1 8 JAN 2006 1 Method For Producing Propylene Oxide 5 The present invention
relates to a process in which propylene oxide is prepared froma

hydr oper oxi de, preferably hydrogen peroxide, and propene, where part] BfiAN @&
unreacted propene is recovered by nmeans of an appropriate procedure and is
returned to a reaction of propene with hydroperoxide. 10 In processes in

whi ch m xtures of an al kene and oxygen are obtained, it is frequently
desirable to separate all or some of the al kene fromthi's m xture and, for
reasons of process economics, return it to a stage of the process. A problem

~which arises in such pr t nof i gnitabl e m xtures which
of course have to be avg‘&ﬂgﬂgiﬂﬂgf‘”ﬁ\cf“ ‘i"BM ?9&‘6‘!—?3 for safety reasons. 15
A process in which this problemoccurs is the preparation of .propyl ene

oxi de, an inportant intermediate in the chemcal industry, from pr opene and

hydr ogen s pe’[‘Hé‘RPe%entQﬁ"vbﬁ‘t%ﬁ Ras 1 2 Yitoblss QYL Prsplylen? SIS iPpROGRY.
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m xt ur e ,Qf opene and o0x n. .This repr nts _a,saf et
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preferably net IS 1 nt uced to suc oncent atlon
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concentrati og Riaveiiedhndbh 81 Biretinitgnck$ fd1Qate@P@BEordsn t he ignitabl e range.
Furthernpre, this procedure requires a liquid absorption nmediumby neans of

whi ch t he propene is scrubbed fromthe lowboiling fraction to be fed to
the absor pti Arpraesne.in which this problem occurs is the preparation of propylene oxide, an

important intermediate in the chemical industry, from propene and hydrogen
peroxide. During the work-up of the product in this process, unreacted propene is
preferably separated off from the product mixture from the epoxidation and is
20  reused as starting material in the process. When the propene is separated off from
the product mixture, it is frequently accompanied by other low-boiling components
which are likewise present in the product mixture, including oxygen. The oxygen
is usually concentrated in the propene and reaches a concentration which leads to
an ignitable mixture of propene and oxygen. This represents a safety risk in the
25 separation.proccss which must not be underestimated.

To solve this problem, EP-B 0 719 768 proposes carrying out the separation of
propene from the low-boiling mixture in an absorption zone. In this, an inert gas,
preferably methane, is introduced to such a concentration that the oxygen which is

30 likewise present in the low-boiling mixture is diluted to a concentration at which
the mixture is no longer in the ignitable range. Furthermore, this procedure
requires a liquid absorption medium by means of which the propene is scrubbed
from the low-boiling fraction to be fed to the absorption zone. '

35 Accordingly, two additional components, viz. the inert gas and the liquid
absorption medium, have to be used in the process just described for the



" 35 Accordingly, two additional conponents, viz. the inert gas and the liquid
‘absorption medium have to be used in the process just described for g hey Job
JAN 2006 -2 epoxidation of propene using hydrogen peroxide in order to -
separate off or recover unreacted propene while avoiding the formation of

fl ammabl e gas m xtures. This process i3<“Therefore encunbered by increased
costs and increased 5 conplication in terns of apparatus for the use of the
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a solvent in the presernce of a zeolite catalyst to give a mxture (M),
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oxide, which comprises at least the following steps:
15 ‘

(2) propene is reacted with a hydroperoxide in a solvent in the presence
of a zeolite catalyst to give a mixture (M0), where the mixture (MO)
comprises propylene oxide, solvent, unreacted propene, unreacted
hydroperoxide and oxygen,

20 (b)  the propylene oxide is separated from the mixture (MO) so as to give
a mixture (M1) which comprises unreacted propene and oxygen,

(©) the mixture (M1) is brought into contact with a liquid medium
comprising at least a solvent to give the mixtures (M2) and (M3},
where the mixture (M3) comprises part of the unreacted propene

25 and oxygen and the mixture (M2) comprises solvent and residual
propene, and
the mixture (M3) which has been separated off and comprises
unreacted propené and oxygen has a ratio of oxygen to propene such
that the mixture (M3) is not ignitable, and

30 the mixture (M2) is fed to at least one reaction of propene with
hydroperoxide.

The separation of a mixture into at least two fractions can, for the purposes of the
invention, in principle be carried out by all suitable methods.

35
For the purposes of the present invention, the separation of an essentially liquid
mixture is preferably achieved by means of at least one distillation column.



30 the mxture (M) is fed to at | east one reaction of propene with
hydroper oxi de. The separation of a mxture into at least two fracti qrgs nemps
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sui tabl e met hods. 35 For the purposes of the present invention, the
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preferably carried out using. an™absorptlion colum”.

essent i al | yinyeriim, preaerably arigd Ryt M§INE IR0 aBIPTPI@N eQJREWN- i s scrubbed,
generally in countercurrent, with a |iquid nedium (absorption mediun), so

that th si red gas conponent is absorbed c letely or partially by the
absor pt %ondﬁ‘n'é'b% R E35g0iL g%“f"ﬁ%“’é’b"l“[ﬁwﬂoi”&&e&*ng‘ﬂg hc‘ﬁﬁ’@na%%ﬁ’uﬁp?f%n

medi um  ThegegiafallyGo Thamertuti@ht, wWithcd lifeid /maliemabsopgeh abarib)esh tantleeave the
col um vi a(? fu‘ijt her 10 suLtabhe ﬂe&/i ce. .| theﬁjproailg(sg o% tl’liei resent

i nventi on, T9TECY S  CORRAPENG A5 ABRURTY complctelys BF pagally by e | 056RiORedi um i s
propene. Thmaedimouatd déaves aherelunn cdgeiler abilo the dbbyrptibe médigmi Theeglisum
(absorption | -i i 0 ntroll ed via all
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absorption colum which is in a range fromO0.5 to 3 bar, preferably in the
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the absor ptindhe PEesesmpfl thetnresen invieptiom dhe desyredrgas Fompogersoe, bepptspibedbl y i n
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art, for example via the amount of absorption medium or the pressure in the

absorption column which is in a range from 0.5 to 3 bar, preferably in the vicinity

of atmospheric pressure. Control via the temperature prevailing in the absorption

column, which is in the range from 0 to 60°C, preferably in the range from 25 to
20 40°C, is also possible.

For the purposes of the invention, the parameter used for controlling the amount of
propene which is absorbed by the liquid medium (absorption medium) during
scrubbing of the gas is preferably the amount of absorption medinm used.

25
Preference is given to only part of the propene present in a gaseous mixture, known
as the residual propene, being absorbed by the absorption medium in the
absorption column or columns, so that propene is still present in the gaseous
mixture remaining after the scrubbing step.

30

The liquid medium (absorption medium) used for absorption in the process of the

present invention can in principle be any liquid medium suitable for the absorption

of propene. Such media include, for example, all solvents which are known to

those skilled in the art and are suitable for this purpose. Accordingly, it is possible
35 to use, for example, the following solvents as absorption media:



25 Preference is given to only part of the propene present in a gaseous
m xt'ure, known as the residual propene, being absorbed by the absorﬁtaimmﬁ
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pol yol s, ref er a8 Yse having | ess than 6 carbon atons, ethers such as
di et hyl ether, tetrahydrofuran, dioxane, 1, 2-diethoxyethane, 10

uch a5 di ot nyl PSH RS TR AR R BB O done,

ket ones such as acetone, nitriles such as acetonitrile 20 - or m xtures of
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pur poses of the Invention is om a
precedil¥y procesdmatkexyettngl.has to be able to absorb 25 at |east part of
t he unreacted propene fromthe gaseous m xture (ML) with which it

- esters such as methyl acetate or butyrolactone,

- amides such as  dimethylformamide, dimethylacetamide, N-
15 methylpyrrolidone,

- ketones such as acetone,

- nitriles such as acetonitrile
20
- or mixtures of two or more of the compounds mentioned.

The absorption medium used for the purposes of the invention is preferably a
liquid medium arising from a preceding process step. This has to be able to absorb
25  at least part of the unreacted propene from the gaseous mixture (M1) with which it
is brought into contact in the absorption column during scrubbing of the gas. The
liquid medium in question particularly preferably comprises at least one solvent

used in the process of the present invention.

30 For the purposes of the invention, the mixture (M1) comprising unreacted propene
and oxygen is, in step (c), brought into contact with a liquid medium (absorption
medium) comprising at least a solvent to give the mixtures (M2) and (M3).

In this process step, unreacted propene is removed from the mixture (M1) by the
35 absorption medium and is subsequently returned to the process of the present

invention. The amount of unreacted propene removed in this step is limited by the

requirement that the mixture (M3), which remains, must not become ignitable.
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Basi cal |y, VHENigten auls ia wiprapagating 5eashol ng  ypper 1 miting

concentlsati ons of a conbustible gas or vapor in adnmixture with air (or
anot her. OXY%gﬁaggf‘ﬂl%'ighi%%nqms #3%&1"? erV\AHdCIEl?ﬁep in%ﬁﬁ%(déﬁ&%)a(i@sr of h xture
can be ignite /> heating (1 gnition enperature) or By neans of a Spark.
The i gni ti cipmbusiible gas er vepseng eAmixdwreyidl gifr(er another oxygen-containing gas)
between which the gas (vapor)/air mixture can be ignited by heating (ignition
temperature) or by means of a spark. The ignition limits are dependent on pressure
20  and temperature. They are specified as concentration of the combustible gas, vapor

or oxygen in % by volume or glm3 for an initial state of 1 013 mbar and 20°C.

The ignition limits of a mixture depend essentially on the composition of its main
components. Listings which may be mentioned by way of example of safety

25  parameters of combustible gases and vapors may be found in the following
reference works: Coward & Jones, US Bureau of Mines Bull. 503 (1952); Nabert
& Schon, Sicherheitstechnische Kennzahlen brennbarer Gase und D#mpfe,
Deutscher Eichverlag, Braunschweig (1963).

30 The present invention therefore also provides a process as described above in
which the concentration of oxygen in the mixture (M3) is less than 12% by
volume, preferably less than 11% by volume, particularly preferably less than 10%

by volume.

35 For the purposes of the present invention, it is of course also possible to use
propene containing up to 10% by weight of hydrocarbons other than propene.



20 and tenperature. They are specified as concentration of the conbustible
gas, vapor or oxygen in %by volune or g/nB for an initial state Of1pJ(RHﬂﬂﬁ
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principle, all hydroperoxides known to those skilled 1n the art can be used
for the purposes of the present invention. Details regarding the

prepar a§i ofn pincipl ratipleydvapatosides khdwen po elfiese rsikillddyiar thp artocandesusedyfobe f ound
in DE-A

the purposes of the present invention. Details regarding the preparation of
hydroperoxides or the preferred hydroperoxides may be found in DE-A
19835907.1.

20 However, the process of the present invention is preferably carried out using
hydrogen peroxide as hydroperoxide.

Furthermore, the conversion of hydrogen peroxide in step (a) is preferably in a
range from 70 to 99%, preferably in a range from 75 to 98%, particularly
25  preferably in a range from 80 to 95%.

Accordingly, the present invention also provides a process as described above in
which the hydroperoxide is hydrogen peroxide and the conversion of hydrogen
peroxide in step (a) is in the range from 80 to 95%.

30
For the purposes of the present invention, it is in principle possible to use all
solvents which appear suitable to a person skilled in the art. For example, solvents
used may be

35 - water,



19835907.1. 20 However, the process of the present invention is preferably
carried out using hydrogen peroxide as hydroperoxide. Furthernore, f ? 05
conversi on of hydrogen peroxide in step (a) is preferably in a range %rzr%)
70 to 99% preferably in a range from 7§ to 98% particularly 25 preferably
in arange from80 to 95% Accordingly; ‘the present invention also provides
a process as descri bed above in which the hydroperoxide is hydrogen
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skilled in the ape¢ntardg, exanpl e, solvents used may be 35 - water, 1 8 JAN
2006 7 alcohols preferably | ower al cohols, nore preferably al cohol s havi ng
| ess n 6 caraon atons, for_exanple net hanol et hanol , propanol s,

but anol pent afigisor 15’1¥01&|R5?f§f45’ﬂ;§’€ﬁ‘§/8@‘§ng lssethap frgagbam@emshavi ng | ess
than 6 carbon atons, ethers such as di et hyl ether, tetrahydrofuran, dioxane,

1, 2- di et hoxyet han t hox noI esters such s. met hyl acet ate or
but yr ol act ohe, ﬁtsﬁlésgugg‘s@ﬁ dg%% ?rhﬁtf%?'mrﬁﬁ digrans Hy+-diethoxyethan
met hyl pyrrol i dongsméthoxye@mones such as acetone, - nitriles such as
acetonitrile - or mxtures of two or nore of the conpounds nentioned. 20
Met hanol is preferably used as solvent for the purposes of the invention.

10 - esters such as methyl acetate or butyrolactone,

- amides such as  dimethylformamide, dimethylacetamide, N-
methylpyrrolidone,

15 - ketones such as acetone,
- nitriles such as acetonitrile

- or mixtures of two or more of the compounds mentioned.
20
Methanol is preferably used as solvent for the purposes of the invention.

As zeolite catalysts in step (a) of the process of the present invention, it is in
principle possible to use all zeolite catalysts known to those skilled in the art for
25  such areaction.

Preference is given to using zeolites in which iron, titanium, vanadium, chromium,
niobium or zirconium is present.

30  Specific examples are titanium-, germanium-, tellurium-, vanadium-, chromium-,
niobium- or zirconium-containing zeolites having a pentasil zeolite structure, in
particular the types which are assigned on the basis of their X-ray diffraction
patterns to the ABW, ACO, AEI, AEL, AEN, AET, AFG, AFI, AFN, AFO, AFR,
AFS, AFT, AFX, AFY, AHT, ANA, APC, APD, AST, ATN, ATO, ATS, ATT,

35 ATV, AWO, AWW, BEA, BIK, BOG, BPH, BRE, CAN, CAS, CFI, CGF, CGS,
CHA, CHI, CLO, CON, CZP, DAC, DDR, DFO, DFT, DOH, DON, EAB, EDI,
EMT, EPL, ERI, ESV, EUO, FAU, FER, GIS, GME, GOO, HEU, IFR, ISV, ITE,
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VFI, VN, VRESARE TGN, YIG: 1, 4UH- Bor Otr-ﬁrtemamdd irDthe Mrocess sﬁthutptaseaS
derived fromt t he oveng on tructures al so
concei vabl e™f Sn ﬁ"ﬁgér ttltapléljrrllll'ﬁ%%%on B lrtle ‘gglg iP5 P n HHSH?%%restP?SI?ct ure
| TQ 4,108SZhadvdng theMMSM-48T-A8Ma 2rstmuctre.Cl T-5 to be used in the process of
the present invention. Further titaniumcontaining zeolites which nmay be

mentioned are those 10 having the ZSM 48 or ZSM 12 structure. In the
process of khéegpreessstofj th aWesesh InsnHER: RigEECRcS i§i Rixen £ ugidEnbi Z9olifesol i t es

having an MglvingVk MFI, N[BEQ)I%@&@HFHMEEEM&HEFFM&*SPEEEW dxiatnpesadipl es of
preferred zeok

s are the Tj ntalmn Jite catal ysts which are
general |y 1B¢ eé]f’egr Feliteso AR tﬂ‘el'glolconta‘q’g imo?‘tel'§a ySt%r%l“‘élP e T5ensEly; ¢ es
havi ng & f r&f@va o asstTSALUFES25p D8 3pasd WsbhT] Zeclited hdvéng a framework

structure isomorphous with B-zeolite. ’

The present invention therefore also provides a process as described above in
which the zeolite catalyst is a titanium silicalite catalyst, in particular a titanium
20  silicalite’ catalyst having the TS-1 structure.

Further details regarding the catalysts which can be used, in particular zeolites,
may be found in DE-A 1010139.2.

25  The mixture (MO) arising from step (a) consists essentially of the following
components: propylene oxide as desired process product, solvent, unreacted
propene, unreacted hydroperoxide and oxygen.

Further components which may be present in the mixture (M0O) are water and,

30  depending on the propane or hydrocarbon content of the propene used, propane
and further hydrocarbons, where the compounds referred to as “hydrocarbons” are
of course different from propene.

In a further step (b), propylene oxide is separated from the mixture (MO) resulting
35 from step (a) of the process of the present invention so as to give a mixture (M1)
comprising unreacted propene and oxygen.



The present invention therefore also provides a process as described above
in "which the zeolite catalyst is atitaniumsilicalite catalyst, i M8 JAN 2006
particular a titanium 20 silicalite catalyst having the TS-1 structur%;
Further details regarding the catal ysts,which can be used, in particular
zeolites, may be found in DE-A 101013972. 25 The mixture (MD) arising from
step (a) consists essentially of the follow ng conponents: propyl ene oxide
as desir ed Preotspsration of peopylens! wdde froontheanixgate (MM padehe fimthenstoeldup

hydr oper oxi n t - [ M./se i.h the
Xt ure (VG GR7 SRl KaRThonbHs peterf AMMENAS MR RE SRorae G-fRtficsdd, (1
content of HKeNtipng peEsferabibegarrigd (s MecAFME o ot of el flloaying fwo RUBesss t he

conpounds refRhisedizt Gariint 1 Andrafkaklons” are of course different from
propene._  In a further step (b), propylene oxide is separated fromthe

m'xtureS(ND) resulting 35 fromstep (a) of the process of the present

i nventi on SThe’6 tivo @irlaftsa whidl Wfe s¢HelmaticalyTRhden g Rigure ac (efiapf QE@H@ and
oxygen. 1 ﬁF.JAN%Z&OG -9.The e(g_}ebr?t.i gntlaﬂf Propyl ene oxide fromthe m xture
(M) and t HESRT HaPaisth g sesatoep i agal belos nponent s present in (M) s,
for the purposes of the present invention, preferably carried out according
to one of t ﬁiin?lllo""" ng two process variants, viz. variant 1 and variant 2.

5 These two variants, which are schematically shown in Figure 1 (variant 1)
and Fil§ure 2 (variant 2), are described in detail below Variant 1: 10 A

preferred nethegrMaledtd dvarfahf 1, Hg. Of) SERBpAAAMY off thd ProgRidRYbARE OXi de
conpri ses fraﬁ(}?j onat i [?g t_h(éavagr oduct gn‘j x)t ureélfgron%r%he mai E %c?oér) ?1) in a
col umm  ( 2)CORMIERS HRPEQMAHDE i PROREC EYE fFPmR dircmain feagtor o) di peolmipp
fraction and)ahiot diesolyffoRews eie mifkerehabt OINth o & €0p friciivntdhe Lo (2) ,
viz. mxt urf?acgilt\)/r? ’)fhe 88&2915' f2action from the column (2), viz. mixture (MO0’), comprises
15  solvent, unreacted hydroperoxide and water. The top fraction from this column (2)
comprises mostly propylene oxide, unreacted propene and oxygen and is passed to

a further column (5).

The top fraction from this column (2) may fuorther comprise small amounts of

20  solvent. In the process of the present invention, the top fraction from the column
(2) preferably contains less than 60% by weight, particularly preferably less than
50% by weight, of solvent.

In column (5), the propylene oxide is taken off via the bottom fraction and, if

25  appropriate, subjected to further work-up steps in which the propylene oxide is
separated off from the further components present in the bottom fraction, e.g.
solvent and water, and purified.

In the work-up of the bottom fraction from column (5), it is also possible to
30  recover the solvent and reuse it in the process. The recovered solvent is preferably
returned to step (a).

The top fraction from the column (5), viz. the mixture (M1), consists essentially of
unreacted propene and oxygen and is passed to the absorption column (3) for
35  further work-up.



15 sol vent, unreacted hydroperoxi de and water. The top fraction fromthis
colum (2) conprises nostly propyl ene oxide, unreacted propene andllcqqﬁms
and is passed to a further colum (5). The top fraction fromthis coll

(2) may further conprise small anounts (2:‘ 20 solvent. In the process of the
present invention, the top fraction T 8% the col umn (2) preferably contains
| ess than 60% by wei ght, particularly preferably |less than 50% by wei ght,

of sol vent In the absdrpiion calumit (39, the @psdovs sninturalEMil yistsakbed ffithvpat otedl bot t om
fraction a I [ . Lect : e A in

whi ch t he gﬁ?ﬁﬁ%ﬁ%?éxu LW ﬂ?e%%‘%’gt“gﬁg‘%f_ Pﬁ’gﬁﬁgﬁf‘wﬂ%?@%’%‘ﬁ%‘%ﬁ@ms
present i nMiKerHAPArfpast thesmef, whigh comprisensolypef. wareagted ydropgraxiideed. | n

t he wor K- ugn@ivatdhesdppdst AMaHsbAfkion tedifiof PhHT thdhinreabtel ﬁ)raﬁe?le rpgg,%ﬁé ble to

30 recover .the solvent and reuse it in the process. The recove solvent is
pref er abl yi0 themixiee(Md)-st ep (a). The top fraction fromthe colum (5), viz.
the mxture (M), consists essentially of wunreacted propene and oxygen and

' d th b ti l (3).f 35 th k-up. 1 8, JAN 2006
0 T he EearpieRs A st ol iV enttr e Sngnac oh StAtied ROpore Speiiishad wi ¢
part or al fronofhethixturexiMil)ecapMig gontrolled vid ehe amgoint dfoliquadnhixacs (O0°Y rom t he
columm (2) USeﬁPTro SCé&lﬂgag me?ééa%& (&&t&aquﬁ_art t hereof, which conpri ses

e yar op e and ‘wa

sol vent, unreac oXi er, serves as absorption nediumfor
part oi0the unreacted propene present 5 in the mixture (M). In the process

of the pre ' ' : r from
he. m xt ur & KL Act (hE RaixkifP (RO  preferably SEE afeds P ARERFBBRET (\y)
used for s8&¥ kpowm do dhessotkdlled iy theeart, (wWhich may spraprpes Jpt esamplBeatn xt ur e
(MD) is pratedmrblypasalr viawesgstem, of appropriate control systens known to

those skilled in the art, which may conprise, for exanple, at
15 Thus, mixture (MO’) can, if required, be divided into two or more fractions.
Preference is given to using at least one of these fractions in the absorption column
as absorption medium (liquid medium) for scrubbing the gaseous mixture (M1).

The fraction of the mixture (M0’) which is not fed to the absorption column can be

20 combined, in its entirety or in part, with the liquid mixture leaving the absorption
column (3), in which the part of the propene absorbed from mixture (M1) in the
gas scrubbing step (residual propene) is present, to give a mixture (M2).

The scrubbing of the gas in the absorption column (3) thus removes part of the

25 unreacted propene from the mixture (M1). Accordingly, the mixture (M2) coming
from this process step comprises residual propene and the components of the
absorption medium, solvent, water and unreacted hydrogen peroxide.

The gaseous mixture (M3) which likewise comes from this process step and leaves
30 the absorption column (3) through its own outlet device therefore comprises the
part of the unreacted propene which is not absorbed, together with oxygen.

The conditions in the absorption column (3) have to be chosen so that unreacted
propene and oxygen are present in the gaseous mixture (M3) leaving the
35  absorption column (3) in such a ratio that the mixture is not ignitable.



| east one bypass or valve system 15 Thus, m xture (MO ) can, if required,
be divided into two or nore fractions.' Preference is given to usin "Zﬁ 2006
| east one of these fractions in the absorption colum as absorptio (J“
(l'iquid nmedium for scrubbing the gaseggs m xture (M). The fraction of the
m xture (MJ) which is not fed to the absorption colum can be 20 conbi ned,
inits entirety or in part, with the liquid m xture |eaving the absorption
col um ( 3) JFurthemwhdrehit tif alsp grossible fiohemph apmwtsad)fsmhelevblﬁuibmompohemte t¢M) in

the gas s Infiay @%E eS| a mxture
(M2). The g%ﬁ%ﬁ%‘é‘ 0 C{?et%é;das H?dﬁ:L sor p??’gr{l co [?lé%l\kiﬁ)us renoves
part of the 25 unreacted propene fromthe mxture (M) Accordingly, the

m xture (MiheC ke f gy fhirsd %Oﬁtefléas§tcﬁﬁ R | %&16§%de§JpeHé qpgpe and

t he conponents of the absorption dium _solvent, water a unr eact ed
hydr oged pdWeapgExidena @é@@éﬁ%ﬂcFﬁ%ﬁh@é@fEW}Y prhedhand-wbgireactafones from t his
process step and | eaves 30 the absorption colum (3) through its own outl et

devi ce therefore_co r| S t he of the unreacte opene which is not
absor bed, B - g‘éy E‘rﬂéﬁk’érﬂﬂ“?lagﬁg 3daix FEI"’P&HIO(‘:‘BYurm (3)

have to be of hﬁé}ﬁﬁE/B&haﬁ MtummCWhﬁﬁopﬂbﬁidel’mllaMSm)lﬂ&he ARt @MQEES in the
aseous m X eavin i on such a ratio
?hat the ni Sr%é:gf]@eﬁ%}y TP %ggﬁ@IOW%Q3Xﬂ%BWyf?E Oxifle ﬁL"r‘%?&“"W is al so

possi bll@ fd@M4nmal|l anounts of other volatile conponents to be present in
addition to unreacted propene and oxygen in the mxture, (M3). The m xture
(M) is fed to at |east one further reaction_of propene with 5

hydr oper oxilde crideaputpiitifeam thegafiesmeqaagr (4p pegosdinplyycompsises progilene akider eact or .

I'n the aft gprveRACHAfer( Anredtted UirBpéd2)anids 16&RChA0A0D ashrh X8 Wirtqkt&tich an
anount {\/E’E)/r opene.that the unr eact ed hydroperoxide still present in the

m xture (MYSIOPEIOX4fnst conpl etely reacted with propene to form propyl ene
oxi de, 1giving a m xture 10 (M4) The crude output fromthe after-reactor

(4) accordingl v.ConpliSES.pr a0 ide oI Y ter nr t ed
propene an(;[%g e th"ﬁaﬂwgugﬁa%ps uﬁ%’gé& “’Bfkea Hifther "B separa'fe oif e
desired product propylene ox1dc All or part of this work-up can in principle be

carried out in a further procedure separate from the process described above.

20  However, for the purposes of the present invention, the mixture (M4) is preferably
transferred in its entirety to column (5) and there combined with the top fraction

from column (2).

The mixture in column (5) is processed as described above.
25
Accordingly, the present invention also provides a process as described above in
which the mixture (M2) further comprises hydroperoxide and is, in the further
steps (d) and (e) following the step (c), fed to a reaction of propene with
hydroperoxide, as follows:
30
(d)  the mixture (M2) is admixed with further propene so that the
propene reacts with most of the unreacted hydroperoxide present in
the mixture (M2) to form propylene oxide, giving a mixture (M4),
and
35
(e) the mixture (M4) is returned to the separation of step (b).



hydr oper oxi de. 15 The m xture (M) can subsequently be worked up further to
separate off the desired product propylene oxide. Al or part of th§ JAN 2008
work-up can in principle be carried out in a further procedure separate
fromthe process described above. 20 However, for the purposes of the
present invention, the mxture (Md) is preferably transferred inits
entirety to columm (5) and there conbined with the top fraction from colum
(2). The i X2ua 2f n col umm (5) is processed as descri bed above. 25
Accordingly, the present invention also provides a process..as descri bed

above in which the pixture furth ri ses. hydroper oxi d nd is, in
the further® FQ‘E)YSPIF%WQHBC?]&{E&W%\%’ % ﬁﬁg? SERARANNS Prop n@@xgﬁr %t i on of
pr oEePe Wihttlhe prydirco peEK e d&),mh dse fald mastor 30) Cehhpiites tﬁdn&fe!mﬁﬁéggtw rodgctadni xeg
wi t urd her.. propene sq t the, propene,reagts wth nost. of.the unreacte
hydr opel%xi Pretied C(?qﬂmnta(h)awﬁ'fcﬁcglfeg (@OW%E?JPW;{F%% (éﬁé‘“%}ﬂ Hgl,crﬂgi ving a
m xt ure ( Mihe miatwde QA0) B)separatediintourtop fidé)ion and ebottomdractionhe separati on of
step (b). 1 8 JAN 2006 -12 Variant 2: A further preferred nethod (variant 2,

fig. 2) of separating propylene oxide from the product mxture fromthe
mai n react ofheg byttesn fraction Sram gabmen (6)ngvhicke comprsest propylent oxislej selvert col urm
(6) which difesrrkattddOhyd¥erbkifle ARd Wal&df! kb saAger! WorkhliF dlepst (xture
(MO is separated int o)} aé‘?egp f?act [ gn an as bottom frr act i cgfl.eplshtgq‘{)ég%(tom
fracti o fribup fethsimand agparsip ofithe BrRPYIEEOXIHSG Y| ene oxi de, sol vent  and
unreact ed hydroperoxide and water, is passed to further work-up steps to

wor k e C o .
The solvent present in this bottom fraction is recovered in the course of the work-

up.

15 The top fraction from column (6), viz. the mixture (M1), consists essentially of
unreacted propene and oxygen. ‘

Mixture (M1) is transferred into the subsequent absorption column (7). In this, the
gaseous mixture (M1) is scrubbed with all or part of the solvent recovered from the

20  bottom fraction from column (6} so as to give a gaseous mixture (M3) and a liquid
mixture (M2). Consequently, the recovered solvent serves as absorption medium
for the unreacted propene present in mixture (M1) in this variant of the process.

The gaseous mixture (M3) comprises oxygen together with the part of the

25  unreacted propene in mixture (M1) which has not been absorbed by the solvent.
The liquid mixture (M2) accordingly comprises the solvent together with the
propene which it has absorbed (residual propene).

In this variant of the process of the present invention, the amount of propene which

30 is absorbed by the absorption medium during scrubbing of the gaseous mixture
(M1) can thus be controlled via the amount of solvent which is used as absorption
medium in the absorption column (7).

In this process step, unreacted propene is removed from the mixture (M1) by

35 means of the absorption medium and is subsequently returned to the process of the
present invention. The amount of unreacted propene removed in this step 1s limited
by the requirement that the remaining mixture (M3) must not become ignitable.
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unreacted propene and oxygen. M xture (I\g) is transferred into the
subsequent absorption colum (7). In th% s, the gaseous mxture (M) is
scrubbed with all or part of the solvent recovered fromthe 20 bottom
fraction frDmg @onclmnnq & the aézgomao@qﬂéurang(aimghmfar@rcéxosem;o dhat thel i qui d
mxture (Mg &fygehxbonéamn%%sauﬁé B35 AHieabl tHESH e51RkdnON

medi um for tﬁe unr eact propen resent in mxture (M) this variant of
the processYiaits@wpulst Cl‘#‘i(t”ijﬂ‘é“émf) ®onprises oxygen toget her with the
part of the 25 unreacted propene in mxture (ML) which has not been

absor bed by es ent. The |i m.xture ( accordin i ses the
sol vent qM%’HEFe @d E @%%ﬁ%ﬂm@ﬂﬁg@%ﬁﬁmapﬁ?% Ubyr opene) .
In this varamlrthexofetmﬂmdmae?ﬁ@ offthd p@cessesent i nvention, the am)unt of
propene which 30 is absorbed by the absorption medi um duri ng scrubbi ng of

t he gaseous m xture (ML) can thus be controlled via the anount of sol vent
whi ch i s uskdtles palizes mifi e presehtumventiomethebsoxipre dM2)olsumorked) uplif thi s
process ste omthe mxture (M) by 35
means of thanga o(r? @%%%%Wﬁe @)f’z ngrg(é%lgjently returned to the process
of the I¥resent |nvent| on. The ampunt of unreacted propene renoved in this
step is | MheQroshit ffvenk therBRbishNBlovidie o BN B0 dEleriiiCaoMB)innust not

becone ignitab The condjtions in the absorption colum
(7) are theyBich the é‘HB‘é’é‘ﬁ (W)tlﬁé? f‘hé fe?ﬁ“@ﬁé?fepfaﬁﬁleowy&éwdémlﬂ ¢ &y 2mi xt ur e
(I\/B) whi ch fue¥esiep (@f@pﬁ;ﬁhgtstepr(cpag filowsyi a its own outlet facility is not
ignitable. 5 Mxture (M) is discharged fromthe absorption colum, if
appropriate worked up, and then returned to step (a) of the process. 10

15 (f) the mixture (M2) is worked up if appropriate and returned to step

(a).

List of reference numerals

20
Figure 1: 1 Main reactor (1)
2 Coluran (2)
3 Absorption column (3)
4 After-reactor (4)
25 5 Column (5)
Figure 2: 1 Main reactor (1)
6 Column (6)
7 Absorption column (7)
30
List of abbreviations
p: Propene
35 H: H202
M: Methanol
RM: Recycled methanol from work-up



" In the process of the present invention, the mxture (M) is worked up if
appropriate and returned to step (a) of the process. The present invenyANTI06
. therefore also provides a process as descri bed above in which the m xture
(M2) is fed to a reaction of propene W|1 h hydroperoxide in a further step
(f) following step (c), as foll ows: %f) the mxture (M2) is worked up if
appropriate and returned to step (a) Li st of reference nunerals 20 25 30
Figure 1:1Mki n readdibgas(1) 2Col umm (2) 3Absorption colum (3) 4After-reactor
(4) 5Caoal umzf(S) Fi gky @n"ﬁ MBB@ eactor (1) 6Colum (6) 7Abserption colum
(7) List ' abbrevi ati ons . Propene 35 H H202 M Methanol RM Recycled
nmet hanol from work-up 1 8 JAN 2096 -14 A. Ofgas Z: To further work-up 18
JAN 2006 - 15



We claim A process for preparing propyl ene oxide, which conprises at |east
the 5 followi ng steps: 10 15 20 (a) propene is reacted with a hydropgr%m
in a solvent in the presence of a zeolite catalyst to give a mxture (M),
where the m xture (MO conprises propyl ene oxide, solvent, unreacted
propene, unreacted hydroperoxide and gxygen, (b) the propylene oxide is
separated fromthe mxture (M) so as to give a mxture (M) which
conprises unreacted propene and oxygen, (c) the mxture (M) is brought
into contact with a liquid nedium conprising at |east a sal,vent to give the
m xtures (M¥ecdaich:(W, where the mxture (M3) conprises part of the

unreact ed propene and oxygen and the m xture (M) conprises solvent and
resi dual propene, and where the m xture (M) which has been separated off
and conprikes uArpmcesdiqrr ppparegphoplsgeoxides whichatompnesoaty past the

propene ssuch th ] re (M3) is not ignitable, and where the m xture
(M) issf ed to Z{OIHbggnsémgé}% -reaction of propene wth hydroperoxide. 25 2.

A process as clained in claiml, wherein the concentration of oxygen in the

- mxture (VB) i) | eprobBdisi 83ty wiliiftropkrofdBLRE SOReASnGhepiBEhck ¢! ai m

| or 2, wherein ure. (M) further conprises hydroperox and is, in

the further steps (d)°hbhacqldy cadlysiipigive amirpee V) where thegpixtwreMBact i on

of propene wi th hydr opghgpided propehe bkies solvent, ufeabied! proferdeMihrdasteadni xed
W th fgrther propene so t hat Idhe dprogene reacts with nost of the unreacted
hydr opeoxi de pr esent bygfoperoxide and oxygen,

(b) the propylene oxide is separated from the mixture (M0) so as to
give a mixture (M1) which comprises unreacted propene and
oxygen,

(c) the mixture (M1) is brought into contact with a liquid medium

15 comprising at least a solvent to give the mixtures (M2) and (M3),
where the mixture (M3) comprises part of the unreacted propene
and oxygen and the mixture (M2) comprises solvent and residual
propene, and
where the mixtore (M3) which has been separated off and

20 comprises unreacted propene and oxygen has a ratio of oxygen to
propene such that the mixture (M3) is not ignitable, and
where the mixture (M2) is fed to at least one reaction of propene
with hydroperoxide.

25 2 A process as claimed in claim 1, wherein the concentration of oxygen in the
mixture (M3) is less than 12% by volume.

3. A process as claimed in claim I or 2, wherein the mixture (M2) further
comprises hydroperoxide and is, in the further steps (d) and (e) following
30 the step (c), fed to a reaction of propene with hydroperoxide, as follows:

(d) the mixture (M2) is admixed with further propene so that the
propene reacts with most of the unreacted hydroperoxide present in
the mixture (M2) to form propylene oxide, giving a mixture (M4),

35 and
(e) the mixture (M4) is returned physically to the separation of step (b).



the m xture (M2) to form propyl ene oxide, giving a mxture (W, 35 and (e)
the'm xture (Md) is returned physically to the separation of step (bi i %
JAN 2006 -16 4. A process as clainmed in claiml1l or 2, wherein the m B Ay @MM
.) is fed to a reaction of propene w tfp hydroperoxide in a further step (f)
followng step (c), as follows: 5 (f) % e mxture (M) is worked up if
appropriate and returned to step (a). 5. A process as clained in any of
claims 1 to 4, wherein the hydroperoxide is 10 hydrogen peroxide and the

conver sion gf_hyiagass Bemukd i Blalid)l &, Whdrl thé Hilrd 1) A0l 5% 6. A
process as clained in a to 5, wherein the zedl)jte catalyst is

] y of clainms 1 )V I >
a titanium silicEpfien EQP‘&P?%Q with-hygseRerexife, in 4 farther stepng ?crlloa‘ang f€Pcat al yst
15 having a T5- 1(c3tds\yellws. 7. A process as clainmed in any of clains 1 to 6,
wherein t he propene used contains up to 10% by wei ght of other
hydr ocarbons. -
® the mixture (M2) is worked up if appropriate and returned to step

(a).

5. A process as claimed in any of claims 1 to 4, wherein the hydroperoxide is
10 hydrogen peroxide and the conversion of hydrogen peroxide in (a) is in the
range from 80 to 95%.

6. A process as claimed in any of claims 1 to 5, wherein the zeolite catalyst is
a titanium silicalite catalyst, in particular a titanium silicalite catalyst
15 having a TS-1 structure.

7. A process as claimed in any of claims 1 to 6, wherein the propene used
contains up to 10% by weight of other hydrocarbons.



