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present invention relates to a process for the epoxidation of olefins, in
parti cul wo sig7dibe wor ki ng up of the product stream from t RET/EBOEPASE dat i on
reaction. Prior Art FromEP-A 100 118 it is known that propene can be
converted with 10 hydrogen peroxide into propene oxide if titanium

silicalite is used as o@RbEHI%SFOR THE FPORCHATAONI GF RLEFRYSably carried out in
the presence of a water-m scible solvent in order to inprove the

solubility of propene in the reaction mxture. Preferably solvents are
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preferably used as vent . 551t 1s known that the
reaction gpoktidationhredttiien. 20 obtained in the epoxidation reaction and

whi ch consi sts of propene oxide, propene, possibly propane, solvent and
wat er can be separated by a succession of distillation steps, in which the
m xture i s separated in a first distillation step into an overhead product
containin&jﬁpogghe oxi de, propene, and possibly propane, and into a bottom
product 25 containing the solvent and water. The efficient separation of
propene oxide and solvent in a distillation step requires a |arge nunber
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water-miscible solvent in order to improve the solubility of propene in
the reaction mixture. Preferably solvents are used that have a boiling
point between the boiling points of propene oxide and water in order to
15 be able to separate the solvent from the reaction mixture by a
distillation stage and recycle it to the reaction. Methanol is

preferably used as solvent.

From US-A 5,599,955 it is known that the reaction mixture which is

20 obtained in the epoxidation reaction and which consists of propene
oxide, propene, possibly propane, solvent and water can be separated by
a succession of distillation steps, in which the mixture is separated in
a first distillation step into an overhead product containing propene
oxide, propene, and possibly propane, and into a bottom product

25 containing the solvent and water. The efficient separation of propene
oxide and solvent in a distillation step requires a large number of

separation stages and a high reflux ratio in the distillation column.

WO-A 99/07690 describes a process for the purification of a methanol-
30 containing product stream from the epoxidation of propene that also
contains acetaldehyde as an impurity. In this case the crude product

stream from the epoxidation is subjected to a fractional distillation,



WO 01/ 57010 PCT/ EP01/01166 2 in which connection it is particularly
I nportant that nethanol is present in sufficient anount in the overhead

product iwo@i/ERio t 0 achieve a substantially conplete transdgrpgioiies
acet al dehyde to the bottom product. To 4his end the concentration of

met hanol in the overhead product is 5 2-5® wt.% A distillation colum with
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product, ranatRieyedidenbedipassitile eantatativel sanasat nepf theis requires a
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required with a reflux ratio in the range from5:1 to 15:1. The working
exanpl¥s disclose 25 or 50 theoretical trays and a reflux ratio of 1:9 for
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difference in volatilities of propene oxide and methanol can be
increased by carrying out the distillation as an extractive distillation

15 using water or propylene glycol as extraction agent. The purpose of
this extractive distillation is to separate methanol as well as further
high boiling point impurities as quantitatively as possible from the
desired product, namely propene oxide, in one distillation step. This
requires a large number of separation stages and a high reflux ratio in

20 the distillation column. In order to achieve the desired separation
result, at least 10 theoretical trays, preferably 20-60 theoretical
trays are required with a reflux ratio in the range from 5:1 to 15:1.
The working examples disclose 25 or 50 theoretical trays and a reflux
ratio of 1:9 for the extraction distillation column.

25
In the known processes for the epoxidation of propene with H,0, and
titanium silicalite followed by distillative working up of the reaction
mixture, due to the large number of separation steps and the high reflux
ratio the residence time of propene oxide in the sections of the

30 distillation column is long and there are also high concentrations of
water and higher boiling point byproducts in the said sections, and

accordingly the temperature is considerably higher than the boiling



m xture, due to the | arge nunber of separation steps and the high reflux
ratio the residence tinme of propene oxide in the sections of the 30

di still awiooor/soeiourm is | ong and there are al so hi gh concePOT&HYAEI66f
wat er and hi gher boiling point byproductgs in the said sections, and
accordingly the tenperature is considerably higher than the boiling WO
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condi ti on It has now been that, as a result, ere 1s an 1 ncreased
| evel of besorfdany thatadsi enesalt prtbpend soxn dacreéddedwbdverl ahdeabdidary

subst ances containing hydr oxyl groups in the reaction m xture, which |eads
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at the head of the distillation colum and no expensive and
ener gy-i nteagligeitiediomds sarniaftathundert ol euatad qaresywies and swsast age of

t he known pr S i cer, ed i1l further if he titanium,.
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accel erates the undesirable secondary reactions of propene oxide wth
wat er andpdrthei dhstotl hatiogubstuancasl corxpenswg ahg dinergy - igtengiye ¢doltihe
epoxi dation. reactiqn és carried out wwth a suspended titaniumsilicalite
cat al Y8t , U Hen "AYF (tRePKMSRA- processes this catal yst nust therefore be
renoved conpletely fromthe reaction m xture 20 before the distillative
separati on of propene oxide and solvent. The separation of the catalyst at
t hi s poi nThiss dpsadvaotdge by t@rRhiwrapestessesncis bhecerbptgdtst O ifart@r iiéd out
in the presence of the hi?hly vol atil e and carci nogeni ¢ substance propene
oxi de, anBhe&tjtariupeshligalite catalyst used for the epoxidation reaction
passes together with the reaction mixture into the separation column,
15 since the catalyst also accelerates the undesirable secondary reactions
of propene oxide with water and/or with other substances containing
hydroxyl groups. If the epoxidation reaction is carried out with a
suspended titanium silicalite catalyst, then in the known processes this
catalyst must therefore be removed completely from the reaction mixture
20 before the distillative separation of propene oxide and solvent. The
separation of the catalyst at this point is particularly complicated
since the separation is carried out in the presence of the highly
volatile and carcinogenic substance propene oxide, and expensive and
complicated industrial safety measures are therefore necessary. Also,
25 precautions have to adopted in the known processes when using a fixed
bed catalyst, for example by employing filtration, in order to prevent
catalyst abrasion products settling in the distillation column and
thereby causing product losses on account of the catalysis of the
secondary reactions of propene oxide with water and/or other substances

30 containing hydroxyl groups.



conplicated industrial safety neasures are therefore necessary. Al so, 25
precautions have to adopted in the known processes when using a fixed bed

cat al yst wd @ils76ppanpl € by enploying filtration, in order t@dEeediies
catal yst abrasion products settling in ahe distillation colum and thereby

causi ng product | osses on account of the catalysis of the secondary

reactions_of propen xide with water and/or other substances_ 30
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object is achieved by a process for the working up of a product stream
fromthe epoxidation of olefins that contains olefin, olefin oxide,

wat er - gi S§&ﬁe@t°&ﬂ%ﬁé¢in@%hﬁ£g@t and water, by separating this 10 product
stream’in ¢t containing olefin, olefin oxide and
organi c solvent, and into a bottom product containing organic solvent and

wat er, wherein the separation takes place in a pre- evaporator with a
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evaporator with a maximum of 5 theoretical separation stages and 20 to
60% of the total amount of organic solvent entrained in the product
15 stream is removed with the overhead product, the residue remaining in

the bottom product.

This object is furthermore achieved by a process for the catalytic
epoxidation of olefins in which the olefin is reacted in a reaction step
20 with aqueous hydrogen peroxide in a water-miscible organic solvent in
the presence of a titanium silicalite catalyst, the product stream from
the reaction step being optionally added to a pressure release step and
then worked up according to the aforedescribed process without prior
distillative separation.
25
It has now been found that in the epoxidation of olefins with hydrogen
peroxide and a titanium silicalite catalyst using an organic water-
miscible solvent, the losses of olefin oxide in the distillative working
up of the reaction mixture can be reduced if the processes according to

30 the invention are employed.



distillative separation. 25 It has now been found that in the epoxidation
of olefins with hydrogen peroxide and a titaniumsilicalite catal yst using

an organyy@ jWab@l- M sci bl e solvent, the |osses of ol efin egrdePot/mishe
distillative working up of the reactiog mxture can be reduced if the
processes according to 30 the invention are enployed. WO 01/57010

PCT/ EPO1/ i ption.of the invention: The processes according to
the inve ? Ton 9?%% et litable for the epoxidation of olefins
having two to six carbon atons, propene being 5 particularly preferred.
The epoxi dation reaction of olefins according to the invention is described
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met hanol , ethaa§£ ﬂr fert.-butanol, ethers, for exanple tetrahydrofuran 15
or 1,2-di PRATRBSSECRERE- and ketones, for exanpl e acetone. Methanol is
preferably used as solvent. Due to recycling of substances in the process,
the sol vent used nay contain O to 20 WA of water. Hydrogen peroxide is
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whose boiling point is between the boiling points of propene oxide and

water. Suitable solvents include, inter alia, alcohols, for example
methanol, ethanol or tert.-butanol, ethers, for example tetrahydrofuran
15 or 1,2-dimethoxyethane, and ketones, for example acetone. Methanol is

preferably used as solvent.

Due to recycling of substances in the process, the solvent used may
contain 0 to 20 wt.% of water. Hydrogen peroxide is used as an aqueous

20 solution containing 10 to 70 wt.% of hydrogen peroxide. A hydrogen
peroxide crude product obtained from the extraction step of the
anthraquinone process and containing 30 to 45 wt.% of hydrogen peroxide
is preferably used. Propene may be used mixed with propane in an amount
of between 0 and 10 vol.% of propane.

25
In one embodiment of the invention the titanium silicalite catalyst is
suspended in the reaction mixture during the reaction. The catalyst is
then used in the form of a powder or in the form of a suspendable
granular material that has been produced by forming in a manner known

30 per se, for example by spray drying or fluidised bed granulation. When
using a suspended catalyst, flow mixing reactors, for example stirred

tank reactors or recycle reactors, as well as non-flow mixing reactors,



of between O and 10 vol. of propane. 25 In one enbodi nent of the invention
the titaniumsilicalite catalyst is suspended in the reaction m xture

during tRh& §odeid on. The catalyst is then used in the forgpgfpeaop@éder or
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The epoxidation reaction is carried out at temperatures between 0 and 80
15 ©°C, preferably between 40 and 65°C, and at elevated pressures of 10 to 20
bar under an atmosphere substantially consisting of propene. The
propene is used in excess and the residence time in the reactor is
chosen so that a hydrogen peroxide conversion of more than 90%,
preferably more than 95%, is achieved. The amount of solvent used is
20 preferably chosen so as to achieve a ratio of 1 to 5 parts by weight of

solvent to one part by weight of aqueous hydrogen peroxide solution.

Before the working up stage the pressure of the reaction mixture is
preferably released in a pressure release stage to the pressure employed

25 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, the propene
oxide still contained in the gas preferably being removed via an

30 absorption column together with the solvent used for the reaction,

before the compression.



solvent to one part by weight of aqueous hydrogen peroxide sol ution.
Before the working up stage the pressure of the reaction mxture is

pref er ably figh@@sed in a pressure rel ease stage to the pregguwmieniegsoyed 25
in the working up of the propene oxide.7Part of the propene dissolved in

the reaction m xture and possi bly propane is gassed out. The resultant gas
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th t
prg gggyﬁgﬁ%‘% 9@13per€h %%ﬁgggl ﬁget %”%lo?lbe i n se(\)/a@_ﬂeattoge][ ween 20
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renoved W th the overhead product and the residue remains in the bottom
product . dondense the propene oxide together with cooling water from the overhead
product without having to use a cooling unit. The pre-evaporator is
15 operated according to the invention so that between 20 and 60% of the
amount of solvent fed in with the reaction mixture is removed with the
overhead product and the residue remains in the bottom product. In the
operational procedure according to the invention more than 95%,
typically more than 98% and preferably more than 99% of the propene
20 oxide fed in is contained in the overhead product, and more than 90%,
typically more than 97% and preferably more than 99% of the water fed in

is contained in the bottom product.

The product stream from the reaction step normally contains 0.5 - 10

25 wt.% of propene, 0 - 4 wt.% of propane, 5 - 35 wt.% of propene oxide, 35
- 80 wt.% of methanol, 10 - 40 wt.% of water, 0.1 - 8 wt.% of higher
boiling point byproducts, and 0 - 5 wt.% of titanium silicalite
catalyst. This product stream is separated in the process according to
the invention into an overhead product containing 1 - 25 wt.% of

30 propene, 0 - 10 wt.% of propane, 15 - 75 wt.% of propene oxide, 25 - 85
wt.% of methanol and 0 - 3 wt.% of water, and into a bottom product

containing 0 - 2 wt.% of propene oxide, 30 - 80 wt.% of methanol, 15 -



operational procedure according to the invention nore than 95% typically
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solvent contained in the C3 stripper is separated by distillation into a

propene oxide crude product, which can be purified further in a manner

15 known per se, and the solvent, which is recycled to the epoxidation

reaction.

In a particularly preferred embodiment the mixture of propene oxide and
solvent, preferably methanol, obtained from the C3 stripper is worked up
20 further by extractive distillation to achieve as quantitative a
separation as possible of the solvent. In this connection the mixture
of propene oxide and methanol is added to the middle section of an
extractive distillation column, preferably at a point corresponding to
1/3 of the total number of theoretical trays counting from the bottom,
25 and a polar solvent with hydroxyl functionality and having a boiling
point higher than that of methanol is added to the extractive
distillation column at a point above the point at which the condensate
enters, preferably at a point corresponding to 2/3 of the total number
of theoretical trays counting from the bottom. The propene oxide crude
30 product is distilled off at the head of the column and a mixture of
methanol and the polar solvent is extracted as bottom product. The

polar solvent is selected from water, glycols, glycol ethers and



15 known per se, and the solvent, which is recycled to the epoxidation
reaction. In a particularly preferred enbodi nent the m xture of propene

oxi de anwoamrsent, preferably nethanol, obtained from t h®CTERINIEHper is
wor ked up 20 further by extractive dispillation to achieve as quantitative
a separation as possible of the solvent. In this connection the m xture of
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fromthke bptdraer tthachicpens compTiteca ubpaBstjpnoduchei mettiassl lased of f at the
head of the colum and a m xture of nethanal and the polar solvent is
ext r act edpessibdet amephauwith PRel00hshegresataleseParatien otersy andow tader

gl ycol's, glycal ether d. PC PO1 L Xt ures thereof.
The pref e??%eﬁdi‘xpﬁ?ta?lp gﬁlﬁgnf%Q%@?a&]ﬁgﬁfﬁﬂt %&;Oﬁﬁgaosfgtﬁ%e m xture of

vat er and SriARR ionadt RPel Sropehe bxdds eiet the tovekthad pesiictorthet ep wi t hout
further purification. 5 In order to achieve as conplete a separation of the

met hanol msthemassidll productod firthe wiumhep ®f1 oeparpbteretsiers asdpdicarebhixst eps
and with a reflux ratio.of 1-4 is _already sufficient on account of the
conceﬂpraf?BH)SYPVﬁ@?bﬁﬁﬁéﬂéﬁbip&@qw1the over head product, the

mat hemat i cal product of the nunber of separation steps and the reflux 10
ratio typically being 75 to 125. On account of the pre-evaporation

accor di ngoh aadchent mfetitd pne-aaporatiiog according to the invention, according

to the preferred embodiment of the process according to the invention

only a very small reflux ratio for the extractive distillation step is
15 still necessary in order to achieve the desired separation effect.

Despite the two-stage procedure the operating costs for separating the

water and solvent are thereby reduced compared to the prior art.

A particularly preferred embodiment of the present invention accordingly
20 relates to a process for the catalytic epoxidation of propene in which
al 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
25 a pressure release step, and
c) the product stream is then separated, without prior distillative
separation, in a pre-evaporator having at most 5 theoretical
separation steps into an overhead product containing propene,
propene oxide and methanol, and into a bottom product containing
30 methanol and water, 20 to 60% of the total amount of methanol
introduced into the product stream being removed with the overhead

product and the residue remaining in the bottom product,



to the preferred enbodi nrent of the process according to the invention only
a very small reflux ratio for the extractive distillation step is 15 stil
necessar wgd ¢i/996@er to achieve the desired separation effeglor/eddespisse t he
two-stage procedure the operating costsyfor separating the water and
solvent are thereby reduced conpared to the prior art. A particularly

preferred,enbodi ment of the present invention r.di nal 20 t to a
process fg)r t hgh%ﬁvgr%qdcpré?@;dd}q"oﬁp C?)rﬁp@ﬁ?%ﬁﬂﬁﬁanﬁﬁ C{“ﬁ&eisggacpi on
step the propefge iconHERGLEdcoMthhidguesits oRyHnogeterP et bRy idut MetdpanRel i n
the presence of a titaniumsilicalite catalyst, b) the product stream from
t he reaction step any prpaoddiregemassed to 25 a pressure rel ease step, and

c) the productostreanlés t hen ?Qﬁarated, wi thout prior distillative
separation, inYa pfe-evaporat ¥ - hdPRY &t nost 5 theoretical separation

steps knto an gverheag produchtgpg%@bakgg propene, propene oxide and

nmet hanol, and into a bottom product containing 30 nmethanol and water, 20 to
60% of the totab amoudb of newhahgropemnd orideced i nto the product stream
bei ng renoved with the_overhead 0producLI and the residue remaining in the
bot t om product 22WO 01857010 PeEF EPSINY 168N 10 d) the overhead product from
step c) is at |east pgrtialIyw@qpq%ggpdﬁndthe condensat e cont ai ni ng,
optionally after stripping out "propene’ and any propane present 0 - 12 wt A

propene, eH 0 th® dthdemyadpafrem ét‘edp dY 5 sMsuBgevtepene anxdxdeactize - 85 w. %
met hanol and O - 3 WA water, an
10 distillation, wherein
el) the condensate is added to a middle section of an extractive
distillation column,
e2) a polar solvent with hydroxyl functionality and having a
boiling point higher than that of methanol is added to the
15 extractive distillation column at a point above the point at
which the condensate enters,
e3) propene oxide is distilled off at the head of the column,
and
e4) a bottom product containing methanol and the polar solvent

20 is removed.

The bottom product from the pre-evaporator is separated in a further
distillation step into the solvent, which is returned to the epoxidation
reaction, and into a mixture of water and high boiling point byproducts,

25 which is either worked up further or is discharged.

When using a suspended titanium silicalite catalyst the catalyst is
recovered from the bottom product of the pre-evaporator by solid/1iquid
separation, for example by filtration or centrifugation, in which

30 connection the solid/1iquid separation can be carried out as desired
either before or after the recovery of the solvent. A separation of the

catalyst at this point of the process is particularly advantageous since



e) the condensate fromstep d) is subjected to an extractive 10
distillation, wherein el) the condensate is added to a m ddl e section of an
extracti offidid | 1 ation colum, e2) a polar solvent wth fydiPeiwhies
functionality and having a boiling poi hi gher than that of nethanol is
added to the 15 extractive distillation colum at a point above the point

at which e condensate enters, e3 opene ide is distilled off. at the
nead of |t HEE GUOARTE DXtk RJCE MBBRASETIED Ao AREL e B ni WS AbtoPOMRd ¢ ne
pol ar sol yepdady2Bedrt sb4MRtEE - antihPe 05T PIRgRAO HeGli femdit$ R ePEiRereYaRor ator is
separated in a further distillation step into the solvent, which is
returned poacdteorpmdudtitiadnsafedyctihdnh comdidaradlya svimpl ifi@sothevaveraldnd hi gh
boi | i ng poi nt bygr ducts,..25 which is either worked up further or is

di schar ge®MO%®én ’E@imﬁ e% UL AR CPFLiRTIRTSiVei calite catal yst the
catalyst is recovered fromthe bottom product of the pre-evaporator by
solid/l'iquid separation, for exanple by filtration or centrifugation, in
whi ch 30 €egnectii tustirbees ahe dédrking dipsepahat reant tem mbrtwar foed out as
desired either _before or after the recovery of the sol vent ration

of the capabigsdanty PRetersef Mbeinané pf dOBsYIVEST R4} HFEN &r W%QZSQ& ageous
o e R O 1, L IR e AR e B =
requiremerhs raetidehetar @ewds@cﬁﬁéﬁ@skm@u?trsie@hr@t@fdew,thdﬂt_)w consi derably
simplifies the overall process and makes it nmuch nore cost-effective. 5
10 evaporation stage according to the invention into an overhead product 2
containing propene, propane, propene oxide and methanol, and a bottom
product 3 containing methanol, propylene glycol monomethyl ether, water
and high boiling point compounds. A liquid condensate 4 that contains
propene oxide and methanol as well as propene and propane dissolved
15 therein is obtained from the vapour state overhead product 2. The
uncondensed stream 5, which substantially consists of propene and
propane, is returned to the epoxidation reaction. The propene and
propane dissolved in the condensate 4 are stripped from the latter in
the C3 stripper and returned in the vapour state together with the
20 stream 6 to the partial condensation stage. The stream 7, which
consists substantially of propene oxide and methanol and has been freed
from propene and propane, is separated in an extractive distillation in
which water is fed in as extraction agent immediately underneath the
head of the column together with the stream 8, into a propene oxide
25 crude product 9 that consists of more than 98%, typically more than
99.5%, of propene oxide, and into a bottom product 10 that consists
substantially of methanol and water, the water content being typically
less than 20%. The bottom product 10 is returned as solvent to the
epoxidation reaction. The bottom product 3 obtained in the pre-
30 evaporator is separated in a distillation stage for recovering methanol,
into an overhead product 11 that typically consists of more than 95% of

methanol, and into a bottom product 12 consisting of propylene glycol



Fig. 1 illustrates the working up of the reaction m xture for a
particularly preferred enbodi nrent of the invention using a fixed bed

cat al yst yagl,4¥8ighanol as solvent. The reaction m xture 1 gigkpe@difeeom the
reaction after release of pressure is Sﬁfarated in the pre 10 evaporation

stage according to the invention into an overhead product 2 containing
ene oxi de nol, and a bottom _product 3

| , d pet h
Cont ai i nEOTRACKAKbIEthBF ooy REse a8 JHGN BRIMOREPAIN ORRRUNdRar e averheagh

cont _ e 2} ' _ g
oo ol noBhRiuck TP RN Perurfiel 661 AR U AL rdxiditiof Aol o, RhIRERA OX! de

obt ai ned tomrBcthen viapmay opt ddraaldy dreheanbipedduogetizer Wieh thocsiréanskd stream
5, which substantially consists of propene and gé)ropane, is returned to the

epoxi dat i brOW d8et stieam Tie tpe diveRe! egda! ysod pravemat yd optharsi are sepetif@dnsat e

vapour Sst At agRteP el vieroth & PEIRPRY SoPRE  EPGeEr RS, | on

stage. Thetsdameas) 7. ThehvRinfnstadam s4bsbasidtahd ofokatrropaderigki de and
met hanol and has been freed from propene and propane, is separated in an

extract i veotliigwi pointi oemponndswhiishpagaedrfarswasse treai®erit racti on agent

i mredi ately underneath the head of the colum together with the stream 8
into a propene oxide 25 crude product 9 that consists of nore than 98%
typical l ym@;p%w%@ ace&oﬁ%r] & tRE ORGBRL N A% tABChdvahBage BOHIAARUPEPGNEt 10
t hat consi st substantial 'y of nmethanol and water, the water content being
t ypi cdlol ypri@sart hdmat209th#herkong am preoducatid@ o8 thet themaadl asresdasetiv to

the epoxidationp reaction. The botton1$noduct 3 obtained in thg re 30
evapor at o1& $8pA18T a0y 9xidg g s¥hIacked dR EhegEeseicer @t H3EeT Y n&?r}%nol ,

ot o, KA Rl e AL el st LB o of
01/57010 p(&fikPOLIdelbH6secdbRdary reactions in the working up is significantly
reduced.
15
In the preferred embodiment according to Fig. 1 the process according to
the invention also has the advantage that the separation of the propene
oxide from methanol and water can be achieved with smaller reflux ratios
in the columns than in the prior art, which leads to savings in
20 operating costs. With the extractive distillation that is used to
separate propene oxide and methanol there is also the advantage,
compared to the prior art, that the methanol-water mixture obtained in
the bottom of the column can be returned as solvent directly to the
epoxidation process, with the result that no separate distillation

25 column is required to recover the extraction agent.

When using a suspended titanium silicalite catalyst it is possible with

the process according to the invention, in contrast to the prior art, to

separate the propene oxide from the reaction mixture before the recovery
30 of the catalyst by solid/liquid separation takes place. Considerable

savings in the necessary industrial safety measures are possible thanks



nononet hyl ethers, water and hi gh boiling point conmpounds. The overhead
product 11 is returned as solvent to the epoxidation reaction, in which
connecti Qo bi/s76py Optionally be conmbi ned together w th thepsSttpamiids. From
the stream 12 the propyl ene glycol nonojgethyl ethers are separated 5 as an
azeotrope with water in a stripping colum, together with the stream 13.

The remai pi St . ,C i St . of i Ll ings:point
conpounds?oH@Epaggggﬁ#ﬁpdmgggggttgggﬁéﬂ%@ggﬁgéggggggg(§@§E%5 ﬁbgto t he

i nvention nbhecijddvant age conpared to the 10 prior art that in the

wor king up the duration of the thermal stresses to which the ol efin oxide
is subjected in the presence of water and other potential reactants is
substantially shorter and therefore the | oss of olefin oxide by secondary
reactions in the working up is significantly reduced. 15 In the preferred
enbodi nent according to Fig. 1 the process according to the invention also
has the advantage that the separation of the propene oxide from nethanol
and water can be achieved with smaller reflux ratios in the colums than
in the prior art, which leads to savings in 20 operating costs. Wth the
extractive distillation that is used to separate propene oxide and

nmet hanol there is also the advantage, conpared to the prior art, that the
met hanol -water m xture obtained in the bottom of the colum can be
returned as solvent directly to the epoxidation process, with the result
that no separate distillation 25 colum is required to recover the
extraction agent. When using a suspended titaniumsilicalite catalyst it is
possible with the process according to the invention, in contrast to the
prior art, to separate the propene oxide fromthe reaction m xture before
the recovery 30 of the catalyst by solid/liquid separation takes place.
Consi derabl e savings in the necessary industrial safety neasures are
possi bl e t hanks



WO 01/ 57010 PCT/ EP01/01166 13 to the solid/liquid separation in the
absence of the carcinogenic propene oxide. WO 01/57010 PCT/ EPOLl/ 01166 14
Aainms oobkafigss for the working up of a product streanpfigpoibbes

epoxi dation of olefins that contains ol gfi n, olefin oxide, water 5 mscible
organi c solvent and water, by separati %g this product streaminto an

over head product containing olefin, ef.in oxide and organic solvent, and
into a bottom product containing org Jiadms 5ol vent and wat er, characterised
in that the separation is carried out in a pre-evaporator with at nost 5

t heoretical separation 10 stages and 20 to 60% of the total anount of

or gani ¢ slol verftirocess rfodutted waik imgt iye ofr @gurotuctt séeean $romerbbeed with t he

overhead product and the residue remains in the_bo&hoglgrod ct. 2. Process
according to cerRoXAdationnal AdeEinsstbpt oRtAINStHleTis 1RTINHXIER | HAER 1 he
pre-evaporator_i.s. . P §§wac rdj . 0 precedi ng
cl ai mss,le char acmtas'r%i@t%%?ﬁgmgchgw%Fe{;@ﬁgn 50£}strggggartggﬁ$/ﬂ%r Er‘c%cﬁugﬁ 98% and
particularly grebsraibyamaverhidaanpfcofconbei eimgr glefad, adleffim axidde is
renoved 20 with the overhead groduct, and nore than 90% preferably nore
than 97% and 3wk oreanigr s§1venef endbintondriwttemProdustocopEi AR rA9ABEC wat er
is renmoved with.the botto roduc " e t al yt i :

epoxi dati on Ofscg|vgm rfg]di Ha hi cﬂ] .rhcgel}“éggﬁ 3@;?5?%%%é?ep_?’9ﬁ€€1§}"eﬁ (r\?ar§1erd¢act ed
w th aqueous hygr gaeq ppeI&dpdPatdrnwitth QE GRY3iC5 WkieBFetTicati deparspilonent in the
presence of a titanium silicalite catal yst, wherein the product stream
from the reactstmges and 20 to 60% of the total amount of organic solvent

introduced with the product stream is removed with the overhead

product and the residue remains in the bottom product.

2. Process according to claim 1, characterised in that the refiux
15 ratio in the pre-evaporator is at most 1.5.
3. Process according to one of the preceding claims, characterised in

that more than 95%, preferably more than 98% and particularly

preferably more than 99% of the entrained olefin oxide is removed
20 with the overhead product, and more than 90%, preferably more than

97% and particularly preferably more than 994 of the entrained

water is removed with the bottom product.

4. Process for the catalytic epoxidation of olefins in which in a
25 reaction step the olefin is reacted with aqueous hydrogen peroxide
in an organic water-miscible solvent in the presence of a titanium
silicalite catalyst, wherein the product stream from the reaction
step is optionally fed to a pressure release step and is then
worked up, without prior distillative separation, according to the

30 process of one of claims 1 to 3.



step is optionally fed to a pressure release step and is then worked up,

W thout prior distillative separation, according to the 30 process of one
of cl ai myglofioy WO 01/57010 PCT/ EPO1/ 01166 15 5. Procesgmagendiceg to
claim4, characterised in that the olef{mn is selected froma C2-C6 olefin
and is preferably propene, and the solvent is selected from alcohols,

et hers and ketgnes, and i [ f rabl .OCASS rding to
claim 5, hara f%‘?q%e%quﬁaWTcg tﬁ@qﬁ %dgﬁ%'rhacts&gbesae% rPoerﬁl ?h@ﬁr 82@??‘0ﬁgst age
contains: sefldttel - ProRr IEIE oﬂeﬁn%r\ﬁ Asﬂfr@lﬁ@r%13l0pr‘fopen§5 antl. thepr opene
oxide 35 - 80 Wt . % met hanol “10 - 40 wtA water 0.1 - A byproducts O -
5 WA titani umssNenttais tse 1 ecitedl f/mm alqmhol he aphershand @’t@ﬂ@%f[ ahelofh t he
pr e- evapor at or S @6propene O - 10 Wt A propane 15 - 75 WA
propene oxi de PQ% erah?wvﬁ%%v?ﬁr hanol - 3 WA water and the bottom
product. fromthe pre-evaporator contalns 0 - 2 wtA propene oxide 30 - 80
wt A nethanol 15 - 65 wt A water

6. Process according to claim 5, characterised in that the product

stream from the reaction stage contains:

0.5 - 10 wt.% propene
0 - 4 wt.% propane
10 5 - 35 wt.% propene oxide
3 - 80 wt.% methanol
10 - 40 wt.% water
0.1 - 8 wt.% byproducts
0 -5 wt.% titanium silicalite catalyst,
15 the overhead product from the pre-evaporator contains
1 - 25 wt.% propene
0 - 10 wt.% propane
5 - 75 wt.% propene oxide
25 - 85 wt.% methanol
20 0 -3 wt.% water
and the bottom product from the pre-evaporator contains
0 -2 wt.% propene oxide
30 - 80 wt.% methanol
15 - 65 wt.% water
25 0.1 - 10 wt.% byproducts
0 - 10 wt.% titanium silicalite catalyst.

7. Process according to one of claims 4 to 6, characterised in that
the overhead product from the pre-evaporator is at least partially
30 condensed, constituents having a boiling point that is lower than

that of olefin oxide are optionally stripped from the condensate,



25 0.1 -

condense

10 wt . % byproducts O -
Process according to one of clains 4 to 6,

over headgg@%;)@;oi

olefin oxide are optionally stripped fromthe condensate,
PCT/ EPO1/ 01166
distillation. &

in that

reacti on m xture.

10 catal yst that

cataly%ic epoxi

t he prodgﬁt stﬁ
,oin

separat i

t he
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5 thqﬁgkqgnhth§ilicalite catal yst is present suspended in the
. characterised in that
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accordi ngBt o JHOCEES ACKPREINY 1@ Ope @h

silicalite catglystiisy,
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Process according to claim8,
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10 A titaniumsilicalite catal yst.
characterised in that the
fromthe pre-evaporator is at |east partipgppordfies
tuents having a boiliqg point that is |lower than that of

WO 01/ 57010

steps into an QvRiPEatoRr SKiIpke - SAPERILAF NEOrREPRE RS apIUBDE I caxitte and
and 1nto a 25 bottom product containi ng

catalyst that is separated by solid/1liquid separation.

nmet hanol
60% ofl0

15

20

25

30

10.

11.

net hano

and wat er,

Process according to one of claims 4 to 7, characterised in that

the titanium silicalite catalyst is present as a fixed bed.

Process for the catalytic epoxidation of propene, in which

a)

b)

c)

d)

in a reaction step the propene is reacted with aqueous

hydrogen peroxide in methanol in the presence of a titanium

silicalite catalyst,

the product stream from the reaction step is optionally

passed to a pressure release step, and

the product stream is then separated, without prior

distillative separation, in a pre-evaporator having at most

5 theoretical separation steps into an overhead product

containing propene, propene oxide and methanol, and into a

bottom product containing methanol and water, 20 to 60% of

the total amount of methanol introduced with the product

stream being removed with the overhead product and the

residue remaining in the bottom product,

the overhead product from step c) is at Teast partially

condensed, the condensate containing, optionally after

stripping out propene and any propane present

0

12

wt.% propene,

7.

ondensate |s then subjected to an extractive
ﬁé h E 1&: ch:apbw?e’ characterised

ration. 10. Process

changsterisrd 11 ERAF am
Bha&esn fiy the
action step the
hydr ogen peroxide in nmethanol in the
b) the product streamfromthe
and c)

20 to



the total amount of nethanol introduced with the product stream being
renmoved with the overhead product and the residue remaining in the bottom
product , wb) ot/4mi1mver head product fromstep c) is at |east RAVER@EIONL6 30
condensed, the condensate containing, opyionally after stripping out
propene and any propane present 0 - 12 wt. % propene, WO 01/57010

PCT/ EPO1/ 01166 17 -5 A propage,y wt . X propene oxide, 25 - 85
wt A net hanol and OQ{ 3 MPEA water,ﬁgﬁa%gogy%ghe condensate fromstep d) is
subjected to an extridcti v@5 distill atiompropérer ekidegl ) the condensate is
added to a mddle section _of an extractive distillation colum, e2) a
pol ar sol vent with MpdroxPP functi oWhrt MPtAHWIhald ng 10 a boiling point
that is higher than(}hat @f nethanoht.;§m@gpeg o the extractive

distillation colum at a “point abové'the p0|npaat whi ch t he condensate

enters,5 e3) praepene i éendedsstiestron etdepfd) a¢ dubgedteddto®fant betraceivem, and
15 e4) a bottom product containing nethanol and the polar solvent is
removed. 12. Procesdligttbhadiion, wbergisi m 11, characterised in that the pol ar

fﬁg\r/gg; _ I's selected eflr)omtv}\]%t ggﬂdeﬁgytcemig’ao%legctool ae%nhaedﬁg & 1(2) oqEi xhures
extractive distillation column,
e2) a polar solvent with hydroxyl functionality and having
10 a boiling point that is higher than that of methanol
is added to the extractive distillation column at a
point above the point at which the condensate enters,
e3) propene oxide is distilled off at the head of the
column, and
15 e4) a bottom product containing methanol and the polar

solvent is removed.

12.  Process according to claim 11, characterised in that the polar
solvent is selected from water, glycols, glycol ethers and

20 mixtures thereof.



