1 7 DEC 2004 1 5 METHOD FOR THE PRODUCTI ON OF PROPYLENE OXI DE The pzeﬁgptzﬂgk
invention relates to a process for the preparation of propylene oxide Tn

10 which nethanol is enployed. In the process according to the invention,
met hanol - is worked up and separapgd%qu froma m xture conprising

met hanol and nethyl formate. In the standard processes of the prior art in
whi ch propylene oxide is prepared in 15 the presence of nethanol, nethyl
formate is generally fornmed in at | east one process step from net hanol

and/ or from propyl ene oxi de. The problem occurs in particular if the
target product propylene oxide has to be separated fromthe undesired
by-product nethyl formate and, owing to the very simlar boiling points of
t hese two -coppounds—hi-gh—equiprent—econrplextty—is—necessary—for—the 20
separation. In the distillation nethods normally enployed in this respect,

extractive distillati I [ ccordi necessary in
order Po ensurehﬂEIgﬁiﬁgﬁfgﬁﬂgg?3%@@@1§ﬁgﬂ€£ﬁ*%@Pﬁ?ﬂé@gigﬁﬂgbﬁ& nethodsyof
this type for the separation of nethyl formate from propyl ene 25 oxide are
descri bed,—for exanpie, 1T US-A 5, 107,002 and US-A 5, 106,458, It 1S an

obj ect of the present invention to provide a process which enabl es | ess
equi pnent conplexity and ensures nore efficient and i nexpensive preparation

of propylene oxide. 30 We have found that this aobje i s achi eyed by a
r ocess. T GISAESSH; EiysAUeR HEIGY 0 HPBRFISERLGATER T, HrpRUSEn Rt 0

et hanel , iichiMihtRaddl opyﬂgpme%).xﬁndﬁe ipfoceepadeatdiflg twftle ihvamioa, metianok
conprising pro ene qxi de t hanol , and the resultant i r,

conpri si ng"s Mﬁ%&&? alng %‘?‘%&H (Ifg?ro\%iadﬁfx%ﬁﬁlpf@ggm?e%gtﬁ%ﬁlnagn Wn‘é%ﬁéﬁol 35
of f from dorhature conprising nethanol and nethyl formate during the

wor k-up. 17 DEC 2004 - 2 The separation of the nmethanol fromthe m xture

conprising nethyl formate and o _
[n the standard processes of the prior art in which propylene oxide is prepared in

15  the presence of methanol, methyl formate is generally formed in at least one
process step from methanol and/or from propylene oxide. The problem occurs in
particular if the target product propylene oxide has to be separated from the
undesired by-product methyl formate and, owing to the very similar boiling points
of these two compounds, high equipment complexity is necessary for the

20  separation. In the distillation methods normally employed in this respect, extractive
distillation methods, for example, are accordingly necessary in order to ensure the

requisite target-product purities.

Complex methods of this type for the separation of methyl formate from propylene
25  oxide are described, for example, in US-A 3,107,002 and US-A 5,106,458,

It is an object of the present invention to provide a process which enables less
equiptnent complexity and ensures more efficient and mexpensive preparation of
propylene oxide.
30

We have found that this object is achieved by a process for the preparation of
propylene oxide in the presence of methanol, in which propylene oxide is separated
off from a mixture comprising propylene oxide and methanol, and the resultant
mixture comprising methanol 1s worked up, which comprises separating methanol

35  off from a mixture comprising methanol and methy! formate during the work-up.



met hanol can in principle be achieved by any conceivabl e net hod, 30 Hﬁ&?zmﬁ
it is ensured that the purity of the nethanol separated off neet 1

requi renents nade. 5 Mention may be made here, inter alia, of chemca

met hods. For exanple, it is possible to bring the m xture conpri sing

met hanol and nethyl formate into contact wth a suitable basic ion
exchanger, which results in the format2on of nethanol, wth the formate
remai ni ng on the ion exchanger Thi s nethod is described, inter alia, in

Us- A 5, 107,00 u I
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mentioned for the purposes of the present invention are salts of acids

whi ch re o} C )?d'n‘i’ﬂi made
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Preference urt ernore given to the separati on of rret ang fromthe

m xt ure cwmtbrth%f@@%fméﬂngmthﬁe?hWcmﬁg‘ﬁ‘afr@ﬁ@lﬁ% phyecalpdmdidiods, for
exanpl e digtiih UstAongmidpods. 25 OF these, extractive distillation

met hods, for exanple, are possible, as are known fromthe prior art and
mentioked, for exanple, in the above-nentioned US-A 5,107,002. However,

pref er encefp|ighdineed) it & Posttle hatdeantheehbods deprhlrigemcﬂﬁndﬂr’rm&‘ﬁmﬂi}&d 30

th | | t t { t hod
N h 1 250 SOMLRTSOh SO SXhly TR N ARG R Rl 8 80y 5t oc.
pr ef er abl ymﬂehmldﬂm bajses lwmmlemysanf wlluf:h dreehydodlysin of theengthyplyfednateltas has at
| east 5. BLEIRLAR! Bretlieh AR iR B o bABE Pabil MriPbrelefRE a8 SRR CLT A

pl at es.
15 may be mentioned for the purposes of the present invention are salts of acids which

are weaker acids than formic acid. Mention may preferably be made here, for
example, of, inter alia, alkali metal and alkaline earth metal hydroxides or alkali
metal salts of alcohols or phenols. It is of course also possible to employ mixtures
of two or more of these bases.

20
Preference is furthermore given to the separation of methanol from the mixture
comprising methanol and methyl formate using physical methods, for example

distillation methods.

25  Of these, extractive distillation methods, for example, are possible, as are known
from the prior art and mentioned, for example, in the above-mentioned US-A
5,107,002.

However, preference is given to distillation methods which can be implemented
30  with less equipment complexity than said extractive distillation methods.

Preference is given to a distillation method in which one or more columns,
preferably one column, is employed. If one column is employed, this has at least 5,
preferably at least 10 and in particular at least 20 theoretical plates.

35



1 7 DEC 2004 - 3 The pressures preferably used are generally in th
from0.2 to 50 bar, preferably in the ra%ge from 1.% to 30 %ar a dﬂ[ﬁfb"%ﬂ‘!
particular in the range from2.0 to 20 bar 5 The top and bottom
tenperatures are clearly determned by the selected pressure. 1In a
particularly preferred enbodinent, this colum, which has approximately 20
t heoretical separation stages, is genreBakly operated in the range fromaO0. 2
to 50 bar, preferably in the range from1l.5 to 30 bar and very

particul ar pr ef er abl the .r t ¥ r oduct
obt ai ned |ir¥‘ RSO eP %8%%‘?‘9”5?%8 a%ctgg% %Ira‘@g] g‘o&lﬁart%él&gnfgﬁ% Oszrrgﬁlf}mrg%lgort i on
of the net pefedabriaskntaniga ftone 1 e G0 Hanagbmepmrqulm‘rm m¢@9l¢ﬁamgﬂ1tﬂture has
a met hanol 2gg)ntent of | ess than 80% by wei ght, preferably [|ess than 50% by

wei ght and 'icularly preferably | ess than 20% by wei ght. The present
invention therefore also relates to a process as described above 15

wherei .t NGy 3eRanal boRo ke RLNARU el B Lifindl B} Mo RRIRY friddige et hanol

and met?lyl s carri ati1on colum having _at | east
five theor ét aqarticubdrit pefartedosrebadiment, ithis chlummaaguch hanrproximgtesd 28ar . |t

|s further 'ﬁ?éé) det{“égg%e?ﬁ/aﬁlab%te{ggg lgg e’i%]lg; b‘;‘.ie?at%&’ "‘iprcSr'aH@ fieienel sepdr, met hyl

20 formate "a nponent s besi des, nget hyl f or mat e.
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type e nentione f I

inter &fia, 01’@@& aﬂlfhéﬁwg PYOHOYEO%IP}{@ICHB% %"Méﬁ‘i@emp‘l“c}gaﬁ‘?‘? exa lehare
rlm )1/ fl: rkn;tM hgi%@g&%i}&mcfﬁﬁt@]ﬁ?t}?ﬂdl orflerd fdesserhhy 186%Lb3 weﬁ:gmxprefaﬂﬂy These

se ated o romthe our se, of the
wor k- up. | fessgh anﬁg/a ébé’éﬁi'@témfi&‘a’g@figfﬁtpéeéﬁg’gyeleﬁilthﬁ? 2@0{?%9% WEERL £ 1 om t he
m xture by oPe ﬁr m)Le sui tabl e physical or chem cal nethods before
separation t he net 0 h I
possi bl e fi'r§t Py @E'ﬁﬂf(’é‘tg‘ r(r%fg’ﬁ ﬁ% ?g%%}/ heBFrﬂrEE%S 73 dtevéﬁﬁ)eh can result
in a M st uneheeinphied sipactioe tolfi ronethagioldtorh ¢l mixine cqnmumgtryethampltands case,
the separat on G 5L RANRLed bR Th b fstifatibh L uaRhg at least five theoretical

plates at pressures in the range from 0.2 to 50 bar.

[t is furthermore conceivable for the mixture comprising methanol and methyl
20 formate additionally to have further components besides methyl formate. The term
“components” here denotes both pure compounds and azeotropes which have a
boiling point which is lower than the boiling point of methanol. Components of
this type which may be mentioned by way of example are, inter alia, acetaldehyde,
1,1-dimethoxyethane, propionaldehyde, 1,1-dimethoxypropane, acetone and 2,4-
25  dimethyl-1,3-dioxolane. These may likewise be separated off from the mixture in

the course of the work-up.

It is thus possible to separate these by-products off from the mixture by one or
more suitable physical or chemical methods before separation of the methanol
30 from the methyl formate. It is likewise possible firstly to separate methanol from
the mixture, which can result in a mixture comprising methanol and at least one
impurity. In this case, the separation of methanol from the mixture may be
followed by one or more separation stages in which methanol is separated off from
the at least one impurity. The separation of methanol from the mixture can likewise

35  result in a mixture comprising methyl formate and one or more impurities. This too



fol l owed by one or nore separation stages in which nmethanol is sepdir]aUEg 2004
off from the at least one inpurity. The separation of nethanol fromthe

m xture can |ikewise 35 result in a mxture conprising nethyl formate and
one or nore inpurities. This too 1 7 DEC 2004 4 can, if necessary, be
Separated into its constituents by one or nore suitable physical or

chem cal nethods. The constituents canh 4 hen be fed, separately or together,
to one or nore further processes as starting materials or subjected to

heat recove e

al so possi bcf% ngecng a q%en&p% tdgﬁtc())l lﬂ"fdrgélgntﬂJ %rﬂéh#’ e&f m%@%déﬁgtrééjth%ﬁﬁ

met hyl f or roatohemil mfehcais Thasbnsiteents q@uﬁnﬂ;bﬂffﬁdxmeph@tﬂiﬁwh&mﬂthqrnm SI ngI e

process ste ti tially
enpl oyed i nO%a(?ggf% dance gg&%g% Eggﬁtghlﬁlﬁvrlé%%%ggr %Mgg&afoﬁngﬁ{]rg%@f&?r action
whi ch has a nethyl formate content of, in general, |ess than 500 ppm

Accor di ngl y, resent 1 nvention al so r rocess as scri bed
above 15 uhehaial frome theemivenis! bysesparabing oy medm quglatm@d/\rélﬁ@ lgashane a
met hyl for }mhg AReppip. Dependi ng on the requirenments
made of thgﬁ%urllt}fg&%lﬁﬂ% ano%mé‘r ?ct |eon resi dues of other conponents,
for exanpl e acetaldehyde 1 1 dlnethoxyethane 20 propi onal dehyde,

, 1- di met hophepsRRanNRscrifedt AR 1@on2 whidh BBirbiétentially @hﬁ?@eﬂﬂ%acc%aﬁ& remain

|n the nmethanol fractjion after the distillative, work- se arated
from t A8 meViaths Inysntinge gbres Ronethansl: fastien yiigh, hasa ey 4oy H%Péoa“ﬁ

more furtheyf, géﬂelrilaws@mﬁan 260 Fbml preferaslyalebsy thantliooeppm wﬂfpmmlyf the
concentration_ o ch . individual secondary conponent in the nethanol is

| ess than 1%%?%?5?191&8 7d BPAL sum of al | secondary components does not
exceed 5% by wei ght. The met hanol separated fromthe nmethyl formate in this
way can be el co a t hanol
o be 1 ed HAgRrTREY (i PRRsRauléyigh Pt MEhBs3o SPERLUPR. Becclbed B0 2700

i f necassarwheréiadtheomathdnélf mrﬁtermtﬁﬁ:éssng mhe work-up has a met yl formate

content of less than 500 ppm.

preferably ﬂ)e%%ﬁdltngaorﬁ tLQQ:hQIBma?Hng@E{ ih%lf Mes W@ ;Msiﬁbleet%ssebgﬁ& 20 ppm

Depending on the requirements made of the purity of the methanol fraction,
residues of other components, for example acetaldehyde, 1,1-dimethoxyethane,
20  propionaldehyde, 1,1-dimethoxypropane, acetone or 2,4-dimethyl-1,3-dioxolane,
which remain in the methanol fraction after the distillative work-up can be
separated from the methanol by one or more suitable measures, for example one or

motre further distillations.

25 It is generally entirely sufficient if the concentration of each individual secondary
component in the methanol is less than 1% by weight and the sum of all secondary
components does not exceed 3% by weight.

The methanol separated from the methyl formate in this way can be re-used, it
30 being in principle conceivable for the methanol to be fed back into the process for
the preparation of propylene oxide or, if necessary, fed to a different process in
which methanol is required as solvent or as starting material or in another function.
It is of course also conceivable to divide the methanol stream resulting from the
separation according to the invention into two or more streams, and to feed each

35  stream to a different process.



whi ch. net hanol is required as solvent or as starting material or ‘P;aﬂEﬁhﬁm#
function. It is of course also conceivable to divide the nethanol stream
resulting fromthe separation according to the invention into two or nore
streans, and to feed each 35 streamto a different process. 1 7 DEC 2004 5
In a particularly preferred enbodi mrent of the process according to the

i nvention, the nethanol which has beefh separated fromthe nethyl formate
and, if present, one or nore by-products or inpurities is fed back, as
descri bed above, into the 5 process for the preparation of propyl ene oxide.
The methanol is preferably, inter alia, punped into _a buffer tank and fed
into the plmegesticuleshepresirredrembediment of thepsogeseaetordingve g wivealiab rel at es

to a proce Cl.i i m t he
ot yl 1 or ik RHARGE AhREHA M Scpliahs forh I HRUAA THm AL AL A HHedchRT
process. Thee pr aperedi-prodogts pr dmpusties gxiedebasknay Aessribed b, palocer i ed out

by any @fogﬁozc%g%g}rﬁgén @F&(P?Fafiﬁﬁacrfrﬂre 1M okile ! TS RIBRAPCR mEfer Papedr. 15 In

a preferred 2 e process_according to the invention, the
propyl ene abixindenped iptoaaften tinkand Jpd ap thepiacesy BB -per oxi de in at | east
one reaction step in the presence of nethanol, giving a m xture conprising
nmet hanol , propyl ene oxide and water. 20 The reaction of,k pr ne with
hydr ogen péxsRidirslrathe aetest irwation2lieretatesy 104 PrOEs? laéﬂegcrﬁ;gahgﬁ’é’.e For
exanmpl e, t hﬁleﬂﬁﬁHﬁrrﬁ&tﬁl&ﬁbl%}geﬁé&@ﬂcﬂﬂﬂle%ﬂﬁﬂ forRatben tRrdolrd of et work-a bat ch

process or continuously. Wth respect to the continuous processes, al
sui tabt® r &Rdt %er&F]FgHéMPEesére 25 agai n conceivabl e. Thus, for exanple,

t he propyl ene oxi de can be prepared in a cascade of two or nore reactors

connect ed one anot her in,series. Conceivahl.e . Q) r Lkew se
those in w?ﬁ%Sr?“?PééaéPBro PIRY A @encar?a’?gflp%lpf%abreecagrrrlf%dlc@Z’g.%n?&g%‘%ﬁér%gti ons of
t hese procedsdsaracerrzdsmt pothsipodsence of métharphse where two or nore reactors

are connected in series, suitable internediate treatnents can al so be 30

provi ded between the reactors. Reference is nmade in this connection to,
i nter B%i aJn a preferred embodiment of the process according to the invention, the propylene

oxide is prepared from propene and hydrogen peroxide in at least one reaction step
in the presence of methanol, giving a mixture comprising methanol, propylene

oxide and water.

20  The reaction of propene with hydrogen peroxide can be carried out here by any
suitable methods. For example, the preparation of propylene oxide can be carried

out in a batch process or continuously.

With respect to the continuous processes, all suitable reactor arrangements are
25  again conceivable. Thus, for example, the propylene oxide can be prepared in a
cascade of two or more reactors connected to one another in series. Conceivable
processes are likewise those in which reactors arranged in parallel are employed.
Combinations of these processes are also possible. In the case where two or more
reactors are connected in series, suitable intermediate treatments can also be
30 provided between the reactors. Reference is made in this connection to, inter alia,
PCT/EP99/05740 and DE-A 100 15 246.5, which are expressly incorporated into
the present application by way of reference in their full scope with respect to the

reactor arrangement and intermediate treatments.



PCT/ EP99 /05740 and DE-A 100 15 246.5, which are expr essl y 1 ncorporated

into the present application by way of reference in their full scdpeD&Ct 8004
respect to the reactor arrangenent and internediate treatnments. 1 7 DEC
2004 -- 6 Furthernore, the tenperature and pressure of the reaction nedium
can be nodified during the process in the course of the preparation of
propyl ene oxide from propene and hydr égen peroxi de. The pH and tenperature
of the reaction nmedium can |ikew se be nodified. It is furthernore
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addi ti onal pressu e un reac pl ace.
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i ncor por at ﬁl%ge&é Ond HfrdrB g‘f?ﬁﬁltox?c@pll“hgg resuf%. mqa‘ftaﬁ?&rcﬁaﬁ%emts full

scope int respec m Xt ur e preparation of

propyl ene oxi HEeWrsgrhepmdé'wé ants ﬁmn@(gérpqseb?sxumedémnct@nﬁbmﬁ regpd
h
met hanal , Ee'}rﬂ{e%itﬁ&eop Ioneggngi@%d §dd1f?6t?§l§fr ﬁ;bh%dpgrthsgb #wenuh&% process

accordlng e I nven y separ at'i ng ene_oxi de. 15

In a parti siichr the peastien rTelﬂeSe@fﬁém ﬁ@ rengehds |pragls et thlﬁ\fémeicbﬁotﬂgréf ore
relates toy49 @Vs@@@sw& des fe'sé??qln eannamh@ rdskat a g’pﬂcéﬂonl §@%fayone

reaction step, propyl ene oxi e IS prepared from propen hydrogen

per oxi de i ﬁftelﬁfé‘e?ﬁee@éﬁ(féﬂé‘FOH?éﬁﬁlaﬁéffsPeﬁl ving a mxture (G) 20 conprising
met hanol , propyl ene oxide and water, (ii) the propyl ene oxi de is separated
fromthe mxture (G |ngamxture and

G i met hanol
wat er ,1®5 [hg mixtyse éﬁ‘suitglgsé%‘é‘r £ QDRI HeP AP F H"g p&?Rﬁ“ﬁé‘m& m xt ure
(Gii) Coﬁﬁ‘h‘bgérﬂa@f@ha@r@lﬂ e prisihh Yheﬂﬁhﬁl‘at;ﬁop)(lbﬂé d?iﬁiehaﬁd)l watr sgpar at ed

fea bacr | RGeSk gwaﬁmf%% Ll R R oy R bE e e epriabine 1 i )

i s preferabff\propyienecskideit by distillation in the process according to the
invention, it being possible to use one or
15 In a particularly preferred embodiment, the present invention therefore relates to a

process as described above in which

(1) in at least one reaction step, propylene oxide is prepared from propene
and hydrogen peroxide in the presence of methanol, giving a mixture (G1)

20 comprising methanol, propylene oxide and water,

(i1} the propylene oxide is separated from the mixture (Gi), giving a mixture

(Gii) comprising methanol and water,

25 (i) water is separated from the mixture (Gii), giving a mixture (Giii)
comprising methanol and methyl formate,

(1v) methanol is separated from the mixture (Giii), and

30 (v) the methanol separated off in (iv) is fed back into (i).
The separation of water in (iii) from the mixture (Gii) is preferably carried out by
distillation in the process according to the invention, it being possible to use one or

more distillation columns. One or two distillation columns are preferably

35  employed. In the case where heat recovery is unnecessary, one distillation column



nore distillation colums. One or two distillation colums are prefler GECY 2004
35 enployed. In the case where heat recovery is unnecessary, one )
distillation colum 1 7 DEC 2004 - 7 is preferably enployed. Two or nore
distillation colums are preferably enployed if particularly good heat
integration in the process is to be ensured. Regarding the physical
paraneters, such as tenperature or preS3sure, there are no 5 particular
restrictions in the di stiIIative separation of water fromthe m xture

(Gi). If K: I s e he
i nvention %35 {eﬁeﬂﬁy h a%ll on o n%;ég}s'n ?ltcl)é}n?% gﬁ%@%ﬁ%g‘%ﬁ &ﬂpfoﬁlg col um
pr ef er abl ylﬂmgncaﬂarl}ewd Igat intrastteanaiplthe processas o roenawgds ur t her pref erabl y
at least 30 theoretical plates. The distillation is preferably carried out
at pressures in the range fromO0.5 to 40 bar, 10 preferably from1.0 to 20
and parti cReg#dingsthe fbiysisalyparameicrs, Guelhas] EmngFatuRrort RIESSHES) (B8 28 BO enpl oyed

in the pr Ogﬁ?&u Féa,frﬁﬂtms 0 tHeNB st IRV BERRatl B oft Pfter ﬁsﬂ%@ml%@temt er from
the m xtur , pressures_are sel ected sg that the

condensat i §rowy OPHéO{L@Hl 5 enplayed Iy FasPreeass ecqidiag te gh %aien%?rh@? focess 15
streams. Thisy zitﬁmacﬁhkrﬁ&ﬁﬂ-onf e xﬁmﬂ’el(@u)beru@@mbmﬂ rét‘@@bgonasemeastcsf at

| t d t he hot

esul ting ngwglgfeat ke 10 gne AR arelaenty Py D PPetrEHon elsst TG f or
hleflt [ ngt Onellsﬁnaﬂfmf B mtRps] pfcaﬁhﬁ mnra@q)e@smmmmb RPgé Groth @, Slt ttb?/ﬂ:aa@n or |

a ernatl ve | STI all on col um
i s preferabl§® 8@5?@%%‘9%@3&1’5‘% Qrﬁgerngg}gégnﬁg Eég%f to 40 bar and

preferably from1l to 20 bar. In one possi bl e enbodi ment, the first colum

I s operat eﬁ‘b tc{ g%@ hteekgperggpciﬁegie ﬁivﬁ#rokggnack % eﬁ)oﬂg 1?1%111{;5% orrkhgh' S

case, the heat e "b nMeans o e condensat e
fromthe #épasttionaifuwater fnoﬂaﬂprmf?émee(@lénﬁ@dvmsmes Etrheelﬁctp@tso dbdtuthe i s

oper at ed ahe%% Atf%\gﬁge&é iB E581Bp :o? c&g@ﬁag the b%%@dﬂgo ﬁ%econ egrecésbl s case,

the bottom |rs [ nmeans o sate from

t he sekbndsteesimanthis is echirvedi &yleesﬂmqu@rbeff lea teshborflersitof atHeast iongt col um

I's oper at edyRinnP WS %@%xé.rﬁplet %téra@ﬂg Js‘ir%mtlf]e hét YaRAre@llfing Urdih Sthe
preferably In the range from d the second col ucr)?th

oper at ed aﬁoq}frgscglj}peegte@rﬁ r@sr\létn}ga&@t@ the B‘Pﬁ Tg| foxt' E eajige one or more steps

process according to the invention or altematively one or more other processes.

20  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 one possible embodiment, the first
column is operated at a higher pressure level than the second column. In this case,
the bottom of the second column is heated by means of the condensate from the
first column. In a preferred embodiment, the first column is operated at a lower

25  pressure level than the second column. In this case, the bottom of the first column

is heated by means of the.condensate from the second column.

In a particularly preferred embodiment, the first column is operated at pressures in
the range from 4 to 9 bar and further preferably in the range from 6 to

30 8§ bar, and the second column is operated at pressures in the range from 11 to 16
bar and further preferably in the range from 12 to 14 bar. In general, from 20 to
80%, preferably from 30 to 70% and particularly preferably from 40 to 60% of the
methanol present in the mixture (Gii) is separated off together with methyl formate
at the top of the first column. The mixture obtained at the bottom of the first

35  column is compressed and used as feed for the second column. The top product



bar and further preferably in the range from12 to 14 bar. In gene¥?l [Zr
20 to 80% preferably from30 to 70% and particularly preferably 0 0
to 60% of the nethanol present in the mxture (Gi) is separated off
together with methyl formate at the top of the first colum. The m xture
obtained at the bottomof the first 35 colum is conpressed and used as
feed for the second colum. The top prbduct 1 7 DEC 2004 - 8 fromthe
second colum conprises the remaini ng nethanol and nethyl formate, and the

bott om pr oduct r| se t to I um and
Che. o prottces Sram iR ShprEar e e Lt fled i Facl Fouiles T
(Gii). 5 dadttheibottbimepdset ofmpressavedtéroi hoftoparatuct fromathecintstipplsrand i n t he

par i oul ary ey dpdbed el (o sQURA QTR ard BmBRRR TP ROBRALOT T T

the m xtur(é‘nﬁxa ii) is generally less than 3% by wei ght, preferably |ess
t han 1‘1,{‘0 by weight and 10 particularly preferably |less than 0.3% by wei ght.
The separation conditions are further preferably selected in such a way
that the rBathamothecoascenf separation bbrwalen in dwe- oflemps andsig thisapassopby

wei ght , sg{;ﬁfaﬁl&k Yl ' G5 fﬁa‘%ofé‘%’wgmﬁm%n Ft%h&lfu%Hé Prd %?aﬁr&lﬁffryabl y less

than 0. 2% may I n_additio ri'se, as

further cmm%‘fﬁé’#ﬁ geleq:tﬁ@ ap saeh g way grat dhieampics CORBEh L NS BPAWS| @ulbr‘%pyl ene
gl ycol, T orgbG9Cleds tﬁarprﬂ,@yb;eneelghﬁ(c}%fermqe@t dn evheyy arehHioanml dehyde.

The rese I nvention therefore a at.es process descri bed
2 Hhe! nditi

above 1020 RAFtésidarhy Pff'éer\?oaltye’res$ éh*’é‘eﬁzl/‘apﬁd”‘?ig]?t e(f’ﬁpf“)a“% CAPLEIPR$ 315 on,

where (w) f@nﬁ&rxlslﬂfeeatﬂ%lec&@nﬁrsuat aguwma@m@ahéthmﬁmtcbaﬂaﬂd inaghe Hmbhyl
formate is . se ara ed

t G t f t
distillatiB¥8dl §msss 3 a‘{rxg) e%ﬁ)‘(&tﬁlrj%ée Brﬁjtjgi' ﬂeé;ﬁl tE @p %’ot"?b&ﬁ%?ﬂc{ he first

distillat lpamamérwmefcﬁahlymsalsan 6.2%cbyf weight. second distillation col um,

15  The bottom take-off may in addition comprise, as further components, inter alia,
for example, methoxypropanols, propylene glycol, formic acid, dipropylene glycol
monomethyl ether and formaldehyde.

The present invention therefore also relates to a process as described above

20  wherein the water is separated off in (iii) by distillation, where

(w)  a mixture (Gw) comprising principally methanol and methyl formate is

separated from the mixture (Gii) at the top of a first distillation column,

25 (x)  the mixture obtained at the bottom of the first distillation column is used as

feed for a second distillation column,

(y) a mixture {Gy) comprising principally methanol and methyl formate 1s
obtained at the top of the second distillation columnn, and
30
(z) the mixtures (Gw) and (Gy) are combined to give the mixture (Giii).

As described above, the propylene oxide prepared in (i) is firstly separated from
the mixture (Gi) before water is separated from the resultant mixture (Gii). This



(y) 30 a mxture (Gy) conprising principally nethanol and nethyl qunBFe B04
obtained at the top of the second distillation colum, and (z) the m Xxtures

(OGN and (Gy) are conbined to give the mxture (G1l). As described above,
the propyl ene oxide prepared in (i) is firstly separated from the m xture
(G) before water is separated fromthe resultant mxture (Gi). This 1 7
DEC 2004 - 9 separation can |likew se generally be carried out by any
suitable nmethods, with distillative separation again being preferred. If

the m xtur sepsﬁtib% Neh QIR 'ga:fegalgs? )b@rc_af‘} daeghd B} ta_hﬁ SR rﬁé’fﬁbﬁ‘slt, Wwith Pr opene

: i ;
5 whi ch has " not been reacte it 1s 1nprinciple possible to

separ at e pdigihatvasepasxtiiereaganhsinBeraienadure (G ) directly in (ii). In
general, however, the mxture (G) in the process according to the
invention conprises sufficient unreacted propene for its separation to be
necessary. Ifithe tonixtrg §Gilabere qomprisedaasy 2 segimblyr umil apgupt gprpensy

separ atg ngwﬂﬁhqf%g%fibeérp%%dfiﬁ oM 1:he in PRiNdipleSossble torseparkiel Frbpsleap. and
separating the propyl ene ox _e,fr?n]t,e resul tant m xture conprising
propyl ene &sHg&© §6ﬂﬂﬂﬁﬁﬂ$ldﬁﬁ@ ént invention also relates to a
process as described above 15 wherein the separation of the propylene
oxide in (ji) is iLn at ast, two steps .where (a)

carried q_{uet . g (ﬁa%‘ anl(?:l gﬁ)
propene i sis8sFalt BOWE YAt ienRTHISE: (f¥1d 17 &9 PrOgRTScHCOrna MRS B eptOhet hanol |
FZJ(V)OD)” ene @Bﬁﬁi@se@@dﬂm&rﬂfmquﬂr@r&p&lepﬂoﬁmrblﬁipamhii@h t(ras nﬂcﬁs_sz(rjr?aht agdsin (i),
giving a mxture onpy.i sin anol ,..pro ne oxi de. and, wat er,
2 (0)° o Bt B BroBedegs e BB PRIRL AR S At BRI el S tE™ he
mxture (f@ixgwe () Wha ifiestadtdp, sod tseratingethk quispidere agde fropoﬂsilbbtdtahpr t hese
separatl On%i)'mrllre(c%}nperlﬂgng(ﬁ%pylene oxide.

Accordingly, the present invention also relates to a process as described above
15  wherein the separation of the propylene oxide in (ii) is carried out in at least two

steps (a) and (b), where

(a) propene is separated from the mixture (Gi), which, in addition to methanol,
propylene oxide and water, comprises propene which has not reacted 1n (1),
20 giving a mixture (Ga) comprising methanol, propylene oxide and water,

and

(b propylene oxide is separated from the mixture (Ga) to give the mixture
(Gi1).
25
While all suitable methods are again possible for these separations in (a) and (b),

distillative methods are preferred.

In principle, as described above, propene and propylene oxide, for example, can be
30  separated from the mixture (Gi) in a single distillation column, with, for example,
the propylene oxide being separated off via the side take-off and the propene at the
top, in which case a mixture comprising methanol and water is obtained at the

bottom.



distillative nethods are preferred. In principle, as descrl bed aboyg, EEC 2004
propene and propyl ene oxide, for exanple, can be 30 separated from'the

m xture (G) in a single distillation colum, with, for exanple, the

propyl ene oxi de bei ng separated off via the side take- of f and the propene

at the top, in which case a m xture conprising nethanol and water is
obtained at the bottom 1 7 DEC 2004 10 10 Preferably, however, use is nade
of at least two separate colums, with the propene preferably being taken

of f at thep}éfgae v, %&e%elstus%n% ﬁfahyrm attRdstanl XEpHrRe dofRhnS OWRA itBé NI
propyl ene oxi hanol’ and wat er being obtained at the bottom

Propyl ene @sxdpgec p@fgab!wéqe&tg taken pHrah thedfop 06 at ket ore golwm, @i mixtWee top of

5 at |east @pe c&‘ﬁgﬁglﬁé ﬁ‘%gy'l@ﬁe Midd) fh%aﬂﬂlxﬁdﬂ Qvaﬁ:@ béingedﬂi'ﬂn&pta@'tﬁgd at the
bottom Preférenc ntoacdolum in ich the distill

iv
separation pﬁorpagropgieggpmdgds pisicrably sgpasefed, ﬁﬁ?n’g@ﬁ SRIXrS (Gahat al? t9p of cast 5,

preferabl yaffeadt @88 Furtdr %Bﬂmﬂ@%tlﬁﬁ% Mikdare B RIAIBaiALd QRS botldm t heor et i cal
pl ates, at pressures in the range from in general, 10 fromO0.2 to 25 bar,

preferabl y fromO0.5 to 5 bar and particularly preferabl y approximately 1
bar. The t ?Fﬁl‘@eﬁé&is&n%n tohi @JlulﬂhQﬁ)@ﬂﬁcH the ﬂ@&ﬂﬁﬁﬁeﬁﬁ:p@faﬁloﬂﬁn {des b&ﬁed is

particul arl OXI mat

pref erred é‘r éé’&ﬁﬁ’ﬁ grjeast Eaﬁ{re%efﬁ%éytaéﬁﬁ?étrﬁf dep‘%d \‘I!/ﬁ%f%h t he

m xture cogfwfd:rabl@@t et mamlﬁﬂoxetvml elateznak messpsdseneha)mge fios, sm;ganaabd of f at
the boytom.is rly 1 referab 2Pproxi mat t he
partic (ﬁar Iﬁi?“b C%Jd% e%rgﬁzlr lgfte ap‘%) ox et% &dlp%rq?uﬁﬂg Ifrgl% Ythe
distillati apprs&mttdmlobarl Bhé be)mpegat@maiewlnwlui prqqneeé & enemtadsoffjat/tw tmm t he

process acgof, g.in@&ahgorsr@ﬁra g%@ﬁ %B%ttogfrﬁ'ﬁél?o%gd o Wi Qu@ulg@ UErefEY erally

havi ng 20 at ast eas and pafticu pre erably
at | east 69re§h§©péapmaxmq5¢latle§arn She prameratareat Whidsbg maigtuse C@fﬁpgﬁﬂ%r al in

the range H{pH8) %vét& ;ﬂr{a @@mﬂen@%ﬁi‘d%r@%aﬁté@mt d eotﬁnmsr p@ti6ularl

particul arly prefera The aiure at
propyl Ene @eiafera hk@@pél?ﬁ?é’@“é%f a3°G b tb%;fﬁ"%c‘-&%fbf d’)ﬁ’ﬁ?ﬁ? IPFSSEﬁcoﬁere at a
pressure ohp@BRInMttiFEtiRly 0. 75 bar. The tenperature at which the

As far as the distillative separation in (b) is concerned, preference is given in the
process according to the invention to methods in which a column generally having

20  at least 20, preferably at least 40 and particularly preferably at least 60 theoretical
plates is operated at pressures of in general in the range from 0.3 to 10 bar,
preferably from 0.5 to 5 bar and particularly preferably from 0.6 to 1.2 bar. The
temperature at which propylene oxide is separated off at the top is approximately
26°C here at a pressure of approximately 0.75 bar. The temperature at which the

25 mixture comprising methanol and water is separated off at the bottom 1is
approximately 67°C here.at a pressure of approximately 0.75 bar.

The present invention therefore also relates to a process as described above
wherein the separations in (a) and (b) are carried out by distillation at

30
(a) a pressure in the range from 0.2 to 25 bar in a column having at least 5

theoretical plates, and

b) a pressure in the range from 0.3 to 10 bar in a column having at least 20

35 theoretical plates.



25 m xture conprising nethanol and water is separated off at the _tpogtmimuq
approxi mately 67C here, at a pressure of approximtely 0.75 bar.

present invention therefore also relates to a process as descri bed above
wherein the separations in (a) and (b) are carried out by distillation at
30 (a) a pressure in the range fromO0.2 to 25 bar in a colum having at

|l east 5 theoretical plates, and (b)- alressure in the range from0.3 to 10
bar in a colum having at |east 20 35 theoretical plates. 1 7 DEC 2004 -
11 The propene separated off in (a) is, in a particularly preferred

enbodi ment of the process according to the invention, fed back into (i) as
starting nithepreene Sepkeated off inafap isim @mmhuégprefqmdmlmcbm\e@tc@hﬁhg her e

that, on ngb%?st ac%anﬁﬁ%m(?%geomﬁﬂﬁ%ﬁea%ah 590@! h%‘&aﬁflﬁcﬁfa&ﬁm agndgscri bed

above, oxy§en ean ace raction in a
concent r at cetainiirckmstansesy the prablefoogdts quraghat; @tﬁfimrﬁtloﬁtflf the ProRpARt abl e

m Xt ur TQ%}?O\«?%BlILgS#%ndn af d%?crrllﬂklsabﬁ@é e(sp?y gbh $4n fake mafenﬁl i peRar at ed

off from ing fraction by distillFation an ed back into (i)
Thi s probl beilingdtachen épp\weacentgior vangl eonveys thenhow-bejli lag Sigetien HQ ANt he

| ow-boi | i 0% fura@fétm&mr@ymg’ CQA adstlth@b Isaﬁb@@Qfe@ﬁﬂgmg pAbpenBed beputtisd afrce
having a b rﬁ o] ene, preferably

I ng _poi.nt [C wer . than

net hane, i HOB! ‘th%éO‘MrPﬁ‘élifngpfé?‘thbetCHEIIE%‘B&F%@ f?ﬁﬂbacﬁé‘\‘ftf’c(@ E'écP“F PR s
\F/)mur pﬁsteh' Nbe léﬁhfeanf(ﬁf' '@Mﬂ{lplé i rérﬁ@w?g(bx:@@il bn?ﬁﬁ(ﬁh'tﬁf g@kgtbbllmo ﬁ@@t@@ilbgat :c on at

ic e ure i s ng.longer abl e is od i scribe or
exanpl¥? i Isk tg)rbarﬂg 3%1-!(5‘&@ S a?q?ehap}’ﬁ%lae%%%g B?@?éﬁﬁ‘a} !f%v‘?ol ved by
usi \rll\g ahrTEtHaﬁdthﬁpbf tphgma-\yﬁlsgI iﬁl}tctlﬁera@lfyhmemv{d un® dmnwpemplalg off dmere@ammdn oxygen
i n which oxygen is removed fromthe nj xtu stillatis
o ther m SETFe usg TR Brgn s PR b bt e, bk, Rl 2
distill atl otncedtratsormet hehichs thte sxkiubeds i mo DErger 1nitolle 4hisl , method hisi s
expressly dEQ?IBE(P Ofroﬁteﬁgmggt P hE'@eBm ?F@%S 'ﬁ¥§f@$éroﬂleb1¥r0%¥1 %f pfe?gr%l?nce in

its full scope
15 solved by using a method for the workup of a mixture comprising propene and

oxygen in which oxygen is removed from the mixture by distillation to give a
further mixture, and the propene is removed from the further mixture by
distillation. This method is described in DE-A 100 01 401.1, which is expressly
incorporated into the present invention by way of reference in its full scope in this

20  respect.

In principle, methanol can be employed as solvent in the process described above

and, besides methanol, one or more further suitable solvents can be used. This at

least one further solvent can likewise be worked up like methanol and fed back
25 into the process. Further solvents of this type are, inter alia,

- water,

- alcohols, preferably lower alcohols, further preferably alcohols having less
than 6 carbon atoms, for example ethanol, propanols, butanols and

30 pentanols,
- diols or polyols, preferably those having less than 6 carbon atoms,

- ethers, for example diethyl ether, tetrahydrofuran, dioxane, 1,2-

diethoxyethane and 2-methoxyethanol,

- esters, for example methyl acetate or butyrolactone,



I n principle, methanol can be enployed as solvent in the process dI%CQEE gm4
above and, besides nmethanol, one or nore further suitable solvent

used. This at |east one further solvent can |ikew se be worked up |ike

met hanol and fed back 25 into the process. Further solvents of this type
are, inter alia, water, alcohols, preferably |ower alcohols, further
preferably al cohols having | ess than & carbon atons, for exanple ethanol
propanol s, butanols and 30 pentanols, diols or polyols, preferably those

having | ess thag, gjgafftap”e dﬁ&éﬂ@)’( IformhRideS X ey 1seiniul  Shd1eK.

t et rahydrof uran, di oxane , di et hdxyet hane and 2-'net hoxyet hanol

esters, for examsthy mqilgﬂlon&cet ate or butyrolactone, 1 7 DEC 2004 - 12

am des, for exanple dinmethylformam de, dinmethylacetam de and N

met hyl pyrrol i dokeiongsefaREaMpPIcGIceRENpl e acetone, nitrites, for exanpl e
acetonitrile, 5 - or mxtures of twp or nore of the above- ment i oned
conpounds. - Sui t%‘lﬂéscfaf%"}%ﬁ@ a?‘ﬁ?mfrﬂé conversi on of propylene into

propyl ene oxide are in r|nC| ’ls‘k} catalysts, preferably all

het er ogeneous c%"t’é‘l"ﬁ}glieéo W‘i‘?@ﬁm&i‘f‘eo N ‘feémf’%tlmne GRMPRYMSCt i ve reacti on.
Preference is glven her e to catal ysts which conprise a 10 porous oxidic

mat eri al , e a.zeolite. Prefe {Jence isaigiven to catalysts.in which

t he porousglb‘iz"’ib 15y fof) the SCORVETSIORn P, RFOPYIRES AU RIOPYERE oM 8 mare 4R obi um

or zirconi prr‘ncﬁpietaaldatamgstsz @@dfbﬁaely dlhhaamgemhacatamJ whieh aexguitabletfoe h
contain no,al um n n the.silicate

Tart ce habRERreER MaEaaRo I RIFAnR (hrervsn RS 40 2ARbFtTiot MR ¢ ant um
zeol i tigs, poropapkidiu materiahofoe chawplega zedity skmfersiceus tgives of catdipsthi t ype,

ggg n‘g'lt’] 2 Od‘%hj'&ﬂ (}h%ggf{ﬁ% ?ﬂ@rn%ér?ﬁ 1?5q1t9rﬁﬁr%r ' ‘%leuﬁlo r clﬁéﬁlmﬁ e ’mélﬂutlrzlp A 0 311

or zirconium-containing zeolite.

In particular, zeolites exist which contain no aluminum and in which some of the

15  Si(IV) in the silicate lattice has been replaced by titanium in the form of Ti(IV).
The titanium zeolites, in particular those having a crystal structure of the MFI type,
and methods for their preparation are described, for example, in EP-A 0311 983
and EP-A 0 405 978.

20  Titanium zeolites having an MFT structure are known for the fact that they can be
identified via a certain pattern in the determination of their X-ray diffraction
diagrams and in addition via a skeletal vibration band in the infrared region (IR) at
about 960 c¢cm’' and thus differ from alkali metal titanates or crystalline or
amorphous TiO, phases.

25
Suitable here are, in detail, titanium-~, vanadium-, chromium-, niobium- and
zirconium-containing zeolites having a pentasil zeolite structure, in particular the
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,

30 ATN, ATO, ATS, ATT, ATV, AWO, AWW, BEA, BIK, BOG, BPH, BRE, CAN,
CAS, CFlI, CGF, CGS, CHA, CHI, CLO, CON, CZP, DAC, DDR, DFO, DFT,
DOH, DON, 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,



20 Titanium zeolites having an MFI structure are known for the fachk 7tlEg 2004
they can be identified via a certain pattern in the determ nation of their
X-ray diffraction diagrans and in addition via a skeletal vibration band
inthe infrared region (IR) at about 960 cm-1 and thus differ from al kali
netal titanates or crystalline or anorphous Ti02 phases. 25 Suitable here
are, in detail, titanium, vanadi unm, 1éhrom um, niobium and
zirconiumcontaining zeolites having a pentasil zeolite structure,

artic Iar t § AEL AEN,
Rar ! e MITE MIBRATI RTINS E%éw?ﬁ“%?%%@wc%@@% Ao
AST, 30 ATF\SNARCBE RAEEL BT, SAGY SARNSBEARES, BBA, SiFk SCHOSORSTF.i8H, CAN
CAS, ggsn@/:r e

EAB, EDI ST EPI %%*TSES‘V‘”‘B%@ FAU; Vééé i'gi iE(tBE@UCgéozorE IFR
ISV, |TE, SJBWurKF:ud t mixed)strycturgs@onsisiagg of twg, orjmpe of the abovgmentigngd  VE| |

MEL, M%P MRurdd IAIS%&SIMOT u¥eRn ﬁ@q»ro%@s: achHNﬁ_ﬁcr)) ?h@ﬁ@e%ﬁgf/f‘ are 13 MTT
MTW NAT, NES, NON, , OS], PAR N, RTE, RTH,

RUT, SAO AT UNSEptaig s Zesbﬁes hapmg @@ﬂT%@DCIE’ﬂFOT S5 Stmre 'IﬁEFcheII'HO TON,
TSC, VET, Mahium-¥¥tain¥8Vaeoli¥E! whi¥EMayYhGriehti (e ark R AAE tHA gaqg\é Agvm xed

structures conngttg% of two or nore of the above-nentione structures.
Al so feasith YEhe process according to the invention are
titani umcontal ning zeolites having the UTD-1, CT-1 or CIT-5 structure.

Furt her tam ont ai,ni nti oned are, those
navi g nel LSRRG B8 1C R, of MDY FRec Rl 6 Trg i o - e
or MFI / MELpartiewd axdly sptrefarreah rfer dltee preegsy dﬁ!drrdiﬁg tpauh&nmaetmmhy Ppaffeifeands ad for the
process ac&w |¥g h ) lven, in
detail, to Q £ O‘F\e%]a?lnéliérll&?géo }aa?:g‘%ﬁ{ Sg’s%%h{eecr%arlg{t §§ eﬁown aWsrl "TS- 1T,
"TS-2"  am "TREL 3" TSaidar “E%ol i EmésTIFmOhWQ havigk @l sktlglal strnctoteuwbichhis ch i s
i somor phougopbihod SuGH-bdofites.

15

In the process according to the invention, particular 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

20  wherein the propylene oxide is prepared using a zeolite catalyst, preferably a
titanium silicalite catalyst and in particular a titanium silicalite catalyst of the TS-1
structure.

It is possible in the process according to the invention for the catalyst used to be
25  the porous oxidic material itself. However, it is of course also possible for the
catalyst employed to be ,a molding comprising the porous oxidic material. The
molding here can be produced, starting from the porous oxidic material, by any

prior-art processes.

30  If it should be necessary for the purposes of the process according to the invention,
the catalyst employed can be regenerated. Such processes are described, for
example, in DE-A 100 15 246.5, which is expressly incorporated herein by way of

reference in this respect.

35  In the following examples, the present invention is explained in greater detail.



15 In the process according to the invention, particular preferencr i £C 2004
given to a heterogeneous catalyst conprising the titaniumcontain %Jﬁ
silicalite TS-1. Accordingly, the present invention also relates to a
process as descri bed above 20 wherein the propyl ene oxide is prepared
using a zeolite catalyst, preferably a titaniumsilicalite catalyst and in
particular a titaniumsilicalite catallylst- of the TS-1 structure. It is
possible in the process according to the invention for the catal yst used to
be 25 the porous oxidic material itself. However, it is of course also
possi ble for the catal yst enployed to be a nol ding conprising the porous
oxidic material. The nolding here can be produced, starting fromthe
porous oxi flkgmBRikerial, by any prior-art processes. 30 If it should be
necessary for the purposes of the process according to the invention, the
catal yst enpl oyed can be regenerated. Such processes are described, for
exanpl & | Gol¥pafatiiilexhmpé6. 5, which is expressly incorporated herein by
way of referénce in this respect. 35 In the foll ow ng exanples, the
present invention is explained in greater detail. 1 7 DEC 2004 - 14 -

Examﬁl es 5Acﬂﬁﬂahfegbf\4ﬁetﬁmrp|3_e‘gﬁsffh%§thlr@f efeighet fprRoLs h?@r%gsﬁrl] r;ﬁ:ﬁgﬁ&bhby

wei ght aquequs ogen peroxi de . sol.uti,qn d.propene in the ight ratio
64 £ 15 o SO e KLEDPEY T e R S LR aRHGRd 1 DAMBFE oC
under the eutitaigegolfs 1 poeskenne 0D tindert the ahiogewgarpreskrepaitdxhe éydropeer si on
was greater_than 99% .The r I nts were subsequently passed into a
bubbl &-%]?appefr%’%@? c% voqggnpgsﬁge%?e?(%]fxﬁg@"?s“ |l ation apparatus via a rising
pipe with installed filter serving to retain the catalyst. 15 The crude

product wagyd feRdi Shiehlsefere®@BsdiRnfly $aLe@Mnid0h blitWlelcRp 12§, E&IELJ rom 33
0°C, of a distillation apparatus via a rising pipe with installed filter serving to
retain the catalyst.
15
The crude product was then distilled, and the fraction boiling in the range from 33

to 36°C and comprising the propylene oxide was collected.

The distillation was then continued, and the cut (S) having a boiling point in the
20 range from 56 to 66°C was collected. The cut essentially comprised all the
methanol with small amounts of acetaldehyde (from about 0.3 to 0.6% by weight),
acetone (from about 0.1 to 0.3% by weight), 1,1-dimethoxyethane (from about 0.4
to 0.8% by weight) and methyl formate (from about 50 to 120 ppm). The % by

weight data are in each case based on the weight of the cut.

25
The above-described reaction of propene was subsequently repeated with the
methanol cut (S) as solvent. Distillation of the resultant crude product gave a
propylene oxide cut (distillation fraction in the range from 33 to 36°C) which had a
methyl formate content in the range from 1000 to 2500 ppm.

30

Example according to the invention

The first reaction and the first distillation were repeated as in the comparative
example.
35



to 36C and conprising the propyl ene oxi de was coll ected. The di sti1l-f gE:Co 04
was then continued, and the cut (S) having a boiling point in the %
from56 to 66C was collected. The cut essentially conprised all the

met hanol with small anmounts of acetal dehyde (from about 0.3 to 0.6% by

wei ght), acetone (fromabout 0.1 to 0.3% by weight), 1,1-dinethoxyethane
(fromabout 0.4 to 0.8%by weight) and>nethyl formate (from about 50 to
120 ppm. The % by weight data are in each case based on the wei ght of the
cut. 25 Thefh%bfé‘él?ﬁzﬂl?ﬁﬁét;;%)%ﬂ &Racsi)'@ﬁg hbjpiaPene Wadnd URSEIHRAL Ling GPeat ed
with the nethanol cut as solvent. Iﬂstl l ati on of the resultant crude
product gawelunn prepy b leastolen dbearatical glases. ITloatHr@@Grtr’%?étt?]@ﬁl off unkibtheange

from33 to téﬁ@émggaﬁf?e hadedied "84y | [nf Qﬁﬂata%o&tom%er&" the hb@akANFEtfgnom 1000
to 2500 ppm” 30 according to the invention The first reaction and

the first qudawr@rdlscé}eéi @%@éépwr%lcr nt henottosipaedict wuchoiempined 35 1 7

DEC 2004 - bRtaintd9edsqRa [@PImBRLARAIfoite (S) was subjected to a second
distillation using a colum having at |east ten theoretical plates. Top

product was taken off until the top tenperature exceeded 58C. In total,

about 1% OfWthh@Eémth rhétBehd R boltohl pveacctWeaestitivhi dfl tel pafpen@svithop
pr oduct . E&gbottom duct which remained 5 contained Iess than 10 ppm of
for

met hyl BEEPEIXIGG WAy SRR ed met hanol as bottom product, the
reaction of the propene with hydr ogen peroxi de was repeat ed. 10

Distillati t he It t duct I . d t
CREAt R S R R S

f or mat e corftaetibn imthehanges froge3bed 36PQ0whipnhad hemetby hidrmfiter cvatamt (m)tlteent was
in each case gcéel;e%@m%gnpy gas chromat ography.

The methyl formate content was in each case determined by gas chromatography.
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1 7 DEC 2004 - 16 CLAIMS: 1. A process for the preparation of prop,y?qj"& 2004
oxi de conprising form ng propyl ene oxide in the presence of nethanol,
wherein a first mxture conprising propyl ene oxide and nmethanol is forned,
separating propylene oxide fromthe first mxture to forma second m xture
conprising nmethanol, and separating nogthanol froma m xture conprising
nmet hanol and nethyl formate, wherein nethyl formate is formed during the
process. 2. The process as clained in claim1l, wherein the nmethanol is
separ at edcf gyt he mixture conprising nethanol and nethyl formate in a
distillation colum having at least 5 theoretical plates at 0.2 to 50 bar.
3. The process as clained in claim1l, wherein the nethanol separated from

the m xt u;e CRQ;»? Cg%if%gé%%&ﬁwl%Oﬁﬂgp)[f&te%ﬂde&gn;ﬁgrn has a nmethyl formate

content of |ess e process a imed in claim1l, further
conpri si ng feethmyggt frepyiee handsl ins dpaprateect Hf ortiaie, mhxkeinr @ fostnmibinge ng
nmet hanol and net h%’l fornaate back iinto the process. 5. The process as

pylene oxide afid # Ofﬁﬁe

clai med i clarar conpr i si nbne ?301 g propyl ene oxi de from propene and

hydr ogen per oxseflarating plopyleps esidacikomfthedirhtamdlyret © fodmin: sseedndt mi@uré G )
conpri si ng, rre.t.hanohﬁ?(ﬁr onI ene oxide and water, (ii) separating the

pr opyl ene® ¥ §8e H%i xture (G), to forma mxture (Gi) conprising
net hanol a?% Wetb&rating(rhdthghoSfamas ﬁﬁﬂnﬁ‘rﬁlcwﬂﬁrg[ngfnﬁdgfﬁr&l?ﬂd ﬂieth&llfroi(ﬂpz(tsc;i i), to form
a mxture ii) conprisin t hanagl .and et ormate, (iv) separating
met hanol from YV f‘éelp,%{h,yfén%@{;&gr{negﬁglqg\}yeqrg@ ‘ng the nethanol fromthe

m xture (Gii) back into (i). 6. The process as clainmed in claim5, wherein

the water_is separated by distillationin , wherein
2, The process as claimed in claim [, wherein the methanol is separated from the

mixture comprising methanol and methyl formate in a distillation column having at least 5

theoretical plates at 0.2 to 50 bar.

3. The process as claimed in claim 1, wherein the methanol separated from the mixture

comprising methanol and methyl formate has a methy! formate content of less than 500 ppm.

4. The process as claimed in claim 1, further comprising
feeding the methanol separated from the mixture comprising methanol and methyl

formate back into the process.

5. The process as claimed in claim 1, comprising

(1) forming propylene oxide from propene and hydrogen peroxide in the
presence of methanol, to form a mixture (Gi) comprising methanol, propylene oxide and
water,

{11) separating the propylene oxide from the mixture (Gi), to form a mixture (Gii)
comprising methanol and water,

(iii) separating water from the mixture (Gii), to form a mixture (Giii) comprising
methanol and methy] formate,

(iv) separating methanol from the mixture (Giii), and

(v) feeding the methanol from the mixture (Giii) back into (i).

6. The process as claimed in claim 5, wherein the water is separated by distillation in

(it1}, wherein
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1 7 DEC 2004 -17 (w) a mxture (Gn) conprising principally met hanoia?aﬂélg 2004
methyl formate is separated fromthe mxture (Gi) at the top of f t
distillation colum, (x) the m xture obtained at the bottom of the first
distillation colum is fed into a second distillation colum, (y) a
m xture (Gy) conprising principally mgthanol and nmethyl formate is
obtained at the top of the second distillation colum, and (z) the m xtures
(Gvy) and (Gy) are conbined to give the mxture (Gii). 7. The process as
clainmed in cl aj 5, f r ropene and
in (ii) is sepﬁat edwﬁs&gelt g‘t"n%ﬁ% ﬁ‘d‘ b? n\/\%&ﬁé‘?@ a Fﬁg{h Eg‘%@a‘?s‘?
separ at edseparaied frhm thr mtxmr@(QIKBachetOQOf ofirst fastﬂiamnmem(rﬁa) conpri sing
met hanol , prop ene; 0 oxi de epar at ed
fromthe m xt u h%ﬁlﬂﬁre%@& létetl:ué bcﬁ‘ﬁ% cif?%ﬁfﬂ d'?%llllgt{h;ll cofl(lmn 1se§:§ mzsgcl ai med
in clai m%,condhlesn@ampntchmrrmepar at| ng |n (a) and (b) is carrl ed out by
distillation m1haV|ng at

| east 5 theore{yl)cal 3 nE'I;(a ;EB% (ﬁnpobsmﬁ pprme'gglﬁ’r g%g'?n? r%ﬁ] 6'6@ g"fﬁt “Bar in a

col um havtbtaigedait tHee@sdftlﬁ&emdﬂedrs&llatmabolmhataes 9. The pr ocess as claimed in

Ceolitel 10, T prbeBRtE RPN ot oy s S\aiks Biralt RShr opyl ene oxi de

isformedlnthe presence of atitaniumsilicalite catalyst. 11. The
process a med in claim1, wherein lene oxide is fornmed in the

0
presence Of a R BIRPESaSiqiauped it Slam g §’F‘“h%p ﬁ“?%g(‘fgurtheétcf’@e{‘ﬁ??e 12.

The pr ocepspens afd ﬂl(ﬁﬁglsdpﬁ]raﬁghayBﬁ]&asy‘(@p;ﬁﬂl(ﬁg {vhge et hanol is separated from
the m xture copprising nethanol and nethyl fornmate in a distillation

col umm having @ | eBSPENgQis sepgaiedt fromy th migwee (G1).7 tofermp gompixture (Ga)

comprising methanol, propylene oxide and water, and

(b) propylene oxide is separated from the mixture (Ga) to give the mixture (Gii).

8. The process as claimed in claim 7, wherein the separating in (a) and (b) is carried out

by distillation at

a) a pressure of from 0.2 to 25 bar in a column having at least 5 theoretical
plates, and

b) a pressure of from 0.3 to 10 bar in a column having at least 20 theoretical
plates.
9. The process as claimed in claim 1, wherein the propylene oxide is formed in the

presence of a zeolite.

10. The process as claimed in claim 1, wherein the propylene oxide is formed in the

presence of a titanium silicalite catalyst.

11. The process as claimed in claim 1, wherein the propylene oxide is formed in the

presence of a titanium silicalite catalyst having the TS-1 structure.

12. The process as claimed in claim 1 wherein the methanol is separated from the mixture
comprising methanol and methyl formate in a distillation column having at least 10

theoretical plates.



!

-18 13. The process as clained in claiml| wherein the nethanol is ?F@q’ioﬁﬂ*
fromthe mxture conprising nethanol and nethyl formate in a disti

colum having at least 20 theoretical plates. 14. The process as cl ai ned
in claiml, wherein the nmethanol separated fromthe m xture conprising

met hanol and nethyl formate has a nethyl formate content of |ess than 100
ppm 15. The process as clained in claim1, wherein the nethanol separated
fromthe m xture conprising nmethanol and nethyl fornmate has a nethyl
formate ij’lt eml'h ng»roée@ssai ciahﬁfgi 13913919%hér§m tﬂ-rhrg tf?z[n8p1§§xﬁn ﬁﬁedglloﬂ{ tﬂ?gll)!th}eC| aim 1,
further conprising separating least one of acetald

1,1- d|nethnmyembamehmmpmoﬁunﬂuwdbhyﬂelnklﬁmnmuwet@mmypm@pmn@;lameﬂbne or
2,4-dinetq%&e%%ﬁ |oxolane fromthe mxture conprising nethanol and nethyl
formate. process as claimed in claim11, wherein separating nmethano
froma mxture conpr|5|ng nethanol and nethyl formate includes distilling.
18. The prpcess, as cl ai 1 wherein the firs ure further
compr i seatret hyTe PPE i GG e T e e S Eett sat R AP her of n

t he secon¢ebniprising met}fanusitah@memsalrmmnasﬁ&s a Aethglyfortha¢ comtedt of268s thheoppmeess as
claimed in claim5, wherein the mxture (G) further conprises nethy
formate. 21. The process as clained in claim5, wherein the mxture (Gi)
further conpri sesprotees fydlaifned fHedlem 122/her?&hehdofhaﬁm55e@5ra@h &ilioﬁﬁde mikegkai m 7,

wherein the m xture further conprises methyl for
compﬂsmg methal(lcﬁ%d methyl formate hrgs)a methyl formate content of less lhan 20 ppm.

16. The process as claimed in claim 1, further comprising
separating at least one of acetaldehyde, 1,1-dimethoxyethane, propionaldehyde, 1,1-
dimethoxypropane, acetone or 2,4-dimethyl-1,3-dioxolane from the mixture comprising

methanol and methyl formate.

17. The process as claimed in claim 1, wherein separating methanol from a mixture

comprising methanol and methyl formate includes distilling.

18. The process as claimed in claim 1, wherein the first mixture further comprises methyl
formate.
19. The process as claimed in claim 1, wherein the second mixture further comprises

methyl formate.

20. The process as claimed in claim 5, wherein the mixture (Gi) further comprises methyl
formate.
21. The process as claimed in claim 5, wherein the mixture (Gii) further comprises

methyl formate.

22, The process as claimed in claim 7, wherein the mixture (Ga) further comprises methyl

formate.



