppatiatiare an theagangePoéf 8l°Absyd d60°0,easefesraphy t1087C ttoel80°C

ter contained in the hydro ted, praduct is 25
Pt 8 BEPETS PERE! FleByR U St odrid 250 1o ¢ he
epoxi dation stage. In a nost preferred enbodi nent an
aqueous hydrazi ne solution containing fromO0.5 to 5 o
Soytatdieghydriogenaz bnecatal ysimdares sehectexdt freom supposbed enatalysts

the bottom product fromthe pre-evaporator i s conbined
CAMPIHISRG Q56t 00 H0Be ¢ BatRls selsetehd rantthecorqup consisting of

o4 b P9E, Ak oot B L TR edipr S b e
aptl I el i Goball Besbtausptaehed yt BeThgs Hopddaki €1 oh@tdr More of the

bott om product conprising water 2004/ 048355 ‘
above ERRDUBed 16 Re 18edanthehcgtalyst | Supgomly psopnedesatdiydselected

he head product conprisin t hanol . ,The h .
EPB e 9EY GOt Bkt x{TRe CRerPd oMoy thy Ti0:: Zr0; and
mr@F%%eF%@HEQ%QBPﬁsﬁgTﬁe16%@&066 igF Bydmagenaish@nzd @nd
p?é erably carried out as a heterogeneous catalytic
mHyxturegetladricofi. at a hydrogen partial pressure of 0.5 to

30 MPa. It is particularly preferred to conduct the
hydr ogenation step at a

The hydrogenation can be carried out continuously or batch-wise e.g., 1in

a suspension method-or a fixed-bed. method. It is especially preferred
to use a trickle-bed reactor. The fixed-bed catalysts to be used therein
are preferably pellets with a diameter of 0.5 to 5 mm, especially 1 to
3 mm and with a Tength of 1 to 10 mm. The noble-metal content 1is in the

customary range, preferably 0.5 to 5% by weight.

In a further embodiment of the epoxidation process the bottom product
from the C3 stripper is mixed with an aqueous alkaline solution and the
mixture is reacted for 1-200 minutes at a temperature from 20-100°C
before being fed to the extractive distillation column. The aqueous
alkaline solution is preferably an aqueous solution of sodium hydroxide

containing 0.1-2 percent by weight sodium hydroxide. Preferably the
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tenperature in the range of 80C and 150C, preferably
100C to 180C and at a hydrogen partial pressure of 1
w0 20020499FR. 10 Suit abl e hydrogenati on cat al yst BCHER2003/013212
sel ected from supported catal ysts conprising one or
nore of metals selected fromi%he group consisting of
Ru, Rh, Pd, Pt, Ag, Ir, Fe, Cu, N and Co.
ampurtr 0dt sodiug Mdneyide tk athosemdoRgivey audalrt ratdohof sodium
optianal | ei ng dgped with one or. nore of the 15 .
Bt S R atah foaRbandlitaoP TRERL TN stfzfed iia the
r : f aetlvat carbon and net al
03 SH/3pREL oot B R (e Pt o 2L B oo 1208,
m xed oxi des conprising at least two of Si, A, Ti and
Zr and mxtures thereof. 20 The hydrogenati on can be
Tograqvaptagas %r??‘ﬁnléfﬁ@ﬂ? igvensionny i ls BE eapparenty in view of the
ens - nmet hod-or--a fixed-bed.. nethod. It__is
@EL@@?QI ‘%}?/de?%f'erred to use a trickle-bed reactor.
The fixed-bed catalysts to be used therein are
referably pellets with a dianeter of 0.5 to 5 mm
E&ﬂﬂﬂ@ﬁally 1to 3 mmand with a length of 1 to 10 mMm
The nobl e-netal content is in the 25 customary range,
preferably 0.5 to 5% by weight. In a further
j gent of the epoxidation process the bottom
product fromthe C3 stripper is mxed with an aqueous
Aakckade peopepkeutXiae eontativing B2 Xt ¢r by iweigletagpreperfeooxide, 44.3 %
1-200 m nu es,ﬁt a geggeratHre from 20-100C 30 before
DYeWRGNt BE BN he 2okt A¥tWRIGNHWAERT | 20D WRDBI d¢ataldefyde and

134 r\ﬁ#}l 2 rrqe‘@'M g‘t(%ﬁ%té (Nagtr L@ ggfeao 6 g rcﬁlnjrc] gnu%ﬂiﬁg lﬂ)gg#“acted

SO um hydr oxi cont ai ercent

axyraedigatdizsedl niby dImhyi darattvked Bty 1ationWas performed in a
2004/ 048355 PCT/ EP2003/013212 19 anount of sodi um

aeydmoxii tle & stewdsieed packiingshavingl arseparatsiosf egfugienay of 80
hydr gxi de relative to the angun f methyl format

gl stRoftobSeared of gRerdnnt mlShsienal iRgtar and a
refFOR Fatidofo2 Tho4adyandAYRS @GudkNS-oPeRS &t dé MABNFdPRo stage
will be apparent inview of the followng exanples.

20 (counted from the bottom). Simultaneousiy 207 g/h of a 1.5 % by
weight solution of hydrazine in water was fed onto stage 40 (counted
from the bottom). At the top of the column 658 g/h of purified propene
oxide was withdrawn containing 99.92 % by weight propene oxide, 36 wppm
methanol, 70 wppm water, less than 20 wppm acetaldehyde and 390 wppm
methyl formate.

Example 2:

Example 1 was repeated with the following differences: 1301 g/h of a
crude propene oxide containing 51.3 % by weight propene oxide, 46.1 % by
weight methanol, 2.0 % by weight water, 1200 wppm acetaldehyde and

280 wppm methyl formate were mixed with 80 g/h 0.5 % by weight aqueous
sodium hydroxide and reacted for 30 min at a temperature of 60°C in a
fubu]ar reactor before being fed to the extraction column. The aqueous

hydrazine solution was fed with a reduced rate of 100 g/h. At the top of



Exanpl es 10 Exanple 1: A crude propene oxide
containing 52.7 % by wei ght propene oxide, 44.3 % by
waowioghissnet hanol , 2.2 % by wei ght water, 1500 WPPEP2003/013212
acet al dehyde and 430 wppm net hyl formate was
subj ected to a continuously op@rated extractive
distillation. The extractive distillation was
therdadumedb66ngéh D5 & qlunifriad propenstoxide wasdwptidcawy containing
aving, a separation efficiepcy of 8 t heoretica
985 o, 4 0f s BRE Prigpeng oxteeo a9 woph R0 of S wphBavatgra 8 wopn
Lal . 1 f the crude propene
a%g?%]?e\h]gge fagg '?o%?rﬁgg%@o f?@}ci)bl}%t’ ed fromthe bottom.
Si mul t aneously 207 g/h of a 1.5 % by weight solution
of hydrazine in water was fed onto stage 40 (counted
20 fromthe bottom). At the top of the columm 658 g/h
of purified propene  oxi de-was-w t hdrawn
cont ai ni ng- 99. 92 % by-wei ght propene oxide, 36 wppm
met hanol, 70 wppm water, |ess than 20 wppm
acet al dehyde and 390 wopm nethyl formate. 25 Exanple
2: Exanple 1 was repeated with the follow ng
di fferences: 1301 g/h of a crude propene oxide
containing 51.3 % by wei ght propene oxide, 46.1 % by
wei ght nethanol, 2.0 % by wei ght water, 1200 wppm
acet al dehyde and 280 wppm nethyl formate were ni xed
with 80 g/h 0.5 % by wei ght aqueous 30 sodi um
hydr oxi de and reacted for 30 mn at a tenperature of
60C in a tubular reactor before being fed to the
extraction colum. The aqueous hydrazine sol ution was
fed with a reduced rate of 100 g/h. At the top of WO
2004/ 048355 PCT/ EP2003/ 013212 20 the colum 666 g/h
“of a purified propene oxide was w t hdrawn cont ai ni ng
99.98 Y. by wei ght propene oxide, 33 wppm nethanol, 50
wppm water, 8 wppm acetal dehyde and 52 wppm net hyl
formate. WD 2004/ 048355 PCT/ EP2003/ 013212 21
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Claims 1. Process for the purification of a crude
propene oxi de containing nmethanol and acetal dehyde by

W@ 2@enis3stiousl y operated extractive 5 distillBCT/BPR003/013212

wherein (1) an extraction solvent is fed to the
distillation colum at a poi%& above the feeding
poi nt of the crude propene oxide in an anount
effective for lowering the Gbatmsility of nethano
relative to the volatility of propene oxide, 10 (ii) a
conpound cont ai ni ng an unsubstituted NH2 group and

capa f i ;YA : a ; 0
LG ol 7ossS' F4rCRh B Mdat1aF o e Brobenciaxide containing
boi | methamoil ndnchiagdier detydenby featowlfinpowgieneperdtdée axgractive
fed to t| distillation colum at a point above the
feedﬂhﬁbﬁg?Fﬁmbfwmﬁ@TErude propene 15 oxide or is

S X5 b RS e PRI GTE bEon congm ot

i's w thdr ot abovd ke diegtlind dbimn of cEHeuBRURL pAopene oxide in
positi on above the feeding points of the extraction

sol vent afAll angent cfijeckiyecton dpwemggakhezgolatility of methanol
unsubsti t ut NH2. gr oup. .., The. process of claim1,
‘wherein tHSF%%‘USet‘%FE%e"r?éaﬁlJﬂ&é WoRFPHE BOWE -t han 1

by Wei g1t anESpROAY confskrTRE Sart DASLLREPLURRMH

ace}NgI dj;h?de."{ng 3.C9The Hg?%é.aesgﬁ%hfb%cl a%s 1 Zogrjmg,p and capable
wher ei n t b mraciingdiph @eebe dekydke at ottieacaisdiltdsss tolfan

acet al den§ast |98t ion Phd B deeaus HAYY G betdng point higher

Dhoc ot SOpSAE s HSFaihel BRI A PLpRSIE PEgn cotur

wppm acet atdelppdet a6ve D4/ f6d3he pPodit BF2008/cPdde bPopene
oxide or is admixed with the crude propene oxide feed to the
distillation column and |

(i) a purified propene oxide is withdrawn from the distillation
| column at a position above the feeding points of the

extraction solvent and the compound containing an

unsubstituted NH, group.

2. - The process of claim 1, wherein
the crude propene oxide contains more than 1 % by weight methanol

and more than 200 wppm acetaldehyde.

3. The process of claims 1 or 2, wherein
the purified propene oxide contains Tess than 100 wppm methanol

and less than 100 wppm acetaldehyde.

4, The process of any of the preceding claims, wherein
the purified propene oxide contains less than 50 wppm methanol and

Tess than 50 wppm acetaldehyde.
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22 5. The process of any of the preceding clains,
wherein the purified propene oxide is withdrawn at the
wao o40§83th1e colum. 5 6. The process of any oPCT/BP2003/013212
preceding clains, wherein a mxture of the extraction
sol vent and a conpound contai4d ng an unsubstituted
NH2 group is fed to the distillation colum. 7. The
.process of any of the preceding clainms, wherein 10 the
extraction solvent is_selected fromwater, propylene
Qﬁﬁ%

5gl ycoélie process Rbx3y2

B aprsced Mgred AHSy - 1hg5iedBanol

and et oRidBEahe At PLELEERRAN S 45 Yon B 1HR%oTum.

. process 'o

€ prece

i ng clal s,

conpound cont ai ni ng an unsubstituted NH2 group is
sel ected from hydrazine, hydrazine_ nonohydrate and
6hydr dhe mreresalof sanyoof Tihe prasedsrg 6f atnsai Wieeither ei n

Ty M g
10. JheuRtoaess M, §bupois tfeg & @REURE1 F1HER column.

wherein the nolar ratio of the conpound containing an
unsubstituted NH2 group relative to acetal dehyde is

int
7of t

Egeran e fromO0.5_t 11. _The pr

ocess of any

2. 25.
00858 e RVabTethesPRaCRRING sda i SEGHETE of e

extr aﬂulr %&t??&t‘ﬁ@ﬂgsoﬁ ﬁ@rﬁ]ﬁ'g' ?éﬂgéfed ‘?rBlh‘%vat@FDy?%@%nfas@ ycol,

met hano

contal ne e cru propene oxid

in . fheetherge -propardl 1 2-metifbxy30- pridpardie apd acigserasf thereof
any of the preceding clains, wherein the crude propene
oxi dénd Ppreifeeab i thwakeraqueous al kal i ne sol uti on WO

2004/ 048355 PCT/ EP2003/ 013212 23 and the mixture is
reacted for 1 to 200 m nutes, preferably for 1

8.

10.

11.

12.

The process of any of the preceding claims, wherein
the compound containing an unsubstituted NH, group is selected from

hydrazine, hydrazine monohydrate and hydrazinium salts.

The process of claim 6, wherein
the mixture is an aqueous hydrazine solution containing from 0.5

to 5 % by weight hydrazine.

The process of any of the preceding claims, wherein
the molar ratio of the compound containing an unsubstituted NH,

group relative to acetaldehyde is in the range from 0.5 to 2.

The process of any of the preceding claims, wherein
the mass ratio of the extraction solvent feed relative to the
amount of methanol contained in the crude propene oxide feed is in

the range from 0.1 to 10.

The process of any of the preceding claims, wherein

the crude propene oxide is mixed with an aqueous alkaline solution
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to 30 mnutes, at a tenperature from20 to 100C before
feeding it to the extractive distillation. 5 .13. The
w@r@emssssHf claim 12, wherein the aqueous al kaPCTEP2003/013212

solution is 0.1 to 2 % by meight aqueous sodi um

hydr oxi de. 14. The process of Zlains 12 or 13, wherein

10 the nolar ratio of hydroxide ions introduced with

t he andehesmixdiukal 1heeaatedt fon 1r 80 200 vieinubes herefanably for 1
of th formate , contained in_the, crud ene o
oxi 4807 Sh AiGE & FesEarisnf nom 20, b5 0842 BER ey geeding it
procegsiid ekt di M&kfort he m xture is reacted in

a tubular reactor. 16. The process of claim12,

wherein the purified propene oxide contains |ess.than

50 wppm net hanol , _ 20 | ess than 50 wppm acet al dehyde
I8nd 1188 PROSESS PHOCIIM Het Wpereor mate. 17. Process for

t he ' i.dat Lon I.0 b N, Whi )

ol el FRILAE LOetn P8R 2 X BR N nElnct Baus
hydr ggdiunp@yedxddei n net hanol in the presence of a
titanium silicalite catalyst,' b) the product stream
fromthe reaction step is optionally passed to a

]gres re releas§ ng ﬁgd c thE Pnoduct streamis

hen 'S8 pYIP&FRY ATnC 1E‘F‘e- Papttat'8¥ €180 having I ess

t han +4@ Jﬁ&%?rleéﬁi(%aéf Faahaks Ofbnst ARP3dUCHOWRh the aqueous
over head product contai ning propene, propene oxl de and

met hankdlirensoliutton aebat tvent pruhduanoucbndfameting formate

nmet hano| an V[%5004/048355 PCT/ EP2003/ 013212 24

wat elCONBRineg HhdgrCrude Rropane Srbdmitesd iseimdihg range from 1.

intrqgduged with the product stream being renoved with
t he overhead

=

15.  The process of claim 12, wherein

the mixture is reacted in a tubular reactor.

16. The process of claim 12, wherein
the purified propene oxide contains less than 50 wppm methanol,
less than 50 wppm acetaldehyde and Tess than 100 ppm methyl

-~ formate.

17.  Process for the catalytic epoxidation of propene, +in which

a) in a reaction step the propene is reacted with aqueous
hydrogen peroxide in methanol in the presence of a titanium
silicalite catalyst,

b) the product stream from the reaction step is optionally
passed to a pressure release step, and

c) the product stream is then separated in a pre-evaporator
having less than 20 theoretical separation stages into an

. overhead product containing propene, propene oxide and

methanol, and into a bottom product containing methanol and
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product and the residue remaining in the bottom
product, d) the overhead product fromstep c) is at

woeeasio4ggasti al |y 5 condensed and optional |y prepeme2@sdi3212

any propane present are strigfed to give a condensate
cont ai ni ng propene oxi de, nor than 1 % by wei ght

nmet hanol and nore than 200 wopm acet al dehyde, e) the
condensat avateom26t bp 60F ofs theiltjodat emotiot axf madthaaot i ineroduced

or eced ng "GEATtHE, PUBICELAEr 4o 6y Bl eGNRIL " Bor e Sargead
met hanol tdactd .S
f) all orﬁgg‘gﬁe aﬁ?‘ {th%e{‘éosgta ] %me}érgiﬁw tﬂ?&tcf;ran S eB‘“i‘g}%“Ct’

opti apal | ytheaéweehe@@rprb@jdtyfrmv@rm@)w et 1sastepaedially
to the reaction 15 step a)._18. The process of claim
17, wher eigendensedoandrpprasality prepgheseep any pitpanagresent are

corbi ned gibdenecs 28, G VE TR, Bhodiyied b8 TtingLippepe oxide, more
hydr ogenatdhan P'%db?'vJei 8ht ShePRdrio104nd BBré &hbh t2009wppm

product -optionally -after -partially renoving-water

i's -recyclasdtylalehlide, reaction step a).

e) the condensate from step d) is subjected to an extractive
distillation according to the process of any of the
preceding claims, whereby a bottom product containing
methanol and the extraction solvent 1is obtained, and

) all or a part of the bottom product from step c) optionally
after partially removing water is recycled to the reaction

step a).

18. The process of claim 17, wherein
the bottom product from step c) and the bottom product from step
e) are combined, the combined products are subjected to a
catalytic hydrogenation and all or a part of.the resulting product
-optienally -after partially removing water is recycled to the

reaction step a).



