of propyl ene oxi de The present invention relates to a process for the
preparation of xi de from propene and 10 hydrogen peroxi Be9.n the
presence of mwmmm\mm‘m the reaction of the propene wi th hydrogen
peroxide in the process according to the invention, a mxture conprising
nmet hanol , water and unreacted hydrogen peroxide is separated off fromthe
reaction discharggmod5 and this mxture;is subjected to a separation
process which gives a further m xture conprising nmethanol and nethyl
formate. Pro e preparation of propylene oxide from 20 propene
are known fr@mmm@mmmwmrart I n these processesmg tdyel Pl B gENedal | y
occurs that a certarn anount of hydrogen peroxide is not reacted during
the reaction and arises on subsequent renoval of propylene oxide fromthe:
reaction discharge. 25 In order to renedy this problem it has been
proposed, inter alia, to separate off hydrogen peroxide, in an

i nternmedi ate separation step, fromthe reaction discharge froma first

reacti on 3tep andexecessmcioz ttlg) prpFaraticn ifk propylene eomdb r eact i on
step. Such processes are described, for exanple, in PCT/EP99/ 05740

'166166 *ACTI ON* -s) "as originally filed" 5 Process for the p@f® atid

The present invention relates to a process £for the
preparation of propylene oxide from propene and

10 hydrogen peroxide in the presence of methanol. After
the reaction of the propene with hydrogen peroxide in
the process according to +the invention, a mixture
comprising methanol, water and wunreacted hydrogen
peroxide is separated off from the reaction discharge,

15 and this mixture is subjected to a separation process
which gives a further mixture comprising methanol and
methyl formate.

Processes for the preparation of propylene oxide from

20 propene are known from the prior art. In these
processes, the problem generally occurs that a certain
amount of hydrogen peroxide is not reacted during the
reaction and arises on subsequent removal of propylene
oxide from the reaction discharge.

25
In order to remedy this problem, it has been proposeqd,
inter alia, to separate off hydrogen peroxide, in an
intermediate separation step, from the reaction
discharge from .a first reaction step and to react it

30 again with alkene in a second reaction step. Such
processes are described, for example, in PCT/EP99/05740
and DE-A 100 15 246.5. Although it is possible here to
achieve virtually one hundred per cent hydrogen
peroxide conversion in the second reaction step, the



“and 'DE-A 100 15 246.5. Although it is possible here to achieve virtually
one hundred per cent hydrogen peroxide conversion in the second reaction
step, the second reaction step does nean, however, that increased
conplexity is necessary. It is an object of the present invention to
provide a 5 process in which the problemof the unreacted hydrogen
peroxide arising is solved i nexpensively and efficiently. W have found
that this object is achieved by a proeegs— 10 for the preparation of
propyl ene oxide in which (i) propene is reacted wth hydrogen peroxide in
the presenceeBbndetaanphohOgdbCapEaPibans bideer, OiaR idoddee (G)
conpri si ng propy ene oxl hanol, water and Unreacted hydr ogen

per oxi de, (|F?malﬁﬁ*Fﬁrés(¥?¢?s%§#Kﬁ|S|ng met hanol, water and hydrogen
peroxide is separated off fromthe mxture (G), glving a mxture (&)

conpri sing op e, oxi de d (UL ter _is se t fromthe
mxture (Gi %‘Q' &5 \)%/rh r&ﬁj?ﬁ&tﬂf e%g& &’F)Q%B‘\#grlré‘ﬁ%t’r%‘fhéﬁ %ggng‘ ®mt hyl
formate. 25 pebbassl msw;hm:hl cihlenrpnoplesi cofibthee mprepedtess hydrogeant . |t
is al so poss' et y one, or fur hs I N ition
to met hanol . P%S%??%0|p%%&g&5% Q';vents ﬁﬁl%h aéggggéﬁggﬁglib %gp
respective 33fﬁéaé§n§hYcan be enployed as such further solvents. Inter

alia, preference is given, for exanple, to - water, - alcohols, preferably

I | cohol f h
ower alco OWZ’hJ#; fgund that this object is achieved by a process

10 for the preparation of propylene oxide in which

(1) propene is reacted with hydrogen peroxide in the
presence of methanol to give propylene oxide,
giving a mixture (Gi) comprising propylene oxide,

15 methanol, water and unreacted hydrogen peroxide,

(ii) a mixture (Gii) comprising methanol, water and
hydrogen peroxide is separated off from the
mixture (Gi), giving a mixture (Ga) comprising

20 propylene oxide, and

(1ii) water is separated off from the mnixture (Gii),
giving a mixture (Giii) comprising methanol and
methyl formate.

25

Methanol is particularly preferably employed as sol-

vent. It is also possible here to employ one or more

further solvents in addition to methanol. In principle,
all solvents which are suitable for the respective

30 reaction can be employed as such further solvents.
Inter alia, preference is given, for example, to

- alcohols, preferably lower alcohols, further
35 preferably alcohols having less than 6 carbon



'35 preferably al cohols having | ess than 6 carbon atons, for exanple

et hanol, propanols, butanols and pentanols, diols or polyols, preferably
those having less than 6 carbon atons, 5 - ethers, for exanple diethyl

et her, tetrahydro- furan, dioxane, 1,2-diethoxyethane and 2-net hoxy-

et hanol , esters, for exanple nmethyl acetate or butyro- |actone, 10 --

am des, for exanple dinethylformam de, dinethyl- acetam de and

N- net hyl pyrrol i done, - ketones, for exardl-e acetone, - nitriles, for
exanpl e acetonitrile, - or mxtures of two or nore of the above-nentioned
15 conpounds. |n tfh@my,0cess %ﬂ@gé&m'n BpaABLst Nepueaksion of
propene with hydr%ég per oxi S_; Is preferably car out 'in the presence
of a catal yst Re gts 20 for the conversion of propylene into
propyl ene oxide ealemsn PEi NSOIY61e) | pardPdnaily Rhs aBhyiahl Desero-
geneous catal ysts, %p arﬁ SUI able for the Trespective reaction. 25
Preference is givéﬁﬁﬁ) Sch conprise a porous oxidic material,
for exanpbe a-zeomﬂhars,Prébrreexampiegldeathplcaeahgsus taetnbhpdrohe

porous oxidic natgyi | _;“%%an ugt hrgm ¥ '_gf_i_um or
Z|rcon|un}contaln|nq éblé%é& i par %ggﬁﬁ&g zeo |tes sz%ﬁF ain no
al um num and in ihamadome of the Si(1V) in the silicate lattice

- esters, for example methyl acetate or butyro-

lactone,
10 - amides, for example dimethylformamide, dimethyl—-
acetamide and N-methylpyrrolidone,
- ketones, for example acetone,

- nitriles, for example acetonitrile,
- or mixtures of two or more of the above-mentioned
15 compounds.

In the process according to the invention, the reaction
of propene with hydrogen peroxide is preferably carried
out in the presence of a catalyst. Feasible catalysts

20 for the conversion of propylene into propylene oxide
are in principle all catalysts, preferably all hetero-
geneous catalysts, which are suiltable for the
respective reaction.

25 Preference i1s given to catalysts which comprise a
porous oxidic material, for example a zeolite.
Preference is given to catalysts in which the porous
oxldic material is a titanium-, vanadium-, chromium-,
niobium- or zirconium-containing zeolite.

30 '
In particular, =zeolites which contain no aluminum and
in which some of the Si(IV) in the silicate lattice
have been replaced by titanium as Ti(IV) exist. The
titanium zeolites, in particular those having a crystal

35 structure of the MFI type, and possibilities for their



“have been replaced by titaniumas Ti(lIV), exist. The titaniumzeolites, in
particul ar those having a crystal 35 structure of the MPI type, and
possibilities for their preparation are described, for exanple, in EP-A 0
311 983 and EP-A 0 405 978. Titanium zeolites having an MFl structure are
known for 5 the fact that they can be identified via a certain pattern in
the determnation of their X-ray diffraction diagrans and in addition via
a skeletal vibration band in the infraged region (IR) at about 960 cm'
and thus differ fromalkali netal titanates or crystalline or 10

anor phous Ti g%$§@§gf° Swag:@bl edé%ﬁh?é& | poget %’x’amgl'et ani 4m , ggagadi um ,

chrom um, rconi um containing zeolites  Navi'ng a pentasi |
zeolite strultdt®, 983 %@t??:‘tﬁ‘a‘? 492 9%Btypes with X-ray assignnent to the
ABW ACO, AEl, AEL, AEN, AET, AFG AFI, AFN, AFO AFR, AFS, AFT, AFX, AFY,

ART, ANA, AP AFD, AST. , ATN, ATO ATS ATV.  AWD B BI K,
BOG BPH, BR'E“?N\P“‘ té? 1ngan’ Stﬂlft“ffoar&%\é@P °FaC ' DDR,
DFO, DFT5 Do.-hemctzowaa my Edf, Bl idemtified €L £AderBRn G S
GMVE, S U LTA,
LTL. LTN, N%ytkgﬁe ﬁt ¥hﬁE§E"ﬁ%§%ﬁﬁanﬁ§ thb@m‘ xMngy k}ggfrﬂl‘fgﬁ’ﬁrm MTT,
MIW  MAWN NA¢ia§E8!lS Nend 1@Fradm10mma mwkekptambmomshanmE RTB,
RUT, 25 SAQ jpAtheSBRfraaqd SR 1§F V\EW at Seloub960SUm*S3dd thEB THO,

or ZON structure. and to m xed

TON, TSC, VI VNI V,
structures cgﬁ§¥§¥'| 1'5%61 nahad Flf‘ﬂ%a‘é%%vgrrremﬁﬁ%l:ll%‘[‘? ulur es.
Al so felpi bbﬁofphousemﬁ.oztﬂmaﬁs)pess according to the inven 30 tion are

titani umcontai ning zeolites having the UTD 1.
Suitable here are, in detail, +titanium-, vanadium-,
chromium-, niobium- and 2zirconium~-containing zeolites
having a pentasil =zeolite structure, in particular the
15 +types with X-ray assignment 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, ATV, AWO,
AWW, BEA, BIK, BOG, BPH, BRE, CAN, CAS, CFI, CGF, CGS,
CHA, CHI, CLO, CON, C2ZP, DAC, DDR, DFO, DFT, DOH, DON,
20 EAB, EDI, EMT, EPI, ERI, ESV, EUO, FAU, FER, GIS, GME,
Goo, HEU, IFR, ISV, ITE, JBW, KFI, LAU, LEV, LIO, LOS,
LOV, LTA, LTL, LTN, MAZ, MEI, MEL, MEP, MER, MFI, MFS,
MON, MOR, MSO, MTF, MTN, MTT, MTW, MWW, NAT, NES, NON,
OFF, OSI, PAR, PAU, PHI, RHO, RON, RSN, RTE, RTH, RUT,
25 SAO, SAT, SBB, SBS, SBT, SFF, SGT, SOD, STF, STI, STT,
TER, THO, TON, TSC, VET, VFI, VNI, VSV, WEI, WEN, YUG
or %ON structure and to mixed structures consisting of
two or more of the above-mentioned structures .' Also
feasible for use in the process according to the inven-
30 +tion are titanium-containing zeolites having the UTD-1,
CIT-1 or CIT-5 structure. Further titanium-containing
zeolites which may be mentioned are those having the
ZSM-48 or ZsM-12 structure.



"CIT-1 or CIT-5 structure. Further titaniumcontaining zeolites which may
be nmentioned are those having the ZSM 48 or ZSM 12 structure. 5 Ti
zeolites having the MFI, MEL or MFI/MEL m xed struc- ture are regarded as
particularly preferred for the process according to the invention.
Preference is furthernore given, in detail, to the Ti-containing 5 zeolite
catal ysts generally known as "TS-1", "TS-2" and "TS-3", and Ti zeolites
having a skeletal structure which is_ gomorphous with beta-zeolites. In
the process according to the invention, particular 10 preference is given

to a heterogeneous .catalyst , conprising the titanju ont.aining silicalite
TS-1. Accor difigl3eokifes,hayving thee Milan Mils 9% SQIJ%/&:EI @Jﬁ‘eﬁptsg:fé?sT as
deslc_ri bed ablcuﬁ:a' Nay8i ]E;d‘bgdﬁed ha_sprmjem:_]]lfa_:tliylonpﬂéféheledr afml'gltfheoxi de_, a
zeolite catalyst referapl,y a titanLum sl te cC t I,n, parti- -
cular a titarﬁl’iﬂﬁeﬁ i ARG %’ﬁal{'&?st tﬁ@vfﬁ*r%ﬂ@hjr eitl%bé-é%enl sIl empl oyed.

20 The renovdiurthemmore f givenhe anxtdebailyi)tes the t Hi-gqandedadngccor di ng
to the inygent}] qref I rI | Sl ldmad_i10M, 4 ' ossi bl e
Lo use ont ot SNl St dertba1ly) 1) B! IE-1Y a2 RS

J %ﬁ stil]ation,colums. Use of
one or two di‘®§43%ti adcdMun@eolidteserRaving By ekeletal  Fquchudfeat

recovery is YHRGLSHMSondiPphdus! Wik betanzeel igesis preferably used. Two
or nore distilla- tion colums are preferably used if particularly good

heat integration in the process is to be ensured. 30 Regarding the physical
paraneters, sIxkhthe peopesst Weroxiing essuthe tinweatdon ,n@aeticwlidar

restrict hg"s preference is given to a heterogeneous catalyst
comprising the titanium-containing silicalite TS-1.

Accordingly, the present invention also relates to a
process as described above in which, for the prepara-

15 +tion of +the propylene oxide, a 2zeolite catalyst,
preferably a titanium silicalite catalyst and in parti-
cular a titanium silicalite catalyst of the structure
TS-1, is employed. '

20 The removal of water from the mixture (Gil) is in the
process according to the invention preferably carried
out by distillation, it being possible to use one or
alternatively a plurality of distillation columns. Use
of one or two distillation columns is preferred. In the

25 case that heat recovery is unnecessary, one distilla-
tion column is preferably used. Two or more distilla-
tion columns arxe preferably used if particularly good
heat integration in the process is to be ensured.

30 Regarding the physical parameters, such as temperature
or pressure, there are no particular restrictions
during removal of water from the mixture (Gii) by
distillation, so long as it is ensured that hydrogen
peroxide is degraded during the distillation and a



“duri'ng renoval of water fromthe mxture (Gi) by distillation, so |long as
It is ensured that hydrogen peroxide is degraded during the distillation
and a m xture (GQu i) conprising nethyl formate and nethanol is obtained.

If only one colum is enployed for the renoval of water 5 fromthe m xture
(Gi) in the process according to the invention, this preferably has at

| east 5, preferably at |east 20 and further preferably at |east 30
theoretical plates. The distillation is_preferably carried out at
pressures in the range fromO0.5 to 40'16'Bar, preferably from1.0 to 20 bar
and particularly preferably from2 to 15 bar. if two colums are enpl oyed
for the renomikturendGddi)f reamptisinatmethyls fprmaten@nst ogethanesor di ng
to the 15 i nygnhheRindde Pressures are then selected in such a way that

t he heat of condensation at the top of the colums can be used to heat
ot her process streans. This is achieved, for exanple, by cooling the
condenser of 1fabnlgasheosslamhUi® empDgyed Ofoxth®| omopdErofindater

enpl oyi ng. t he_hot ter,_resulting.fromgthe cooling or t sfeam.resul ting

From? he RoofFAB. thenurtiRe JElly,ia" on SR Sennde ISERRIY ' he

i nventi on or inverbhiong dhisoprefidrmably dvessas. 1e&sthes f i preferebiyl ation

colum is prefer opejuat t r | a f . 520 40 bar
BE, ERskeiPRlT G, R Frofeldy U LOSME p0

and prefera rom1l to 2 0SS| envodi nment, I rst
colum i s opkh@psgticad hpgatespreBharcdistéllathon t b€ sESEETEBLYM. In

this case, tharkeblioud ddep30s58£€8dia0HHNE tanfeatedmuu. By tde4vapors
fromtne §irgly, “Giiherdd)y’ BrEh°TY E3°UY "BAL 406 Babelchlhudy e
preferably from 2 to 15 bar.

If two columns are employed for the removal of water
from the mixture (Gii) in the process according to the

15 invention, the pressures are then selected in such a
way that the heat of condensation at the top of the
columns can be used to heat other process streams. This
is achieved, for example, by cooling the condenser of
at least one column using, for example, water and

20 employing the hot water resulting from the cooling or
the steam resulting from the cooling to heat one or
more steps of the process according to the invention or
even one or more other processes.

25 The first distillation column is preferably operated at
pressures in the range from 0.5 to 40 bar and
preferably from 1 to 20 bar. In a possible embodiment,
the first column is operated at a higher pressure level
than the second column. In this case, the bottom of the:

30 second column is heated using the vapors from the first
column. In a preferred embodiment, the first column is
operated at a lower pressure level than the second
column. In this case, the bottom of the first column is

heated using the vapors from the second column.
35



"operated at a | ower pressure level than the second colum. In this case,
the bottomof the first colum is heated using the vapors fromthe second
colum. 35 7 1In a particularly preferred enbodi nent, the first colum is
operated at pressures in the range from4 to 9 bar and further preferably
in the range from6 to 8 bar and the second colum is operated at
pressures in 5 the range from11it9 16 bar and further preferably in the
range from12 to 14 bar. In generlal, frgm20 to 80% preferably froml30 to
70% and particularly prefer- ably from40 to 601 of the nethanol present in
the mxture (Gi) is separated qff at the top of the first 10 colum
t oget her wit Rhetdhy|Padenlarlyhe prioferyred oemboddment 1 hdhigot thimsd t he

the  second o Lo e o e e Borite, and
e second cplum co i se e lresi e nol__an yL for e, an
t he bottom pfgoc}ﬂ%‘f %%B?L:\lgé eﬁa?ﬁﬁgefggiﬁelfloﬁ (ﬁfdtqefg’gwf‘t e P gt

col ums and thex tapd 'phedsepohdomoﬂ.hmnsd@rmpmtm atepoesisures tim gi ve
the mxturedid idnge il 11188 AR DAl LEIOKGELRE BB AL f3p1 UMS
and 20 iR the case O Tenoval off waterin—ohe €6 um, “{hé separation

condi tions artheparangel frop refee aBky bamwl etbegederaidat fremwddertaont ent
in the m xtur (Gid e g | 9 | ) Iy

| ess than 1%@y%'nggéhﬁ[e:laa%&g’eﬁoﬁc!ﬁaﬁggﬂﬁrﬁtﬁﬁﬁﬂz%l% %lﬁé%é%& by

wei ght. The S8 afFeR ddhdFei cﬁrps?l‘ aPf the (Rekhangl e mafseOtelBct'@F so t hat

the nethanol mixture (Gii) is separated off at the top of the first
10 column together wiLh methyl formate. The mixture
obtained at the bottom of the first column is used as

feed for the second! column. The top product from the

second column compx.!-ises the residual methanol and

methyl formate, and tl.he bottom product comprises water.

15 The top product from the £first columns and the top
product from the secclnd column are combined to give the

mixture (Giii). |

Both in the case of rpemoval of water in two columns and
20 in the case of remgval of water in one column, the
separation conditio:l:\s are particularly preferably
selected so that the water content in the mixture
(Giii) is generally less than 3% by weight, preferably
less than 1% by weight and particularly preferably less
25 than 0.3% by weight. The separation conditions are
further preferably |selected so that the methanol
content in the bottom take-off is less than 5% by
weight, preferably |less +than 1% by weight and
particularly preferabgl.y less than 0.2% by weight.

30
As further components, the bottom take-off may in
addition comprise, inter alia, methoxypropanols,
propylene glycol, formic acid, dipropylene glycol mono-

methyl ether and formaldehyde, for example.
35




~content in the bottomtake-off is | ess than 5% by weight, preferably !

| ess than 1% by wei ght and 30 35 particularly preferably | ess than 0.2% by
wei ght. As further conponents, the bottomtake-oft may in addition
conprise, Linter alia, nethoxypropanols, propylene glycol, for acid,

di propyl ene gl ycol nono- nethyl ether and fornmal dehyde, for exanple. - 8
Accordingly, the present inventiodn also relates to a process as descri bed
above in which the water is sepdratedxgt_by distillation in (iii),
wherein 5 (w) a mxture (GN which principally conprises nethanol and

met hyl formate is se ated off from the mxture (Gi) af the top of a
first distil |%F'~‘t9’d$} Ymmthe PEgsept t%"?ﬁ’&’e?ﬁleaéﬁpai%%ﬁ%ﬁsme ot t om of

t hle fi rsz ;ﬂi prodedd OYB(SJOHG\Aﬁﬁriiﬁe!HedaB_Svéleleﬁlnt wniaﬂcoaﬁl%ctlrﬁifl ailé. onOI
colum, (y) a mxture [ i NCi: . ni se met hanol an
me~hyl fornai%??%?%ﬁﬁ%ﬂé%gigﬁ 4%%§i¥ﬁ§%1§3 Eﬁeigggaﬁdw PEEH ation col um,
and (z) the mxtures (Gn) and (Gy) are conbined to give the m xture
(Gil.). They mxtu i) i negd, safif er : | o is, in
a preferré@ e %di%en?ﬁb q?%e p ocgss%gﬁg%ﬁdiﬁ%ﬁﬁfgﬁggg§inv%%t cﬁ%eied to a
further work-up st®pthanel wrpd meEhhhnéermatecpsr aepamated RihHyFremr nat e

in the the mixture (Gii) at the top of a first distilla-

tion column,

10 (x) the mixture onained at the bottom of the first
distillation co|umn is fed as feed to a second
distillation coﬁumn,

(y) a mixture (G§) which principally comprises
15 methanol and me%hyl formate is obtained at the top
of the second distillation column, and

(z) the mixtures (G&) and (Gy) are combined to give
the mixture (Giii).
20 i
The mixture (Giii) oﬁtained after the removal of water
is, in a preferred embodiment of the process according
to the invention, fed to a further work-up step, in
which methanol is seﬁarated from methyl formate in the
25 mixture (Giii). %

In a further preferred embodiment of the process
according to the invention, the methanol obtained in
this way is recycled into (i).

30

The present inventi?n therefore also relates to a
process as described !above in which methanol is separ-
ated from methyl formate in the mixture (Giii), and the
methanol separated off is recycled into (i).

35 |



*25 mxture (Gii). in a further preferred enbodi nent of the process
according to the intention, the nethanol obtained in this way is recycled
into (i). 30 | The present invention therefore also relates to a process
as descri bed above in which nmethanol is separ- ated fromnethyl formate in
the m xture (Gii), and the nethanol separated off is recycled into (i).
35 - 9 The renoval of the Inethanol fromthe mxture (Gii) conprising
met hyl formate and nmethanol can iin prinegipje "be achieved here by al
concei vabl e net hods, so Iong as .|t i s ensured that the purity of the

d off 5 h 1k1 d d d
o A o e, PEnORRDr et b aanel o FES e R 2R F, ™
bring the mcdmp':d.scm@pmam &blmame and lmeﬁ:ﬂn)alnoﬂ.ouam dni @lrd.nl:(ipd.ent act
with a sultale DA GORXCHANGN AUaduchige TRAIBAG,. SBukegl g formte

remains on t exc

anger 'S process 1S al1a, in
Us- A 5, 107, oa:zt is mans Ebatt en purity c@ﬁprtlhg neepaxaked| offd net hyl
formate cgn *gﬁﬁﬁhggaWhgglgsb , dMnbRakhgefet hyl formate being
hydrol~zed bases by neans o mhlch the hydrolysis of tke methyl

formate can be achi eved can be uked here. Preference is given to strong
bases. 20 Pamntdrtdlcy | yapr efaerrmaé)amé or mlterpuamﬂses of itdhemipradsent

:Ergptgﬁpa?re sq%%%hof aC|ds whli arfhm%%ye%OSSlhq% t gé{{@c qgld
mixture comprlslng thanol and methyl formate into
10 contact with a suitable basic ion exchanger, producing
methanol, while +the formate remains on the ion
exchanger. This jproc%ss is described, inter alia, in

UsS-A 5,107,002.

15 Purthermore, the mixture comprising methanol and methyl
formate can be treated with a base, with the methyl
formate being hydrol&zed. All bases by means of which
the hydrolysis of tle methyl formate can be achieved
can be used here. Preference is given to strong bases.

20 Particularly preferrel;,d bases for the purposes of the
present invention aré salts of acids which are weaker
aclds than formic acﬂd. Inter alia, preference is given
here to, for exampleL alkali metal and alkaline earth
metal hydroxides and 'alkali metal salts of alcohols or

25 phenols. It is of co&rse also possible to use mixtures
of two or more of these bases.

The removal of methanol from the mixture comprising
methanol and methyl formate can furthermore preferably

30 be carried out usiﬂg physical methods, for example
distillation methods.|

Of these, extractive distillation methods, for example,
as known from the pri#r art and described, for example,

35 in the above-mentioned US-A 5,107,002, are possible.
i



~here to, for exanple alkali netal and al kaline earth netal hydroxides and
lal kali nmetal salts of alcohols or 25 phenols. It is of course also
possible to use m xtures of two or nore of these bases. The renoval of
met hanol fromthe m xture conprising nethanol and nethyl formate can
furthernore preferably 30 be carried out using physical methods, for
exanple O these, extractive distillation nethods, for exanple, as known
fromthe prior art and described, for _exjgnple, 35 in'the above-nentioned
US-A 5,107,002, are possible. distillation nethods.) 10 However,
preference ~s given to distillatibn nmethods, which -require |ess conplex
equi pnent than said extrac- | tiom,distillation net hods. 5 Preference is
given to a di Bbwévet | oprefefrerdcen dshi ghvemnéeoordimirid laddigmn sméthoads her

preferably o u ls I ol 1. * Py S PY i s has
at least | Pﬁ?/g?tp(ggﬁg?gﬁl }l;' e%gp Ice%@ﬁ' %o egﬂlg'gfn%alﬁa%%ul ar cgt e%é? I 10
20 t heoreticatipnadéstilleion aeetheds pref ef ably used axe generally in the

range fromg 0.2 to 501 bar,, prefenably in the range from 1.5 to 30 bar and
particular in_the range from_2.0 11

5 to 20 bar., The he t.enper i es and
bot t om t enper BFEFEXCRFR 18| SHAVSP ¢ e?n#ﬁé&lii§t§39egﬁggqﬁ' Lﬁﬁgcpn a
one or more columns,| further preferably one column, is
employed. If one colﬁmn is employed, this has at least
five, preferably at ieast 10 and in particular at least

10 20 theoretical plate%.

The pressures prefe;ably used are generally in the
range from 0.2 to 50! bar, preferably in the range from
1.5 to 30 bar and .l particular in the range from 2.0
15 +to 20 bar. |
|
The head temperatures and bottom temperatures are
clearly determined |Y the selected pressure. In a
particularly preferred embodiment, this column, which
20 has approximately 20 ;theoretical plates, is operated at
pressures in the ra:}xge from 2.0 to 20 bar. The top
product obtained is 4 mixture comprising methyl formate
and a small proportibn of the methanol present in the
feed. This mixture pfeferably has a methanol content of
25 less than 80% by weight, preferably less than 50% by
weight and particulirly' preferably less than 20% by
welght. : '
;
It is furthermore cofnceivable for the mixture (Giii)
30 comprising methanol !and methyl formate +to contain
additional further cbmponents besides methyl formate.
The term “components” here denotes both pure compounds
and also azeotropes wpich have a boiling point which is
lower than the boilling point of methanol. As such

35 components, mention mhy be made, inter alia, by way of
i

i
!



"particularly preferr6d enbodi nent, this colummr which 20 has approxi mat el
20 !'theoretical plates, is operated at y pressures in the range from2. 0
to 20 bar. The top product obtained is al m xture conprising mnethyl
formate and a small proportion of the nethanol present in the feed. This
m xture preferably has a nmethanol content of 25 | ess than 80% by wei ght,
preferably |less than 50% by weight and particulalrly preferably |less than
20% by weight. It is furthernore concejyvable for the mxture (Gii) 30
conprising nmethanol !'and nethyl formate "to contain additional further

c9nponent s besides nethyl forpate. . Th er,m" onent swi her e ,denot es
both pure corﬁi@&ﬁtske %Edaﬁﬁ'éﬁﬁﬁm?op simﬁi‘%ﬁgﬁg&eﬁﬂ%ﬁi REFOBSCRT whi ch
is |ower thalddiydegi 2, 11 ,1g-dimethogiprepanapl . Asestonk 35oronmp@ndat s,
menti on npLy _q Bter ali by of._= f | dehyde,
1, 1-di met hoxy@ﬁ%’ﬁ&i &r’%p?c’g‘r?fmg 3hyai§,@¥?, II":“ﬂi %%( %éggfc&?%a%gp%ﬁddﬂe or

2, 4- di net hyloff Extimotdieamdxtunesduring| thewerktPseparated off fromthe

m xture dgring the work-up. 5 It is thus possible to separate off these

by-products fromthe m xture by one or nore suitabh; phé;si cal dor chem cal
met hods bef ork sépatBupoPassibie k& RERATF O NPT RethGrer AYnRteduats g

li kewi se possgwiee £héShlixtheeldysehitd abe aidraTedhibiubléd r phybliealli xswir e,
SR TR W IR e = IR TR G
one or nore Segeliyl i Gormate. It is likewise possible €£irstly to
* 10 separate off methanol from the mixture, which can give
a nixture comprising methanol and at least one
impurity. In this case, the removal of methanol from
the mixture can be followed by one or more separation
steps in which methanol is separated from the at least
15 one impurity. The removal of methanol from the mixture
can likewise =zresult in a mixture comprising methyl
formate and one or more impurities. This too can, if
necessary, be separated into its constituents by one or
more suitable physical or chemical methods. The
20 constituents can then be separated or fed together as
starting materials to one or more further processes or
sent to heat recovery.

Depending on the chemical nature of the impurities, it

25 is also possible to separate off methanol £rom the
mixture by separating both methyl formate and the at
least one impurity from methanol in a single process
step.

30 The distillation preferably employed in accordance with
the invention and described as above gives a methanol
fraction which has a content of methyl formate of in
general less than 500 ppm, preferably less than 100 ppm

and in particular preferably less than 20 ppm.
35



"steps in which nethanol is separated fromthe at |east 15 one inpurity. The
renoval of nethanol fromthe m xture can |ikewise result in a mxture
conprising methyl formate and one or nore inpurities. This too can, if
necessary, be separated into its constituents by one or nore suitable
physi cal or chem cal nethods. The 20 constituents can then be separated or
fed together as starting nmaterials to one or nore further processes or
sent to heat recovery. Depending on thejghem cal nature of the inpurities,
it 25 is also possible to separate off nethanol fromthe m xture by

separating both nethyl formate gnd the at _|east gne inpurity from nethanol
in a single p‘??ﬁfﬂ’éé‘a’%tgﬁ. n%t? TAEMEPAS; |1ads oR pr&%ré’gﬁ;}té'rrppgye@‘?n
accordance wihéthdrnwl | f¥action, axbglshws befl ashrdroveogpovaentsyet fienol
fraction which has a content .of thyl, fornate, of i ner than 500-
ppm pref erab‘i”fl""'ul'l St aﬁgiiaﬁg‘b%%?' an ’ilﬁdﬂ'ﬁlﬁ%lh l’J‘P’gI‘Qh efer%?éﬁfégs “than
20 ppm 35 - dlkdeliydsendi hglodinetchenyprnpantde atetomepudny 3f4t+ab-
met hanol iy achd Oy [6 MiRkatrd NCr QAN S, HPT @AM fe@EERS dehyde,
1, 1- di met hoxyet hane, propi on-_al dehyde,. 1,,1-di nmethoxypro a2§% acet one or
2, 4-di 5 net hFagtinn dkternthe, digtildgtlye fPHmYRNGR cEPBATAf t er
the distil Ibiatéu@dvmﬂsmume?rmdﬁxa&mal by 2o fdir)ninbfhé rmtﬂamlh ; e bxl,n?ase or
nore suitabl e neas-_ures r exanpl e _one qr re f.ur i.stillations. 10
In general, iYtT¢S &A% regfag\pglﬁ ARG &ft HFS %grggﬁEeﬂfF%}iﬁFg‘ﬁc’&s *each
I ndi vi dual secondary conponent in the
10 In general, it is entirely sufficient if the concentra-
tion of each individual secondary component in the
methanol is less than 1% by weight and the sum of all

secondary components does not exceed 5% by weight.

15 The methanol separated off from the methyl formate in
this way can be re-used, it being in principle concei-
vable to recycle the methanol into the process for the
preparation of propylene oxide or, if necessary, to
feed it to a different process in which methanol is

20 required as solvent or as starting material or in
another function. It is of course conceivable to divide
the methanol stream resulting £rom the separation
according to the invention into two or more streams and
to feed each stream to a different process.

25
In a particularly preferred embodiment of the process
according to the invention, the methanol separated from
methyl formate and, if necessary, from one or more
secondary components or impurities is recycled, as

30 described above, into the process for the preparation
of propylene oxide. The methanol is preferably, inter
alia, pumped into a buffer tank and £fed into the
process therefrom.



"met Hanol is less than 1% by wei ght and the sumof all secondary conponents
does not exceed 5% by wei ght. 15 The net hanol separated off fromthe nethyl
formate in this way can be re-used, it being in principle concei- vable to
recycle the methanol into the process for the preparation of propylene
oxide or, if necessary, to feed it to a different process in which

nmet hanol is 20 required as solvent or as starting material or in another
function. It is of course conceivabl e_tp3divide the rrethanol stream
resulting fromthe separation according to the invention into two or nore

streans and d.eagh_s .a different.process., 25 In .
particularly %feé%‘rer%g gﬁ%oé%ﬁé%g%’o? h3£pP588¥%gn§c8mend'nt o(f)nels

i nvention, tieonaained) WoErig cerfy partituldriorprefaraily i tanetedsary,
fromone or s seqaapd ongpEn Ok A | J2Sad S Y% : 30
descri bed abcr?v{{et,e :Iu?lt %ﬁtgh%rt)élpgcess %%E?heogggpggr%adt [ oaﬁé é#ggr gépciﬁdeﬁgéoxi de.
The net hanol BYFRASSSr 26| ythentRfesant a appddsadion odenpbeserpranksand fed

into the spronesfedditfe! LAMwhidd nbS féhowsl! ME PLERRLAERONpEEoRIGRY! ene
oxide in (i) , cQ cerneq‘_’, tgs IS ver %{,gﬁl ul ar referably, carried
out in one step® A% m*n QﬂeﬁPmﬂﬂg e t Sgﬁpr§¥§n 1oRpe
present appl ixathenstepoperecpsscatmss goversiur dater \@dliid, nproeessat of
hydr ogen per axd : Lak I S of e ty | ntion,
Y onesstep prisotaibR Fhed dfreldy hHECRLAPROETS £baBrRATHALR | RHE
starting rnat aneher énr eacFeachPrh and &het ireaction r sischargendishe
reacti oni@l Sg¥dcsded further, and also, inter alia, processes in

which
- propene is reacted with hydrogen peroxide in a
first reaction step to give a product stream,
15 - the product stream is fed to at least one inter-

mediate treatment, with a further product stream
being obtained from the intermediate treatment,

and
- the further product stream is fed to a further
20 reaction step, in which hydrogen peroxide is

reacted with propene,

where the intermediate treatments are not removals of
hydrogen peroxide.
25
Further reaction steps are of course also conceivable,
where an intermediate treatment can, but need not, take
place between two reaction steps. A conceivable inter-
mediate treatment is, inter alia, for example the
30 addition of a base to a product stream, it particularly
preferably being possible to employ basic compounds
which influence the reaction of hydrogen peroxide with
propene in the desired manner in the process according
to the invention. 1If, for example, zeolites are
35 employed as heterogeneous catalysts, preference is



" 10 processed further, and also, inter alia, processes in which propene is
reacted with hydrogen peroxide in a first reaction step to give a product
stream 15 - the product streamis fed to at | east one inter- nediate
treatment, with a further product stream being obtained fromthe
internmediate treatnent, and the further product streamis fed to a further
20 reaction step, in which hydrogen peroxide is reacted with propene,
where the internediate treatnments are_npj Lenovals of hydrogen peroxide.
25 Furt her reaction steps are of course also concei vabl e, mhere an

I nternmedi ate t,ca but_need, not ke | ac etmee action
steps. A congl"l va l”%gl rlftcé te MR EAGs eéﬁhﬂé’ %‘geﬁf nt aPFé ’Fgr anpl e
the 30 addit t&esef ZQQiﬂﬁsﬂm)Suqh(hhﬁnssareadﬁscrlbedLl@wnnégamgiéﬁerably

bei ng possi blig tﬁE-@UD!LOU ti%Slﬂ&@UDOﬁﬂﬂgem }hé&%&f&&&ét HQtkeagtd on of

hydr ogen peroxi de mnt opene 1IN he "process
according t BYeREN n\Pé?Ru(?@tiIW #Q)rl‘éﬁarﬁblllé- sqepe t 8 Ahds3respralyed as

het er ogenoudbycwiagl vEt gefekehaeence is - 14 given to basic conpounds which
| ower the acidity of these zeolites. Such bases are described, for
exanple, in DE-A 100 15 246.5, which is incorporated into the present

appl i cation CbnbE:nﬁnbl shmpeekamphes rgspeakrahgbpenty Mdr eppecrse.
Concerning, &l £6AWMEs EE%l%& %PQ%F%QS,a@if3Q%ié§b1e reactors are
also conceivable here. In particular, use can be made,
10 for example in one or more of the above-mentioned reac-
tion steps, of two or more reactors connected in
parallel. In this respect, reference is made to DE-A
100 15 246.5, which is incorporated intoc the present
application in its full scope with respect to the
15 possible reactor arrangements by way of reference.

The present invention therefore relates to a process as
described above in which the reaction in (i) is carried
out in one step.

20
Furthermore, the temperature and pressure of the reac-
tion medium can be changed during the process in the
course of the preparation of propylene oxide from
propene and hydrogen peroxide. The pE and temperature

25 of the reaction medium can likewise be changed. It is
furthermore possible additionally +to change the
pressure under which the reaction takes place in
addition to the pH and temperature of the reaction
medium. In this respect, reference is made to DE-A

30 199 36 547.4, which is incorporated into the present

application in its full scope in this respect by way of
reference.

The preparation of propylene oxide in (i) is particu-
35 larly preferably carried out in such a way that the



"the reactors enployed in (i), all suitable reactors are also conceivable
here. in particular, use can be made, 10 for exanple in one or nore of the
above-nentioned reac- tion steps, of two or nore reactors connected in
parallel. In this respect, reference is nade to DE-A 100 15 246.5, which
I's incorporated into the present applicationinits full scope with
respect to the 15 possible reactor arrangenents by way of reference. The
present invention therefore relates to-ad%rocess as described above in
which the reaction in (i) is carried out in one step. 20 Furthernore, the

temper atur e g pLessUie of hYArbBah” LdASe{Wd UB Cnbeatignaall dyeing the

process in the course o e pre on of propyl gne oxi from propene
and hydrogen panggi zomTiHS % ahl.d8kpeprefezabiyofln Hehe efangen £¥O® um can

likewi se be chgnaefl. gd {94 S ankUrddi 1B KaPFSpRbee2dElyi AlAl tNe! Satlyange the:
pressure under Mhlg? t he %eggtlon takes pllace in addition to the pH and
tenperature ofTPRe?Pet®t?dm¥nedium in this respect, reference is made to
DE-A 30 19 36 547.4, which is incorporated into the present application

inits full s el LS s b r e e.Qrepa,ati on of
propyl ene oxigggi RE? F%Hjlts p%%?‘?g'tgp @%xﬁgreprﬁ%r a’g%a%%%]r}:gdso%t% n such
a way that theess18s seseaidedn aliovs dingehighr shedbydsrogene Ragoxide t he

range from 850b8y88s 9880 1R1 pL§r 88! ¥n! EnbNBahd8ULrémOoss €9 $9. 99 9% and
particularly preferably in the range from95 to 99.5%

10 In accordance with +the invention, a mixture (Gii)
comprising methanol, water and hydrogen peroxide is
separated off from the mixture (Gi), giving a mixture
(Ga) comprising propylene oxide. This separation can
generally be carried out by any suitable method. The

15 separation is preferably carried out by distillation.

Preference is given to a distillation method in which
one or more columns are employed, further preferably
one column is employed. If one column is employed, this
20 has at least 5, preferably at least 10 and in particu-
lar at least 15 theoretical plates. The pressures
preferably used are generally in the range from 0.5 to
10 bar, preferably in the range from 0.8 to 3 bar and
in particular in the region of the ambient pressure.
25
The top and bottom temperatures are clearly determined
by the selected pressure. In a very particularly
preferred embodiment, this column, which has about 15
theoretical plates, is operated at ambient pressure.
30 The top product obtained at a head temperature in the
region of approximately 35°C is a mixture (Ga) compris-
ing propylene oxide. The bottom product obtained at a
bottom temperature of approximately 68°C is a mixture
(Gii) comprising methanol, water and unreacted hydrogen
35 peroxide.



5 The present invention therefore also relates to a pro- cess as descri bed
above in which the hydrogen peroxide conversion in (i) is in the range
from85 to 99.99% 10 In accordance with the invention, a mxture (Gi)
conpri sing nmethanol, water and hydrogen peroxide is separated off fromthe
m xture (G), giving a mxture (Ga) conprising propyl ene oxide. This
separation can generally be carried out by any suitable nmethod. The 15
separation is preferably carried out hy g§stillation. Preference is given
to a distillation nmethod in which one or nore colums are enpl oyed,

further preferably one colum is enployed. If one colum is enployed, this
20 has at least 5, preferably at least 10 and in particu- |lar at |east 15

t heoreti cal pThEem:Eﬁm:eprmr emay pr dheradsit iove t@r megbaned) | waten he

range from 0. 3,450 re%élon o?f iz LU éQm%Pfséa%"e f{,ggﬂ&h t Guai@h and

I n particul ar |n t e dmbr ent” pressure e top and bottom
tenper at ures gPBpeNads| yhaéhepmlnbe, fpn lexanplect bY-prosygts. ofn ttilevery-

particul arér Q&%E%heq.nefﬂlqd'ﬁ%omﬁ@xhﬁd&ofstﬂé'd &ﬁtsﬁgh%ﬁea
t heoretica

ates, ,I1s operated at anbie [essure. 80 The to:égroduct
obt ai ned at atPr&‘&d £Bnpbtdht ur €3 nW“ﬂ'@@ onPEFodBpedxi Ht| yp C3%s a
mxture (@) e.mgsnu:u.tiesngmron.menfswrrmg Thﬁﬂ&&thd.m,prmtuctsaibxamtmad at a
bott om t enper 68 S c g
met hanol , wat %%“B ur‘ir egé? Eﬁ&gg %eéncl§5 %%éqbegé}(e té el' (ygr?i‘}xetﬂt}!r~I
(Gi) may, |nm§&bﬁmpén tQr monmmmda/vae@ployed for the dlStlllatlve
10 separation in (il), or compounds added, for example,
during an intermediate treatment as described above. In
the preparation of propylene oxide from propene in (i),
the mixture (Gii) may comprise, inter alia, 1,1-
dimethoxyethane, acetone, acetaldehyde, 1,l-dimethoxy-
15 propane, propionaldehyde, methyl formate and/or 2,4-

dimethyl-1,3-dioxolane.

In addition to propylene oxide, the mixture (Ga) may
likewise comprise one or more further compounds, which

20 can again be, for example, by-products of the reaction
in (i) or compounds formed in the separation in (ii),
or compounds introduced into (i) as impurities in the
starting materials, or methanol or solvents employed,
for example, in addition to the solvent methanol, or

25 compounds employed for the distillative separation in
(ii), or compounds added, for example, during an inter-
mediate treatment as described above.

Depending on the process procedure, it is conceivable
30 in the process according to the invention for the mix-
ture (Ga) obtained from the reaction discharge in (i)
to comprise methanol in addition to propylene oxide.
Preferred methanol contents are in the range from 10 to
90% by weight, particularly preferably in the range



- and "hydrogen peroxi de, conprise one or nore further conpounds which can
be, for exanple, by-products of the 5 reaction in (i) or conpounds forned
during the separa- tion in (ii), or conpounds introduced into (i) as
inmpurities in the starting materials, or solvents enployed, for exanple,
In addition to the solvent nethanol, or conpounds enpl oyed for the
distillative 10 separation in (ii), or conpounds added, for exanple,

during an internediate treatnent as dgsg¢#ibed above. In the preparation of
propyl ene oxide frompropene in (i), the mxture (Gi) my conprise, inter
alia, 1,1- digethoxyetha cet one, . acet.al dehyde, 1, 1-dinethoxy. 15
propane, proptsital h%ﬂe?gﬁESﬁyweﬂgpﬁaFQdaﬁﬁF rgg;ﬁ;culaf?% prefer>
di met hyl - | , 3-ablyxdirarche |mamgyedifiroon 400tpr 60%| bpeweighit, of hmebhanole ((XR)
may |ikew se conprise one or nore further conpounds, which 20 can again
be, for example, by-products of the reaction in (i) or conpounds fornmed in
the separati o ¢ (fuptheyr prefetred onboddmesd i nister) aklanmpdihies in

the starg n%é%ﬁ{&ﬁ'@eﬁnmth) ds SpiteEBEOyebm () a@ple, in
addition to the_sol ven | oyed for the]1

net hanol ,” or 25 conpounds e

distillative 339R# atPorthe mE-?“F)‘Feor(Géér}po&PﬂE 588 PUFRRSeSaffl tBYuri ng
an inter- nedpPdfent cRAPETHcREidiEscrited afpressiapendddedn tdie ghocess
procedur e, it%i stconc?'éva e .30 in tQH% p%%e S éaccorﬁi n teo t he eisn%/ent i on
for the mx tEHEEYRR) (BhEA nEFVEFEMRARR g8y % cREr 3%‘ | PY?5%5% o
conpri se met haowdrdingddes i othe 0 jmegntiore o devhidh ef the ednebhdnebl
contents j3ye éé‘ﬁ;lﬂ:'@téé‘ngfff geaanlﬁ’ea? 120¥ %G YigedPdd | @£, Yand
preferably in the ranfe - 17 - ) .

the resultant mixture is fed to process step (iii), and

embodiments in which the methanol separated off from

(Ga) and the mixture (Gii) are f£fed separately to

process step (iii), and not until there do they come

15 1into contact.

The methanol may furthermore also be added to the
nmixture (Giii).

20 The present invention therefore also relates to a
process as described above where the mnixture (Ga)
comprises methanol in addition to propylene oxide,
wherein methanol is separated off from (Ga) and added
to the mixture (Gii) or the mixture (Giii) or the mix-

25 tures (Gii) and (Giii).

The removal of the methanol from the mixture (Ga)
comprising methanol and propylene oxide is preferably
carrlied out by a distillative method, with the number

30 of columns employed being essentially as desired.
Preference is given to the use of one column. This
column preferably has at least 20, preferably at least
40 and further preferably at least 60 theoretical
plates.

35



"from25 to 75% by wei ght and very particularly prefer- ably in the range
from40 to 60% by weight of nmethanol. In a further preferred enbodi nent,
inter alia, the 5 nmethanol present in (&) is separated off from (&) and
added to the mxture (Gi). For the purposes of the present application,
the expression "added to the mxture (Gi)" covers both enbodi nents of the
process according to the invention in which the nethanol 10 separated off
from(G) is firstly added to (Gi), angg Lhe resultant mxture is fed to
process step (iii), and enbodinments in which the nethanol separated off

from (&) and the, m re, (Gi,) are fed separately to rocess step (iii),
and not unti |ﬂ¢1e§ésaﬁfﬁ'®°w§ this FQLUMM 28t PreferabliafAT
furthernore adwp Rkt aptiesstires hdn NtKé Uarddd | Erom2® . Bietpr ex@ntbdmyention
t herefore al t t rocess descri bed, above ere the mxture -
(Ga) conpri zégé%a%??}olgfﬁnagd?t ?n& z[gﬁ?ﬂ"oﬁmieﬁ’?r Coe 2 5T et hanol

i s separ at ed aBpky ffxom (IGH tend.2ddaet. to the mixture (Gi) or the mixture

(Gii) orgthe mx- 25 tures (Gi) and (Gii). The renoval of the nethanol

fromthe mxture (Ga) conprising nmethanol and propyl ene oxide is
preferably coh®i RFRANYy iRvEREdon athesefierfo@ls®t Felrtefint® F of

col ums enpl Wéﬁ NgnesMaldh ahévhBifoTesh! GéparBeier &FF € frondi (/@é%to the
ol u

use of one c ._This . coly ref erabl y has, at | east 20, _preferably at
oast 40 and iy HoRsp ASSTANST AT VIt SHb GRS | EEROVBLA Lhe
methanol is carried out in a column having at least 20
10 theoretical plates at pressures in the range from 0.3

to 10 bar.

The reaction discharge from (i) may comprise propene
which has not reacted in (i). This is preferably separ-
15 ated off from the reaction discharge.

In a preferred embodiment of the process according to
the invention, the removal of the unreacted propene is
carried out during the removal of the mixture (Gii) in
20 process step (ii). In a further preferred embodiment,
the distillative separation in (ii) is carried out by,
for example, separating off the mixture (Gii) at the
bottom, separating off the mixture (Ga) wvia a side
take-off of the distillation column, and separating off
25 the unreacted propene at the top.

In a 1likewise preferred embodiment of the process
according to the invention, the separation in (ii) is
carried out in such a way +that the mixture (Ga)

30 obtained from (ii) comprises propene which has inc:o‘\:
reacted in (i) in addition to propylene oxide and
possibly methanol. This propene is preferably separated
off from (Ga) during the further process.



- 18 The distillation in this colum is preferably carried out at
pressures in the range fromO0.3 to 10 bar, preferably from0.4 to 2 bar
and particularly prefer- ably from0.6 to 1.2 bar. 5 The present invention
therefore also relates to a process in which nethanol is separated off
from(Ga) and is as described above, wherein the renoval of the nethanol
Is carried out in a columm having at |east 20 10 theoretical plates at
pressures in the range fromO0.3 to 1Q la _ The reaction discharge from (i)
may conpri se propene which has not reacted in (i). This is preferably

separ- 15 ateg off fromthe, reactjon discharge. In a preferred enbodi nent
of the proceseP8ccBFEFRBEt olRYEREION erfthegiefong. PdFOyaredrtere Areact ed

propene is cprpcedsouls d:wsldﬁg.ﬁéae ?Wg&hﬁfbethﬁeﬁhﬁlﬁ\ﬁ# G&G&)} lniﬂo_
process step (i a.fur eferr enbodi ment_, .. ..the_distillative
separ ati on inggﬁﬁf+#§ c%%riéﬁﬁéiﬁgﬁﬁu oxigde o 28 Ig?sféﬁéﬁétﬂﬁﬁgspthhe

m xture (G i) additaenabdyt eeprsipes apropens fwhbeh nhasunot( Gepcted anside
take of f of ha)di Sihdtatd ORneo! YpBoefdd 138 PBEANLATCR for 25 4l URhgaCt ed
propene at the,top. In_a |ikew se preferred enbodi nent of the process

according to PAXtERGeBRON, the separation in (ii) is carried out in such
a way that the mxture (G) 30 obtained from (ii) conprises propene which

mot hanol . Thi 586r oBeRaval " Ef hen| proeRaPatcPreRene | ARTER) (G | A € he
further procepzeferably carried out by distillation. The number of
10 columns employed is essentially as desired. Preference
is given to the use of one column. This column gener-
ally has at least 5, preferably at least 10 and further
preferably at least 15 theoretical plates. The distil-
lation in this column is preferably carried out at
15 pressures in the range from 0.5 to 25 bar, preferably

from 0.7 to 5 bar and particularly preferably in the
range from 0.9 to 1.5 bar.

During the removal of the unreacted propene, the

20 problem may under certain circumstances occur that
during removal of the propene as 1ow—boiling fraction,
as described above, oxygen may accumulate in this low-
boiling fraction in a concentration which +turns the
low-boiling fraction into an ignitable mixture. This

25 can cause a serious safety risk if propene is in turn
separated off from the low-boiling fraction by distil-
lation, which is preferably the case if the propene is
to be recycled into (i).

30 This problem can be solved, for example; by removing
the propene from the low-boiler mixture by distillation
and introducing an inert substance having a boiling
point which is lower than that of propene, preferably
methane, into the upper part of the separation device

35 used for this purpose in such an amount that the oxygen



- 19 The present invention therefore also relates to a process as

descri bed above where the mxture (Ga), in addition to propyl ene oxide and
possi bly nethanol, additionally conprises propene which has not reacted in
5 (i), wherein the propene is separated off fromthe mxture (&). The
removal of the unreacted propene from(G) is preferably carried out by
distillation. The nunber of 10 columms enployed is essentially as desired.
Preference is given to the use of ong lum. This colum gener- ally has
at least 5, preferably at least 10 and turther preferably at |east 15

t heoreti cal pjahg The distil- lation in this colum is preferably carried

S \ :
out at 15 pressuttluted: e AafpnoensFarion Abowhich bher aadore fiHm 0. 7
'[D(J) 5 bar hand mar tl.iong]lcear | YgmitedisXead| Thilg tﬁﬁocéﬁélgﬁi)raahgrﬁbée, 1-{171.23-" .
ring the r 0 e Jyreact ed opr.opene roble under
certain ci rcs%s%é@nlcee’s 'rcL)ccur -t%gﬁ gglpl ngé)?'en%\?QF‘E’SF't h‘«%’%r Bﬁghgaeés 18
| ow- boi | i ng fRYRAeTALLY B lwest by isigo\ee Procesen fary the mitlatap iof t hi s
Low. Ol I NG o ki | bl NN Rdeah Wi byl J'Ert'ewhiéﬁ"*&ﬁ@ﬁlg?y .

fraction into, an ignl tabl € m xtur hi's can cause a seril ous

i f propene i s+% nSeBpratedpofsi £Fam rthe omixkurecshorenrdistibiativey
Feoycl ed |t O ey, Sar a8 Bhopene A ovin
[ﬁgygrgpene fsﬁ(ﬁ%’i‘%eeq &%ﬁo&‘@? "ﬁ'\‘%(t’%ﬂ%tbbcﬁ/" st YTy 36ndf%1 1?&¥%uci ng gn
i nert subst arfleldhaprogess bos| degeribedt iwhipE-A s1bowen t4en 1 harhidh
propene, jgr ef & am%orporated into the present application in its

full scope in this respect by way of reference.

In a particularly preferred embodiment of the process
according to the invention, the propene separated off
15 is recycled into (i) as starting material.

In a further particularly preferred embodiment, all

said process steps are carried out continuously. It is

of course also possible to operate one or more of the
20 steps in a batch procedure.



met hane, into the upper part of the separation device 35 used for this
purpose in such an anmount that the oxygen - 20 is diluted to a
concentration at which the mxture is no longer ignitable. This process is
descri bed, for exanple, in EP-B 0 719 768. However, the problemis
preferably solved by using a process for the work-up of 5 a m xture

conpri sing propene and oxygen in which oxygen is separated off fromthe

m xture by non-distillative nethods to_give a further m xture, and the
propene is separated off fromthe furtﬁgr‘nixture by distillation. This
process is described in DE-A 100 01 401.1, which 10 is incorporated into
the present application in its full scope in this respect by way of
reference. In a particularly preferred enbodi nent of the process according
to the invention, the propene separated off 15 is recycled into (i) as
starting nat eye adlaidnx 2 further particularly preferred enbodi nent, all

sai d process steps are carried out continuously. It is of course also
possible to operate one or nore of the 20 steps in a batch procedure. - 21

We claim 55 1l1. A opeese$sr folre e pptebarat Don poEPWrpylenedaxide Whi ch
10 15 20 (i) pr opaje “i,}?iéeact ed with hydrogen peroxide in the presence of
nmet hanol to give propy e%% oxide, giving a mxture (G ) conprising

(i) propene is reacted with hydrogen peroxide in
the presence of methanol to give propylene
10 oxide, giving a mixture (Gi) comprising
propylene oxide, methanol, water and
unreacted hydrogen peroxide,

(il) a mixture (Gii) comprising methanol, water
15 and hydrogen peroxide is separated off from
the mixture (Gi), giving a mnixture (Ga)

comprising propylene oxide, and

(iii) water is separated off from +the mixture
20 (Gii), giving a mixture (Giii) comprising
methanol and methyl formate.

2. A process as claimed in claim 1, wherein the
propylene oxide is prepared using a zeolite
25 catalyst, preferably a titanium silicalite ' cata-
lyst and din particular a titanium silicalite

catalyst having the TS-1 structure.

3. A process as claimed in claim 1 or 2, in which the

30 water is separated off by distillation in (iii),
wherein

(w) a mixture (Gw) which principally comprises
methanol and methyl formate is separated off



" propyl ene oxide, methanol, water and unreacted hydrogen peroxide, (ii) a
m xture (G1i) conprising nethanol, water and hydrogen peroxide is
separated off from the mxture (G), giving a mxture (Ga) conprising
propyl ene oxide, and (iii) water is separated off fromthe mxture (Gi),
giving a mxture (Gii) conprising nethanol and nethyl formate. 2. A
process as clainmed in claiml, wherein the propylene oxide is prepared
using a zeolite 25 catalyst, preferahlya titaniumsilicalite cata- |yst
and in particular a titani umsilicalite catalyst havi ng the TS-1
structure. 3. A proces gbal ned.in claim1l or 2, in which the 30 water
i s separated off by d| ?‘PI FofIKRUEE; |(Fll)\/\,ﬁ5r§ihﬁ &9P L% &t Silzstan

whi ch principally conpdistillaeidmnedluang, net hyl formate is separated off
22 fromthe mxture (Gi) at the top of a first distillation colum, (x):
the m xture obtai ned at the bottomof the 5 first distillation colum is
fed as feed to a (¥icokaedimixture i ohtadhedn at{ ythe rbottom ©OBy)thbi ch

|9 0th
Pop of "the second ai sti1 Lot q oo eol Topron ot e e S TEES 85 400 ()

are combined to give TR %aﬂ‘hﬁ C&#@‘H‘)H column,

(y) a mixture (Gy) which principally comprises
methanol and methyl formate is obtained at

10 the top of the second distillation column,
and

(z) the mixtures (Gw) and (Gy) are combined to
give the mixture (Giii).

15
4. A process as claimed in one of claims 1 to 3,
wherein methanol is separated from methyl formate
in the mixture (6iii), and the methanol separated
off is recycled into (i).
20

5. A process as claimed in one of claims 1 to 4,
wherein the reaction in (i) is carried out in one
step.

25 6. A process as claimed in claim 5, wherein <the
hydrogen peroxide conversion in (1) is in the
range from 85 to 99.99%. '

7. A process as claimed in one of claims 1 to 6,
30 where the mixture (Ga) comprises methanol in
addition to propylene oxide, wherein methanol is
separated off from (Ga) and added to the mixture
(Gii) or the mixture (Giii) or the mixtures (Gii)
and (Giil).
35



15 4. A process as clainmed in one of clains | to 3, wherein nethanol is
separated fromnethyl formate in the mxture (Gii), and the nethanol
separated off is recycled into (i). 20 5. A process as clained in one of
clainms 1 to 4, wherein the reaction in (i) is carried out in one step. 25
6. A process as clainmed in claim5, wherein the hydrogen peroxide
conversion in (i) isin the range from85 to 99.99% 7. A process as
claimed in one of clains 1 to 6, 30 whgye the mxture (Ga) conprises

met hanol in addition to propyl ene oxide, wherein nethanol is separated off

from (Ga) ang added mxturg ,(Gi). or the mxture (Gii) or the
mxtures (Gi) a?‘d t’gf.&F?? - %J&'@d ALBr Rk g | Fhexedinn thei m 7,
wherein the renovemogalt b€ thehmethahsl casr o988 bRtaifoLuURRyLhavi N9 at

| east 20 theoreti . S ress o the range fromO0.3 to 10 bar. .
5 9. A process as??lk%ir'lggé%i %E%ﬁg gp gf'glgﬁgjcic?g E?‘a‘: efE PRESALELEre (Ga),

in addition to prdpyfBferaBge treamd b B0 bast.hanol , additional |y
conpri sesS propene which has not reacted in (i), 10 wherein the propene is

separated of g frog t;.f:}eocégsxtgge él%ajz!ried in one of claims 1 to 8,

where the mixture (Ga), in addition +o propylene
oxide and possibly methanol, additionally
comprises propene which has not reacted in (i),

10 wherein the propene is separated off from the
mixture (Ga).



