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WD 2004/ 048355 PCT/ EP2003/013212 1 PROCESS FOR THE

PURI FI CATI ON OF CRUDE PROPENE OXI DE The presg@f/rp2003/013212
WO R0 rel ates to an i nproved process for the 5

purification of crude propenejoxide renoviing met hano

and acet al dehyde inpurities to.levels below 100 ppm

inasingle distillation step and to a process for

the preparation of- propene oxide using such a

puri f i capROIESSSEGRIGHE -PURDF BATROM QFNCRUDE PRRPENEVBHIDEoN

From EP-A 100 119 it is known that propene can be

converted by hydrogen peroxide to propene oxide if a

Thaeasere imueion vaTeSe L 35 v SpfrtEg Plocest ifoeRe 1
pfi#itaton 11::?' @HQ eprférg_@ﬁ@ R 8K ir@Rovipgatettdnby dndi scetaldehyde

process usua contains nore than | % by weight |
jnpoidnes tandevalsebelunlGOEpPpin aceinghelctipdd! fatdan sitge and to

reactions. Depending on the reaction conditi s R ke
acPLRfESHr (¥eh @%?Eﬁf%tRQQ I BEPH?Bﬁtgﬁjﬂng§?h§Igqabréiﬁﬁgjfjcatjon
_gtg{gnounts exceedi ng 200 ppm. 20 Most of the propene

5%9Te is used as a starting material for polyether
--polyols which in turn are used to make pol yuret hane

f oans. Pr%pene oxide for this application has to neet

0 pv renments and the content of

net hanol , acet al dehyde and nethyl fornmate has to-be
bel ow 100 ppm for each conponent. Therefore propene
% AT PStHG S0 W 58 Idolvh LAt UPROpaRe Siahi seldoneertdztaby $iydrogen
has to be further purified and inpurities of nethanol,

pecex ided b ymhepemal oxide (ifed drittaniugt By icRbi Hutls %%ﬁﬁgaﬁ gatalyst.

b . Met , t.ald
B e 7 e PEaSor Bofbsg ot SO 1 Ba bl CBHAy.
o pon o _ . _ ne. b th
GHER giroflnc oxade oBRaleR B A O T e ey
1 lrehpamtghemethame] sl aoré i tthant208nppe apebal dekyde from side

&iﬁ%gg&&&%&%b@ Bgéclg’giilggaéc;n%t{jo%\gnt}\{é\ocrude 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 in turn are used. to make polyurethane foams. Propene oxide

for this application has to meet stringent purity requirements and the
content of methanol, acetaldehyde and methyl formate has to be below 100
ppim 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 methy} 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
WOSAWUEISEn st ages operated at high refl ux ra?{:gg@.}’mosmlszn
This | eads to unecononi cal ingestnent and energy

costs. 5 Numerous nethods have been suggested to

[ t_h ta dauores
thr B0 fe B BE et i FaCReYMpaf ey TeaRe et
Bl WPtIPdargy hashdre pfirsebyratriopestagexioperairad abriygl reflux
oxygenated inpurities. 10 EP-A 1 oog 746 di scl oses
rehtospuihis daedosodmeseaprical civastnesh: anth eRg InEPHaNol

and acet al dehyde by extractive distillation with a

pol ar extraction solvent having a hydroxy

NuEEdUsOREHolY - haVeehddnoseggessbd o ramune amihansl obceted dehyde
acet al dehyde contained in the crude propene o><I .

> oxi.de; .
ardveatdy] Formeter fsem qwepene e deeExbnaghi v d1ghEl 1ation 1s an
purified prope oxide 15 still__contai.n t
Bab ieRRERod Sanaunny Sebetia0d cBURvE RLPEME
.ﬁﬂﬁ["t,p@%spuri fication steps are necessary to achieve
the e€Sired propene oxide purity. EP-B 004 019

di scl oses an alternati-ve to extractive distillation
for the 20 rempval of carh

b Ty g o S ETHE B LR BRI
B, b R0 B SRR oS Py g e

- SeracP@nnéolaeay chaviihg & kedraxgi functfonadiétyr e praspeniealso

oxi de. Liquid conpounds wth an NHZ _group, auch as C
trepoves ipaet arfd thy dcakatiehigelcantaised redha<rudeProggne pxide.

25 d ith NHZ f j | J .
RIS IR A O, PR
flﬂ']‘fegk%ntg‘?ﬁ e deRydd Qné it RafdIoRR NEouAtd dxceedingel00 ppm.

Separate om propene oxide in the same distillation
Feppforedusther, purtid i datciomesitepsoaneanaeessary o paatgventhe
or indication that nethanol can be separated from

_ fasdpedh ProRetfe 08Y0R BEIHGCl osed process. 30 _ All 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
59 -mphes 19t didcdbiexn ahr OrveWaiiRe4td4rBS&tive distillation for the

rf;%/vaElpzo%ogér?blosnfr%2compounds 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 abave
the feed point of the crude propene oxide. Liquid ‘compounids with an NH,
group, such as hydrazine and hydrazine hydrate are fed as such. Sotid
compounds with an NH, group are fed dissolved. in an inert 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.

All the so]vents-disdosed in EP-B 004 019 in column 7 lines 8 to 12 are
of the type that can be easily separated by simple distiliation from
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3 propene oxi de because of sufficient differences in

volatility. Fromthe fact, that there is onl
WOREP048IFf er ence between the volatility of néf?ﬂ’,gﬁ%%mszu

and propene oxide at high progene oxide
concentrations, a skilled person can conclude, that

P S5 pioaSe o3 urfisteit dlffardies FOURIA) fly Sfrom the
fReWN thk® tHaPe dRSbAEM al Iey@ sE11 @spfarbace bebwammthbanlatility

operated at econom cal vi abl e val ues for the nunber
off masithano htand rpropage vxade atefii gk prepang. oxide- eprpeatoaigons, a

l, eaches t hat ueou ol,uti ons_of ,hydrazin e
S%@?'E’%{ Pair Nt Tl §08ntG e st itve %Qgﬁce’fsérd}%gof%’#nﬁaéﬁg 004 019

i ' i y thanol down

BOEE R ST e ARG YTRC RN 7 1A (pebe APIRRNR methan
tor biswidesiradnieved pf deesetiani He) ppnivheoatpjerated ategeonomically
di sclosed in EPB 004 019 sl ow reaction of al&gﬂﬁdest.
wiable vakiges 607 idenpimbes Of SRBYALIEH SkAgR%nRRENYde WSO
the formati on of insoluble products will 15 lead to
undesired deposits in the distillation columm and the
HpoB (45 019 &N eb | tRGchddStRab2quess dohedionsvfahpdrazdne have

for the purification of a crude propene oxide g%
cexta e dii sadvahtages) witerotsedifeg e aeRwvalsots gratalsighyde:

RRetloy pEATBREO TS it o FRadanariCheBtai R, 180 <o
frsBPYAk éfodﬁﬁfélyﬁnfEHéTgPSbéﬁé SRFRNphrFaEatoidn pess disclosed

process has serious drawobacks. Wen operated as a
aERIB 0410191 stdwoneaditioheafti sl dehyees esidil vieddote wicompliete

BpeVah 6 astal dee TSl Ehe orTat an Oh 1B B EATCGHCE L4
fcegﬁ'tghe@ﬁgééé-ﬁngpedl!ip}‘i?g;]w?gggﬁépﬁﬁ?@imégﬁgg o hdgnd the bottoms

pm acet e and

| rapblpdral each and having a purity of not nore than 97

% Therefore further distillation steps are necessary
to purify the propene oxide. 30 The known nethods for

i.f.hcation of a crud open P I
P2 B8 GBS Rl (o B QPRE P R of ¥ @rude propene
Gigbify BLERRESHERITER1 1T b Yisang rand Bquiionp eftfl uexeri@f an
contarning nore than 1 % by wei ght net hanol )
alkaline compound, such as sodium hydroxide, as the extraction solvent.
Although efficient for the removal of methyl fprmatg"py_sagopjfica?ipn« v
the process has serious drawbacks. When operated as a batch distillation
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

WaQom4MsiSaet hanol and acet al dehyde each. Ther efR&ITEEP2003/013212

di scl osed is a process for thg purification of a crude
propene oxide 5 containing re than 1 % by wei ght

2 OF Qa5 Ren e SBIEIER K Ideairah b He0opiRss. than
ldﬁEB@'ﬂtP?@t !aﬁésacbéme]j%e psg&;rr%rgcet al dehyde using only

I St on step. ry of the Invention In
one aspect, there is provided a process for the
ﬁ@éification of a crude propene oxide containing

efers disglased ist 2 praepa donihespurifinatipn o asiryde peopareioxide

et st b loat . r el [ n,. ext fion
SH{taREd ord i) o o7 by pif e 2 ¥ BN BE b
adeialdehiide fe gilieray ppofied prafpdnecoXide deniiming essOthafe 00 ppm
an. amount ~ effective for lowering the volatility of
MEHN0L ANA dess thae 100 pae acetridenyde ysipg Qv pen é?{si;llau@n
dikh) a conpound contai ni ng an unsubstituted NH2 group
and capable of 20 reacting with acetal dehyde at the
conditions of distillation to - form conpounds wth

a boiling point higher than that of propene oxide is
MM@QCMM' tion colum at a point above the
feedi ng point of the crude propene oxide or is adm xed
with the crude propene oxide feed to the distillation

Ircohemspadi tEre(is providecparrbcess for dhe poritication ofa crude
PraBEVE Rk AL B POkt BRERERe PS e sbl vent
and the conpound contai ni ng an unsubstituted NH2
cogtduyousiy sepersbed iextragirive edistadlaldonnathetBbve wherein
AP 1 EBB G0 Lot 38, st Lhe B ARG 35 = point
200 fHovedthd rebAROHGRCP XHRCEHEd BRedéhel oRide 1n%an amount
effective for lowering the volatility of methanol reilative to the
volatility of pr'op.ene oxide, |
(ii) a compound containing an unsubstituted NH, group and capable of
reacting with aceta]dehyde 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
(111) 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.

Disclosed is 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 ata
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5 tenperature from 20 to 100C before feeding it to the
extractive distillation. In another aspect, there is

wbrevdrgsisa process for the catalytic epoxidati parepabioisziz

propene in which a) in a reaction step the propene is
reacted w th aqueous hydrogen 5peroxide in nethanol in

the presence of a titahiun1si|ica!ite catal yst, b)
tengeratock dirof t20e 800 10000 bdRreepeidiag & €D tie extractive

optionally passed to 10 a pressure rel ease step, and

disttldetiroduct streamis then separated in a

pr-e-evaporator having |ess than 20 theoretica
separation stages into an overhead product containing

pr ansther appeitetherols provitut! aprdeess! for thedcatatyticapoxidation

bott om pr.oduct contai ni ng nethanol and water, 20 to

glopropeneria which ot a anount of methanol introduced with -
Ay oalid deacbits SEn ATk Thanara: 1y FEA tee b AdegUS Rydrogen

b

pro dFEFoxi‘a_)aaf rf‘ FelNSIJ1C2H e ﬁi‘@éenf:é ofF 3l ePcdnliuhSs Al cg'l ite

| east parti y condensed ahd optionally propene an
any pabgpast, present are stripped to 20 give a

ondggsate cont%inin proQ%ne oxi de, nore than 1 % by
i ghte REOAUHOISLRERM FHPR theaRearidonpiiePatetoptdenydy, passed to

e) tgiq&%ggﬁgﬁ%?g?{%g%@ :aﬁgd)\ IS subjected to an

extractive dis p as defined above,

cyher ehy probigdtt QEr&inPdYCthenC 98ptiated Jinmat ?@glbaamehtbhehaving
a

extracti on sol vent |s.obta|ned,_and 25 f ) or a
par t Tess €han 6 tbennstdcak isepamationestagps optticoanl overhead .
after arti al [ enovi n mMerisr%%d

| t th .
2 acProfiE: editaint AR ahe bitnehB PRk RS mgthandi, and into a
react" LR eher
| nveDbtith podice piitainfiid WeERIACERP WAL $0780 163! OF the
puri totat amounif of rmethapebpabeoducedewithnthe iroducibrstream being

than 1 % by wei ght nethanol and nore than 200 wppm_ .
acet BRRAVeH el Benaverhead product and the residue remaining in the

bottom product,

d) the overhead product from step c) is at least partially condensed

and optionaily propene and any propane present are stripped to
give a condensate containing propene oxide, more than 1 ¥ by
- we'ight -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 ¢) 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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. viedatitlaty wfi ngthaned e

WD 2004/ 048355 PCT/ EP2003/ 013212 6 wei ght parts per
1)) ] The crude propene oxide is preferabl
w%og%/[%gg Sby epoxi dation of propene with hydr oélg:r?mmomlszu
peroxide using a titaniumcogtaining silicalite
catal yst and a nethanol solvent. The purified propene
j QPN tdhap@tabagd
D R 0T SR Euld Phopels, SR TF T ELe by
obb@imedObyvepoxidathamaelf praupent esisht iairogen peporide using a
acet al dehyde. In the purification ocess t crud
tiEypemeCyitAdeInds swtsag&eeﬁaw ygt @E{]?i mﬁﬁﬁggﬁ S&E‘éﬁ?@r elfe
Gt et ) aci i
o LR ncPafi il el EBut e TEsSCEhar 208 Uppm methanot and
1dk§ tihah atgoonppie busta ldehyde, pprafieraliigy @eshechbr el wppm methanol
poi nt of the crude propene oxide. Suitable as :
apslt lesst than BYIwppmt acgtaldalygeunds or conpound mi xt ures
which |ower the  .volatility of nmethanol relative to
the volatility of propene oxide in mxtures
OPRY bl kOgne ERGdAPRbpedadokhie extsudgédied to a
I@oﬁ@% ?t{?gaﬁ'ﬁgpgg?@agcti c?n sol vgntp preferably hag a
dontirivogs poioperatednexctractiove 80118 atiobt alm the putirackiye

PR ohaa witaney o SODERETS R (o 0ol oAt g olumn at

Pikis S50 AUNFLINNeD DNCERE fiope gy Sorae s

- dxBr&ettionnsdlente e acdnpomndso biy extimposnd minpitires switick  towea the

m xture of several corr;t)onents-that occur int
a

he s
dye tRethe yatatiddbend Bsangee oxide in

o 0w BT g pperer <o AdEnd R Ene pxfiygg fon sotvent.
TRIBATLTS SHRRL hrerepdiSty, hitf QDB FRGOYTREl of more than 50°C

nmet hoxy- 2- propanol , 25 2-rmet hoxy-|-propanol, or a )
Hoi abtaie afpuribiadt pnopeseodxideecsithc anpuuneatentvaf dinejextraction
parti.cular eferred as, t he traction.sol vent,. This
SRRt Pab Lo he AT GhoMsel ERE oM Hiesy 8 tar ound
r : i distillation can be
égg%%g E\s/)\nw’ﬁp%)ﬁ{e ggéébengrﬁéé%?ﬁﬂt@' process streans
obtained in the process for manufacturing the crude 30

ropene oxide for the recovery of methanol and '
ﬁpﬁiw}ejﬁrgﬁd pabedigelie Of 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 particulariy 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 extraétion solvent. Therefore no extra distillation column -is
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of the extraction solvent. Therefore no extra
istjllation colum is WO 2004/ 048355

Wgé%@ﬁ%sl 013212 7 required for the recover fcér{EPZQOSIOI?’ZIZ

met hanol and optionally the extraction solvent from

the bottom product of the extractive distillation. In

rgf i c e, | tion

ilfrBilcten €88 785aRl 365t Befhaidl e 6RE BRI Fine, expragh
s@hvane frroreithd dotta phedidieotlitsiei bttatatbive dodtithationa

poi nt above the feeding point of the crude propene

oxide or is adm xed with the crude propene oxide feed

to.the disti]lation col [ | e_ar

TocisodmetTeahiah hitheSS ot oetlbbERkGaRidalang gomegund
cBhEin ARG RincuRdupsERGItkANIM dridupChd @litiRdy ded alo the distillation

conditions of 10 distillation to form conpounds wth a
cohinii 8 p@oint mbgherthe heeedi hatpodnt ofr bhe imsudkiptepene oxide or

_Sui tabl e f, the i nventive proces: | so,t he |.t

151 adnIKBS ar B By RS B PREe L E ol CR ot F TRfpeo umn.
i . ! d .

SE1fTe, 2 AL OB o MR o RpsPrabe ey o i

afle reaphibye fndesttting aribh tacegerdehydeatgehe apaditiBramil es

for 15 these preferred conpounds are hydrazjn
digeidaL e FortHyaPaRRSLINds it i 1 P LiAGnBTnE. higher than that of

ol BRSO I AP B B et o

thysd %ﬁ‘)@!ﬂd@ef@*med hyidhoxridamitieresnl dit RH, Ghelipais protenated to
particularly preferred. 20 In a preferred enbodi ment
aof N;h@rouy e Rreferrad nanet goreponds lwbeesin Abe iunsubsigituad NH,

5% 35 FTRRLRS OB e TR B OB e B o
tgg%% .‘Hrﬁfgrrsfie?”%@@%gﬁg% 3F¥ %ﬁh%e.sﬁﬁdjﬁt% monohydrate,

i'cu are aqueous razi ne
methyitHydnazine o diviethyl hyadra@irte tand Shydrbyyheeiightas well as

hydrazi ne. Contrary to the 25 _teachings of EP-B 904 .
soits ddesens Kyel asi huiraging is%*%atﬁay@’cg‘éé’rmf 5&#&%@0{‘1@8 or
OHEBLIRET FuFrde” Bthaa e T e RS PREERE S, | "

conpl ete acetal dehyde conversion and no deposits of
i nsol ubl e conpounds are fornmed in the distillation i
Inoh ipneferrachenbodiment &fi the Hoverdiopebdiixkyre of the extraction

- solvent and-a-compound containing an unsubstituted NH, group is fed to

the distiilation column. Preferably this mixture is an aqueous hydrazine
solution. Particularly preferred are agueous hydraziné 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 1h 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
i S |ation colum is preferably chosen so t
“ﬁ’a@é‘”{mgﬁ of the extraction solvent feed WO Itkallmﬁzlagsmmzu
2004/ 048355 PCT/ EP2003/ 013212 g 8 rel ative to the
amount of nethanol contained in the crude propene

. e Dt f
B+fiie L8 3e, b BTG LML, IR o DDA oxice
feed {0k hﬁ1edt~§rﬁgé IFAgn @n1cey 90N Tre amvuetesmizhy cbhlpeum:l

so that the nolar ratio of the conmpound containing a

Goﬁt@m;uﬁsaﬂ vosehstikEwtegr Mmmmfe%q Bhe dastillation cotumn s

S5 SR L AR by n St PR ERo i, Upterning an
drﬁﬁbﬁ?ﬁttueéd 'NH” 'g$@up’f?@‘l agivd t@ﬂ:h@omld'ﬂ@bt@@@t@nlﬁhﬂﬁadamn the

unsubstituted group is fed to the distillation
arade propiee mmqimfeedom: oft theeranget firan Oahdo e ndumbdure of

f ed f h b th
6 RAISCEIAN SODNEntEBENT ALTPBH TG SPTGHN1% el FamsE e M
%@h{) S fbi %o Eﬁ@fcﬁ%fﬁq arE’i)ér?'E:Rl'i 1 ‘EthcoﬁnPSTﬁQHH‘B’F”ghe mixture

nt ai'ni Ng an uhsubsti t ut ed group ative

@Agetisd dabyls fed aretprefordily phosehi satthab hothcess poéferred
the invention the purified propene oxi

RS heatdanoF Lo @Mwaat'@nu 50 btenbrite @ﬁmﬁmitasa Wﬁi;ﬁ.atsu bhe

AR BB o S Erflouh Sy REATRS: 7 i3 utea

&oﬂﬁﬂ*eﬁtﬁf@"c@bﬂw@tﬁh@er&dé'érieeﬁle@.fOpene oxide is

W thdrawn at the top of the colum. In this case the
reflux ratio of condensate returned to the col um
rel Etlve 0 cqondensate wit hdr awn

RUrERTCRE PR RI0ESSS 61 Y B WP%QRfﬁepwa@%d Prapene oxide
‘fsovﬁthd gt&ﬁ foh" B 'd\rg;ﬁh%’déd 2bigh he do?séﬁﬁghl dbove the

perated at an absol pressure from
fﬁ@ﬂen@ pefistslfytisd eatrauttsoh wod venesad rithel campound 5:0nba1 ning an
2.5 bar. 25 The distillation colum used for the

wisubsiktiuked NHs tgnoup: iPsRTersRDY i ies PuriTdedinsopare oxide ds

 PERARST PPk OPAd REFuA I Th ke PO e Plud REtio of

condensate returned to the column relative to condensate withdrawn as
purified propene oxide is preferab] y 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 distillation 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

distiliation column is used that has a separation efficiency of 10 to 30
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crude propene oxide, an extraction section between the
t of the crude propene oxide and th
v@iﬁﬂf"ﬁ)‘%?%t he extraction solvent and a 30 rect %ﬁ%oosmlsnz
section between the feed pointg of the extraction
solvent and the point where the purified propene

t%brdeqn tIaB% aiquoﬁlr ehe APk ypeﬁ'ﬁ &bl 'a?l%:[i {l’r’éb t%gldé‘éc?%ion

I'S USG hat Separation cl ency

S4ex 26D 4nd 48 30 r%@TbrE%ﬁ@@ie@:t??dﬂ%%d Bewmkéﬁcaﬂtms in

in both the stripping section and the extraction
téneCreatnfam aecste'lpar al eod1s§lﬂﬂ1@mﬁc901@rnnz@rt ge gy tray column

LR ITng; Fiser e TRV aHc B STos, YR AR DBl g iapys. The

ﬁ's%ﬂ1%¢oﬁ QY Gmid & ﬂ%osb@\éefnéé@\dsc@lfumhu@m Boﬂ@ﬁ‘andom packings
trays. The 5-distillation colum can al so be a packed

' asoWePrﬂn aanstrivotiredapackingsc lsungsas metateghuzes psckms ugard be

L tﬁﬁfa‘f'?%ﬁ%sg%%nﬁ%aﬁv D o Eeats sHERugissrete
ﬂ‘a?%ﬁ{d?seét“i@%f WARH SKih té?(tpé&‘ﬁbﬁgaf}ecﬂ&? is pr‘eferam y

ction section'i's pre era y designe

dbssgneat @ith afiscret@ trays.further enbodi nent of the
i nvention the crude propene oxide is mxed with an

~aqueous al kaline solution and reacted before feeding

%p&ﬁgﬁkﬁf ﬁ?ﬁé&ﬁ%‘tv&u bétﬁvgﬁ‘@@”ghg ?uﬁeeﬁ%[)b%{b bki is

rﬂ%‘@%ﬁ:haéﬂf%' Lsuss gl k1iipe idti@randdehbtadrbyfore fé&ding it to

to the extractlve distillation is typically in the
thengetrfacbivel distil2ebion. nmheasmapmnetw hetwesm mmwgsthe crude

90Ene T okl b Khel laonn oA gt ie SIS, e FaERlrd e mixture
ﬁﬂgﬁé?@ 2¢Oy leé{qu”ié“)E?ﬁ{EﬂNb? 1n°9F1 Sr%héénfmm 1to

TOXI or so un1 car bona pre erred are

Zﬁ@umﬂuﬁ:eSQQJr‘elﬁEMtﬂyoﬂmﬂElStﬂ G0i wimat@®. Readtizioni tgnﬂerature is
0.1 to 2 Z by weight sodi um hydroxide. The anmpunt
Hpacally ga@@@gstca%gfq ndhe AQYEDYs, allkaline solution is pr‘efer'ably

| Eﬁigﬁlgéq?lgl ¥91§ﬁ§8 Q}fsg%ﬂw@t h%&%ﬁﬁ%ab%%%tggﬁn% i‘gdﬁmpde or sodium

&rbohaten H@taiat‘éﬁrré@ dreea@Boustsodfiufrydydxfder selutions
contained in the crude propene oxjide is

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 jons introduced with the aqueous alkaiine solution relative
to the amount of methyl formate contained in the crude propene oxide is
in the range from 1.1 to 4. The wixture of c¢rude 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 in

- 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 less than 50 wppm', a content of

-
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in the range from1l.1 to 4. The m xture of crude

xi de with the 25 aqueous al kal i ne sol ytj '
prepgéhg #%y reacted in a tubular reactor beforFlettll/]&;}063?013212
feeding it to the distillationy Reacting the crude
propene oxide wth an aqueous al kaline solution

%%@X?Jeﬁd%ﬁ%@g E‘!}%?t(ﬁ% Gt Qh@%jcbﬁ‘cen‘ch@ﬁ ‘ﬁ{e‘gﬁggl formate of

ropenevo yzi'ng | o et hanol
TR NEti: 10'mqa,pp@'uri fied propene oxide obtained with
this enbodi nent of the invention 30 has a reduced
content of nethyl formate. Preferably the anount of

Sl 95 A0 B0 R S e, T e

tal EHRA dali OB prdpeR WG Bk @ledd AVAURASESRXIde and a
%‘c%/ggzcoog?glszlz 1(P aget al dehyagleeof Igss g?ﬂaﬁé?o

widpniwngibidntematatystet Ay inpravedeprocess dasegtates 1U@ -
The .| nvent.i, [ I di ted t d .
USROS B1BadLation;of thesmuentian Fte SBR WERkiig pfofhe reaction

| ngpﬁ%pﬁé‘%otmgmiasb@rgpén%gm@%& REJP mdﬁggmrfﬂa il rfi808 WP

call cat al I mproved procéss I ntegrates

- $dparakehonr sidpsveandliaslow leabr@n refuiremeitnvention into the

wor kup of the reaction mxture to provide propene
oxide of high purity wwth a mninmum of separation

BisSFudRe B Y AR SRR BB s aryied out in the
frRsbn@d ofui tHRafififh sPTRITNES cataBysti drhaumdthiahoT alolvent.

catal yst and a nethanol solvent. Crystalline titanium
silicalites, preferably of the conposition 15

Ti Si 1. wh ds f 0.001 to,0.05 d...
(sl hevEragun B fealythsy PRALETaDIT Ao Ee SonBlTtian
CLDPRET DSl WEFE K01 TFOF O DAF SO0 ohd TRUIAG SO UFFIGR HEL
@osbatiimg strucberd,nkeon as.tibantum st higadtite itapndetitanium

pr.oduced for exanple. according to the process, .
Hidden] Yed2i mresswtable msseatalystsrifer nidien aperi debi ok process

Aoty LOSHRPINARTLRN STBY &SR3 W fay BedfrotuB¥d for example
according to the process described in US-A 4,410,501.

- The methanol solvent used in. the. epoxidation may contain @ fo 20 % by
weight of water due to recycling of substances in 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

Hydr ogen peroxide is preferably use
“g)rq%@@@ssgol ution containing 25 10 to 90 % by m‘?&g{"m”

hydrogen peroxi de. A hydrogeniperoxide crude product
obtained fromthe extraction step of the anthraqui none

d i o . % i
%g@&sﬁlay% S ndkéd 'ﬂﬂt?g)rrgg?riés?r{ &y afﬁ@lxrfﬂe"rbﬁ getwe?rb 0 and

rogen’ peroxide 1S pre used. Ive

5ty dobgeof propandale Peefarabbns the propateokentainef pataeby 5 and

i n net hanol can be used. These al coholic solutions can

e Vol .@paf aropyneso reacti on of hydrogen and oxygen in
presence of a noble netal catalyst and the al cohol.

WD 2004/ 048355 PCT/ EP2003/013212 11 Propene nmay be

145 6fle ESEdineht NP tRe aRehticANtR R dniOh SAtieRetOcatl yst is
50 vol . % of propane. Preferably, the propene contains
suspewtied tn dhd rexgtion mixbirepdapiagethes reactios. The catalyst is

SN e 5 WAL T3 o b
%r?ﬁu’fa‘?aﬁﬁfé?ﬁﬂ T’El’%tfﬁiﬁesalplééﬁ produddaesy %?ﬂmg‘e ThN® waffdP known

a powder or In ormof a suspenda gr anul ar
pext 8¢ £or tdxamp habybsmraypdodngest Fyufdisedried granutabioer. When
known p se, for_exanmple by spray drying or

er )
- ySing A suspasead rakAlYE:-i HHOW TREHIG0RARNORE. JfoEeERdR Stirred

I ) X ors, I td gL
ki artlons, of tRVELE Bt e vet! & RBT SR Wifd rgpetors.
forxexdhpl €acbal & T1bRre@xesm, emdy bel @edk Fowv theaedaet son.

may be used for the reaction. A cascade consisting of
fogasceasiet ponsd stingvoffi anengo riduree oflowamiiag neaactpesyvand a non-flow
m xi ng _reactaor connected downstreamis,preferably

iatng FeBCE Bhera st e, 1 opr et ably dishon 1 he
titaniumsilicalite catalyst 1is used as a fixed bed

over which a mxturé of the feedstock nmaterials is

eandder Ténboddnarity sf the timemtisredhe ntitheidmwsil bdalite catalyst
shaped bodi es that, have been produced in a mann

Inbwed 58ra Jaxed dedeQupfpWBTEY adkbityse G sbe deefstag materials
PN Ale BaPHTSE 1§ theh WRelOTTERE RTACES SHERE 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

- eontain 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 catalyst, reactors with bubble co]umﬁ
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 Tiquid phase

flows through the reactor in down-flow mode.
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contain 1 to 99% of a binder or carrier.material, al
inders and carrier materials being suitable that do

WRAYUEEY wi th hydrogen peroxide or with the Hdgii2e/013212

under the reaction conditionslgnployed for the
epoxi dation. Extrudates with a dianeter of 1 to 5 mMm
are preferably 25 used as fixed bed catal ysts. Wen
using a fixed bed catalyst, reactors with bubble

3 tairSh deGlS : [ e4
B e B o R CHBRELR the
rrasessus s ptundactddovis & Hiirped)bed reactarc aod the 361 gwsihg dlow
node.. Alternatjvely, reactors with trickle bed .
CORATHIONS 1378, Selectelric, e Tugn thecatalySt dind §8 a trickle bed
ﬁﬁgépins a gas phase and a liquid phase flows through
the reactor in down-flow node. WD 2004/ 048355
FRTLERROOS/HPEBd12 12 In a particularly preferred
enbodi nent of the present invention the process is
lgordB@twd,i n a fixed bed reactor and the foll ow ng
flow conditions are selected to maintain the catal yst
whereim a trickle bed 5 state: Gk < 2000 mh and Lip

: e d rifi.C

GaF ot Jospalrael rad L00cREN OB ekt B el hiracusefon rate
finnmi e inotie bowisubliologaebotordidviitied by ttheecross-section of
cross-section of the catalyst bed in n2, L is the
thegeatadl ¥sipdedi  &°. vel ocity defined as the liquid flow

e R L
7h~1r- thE@onBiniublis PFYdRAréact®Rrdivided by the cross-section of the
catalyst bed in m2, )

SR

and

(@) T

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

PL is the deﬁsity of the Tiquid phase in g/cm®,
ol is the density of water in g/cm?,

pyr 15 the density of air in g/emd,

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

Gy is the surface tension of the liquid phase 1in dyn/cm,

W is the viscosity of the Tiquid phase in centipoise,

My 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 13 w(PHII J (Pt), 6L -PGi-s the density- of

t he ﬁaseous.phase in g/cnB, PL is the density of th

wQ fMase in g/cnB, 20 pWis the density (ﬁcngqs/{nszlz
in g/an PAir is the density.of air in g/cnB, Cwis
the surface tension of water #ﬂ dyn/cm wu. is the

RRET S oG] 11 Othei PqHiKE s EoRrHOEcogHTpaRG arfh 901 g
lde\évlé %nﬁhﬁﬂev%élgﬁge?atcéfré) rOPH! wiﬂgf\efﬂé pPaY :{ ‘?namtamed such

poxi dat I on i on |s prefe carri e

ﬂlﬁﬁplﬁfeat:@tmﬂg dmhmetrem@emréfkﬁ th@rc&aommj meathﬂ yls at Teast
bet ween 40 and 65C. According to a nost_preferre

Bbandnbhe moxinufe temperabiira WikHin bhe tqaéabﬁctxb@%ﬂﬁo@p"\ﬁ@t the
4/ P2003/ 013212 13 t d
'@%?’ﬁﬁéiaaﬁQggﬁégd react or equippegeaftkogogfiﬁgrrle

nmeans and the tenperature profile within the reactor
I S mai ntained such that the cooling nedi um
%ngmxadakwnoreadteonow pr@awabhs casrigd peast emy@t%@r‘essures

ot T0 (7 48 s oot arelienably dbd MSaobienpors uSed Tt excess
driacend ?‘Bsio“én?é qg%aﬂk YhBardacesh o4t cRisch! %t?’ %Sf—" a hygrogen

pressures 40 bar, nore prefer
peroxidér op@eesion @fembnenthmmc69$ paeﬂendbéyrmnradthanegﬁzITEs
in the reactor is chosen so that-a h ggfn 10

%‘@ﬂ%‘i@ddem%@m@lﬂ@ 8h HilVABE aisedals poefergbby &hastry Shods to

Ao03Fee 3ot Dol ah t8o R perty bITIE U SQIVEREFOTRE P by
weaght dWaéMﬁ bthy@ifrogéﬁ yenrdxide solatpent by weight of

aqueous hydrogen peroxide solution. 15 In a preferred
enbodi ment of the invention the condltlons for the

]iﬁgxér‘d teh%hﬁ@ocbhgﬂt otfh %he 1nven n teugzghm%gﬁss YoF 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 contaiming methanol and a Tiquid organic olefin rich

phase. To ensure the formation of a second 1iquid organic olefin rich

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

soluble in thé aqueous phase comprising water, hydrogen peroxide and
methanol at the chosen temperature and pressure. Maintaining two
imniscible 1iquid phases during the epoxidation reaction leads 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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' mul ti phase reaction m xture conpr|3|n
LR

propene, hydrogen peroxi de and solvent, are chosen to

ueous hydrogen peroxide rich phase mmmmy&mzu
cont ai ni ng net hanol and a qu#'d organic olefin rich
20 phase. To ensure the formation of a second liquid
organic olefin rich phase the anount of-propene has
to be..selected.in excess of the amobunt soluble in
ﬁh@eré’élfﬁ@ﬁl%sl%feeﬁoﬂﬁéh'% a¥&d §h a @[&%?Brﬂ%o’mﬂﬁan
and nethanol at the chosen tenperature and pressure.
dveirhead productwoontianmirgc phopenk| qpasdilphapespatar i prgpehe oxide and

el PR NED 1 bOBAOPEOGE CEERTRIO, fUPRD: Pger. igher
RATHAEBIOY byBRoREX] SAEN O PERGHEARIe BRIERS Gycol,
el e

preferably réleased in a pressure r stag 0 t’he

unreasiedehyinoger qeroxidehendvpoks 11 yupuspentiée tptapiemesilicalite
oxi de. Part of the 30 propene dissolved in the

qakatystonthe PrerevapatRisssacergding dpathe ioveydseasoless than

WeplsTaLatL s iy RGO ERE PatlhdtiPo P AR s hererabiy

deat éﬁ3§otﬁhath€he’@@é%iﬁﬁﬁat$@ﬁ e 6A4%PPEsponds to a single
PCT/ EP2003/ 013212 14 The reaction mxture is then

dispatlataon istage pnd- ’é\ﬂapemamnglsap@r@hionoeﬁﬁhbats achieved in
e SR sBePiao ﬁe”?%aﬁoe%@s {oRpgraedcet a Fetiux ratio

- o8t k. HT%Hi‘aﬁohe #R6fay 8) 9086 opdiaked TOLRDN rithout

products, such or ex e propyl ene
nefi wacad ﬁnedsmwrinpmeopr@evap@katos ﬁsbbye&mblayl d}hdsen in the
titaniumsilicalite cataly The pre-evaporat or

rasge riiongl 1% tph@SSntfl@ﬂ Bobﬁrhaa qreies E%aﬁm gecomposition of

Fhdiet Botosfle " ke el BRI FRLET 5o SREREN M. Fh BefilEn 20

a&ﬂcsmmfcmer eﬁ&mﬂaftsm et rfeuaril%m ghil peict 96h FliRBRe s
and the remai ning separation effect is achieved in

nefeven wippithg ewrrheath prodectpead éxhepbal@me negadpferiat Hie bottom

i red

SpaletcPeterabbi pofe fon i otire PettenRbDeabes SB8 %t and
modtt f@F?o]?VWeattﬁén '9t§ %ﬁ%?ﬂo?ﬁeﬁ&% $fe 'f@dtﬂﬁs contained

range from 5to less n or er to avoi
ihethenmverheaﬂnpcdduct and preferany, more than 90%, more preferab]y,

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 hydr ogen peroxide . The pre-evaporator is operated
B/ﬁfsﬁtmen 20 and 60% of the amount of sol vent
%9? h the reaction nixture is renoved WYEEAE/013212
over head product and the balange remains in the bottom
product . Preferably, nore than 95% nore preferably,

R b AErEETAeR e « BB 15 o BoAele pelfS oiREES Beo 2 4 ”

WRighb e pPoRHACHX i dan obuo ket &y erbb%/ weBhE otrhﬁ@chag&t MBI € 65 ¥

preferably, -more than 97% of the water fed |
we;lghbmfawa‘eer i A.1He bbtit bynweightiaf. hidhee lpmddngtpomt

stregmfed to,t e- evapor at referabl cont ai ns

ByPsOgiictsy o0 of, 69%&%%9 o1 p YA 1098N heTax %9@@ §Rtl0 % by
ht of propene oxide,

\@%Qﬁ%%%@} r@u&gsl‘raﬁtcﬂo@éne a"}ﬁ&;? 5 to 40 % by weight

of water, 0.1 to 8 % by vvel ght of hi gher boiling poi nt

roducts 0.1 tao5 %b ht hydrogen peroxi de
% gverhepdypioghet fsem tth@ahrq;mvgmr arntSea‘eei&earsysﬁarmﬂy

B85 SABAERAL Sy R O e 3n 1
R S0 by gty o

oductpii o puniy pactdel yzoomdensed andb’;/ha/\rﬂngmdemed
ePatem PasE I weﬁ%ﬁﬂ%ﬁeﬂzhﬁf@%zr“s’aﬁsééor%gwﬁﬁ{ﬂe a'a Eompressor
ﬁf%hé' /@@Exﬁ% pﬁé\%ﬂ e iR b re&&@gﬁdgagitt gﬁdégelzmb@&réd_to the

wei ght o propene oxl
mc@ﬁmn ofr herq:trbpemd stiH dos€id vid bin theightlendateedrel possibly

.1 to 10 % ght of higher boiling point
M‘;QBPB%LP&‘FSPTQ)%E% stoipped tgﬁ'ffmbith%f&ﬂé%tﬁe’rfbﬁr de
1 [ .
G SuPirr Brereatya Bl Bhonst R BT beORIEY S spg partian
d¢ondahsdreast partially condensed to give a condensate

cont ai ni ng propene oxide, nore than 1 % by wei ght
net hanol and nmore than 200 wppm acet al dehyde

f h d [
] BB Ro bt atei el SRR TIRRE theh iR o iR R, b
é‘\labbrﬂdip 38 %art?aﬂ?y%ﬁﬁ%fe%e‘c?%vé FiRsE QR :r gnd @hk Nfaseous

pressure pr evai l | ng In the reaction part an
effdyeniedrowm ttheefirst condenser is condensed in a second condenser

-maintained at & temperature below the temperature of the first

condenser. Preferably the temperature within the first condenser s
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 is 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 lower than that of propene
oxide, whereby the gaseous effluent from the stripper is partially
condensed in the second condenser and the condensate is recycied to the
C3 stripber.
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reaction. The propene still dissolved in the

ondensat e and possi bly propane are preferab
W&%‘,’Pﬂ?f‘éaﬁout fromthe condensate in a 15 C3 st[?/qTﬁ'bPezP(.’:‘mlnu

Preferably the stripped-out 95 is recycled to the
partial condenser. In a nost preferred enbodi nent the
overhead product fromthe pre- evaporator is partially
condensed in a first condenser and the gaseous 20

?ﬁé|cUﬁﬂénsEté%”bbfﬁﬁh%HrB¥_a%OTEH%@SﬁﬁrtH§]T5°G9ﬁﬂéﬁ§¢n"%h@t?%frhead

second condenser mai ntained at a tenperature bel ow
praduet afiremethef préveviporstor . andc opiionsEry sbrigipdnabity inhe

R o DRSR 7 rCSEEo, EsTablgh Bornng 0
SRR B ok, 001 o Bl Bt e

cotitaéntrital essathawtl 00 evppmcmetdaad] dnel bawsstie@r 00 ywppm

reduc&%}and t he energg consunption for Qoolin%_ls
e¥alerhvdeny Ebe bothom gfictha eptrashdensist il atipregolumn a

AR ARghoE cpPaififg seBRARTT Tl Phes Oy pER ORI £

obtefine® constituents having a boiling point that is
| ower than that of propene 30 oxide, whereby the
gaseous effluent fromthe stripper is partially

ondensed.in the second condenser, and, the condensate
ERIER 10 o ok e P RN SEaRPEn i JRAEE, PoByene
P2Q 2 h .at. i nad :
HEOFr TG 22 Drbandil "2 GRUGANT. ProfdfibT, B la lix@hre thereof
Waterpis-pavbjod arr paekbrepdi anahé yexdradtdphngplvent n Tae Gompound

strigﬁer is then subjected to an extractive
-eandarning aoAingebyridgiirgt Nb. gsoumdsi prefarally selected from

i hed i urj.fi e i .
SRAEIRE AL ofbE e, RebhOALAAERS A Sty hydrazine
dridD hydvoxy 1 aeivleadslelYers Ab1ihendaioromueh dddydrazine sulfate, -
extractive distillation colum a bottom product

hasiraging hydrashherisle ehdydnexydaning sitiateol Nusitazine 1s
ﬁgpf§é5¥%%1ytﬁ?eferred.

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 methanoi, 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 1eés 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 ropyl ene glycol, 1-nethoxy-2-propanol,

Eﬁ?-l -propanol, or a mixture thereof WHR(J/EF2803/013212
particularly preferred as the traction solvent. The
conpound , containing an unsubsStituted NH2 group is

R HoP 00 L P B i o
B&ELoRYSh Ryt I P ﬁey@ddgoﬁﬁo?'alig Sr‘efnﬁfé(? B%Eoro%lrJEﬁe F2cycle

hydrazi ne sulfate, " hydrazi ne hydrochl ori

bpyranxid ded o shé feporidatyionastiage. is particularly
preferred. 20 In a nost preferred enbodi nent the
condensate is stripped in a C3 stripper and-the-bottom

AT b1y, LA Hob o protdia BE E RSBt afor o3, réast B by
titstd1tatoipn imtiogdthesat productr@mphagindOfethiaRdh and a bottom

acef al dehyde and essential[y.no propene or propane is
BUASIUEE tcolPE b5 18E wadierachigieberilang| byprodictsconst apagaasted

] i tJj on [ n eQus,: h azihne uti o
o SRR TeRl BB AP0 o Rhe et procuct
ebiained Hantipid Westil 13t RorPdted HedrdtyRPED Dack>ticdehe reaction step
containing | ess than 100 wppm net hanol and | ess than
aberopgne oxibdationie e distw tatdomvateptist peeferpbty dohducted
extractive distilJlation colum 0 At |-east a part
UnRerpPrassHempd ke Breyswee,b ﬁsmféaead%&ttﬁet theetepmerature of

B b POl S ST o EE Nl S 1B UGN,
temperaure i ¢herpid-gvaporlatastand ey €3 oftrtipgerarespectively, In
contai ned in the bottom product of the pre-evaporator

this epnddiere b e ABverddoa ide eendensatiiont keatt of tihe head

B Sy A S S BB, hortor
andeRd Sreshet af® el éﬁé?@y"}%cﬁ:@ﬁéiﬁenﬁ”@ﬁ 2hOQidrRd procedure s

product conprising water, high-boiling byproducts and
ewnsiderabl yoreduged ogen peroxi de. At |east a part,

preferably all of the 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 least 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 is
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 distiliation and the combined streams are
subjected to a catalytic hydrogenation step. The hydrogenated stream is
then subﬁected 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

W& B04948315 on step is preferably conducted undRGT/EP2003/013212

pressure and the pressure is ected so that the
tenperature of .the head prod conpri si ng net hano

i Ra o LR Do diRks Gt Bead tP%‘i%eE?WRFéFWQ ngthanol
The B YT i oqETed BUERLcqEhd RERRORRCSEER) bPhrbfehe

bpoxidetiiono heat the pre-evaporator and the stripper

and the energy requirenent of the workup procedure is
consi derably reduced. In a preferred enbodi ment of the

O T PSR TECbU T B e ot 5. terogeneous
éamythe hyérddengt iore atli & hiylitdtfehoartasd prebsureospi M&dto 30 MPa.
streans, are, subjected to a catalytic hydrogenation

It ds. panticekanl yapieferrethdopeastdgebidhg hydrogenatien step at a

EGRALALIRR R S arp OF BHEL het e SRERARML PovC o 1807
Qﬁtma@' Q@ﬁdi‘égefnhﬁaﬁﬁ"l@'l osreiRahRs ofr PAECHs iMpa25 renoved

before the recycle streamis fed to the epoxidation
stage. In a nost preferred enbodi nent an aqueous

B i SEE AL R St oo

ISP ACNe LIS BIECIEPREFLTE dSboEBIRSE o or

Rl sRh| IRk, i P, agd IrmeFeordu, N agtl rEank] tRraat BuddyeRdred Nickel
to a catal t|c drogenatlon step. The hydrogenat ed
aid Bangy §0 aHehoBu 9P mr@awd)edngtdqpeatm@ ong @ramore of the

ARreBy B BT 5ot PR Lsatn kARt Sl T oanereraly setected

frktﬁh heprabed® Haphort QMBI metia do e adikbeted PR $AD,, Ti0,, Zr0, and
Ero uct is recycled back to the reaction step o

Bpemiaxede puidegacompristngriagé besshl o of I8idr Abedat and Zirsand
era&.g %ﬁ;rled out as a heterogeneous catalytic
V&W h r at a hydrogen partial pressure of 0.5 to
30 NPa is particularly preferred to conduct the

‘hydrogenatlon step at a
The hydrogenation can be carried out continuously or batch-wise e.g., in

@ 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 is 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 distiliation column. The aqueous
alkaline solution is preferably an agueous solution of sodjum 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

09604858 10 Sui tabl e hydr ogenatl on catal yst SPGE/EP2003/013212
sel ected from supported cataly 'conprising one or
nore of nmetals selected fromt e group consisting of

Rh, . Pd .Pt, Ag, .lir,. Fe, Cu, N .and

Aot of 1paign ﬁé{ﬂ'g‘?)“ﬁﬁckselmo%ﬁmtﬁeaﬂ?é@ IBIRE TR of sodiun
f roX7ad Ine1 bl Aanfiudnl

DR ALY OReth T bt bolftated n the
ﬁBa‘l:e‘nmﬂrybs’dimstad therengacfrional b 4car bon and net al
oxi des selected fromS @2, Ti2, Zr2 and A1203

m xed oxides conprising at |east two of Si, , Ti and
fhe MM tigtt e sed e aﬁ@eon;fﬁww%gbéﬁw B o th
§io Blowieg exampTest hod-or a fixed-.bed.. nmethod.” It_is

especially preferred to use a trickle-bed reactor.
The fixed-bed catalysts to be used therein are
Pk 5 bly pellets with a dianeter of 0.5 to 5 nm .
eé@@@rglly 1to 3 mand with a length of 1 to 10 nm
The nobl e-netal content is in the 25 customary range,
referably 0.5 to 5% by weight. In a further
enknt of the epoxi dation process the bottom

d f h d h
B! 8 rrobBR isle EoRERTIPDrR27or By e otk pegpang, bxide: 44.3

Braom ReHma, £ FoRrIRLNT uebr.fon, Vb e Bl Rhde and

430 epps meahyhlﬁomateobms isubjéctedr €4 @ abityi nﬂﬁuﬂgﬂ eperated
sol ut1on of sodi um hydroxi de containing er cent

Bytraet te dislildat terdr Bhe @%tramtévendabtyﬂhateonvwas performed in a

Fo i, B STl BreY Bk vaesaefrs“ééiq”rtaﬁfsre af ey of &0
’ﬁh@fr@ﬁ@bﬁ é?ég’é%' msiarta@ea*hﬁt afeibeb1 e rrEF‘% f&f" B8 Sar and a

contained in th stripper botto e range
refduxiratis. ob 2Thb2ﬂddgéhntoa’gblse arrudm@rp;nmmenm denwastfiednto stage

5\6 (cour?te%p?rgorme%e bot%n?)w 1mu1tEaneousHy zWS/ rrpl e55 % 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, Tess than 20 wppm acetaldehyde and 390 wppm
methyl formate.

Example 2:

Example 1 was repeated with the following differencés: 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
fubular 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 OXi de
%notﬁlﬂgl Nng 52.7 % by weight propene oxide, a/
U488 hanol , 2.2 % by wei ght water, 1500 WPZO 3/013212
acet al dehyde and 430 wppm netdyl for mate was
subjected to a continuously opéerated extractive
dve distillation wa

| St] he extrac

S ol oBR o/M8r phRE fhrdnts odie s Eitoragn contatning
bavigng f e or

st ages tﬁygr@a edbgﬁbe{% gﬁggl nggé%ggﬁ?ﬁe&ﬁf %é‘&g water 8 wppnm
ace’rrﬁﬂemwderamd &20fipn matyd Geérmadé. t he crude pr opene
oxi de was fed to stage 20 (counted fromthe bottom.

Si mul t aneously 207 g/h of a 1.5 Z by weight solution
of hydrazine in water was fed onto stage 40 (counted
20 fromthe botton). At the top of the colum 658 g/ h
of purified propene - oxide was-w thdrawn contai ning.
99.92 g by.wei ght propene oxide, 36 wppm nethanol, 70
wppm wat er, | ess than 20 wppm acet al dehyde and 390
wppm . nethyl formate. 25 Exanple 2: Exanple 1 was
repeated with the followi ng differences: 1301 g/h of a
crude propene oxide containing 51.3 % by wei ght
propene oxide, 46.1 % by weight nethanol, 2.0 % by
wei ght water, 1200 wppm acet al dehyde and 280 wppm
methyl formate were mxed with 80 g/h 0.5 % by wei ght
aqueous 30 sodi um hydroxi de and reacted for 30 mn at
a tenperature of 60C in a tubular reactor before
being fed to the extraction colum. The aqueous
hydrazi ne solution was fed with a reduced rate of 100
g/h. At the top of WD 2004/ 048355 PCT/ EP2003/013212
.20 the colum 666 g/ h of a purified propene oxi de was
W t hdrawn containing 99.98 % by wei ght propene oxide,
33 wppm net hanol, 50 wppm water, 8 wppm acet al dehyde
and 52 wppm net hyl formate. WO 2004/ 048355

PCT/ EP2003/ 013212 21
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wol BB E%X|de cont ai ni ng net hanol and acetal d

d alns . Process for the purification of a crude

a con nuously operated extractive 5 distill F&ﬁMLﬂIZ
wherein (i) an extraction solygnt is fed to the
distillation colum at a point above t he feeding

poi nt of the crude propene Q§Iqﬁ an anount

effective for lowering the volatility of methano

relative to the volatility of propene oxide, 10 (ii) a
conpound cont ai ni ng an unsubstituted NH2 group and
Eapadirécess fogathe RYrihicAt ke okl a6nydR paopangeoxide containing

por | gy BA e AR O i 8, CRETRIRIR AT etAd fafractive

fed tdisthelfbishi ldharénn colum at a point above the
feedlng poi nt of the crude propene 15 oxide or is

admi x&ad-wiarh eKhl@acctﬂgm@oﬁ;verﬁeme fedi tl@ theedistd 11akion column at a

distillat nd i f.i ed

oxi de. | wiRIGE VR O Eracipb A inEabt e wBiB PR opens, oxide 1n
position 3&3%@0&&1:%??&%0& fop! T&ér?ﬁgatt'ﬂg véPat i PR 8P methanol
sol vent an

e conmpound contai ni
unsubst i t uteddiNHR torthepvol®ilThe o;ﬁrpxmaeafmdéal m 1
rejn.the crude pr ne.  oxi de contalns nore tha
we% At SnSOPBAE Cafia TR a8 R bty thippnNH, aroup atd capable

3‘32? iU R S e Lt S

100 wppm r@itshandtionarntsd Fems cbrhmmaQQﬁ\mpénboﬂmg point higher
acet al dehyde. 30 4. The process of a

pr ecedi ng i Bhat aRdrepena ﬁéﬂﬂ.lﬂﬁff@gltpr’thﬁedéﬂdﬂd‘éwn column

containe, L83 bAEE SRSER BRABE be s 53 B Shene
oxide or is admixed with the crude propene oxide feed to the
d1st11Tat1on column and |

(iii):a pur1f1ed propene oxide 1is withdrawn from the d1st111at10n
| 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 less 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
less than 50 wppm acetaldehyde. ‘
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22 5. The process of any of the preceding clains,

eBein the purified propene oxide is withdrawn at the
W84 e colum. 5 6. The process of any of PGH{EP2003/013212

preceding clains, wherein a mture of the extraction
sol vent and a conpound contai rffng an unsubsti tuted
NH2 group is fed to the distillation colum. 7. The
process of any of the preceding clains, wherein 10 the

xtr ' Vgat, S r, | ene
Ty cor B B el YU R B o
and nthe pueificdepropene axdderisf withdrawn sstwehertop8f The column.
‘process of any of the preceding clainms, wherein 15 the
conpound cont ai ni ng an unsubstituted NH2 group is

el ec ' Z] r.at ne .nonohy, and
ﬁydréﬁﬁﬁPﬁﬁggglpg%mg.&gﬁgeg¥%g§égﬂgFT%ﬁ§Vﬁﬁ%ﬁ%ﬁgerein
the naxiittere Sfatheagxeies iy dodante af®d/thffound containing an
containing from0.5 20 to 5 % by me%%ht hydr azi ne.

10. Tsupsbtiadedott, aanpupfis Med gioeshelidigttl Tatien column.
wherein the nolar ratio of the conpound containing an
unsubstituted NH2 group relative to acetal dehyde is

7.][1 t MEhd pRESads! @ﬁ’af?ny?_’oﬁ Qhﬁh pre%_éoh'1rtﬂc_11 cTamsP Whegegnof any

of the preceding cl ai s, erein e mass ratio of the
ext r actheoaxbmactdon sbéeahtr 8 el eetad frome wabemuptromflene glycol,

nmet hapol ,contained in the crude propene_oxide feed is

o " hethitn 2 Pmanth, Sonaeioxycl-propal abaesEies thereof
any o -0 I ms, wherein the crude propene

oxi deérllotsBirar?f(%%BWtjﬁ 1'z\:{#ég&'queous al kal i ne sol ution WO

2004/-048355 PCT/ EP2003/ 013212 23 and the m xture is

reacted for 1 to 200 mnutes, preferably for 1
8. The process of any of the preceding claims, wherein

the compound containing an unsubstituted NH, group is selected from

hydrazine, hydrazine mqnohydrate and hydrazinium saits.

9. The process of claim 6, wherein
the mixture is an aqueous hydrazine solution containing from 0.5
to 5 % by weight hydrazine.

10. 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.

11. 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.

12. 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 tothe extractive distillation. 5 13.

The
WRBEYLE3BY claim 12, wherein the aqueous al kal FGTgEP2003/013212

solution is 0.1 to 2 Z by wei aqueous sodi um
hydr oxi de. 14. The process of C¢lains 12 or 13, wherein

10 th Lar ratjio.of h xdel ntro uced

t he ag'&&e%lb‘ mg&&é iel %’%Gﬁ il ilefoa?-P{’/é"W ¢heP 5%“&&?1?"3’ for 1
of Methyd0 mphutRkS atcﬁnié!‘d Beghura ht}ﬁ‘l 20%%91@6?’8%?0% feeding it
oxide feed is.in the rangé froml .

procets e extriantig diwidnéatidrhe m xture is reacted in

a tubular reactor. 16. The process of claim12,

wherein the purified propene oxide contains |ess than

59 Wopra rﬁ% gg c]%@m'ﬁsswﬁé}%qnw wppm acet al dehyde

and | ess ppm et hyl - -- formate. 17.

Pr ocetle faquedme atleldhg tsoduttmxiidad ilobo & iphpmenght iaqueous
whi ch _&@ln a reaction step the propene is reacted

Wi th ﬁ'ﬁ: h‘i@jrogen peroxi de in nmethanol in the
presence of a titanium silicalite catalyst,' b) the
product streamfromthe reaction step is optionally

phssethd proceyseoswiaine!i2ase 13t efherail c) the product
streamis then separated in a pre evaporator 30

haV| nthe gedar wahie®Tt hetnoside dions eipdraduced withgbise mquenué
d t t
ana HIKITAE RPN refrtifeckcl Bl aRBURE of RS nfanjats

=

i nt r obuded

15, The process of claim 12, wherein

the mixture is reacted 1in 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 less than 100 ppm methy?

SRR formate.

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

a) in a reaction step the propene 1is 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 ﬁethano1 and
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with the product stream being renoved with the
overhead _product and the residue remaining in the

Wbt¥E M oduct, d) the overhead product from sREER3003/013212

is at least partially 5 condeq?Fd and optionally
propene and any propane present are stripped to give

a condensate, contai.ni pr.ogen i de, r than .1 %

by wei ght W@E(ﬂ‘an% té?nﬁ&w eailengﬂggzﬁo@mwﬁf’? metpxano] introduced
acet al dehygesh eheat '

subj ected t gt anhgﬁ?ggﬁggpé%%ii@q)?k'ﬁ%\t%?oﬁ%yc?%? Oﬂvrelahead

to the propesiucdfamhyhefreshdue pemeiedngginckthe mwitom product,

wher e a bottom product contai ni ng nethanol and the
extr agi/i on‘b-g%ﬂyﬁ eadsPRUSE @M sk £) 18 Bt deasgt partially

f the b ' |
ar ti 5l 1y EanaeHsed eal, SHIBhaTSnlinel®, A by brgledeGhresent are
15 step a)stiippedhtny piwveassomienshiti BbAta1nE PPoPeridBxide, more

bottom product fromstep c) and the bottom product
from step tgn dr & yowsididdmethasot aindi meng phard 360 svppme

subj ect ed é&r%;é%}?d%t al ytic hydrogenation and all or a

part of.th I’y product -optionally -after

-partenl | yike conifisate -MiestapSd) &Y SliPRcted t8Can extractive

reaction step ‘a%. ) ‘
distillation according to the process of any of the
preceding claims, 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).

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



