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In 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 methano! 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 5,107,002 and US-A 5,106,458.

It is an object of the present invention to provide a process which enables less
equipment complexity and ensures more efficient and inexpensive 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 is worked up, which comprises separating methanol
35  off from a mixture comprising methanol and methyl formate during the work-up.



_The separation of the nmethanol fromthe m xture conprising nethyl formate
and nmethanol can in principle be achieved by any concei vabl e nethod, so
long as it is .ensured that the purity of the nmethanol separated off neets
-the requirenents nade. 5 Mention nmay be made here, inter abizagos@§isehem ca
met hods. For exanple, it is possible to bring the m xture conpri sing
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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



“preferably at |least 10 and in particular at |east 20 theoretical plates. 35
O Z. 0050/51559 - 3 The pressures preferably used are generally in the
range fromO0.2 to 50 bar, preferably in the range from1.5 to 30 bar and
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|i kewi se be Separated of f he m xture in the course of the work-up.
It is thus possible to separate these by-products off fromthe m xture by
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wherein the separation of the methanol from the mixture comprising methanol and

methyl formate is carried out in a distillation column having at least five theoretical

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

It 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



.30 fromthe nethyl formate. It is |ikew se possible firstly to separate
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the present invention also relates to a process as described above 15
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content of less than 500 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
more 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 5% by weight.

The methanol separated from the methyl formate in this way can be re-used, it
30 Dbeing 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.



. conponents does not exceed 5% by weight. The net hanol separated fromthe
methyl formate in this way can be re-used, it 30 being in principle

concei vabl e for the nethanol to be fed back into the process for the

- preparation of propylene oxide or, if necessary, fed to a difdoswese process
in which nethanol is required as solvent or as starting material or in
anot her function. It is of course alsoscenceivable to divide the nethanol
streamresulting fromthe separation according to the invention into two
or nore streans, and to feed each 35 streamto a different process. O Z
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is fed back into the process. The preparation of propylene oxide can in
principle be carsied gut b o] s e i C i@l okl e t he
presence of %9?@?@?”. %fSPrF%engl%vreg{lgI?%gsg %}%%%ongﬁ%ggﬁgb%?gggsagbg%cordi ng
to the i nvemtiessin therecthanystparated Sromideimethyldprmatel i the wppise pEHS Werk-

hydr ogen, per Qx| i ]gea]_gr[, Qpe reaction step in the presence of
nmet hano?? giu\i}ﬁ%\ge%aﬂaﬁ‘ll(%ﬁlrte co?rpri sing net hanol, propylene oxide and water.

20 The reaction of propene with hydrogen peroxide can be carried out here
by any sui tjalelpepRitidads prépilerXoxig cn ik pen¢ipRivraatricouwby pny pydcesses oxi de
can be carri e}g out in a tgat&? Eroceesoz. or é:n%rpti nuously. Wth respect to the
conti nuous prgkaEsarriedqut & {e REGSENGR Aghagl., angenents are 25 again
concei vabl e. Thus, for exanple, the propyl ene oxide can be prepared in a
15 In 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.



_cascade of two or nore reactors connected to one another in series.

Concei vabl e processes are |ikew se those in which reactors arranged in
paral l el are enployed. Conbinations of these processes are al so possible.
-In the case where two or nbre reactors are connected in ser esos5530t abl e
internediate treatnents can al so be 30 provided between the reactors.
Reference is made in this connection tog inter alia, PCT/EP99/05740 and
DE- A 100 15 246.5, vvhi ch are expressly incorporated into the present

FEbctor arr AR G SrRERGE AR ArbBlle drthe jRCRRP M, EFIRGRRaRY e
Furt her nor e dulrllng tﬁlenmreceuss uinethgnebupsee o uhe pmmrat@nr@%pmpdlﬁnne@udmm be
modi fied dy ta.laa IRURGEAS fd?u&ehefth}H i R:Eneﬁe g an A& 2ddcROn ledRigPY | ene

oxi de from ene en . perQxi

terrper ture of the
reaction rrecﬁal] e@aw bg I@%ﬁl B&l%ﬁmer%re pqssib Aitiopdeet Edgglaﬁiie in
addi tionsto t&rﬂﬁerﬁiﬂr@@‘ﬂ the Tr@déﬂ@ﬁ &héﬂiﬁnohdmh@ndlgfac& tl’ﬁ)ﬂlf@’elﬂb Wressagdiidepnal |y
to nmodify th elillglie sure un E’k é{ege reactio tak pl ace 5912@5?“% is
made in thi sV &Eﬁtre?%wﬁE es 1@@’63 AGE T prleg%egf)} por at ed
into the pr elDore TP, ivddth Grexipyesslgyincarpomatetiantontbe p'rersenttapphuationsb}oweyl nthis
respect. ¥qgf8fgnﬁé ﬁ{ﬁs fRS l&%éé lﬁqgf‘srr%%&he preparation of propylene oxide
Xide a

from propene an conprising methanol, propylene
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preferr ment resent invention therefore relatés to a, process
as descri bedYAREFB PEHONIE c#nd icpmprisige methanol, propylsng e @89 WRIEhJS| ene
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met hanol , v, e (G) 20 conprising nmethanol, propylene oxide
and wat er, qff?‘%ﬂﬁ nf)%@ﬁ ene oxide is separated fromthe mxture (G),

giving a m xt ur e (Gi) conprising nmethanol and water,
15 In a particularly preferred embodiment, the present invention therefore relates to a
process as described above in which

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

20 comprising methanol, propylene oxide and water,
(ii) the propylene oxide is separated from the mixture (Gi), giving a mixture

(Gii) comprising methanol and water,

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

@iv) 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



.25 (iii) water is separated fromthe mxture (Gi), giving a mxture (Gii)
conprising nmethanol and nmethyl formate, (iv) methanol is separated fromthe
~mxture (Gii), and 30 (v) the nmethanol separated off in (iv) is fed back
into (i). The separation of water in (iii) fromthe m xtur@z(oGa/91559%
preferably carried out by distillation in the process according to the

I nvention, it being possible to use one7or nore distillation colums. One
or two distillation colums are preferably 35 enployed. In the case where

heat recovery_| n - L.Shid:h.atd 551&;39 - 7

S preferab}s&rg%{ﬂ% g@g@%yw&ggpgk%@g@@foﬁa girilﬂll(l:o u%ﬁgggrg? prelferabl y

enpl oyed |ifma;qnlila¢ goodyheglontegrasion in theaypeass #rioibs epsedr ocess is to be

ensur ed. Re%ardl ng the physical paraneters, such as tenperature or

pressure, there are no. 5 particular restrictions in the digtillati

separ ati on Breatdingrthe rpéﬁlﬁﬂé’aﬁar‘&?tﬁfrses‘{‘% zz}s)t_emplprams“: wé’ﬁ%gg‘é%; ﬁ‘r‘ﬂI‘F i“g ‘!b"‘é& oyed

![ R t he F_{ ocg&gc@l)ﬁﬁﬁk{sﬁidﬁ@néfhﬂmbelisitilll?ﬁ{?é its)cfplara;t]ion of veatersfeqartiad indectuef (Gigt er fr om
e mxture i), s colu refera as . 5. f t

| cast 20 anlf i pheiopFur B otighed in Ryt focdlging 1S e myaplch! ALY v @

di sti || at i osepasationaffewatht fromathe insidtwe(Gi), thisewbune praferablyehasaatdeast fom 0. 5

to 40 bar, ge?er?fél?{ %‘vtr) R4 Yad Eﬂd‘nf&rﬂ@erhgfﬂ%ﬁ)aby‘%t F?@%{lsf Ko Uh8bretcdl fthigs abhey T rom

2.0 to 15 bAT col'ums are e oyed in_ the process cording to the
i nvent i on f distitlagon isepafesabily gamied ot & piessires Hethgi rgtl%ﬁ g'om?-g)t? ‘&%h@%
pressures apRfagbiggids 1 3% 0and paRiculeR préferabBNEEMSAO tO16 bir. t he top of the

col ums can be uséd to heat other process 15 streams. This is achieved, for
exanpl e, by cooling the condenser of at |east one colum wth, for
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cooling or the steam resulting from the cooling for heating one or more steps of the

process according to the invention or alternatively 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



“the bottom of the second colum is heated by neans of the condensate from
the first colum. In a preferred enbodinent, the first colum is operated
at a lower. 25 pressure level than the second colum. In this case, the

- bottomof the first colum is heated by neans of the condgps@s@sibsoom t he
second colum. In a particularly preferred enbodi nent, the first colum is
operated at pressures in the range ffogn4 to 9 bar and further preferably
in the range from6 to 30 8 bar, and the second colum is operated at

pressures in the range, fr.om1l to.16., bar f Ln the
range from %?m[ e1SpCgg colpppn Comprises’ the %rrﬁl%g% cr)IlII ét@%@g ag{i ﬁ%@ggﬁ/&n t?’om 30 to
70% and par tid theabdtyonp peddacabdmpfisasrwater. {ldiea0popsduch drongheh firscofwms ent i n
the m xtur e?ﬁcgtﬁe) hc%fp@ﬁf?@ﬁ‘&ﬁ@h@s%&ﬂ%&l atéi\% tﬁgrrigiﬁ{eot Qv §i0& TR Bixibe t he top

of the first colu e mxture obtaine tomof the first 3-5
colum is céaihessed and used as feed for the second colum. The top
product €. Z. 0050/51559 - 8 fromthe second colum conprises the renaining

met hanol and thyh formag&e, and tge bot t.om rociuct conprises water. The
top product BeHbAR it B3G Sf EBHARM © nﬁatFﬁénttB‘% SImslelvieL: g}nﬁ{ehgasgeg nd

col um are sepabitioadof evagrvin bhe coluinyr the eParatipn nBitons i ave tfretiadarty of
separation of -water in. two i RaLAL ¢ wat er
in one col uHW,fer?ﬂé’ Ssetgeﬁ}frd at %ﬁh;ﬁgﬁ@?ﬁ%%@ﬁ;@& pc;b?&?e?l E[:Sl{ gﬁsﬁl pre.#(g?gg{y

sel ect ed i ngenerdllya lovaythaha3%:t be weight. prsfarahly less tthan di/xity eveighti and i s
gener al I : 9 | r q,é,a,@, e'fﬁfb %0 i and 10
parti CUJT%I.H ﬁlcm{a@?a‘g?@eﬁ?ﬁ%@és‘? Eg%n 823%/0 \E/\%lhigff& gl' e ggga(%g?iiﬂghgc%endi tions

pre | .
are furt heﬁnﬁﬁéﬂ)&fall@bi)(' sedqcisd: BPUCh asidh t%fn?'ili‘é‘t’g]t%@eﬁé%ﬁﬁ(ﬁm@%t ent in
the bottom ¢fkaksr 6f fledsSthaf St barwdghth prvfeiabht lessr wher Bh by lvadghtt han 1% by

. ! !
Lakerof  megRRkuagaE e BdRDr Pa0 e Y BIdiEr compononts, inter alia,  for
exanpl e, met hoxypropanol s, propyl ene glycol, formc acid, dipropylene
glycol 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 is
obtained at the top of the second distillation column, and

30
(2) 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



S mononet hyl ether and formal dehyde. The present invention therefore al so
relates to a process as descri bed above 20 wherein the water is separated
off in (iii) by distillation, where (w) a mxture (Gn) conprising

» principally nethanol and nethyl formate is separated frormghesogsixioure
(Gi) at the top of a first distillation colum, 25 (x) the m xture
obtained at the bottomof the first disgidlation colum is used as feed
for a second distillation colum, (Y) 30 a mixture (Gy) conprising

princi pal ly_nethanol t te | [ 1t he
second di st ﬁpﬁ;ﬁtxlogncagglﬂ%@g?e Q%Ac? re{l% g?ﬁgrrirﬁax?lg?ﬁgg %?ﬁ%rll% rﬁ?eg)ll(ﬁgét(rwéthcorrbi ned
to give thedistilativesepa@ation) agaisbeing prefftread. above, the propyl ene oxi de
prepared in (i) is firstly separated from the mxture (G) before water is
separated fromthe resultant mxture (Gi). This O Z 0050/51559 - 9

separ ati on Hathe mixgur {65} berereompyispne 14 segligiply small,gmeynt o PrapeAs hods,
with dissti yhath M8 € Baétdabied 38 &) Nit B imprifdislk Qoksible tbfsepdigterprapulée (G )
here conprises no or a .nreLgI t(glj)gl}\% gymal l.. amount of propene 5 which has not
been react ef¥ ﬁrf]‘(’?‘)t;hein?lx € ¢ B W-possi bl e to separate propyl ene
oxide fromthe mxture (G) directly in (ii). In general, however, the
mxture (G I e S i : I AMEN | Of 1 :
sutticient hPRbelBhBaas e ABaLE @) b e FrocB e g EPIR BSeifon s 10
case, the provopusssisuffient ansacted pippenedopits spparaiqnioabs necessarealdt B propene
fromthe nhackUhe lpﬁ@egs is graeﬁabry%an%de&t b$REpaTARRY Hrbdteed BpdileGRIh @R Oxi de

fromthe resultant__m xtOre conpri sing. propyl ene oxi de. Accordi ngly, the
present i nvERREN(G dba fBstiens and S%Paﬁ‘i‘g[ g pé%pyg‘é?c‘?"i“g%go% éeS“%X%er ein
t he separ at e coniRisigitppyese exitlele in (ii) is carried out in at |east
t wo
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 in (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
(Gii).
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.



.steps (a) and (b), where (a) propene is separated fromthe mxture (G),
which, in addition to nethanol, propylene oxide and water, conprises
propene which has not reacted in (i), 20 giving a mxture (Ga) conprising
* met hanol , propyl ene oxide and water, and (b) propyl ene oxpgeysessspar at ed
fromthe mxture (Ga) to give the mxture (Gi). 25 Wile all suitable
nmet hods are again possible for these sgmarations in (a) and (b),
distillative nmethods are preferred. In principle, as described above,

propene and)ll%fgﬁléiyg ﬁl%\fe)éf Ideuse]c r ?éca'@fla? 1e§5@”m%e F?P%Qq’té ec%ﬁﬁﬁseﬁ%i?ﬂ ﬁﬁéet he

m xture (G I on col'u _
propyl ene oprmnberqfqablerdmrm t@lﬂerotﬁﬁ“ at/ thg top ef 8l ld@St oak eolyfoin, amdia ntistupg opene

at the topyg 1S WL ihd S
obt ai ned at (t hﬁ %gﬁﬁn%aﬁ%pgeﬁ%%egfgggﬁfd 1%dagPr eferab oY oéﬁugégrthé use i s

made of at bekem. Prapyleapaxideds pisfegshly sengrated fram th %FTB%%‘Ff‘e&iﬁ)ﬁ thedom of bei ng

taken of§ att lchg one Further 2blunBAWithARE MR G ) deFhgdbidindddt ¢he dedIm.CONPri si ng
propyl ene oxi de, methanol and water being obtained at the bottom

Propyl ene oxide is preferably separated fromthe mxture (&) at the top of
5 at |east Onefefencd segivariountolumi imwhivh the distitatieGepjratien y(adbt @irriet! at t he

bottom Pref g{ golhﬁm%e‘ﬁgﬁ &y%a%[ng% YO 5,%%‘4‘&:%%5@%# I%tdﬂd &Hlée{ﬁarf bast 5,

separ ation in I'ng
pref erably @tefe kytat 1ensthgl ﬂmrqticehplatels,yat nEesennss emﬂy: langd ‘éramt, irg Bentepdor et i cal

plates,; @t RloRSY &S ZTbBPeprEﬁHﬂﬁy M 0.5 Mo 98 HaF aAnd ﬂé}uédl&@ Gréfefadly?S bar,
preferablyfrom05 5 ha nd ‘particularly preferably ﬂggroxmately 1

bar. The teﬁB@Pé’cnilﬂ*‘élyét b%?bweaﬂwéh@ 3t y@@balioa?@dlsmaraﬁe atthp ton s
particul arl ys paicelaabl prefeeibly dpfy approRineitely 23CCadt thb epapdiilari pedtéryed

preferted bt SRULR agloRRRhe kel dnRlond IPhEIREL Rh4LS Sl e
methanol, water and propylene oxide is separated off at the bottom is particularly
15  preferably here approximately 63°C at the particularly preferred pressure of

approximately 1 bar.

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 is
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 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.



_nmethanol, water and propyl ene oxide is separated off at the bottomis
particularly 15 preferably here approximately 63C at the particularly

preferred pressure of approximately 1 bar. As far as the distillative

" separation in (b) is concerned, preference is given in theozp&ﬁﬁ@ﬁﬁ
according to the invention to nmethods in which a colum general avi ng 20

at least 20, preferably at |least 40 and particularly preferably at | east 60

theoretical plates is operated at pressures of in general in the range

fromO0.3 to 10 bar, preferably fromO0.5 to 5 bar and particularly

preferably from0.6 to 1.2 bar. The tenperature at which propyl ene oxide

i s separ at edhefpropnetshparatep ofSinafap i amaaiqular%ﬁiefmred cambcalimpemssfithe of

appr oxi mat el ocg er?cé&?&m%w‘%h% ﬁg‘%ﬁ{@ﬁ Jed i Ek ‘{‘ﬁlbtc(g‘) LJ‘Etaﬁﬁlg%éﬁeHBFttﬁﬁﬁP“ sing

met hanol an I'S separate bot proxi ma 67C
here at a prce@@u circamstapgasolicrniplen orepss lmie thathen paparasion dfrthe prdapsne

thereforg alg qowoﬁh?gSfrha@ s %@&?oeasabeeé Cdxlyg@ﬁ caﬁ)%&mm@r 8l the tm@

separ ations._i ﬁ a%ar? 15 are car ri out istil lé\ at 30 a a
pressure i nbeHinEEeHendn g ropcents Horzsv cqrwe |lemab% c%&n et g

t heoreti cal @habl%&mxand THi} can wsemmaeerioustsb&tyrﬂﬂgﬂpwpaﬁeﬁks’t ateibfbar in a
col um havi t 20 eo0 al tes. 50/.5 11 The
by opene. sepdioat g 1 Poitf fgttiob W18 ol Beek Tif cho T PRARIIRR Gihent o
the procesdbe aiob@dd forgexamplcheby eneoMing rproﬁead fooae khé dew-boilingafractiosr by ng

ot or 1 oo | URRBIaGP B A Bp LEUREH WESS R 8 AMCESHT SHA £ 10GE . on

separatTon O e propene ction s descri
oxygen can #wesuthat af eronenenprefesebly tmi?thﬁlmg lntpatb@nmper Pag ofotie exsparatioton whi ch

converts thgelig¥b&i hsrnmlsf p@@bseoﬁl suthOarA BmotiSthbe BleCo¥oéh Us ‘%hlu‘EEG' % gan
result in a serious safet %@E‘ 's[_q gﬁ;opene IS separ at %;-u t.he

| ow boi | i ng PREFRERIGN 1 W fheamigire, 18y 10, donger [ignitahle.  jljus T‘Fﬁﬂ%" r‘%bl em
can be sol destribtdyrfoexammble, ibEPrR00VI Mo ridpeaer, therprobiem! isvpréferdbing
fracti of)y by 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,

- watetr,

- 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,



10 distillation and adding an inert substance having a boiling point which
Is lower than that of propene, preferably nethane, into the upper part of
the separation., device used for this purpose in such an anmount that the
~oxygen is diluted to a concentration at which the m XxturegizSBgsissnger
ignitable. This nmethod is described, for exanple, in EP-B 0 719 768
However, the problemis preferably 15 g@ ved by using a nethod for the
workup of a m xture conprising propene and oxygen i n which oxygen S

renoved fromtheamﬁtur bé(xagrhﬁé Jh#%ﬂ ?f?)n!h ure %ﬁwth&}f C%ep%u td.lrhthl and

the propene is reaned

met hod is descr|DEﬂnﬂEWIﬁBdQn%00 01 401. 1 mhlch is expressly incorporated
into the present invention by way of reference inits full scope in this
20 respect. -1 n pkpteeemife exampleassiongan be enpl oyed as sol vent in the
process descri bed, above and, be5|des nmet hanol, one or nore further

sui tabl e sorvent§“85ﬁ1@éeﬁ§ﬂﬂea¢ﬁW§rﬁﬁ | east one further solvent can

| i kew se_ be worked ’F |I§)§: nmet hanol r{gd lf)ed back 5 into the process.
Furt her 3ol vent s ObFUXHISS of fg@ onmare ohihe pooyiermyentgned compeungsy| s, pref er abl y

| ower al cohols, further preferably alcohols having | ess than 6 carbon

atons, for SHitaB %aﬁg}ﬁ?snﬁlr thE RS ioﬁ ?tﬁgfo%gfélng gfbﬁproigleﬂg%ﬁz#ers nfl)‘r" s of

ponoIs pre era havin
exanpl e di ePriggipkst taly%%, ipaHGE b‘rablrlaﬂﬁerommasweatalxst&wmbamyteblnéWe and

2- met hoxyet ﬂénﬁhpecﬁ% %&Jtloﬁol)r&é'i@m o) Qi%ﬁ"%l'ﬁ:t@ﬁﬁ%é’tﬁ@fs@eri'éBYdo%;ﬁ‘ﬁEQﬁe O Z
0050/ 51559 - 12 exanpl e di net hy] f or mam de, di ne | acet am de

and N e hy PRROHS 8P<1%H@teﬂal ﬁ%é@&ﬂ@gle %ffohé@cal’ CEENgE d§ SHEN 1A sr In f or

exanpl e aceiwbivht the lprous oxidic material is a titanium-, vanadium-, chromium-, mobium-

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 MFTI 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 MFI 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 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, CFI, 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,



.5 - or mxtures of two or nore of the above-nentioned conpounds. Suitable
catal ysts for the conversion of propylene into propylene oxide are in
principle all catalysts, preferably all heterogeneous catal ysts, which are
"suitable for the respective reaction. Preference is givengheigot@sg

catal ysts which conprise a 10 porous oxidic material, for exanple a
zeolite. Preference is given to catalygtss-4n which the porous oxidic
material is a titanium, vanadium, chrom um, niobium or

211 oot um ARG, AW, \ouT WsSAUOA: B i AR! PRLS I R SO
been repl acBSNoREE, tReHiLURVTn SARL Sk, B, SBQ ISBT, SHke SGT, SO AT es, in

particul ar §ireseERATHE, PONT YSCRIVESE, 'VEL VgL, SV, hWEYFWE thods
for their pr%gcaratl n are described,” fof exanpl €, in %p@gl%ngw and

EP-A 0 405 SHUCIUrS@NG{Q HiXGdstIchIres coasisiing oigwerprprere of F}t?d%bl?i"@'f%ﬁnélok%\m f or

Ej he factst h@ﬁ-udttlney ABD f)h(@mbledﬁﬁltusél iBdthéi Brodess edctaddihgd s ey i}h\ﬂeﬁtléﬂ‘%re

eterm nati I ra rac i n addi via a
kel et al i BPadimsOSalnins FS vt Fgs BRI By CEEs dpdite. shiem *1°and
t hus di ffer tifanomm-gbitainingvedoditest whiah ateysbeomentiyreddadrt ithese dravingnihe pisdgs Ti 02
phases. 25 ppil ab\L1Y6&t@ee: 10 detail, titanium, vanadium, chrom um,

ni obium and zirconiumcontai ning zeolites having a pentasil zeolite
structure, in particular the types with X-ray assignnment to the ABW ACQ,

AEl , ABlyg AFENzedMtds hd\f gg theAMIEL, MEY., ofANE /T, nﬁfe% stitfc Ture%g’r lg%'f&@d AT, ANA,
APC, APD, AST,. c 1:1)’1 ATN, . ATO, . ATS, ATT, ATV, AWD BOG, BPH,

BRE, CAN, efty prefegred dog theoppocesy pecopding t@c‘ihe IWtIODABrefme BFO, DFT,
DOH, DON, EﬁBtheEﬁ)br;e giddh, iE@tail, ERIthe Eﬁbbntﬁh@ dEAthe dablRy st &eréﬂyﬁmov@m HEU,
I FR, 1SV, |TE LTN,. MAZ, ©El,
VEL MEp. MR TRED RS, axr S pepdndyigeoliFE hayia skflstal St peah 15 17

isomorphous with B-zeolites.

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  Ifit 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 Inthe following examples, the present invention is explained in greater detail.



_MIT, MW MAW  NAT, NES, NON, OFF, Osl, PAR PAU, PH, RHO RON, RSN, RTE,
RTH, RUT, SAO, SAT, SBE, SBS, SBT, SFF, SGI, SOD, STF, STI, STT, TER THO
.TON, TSC, .VET, .VFI, VN, VSV, WEl, VEN, YUG or ZON structure and to m xed
" structures consisting of two or nore of the above-nenti onegzs4/£14§d ur es.
Al so feasible for use in the process according to the invention are

titani umcontaining zeolites having thg4UFD-1, CIT-1 or CIT-5 structure.
Further titaniumcontaining zeolites which nay be nentioned are those
having the ZSM 48 or ZSM 12 structure. 10 Ti zeolites having the MFI, MEL
or MFI/MEL m xed structure are regarded as particularly preferred for the
process according to the invention. Preference is furthernore given, in
detail, to gkR&m yescont aining zeolite catalysts generally known as "TS-1",
"TS-2" and "TS- and Ti zeolites having a skeletal structure which is

i sonor phous with fi-zeolites. 15 In the process according to the invention,
parti cul=r p)baflﬁrreﬂ(z@exaﬁnlgbven to a heterogeneous catal yst corrprl sing the
titaniumcontaining silicalite TS-1. Accordingly, the present invention
also relates to a process as descri bed above 20 wherein the propyl ene

oxi de i s prAparnxtira)of ngethammd o BDYe sicaigih yhot weigiﬁf@madnisyhydm'gtrarjiemmide
silicalite It il t of the
TS-1 str uc cﬁ?@éﬁ’?ﬁd ?I% ge%égglplgfb%eq%{tqhtlg6ggc§gEm(%rrdac C?éd %Eetgéll%\?/entl on
for the cat @nry@mngs%*ltnwbi@r ap8°¢ nedqsdhe)agtog&wlsmrmu@rmmﬂ tlm kydrpgenHowever ,
it is afg CO?éréﬁdé'cSﬂve?Q§§%§grefafé'irtﬁa!ﬁe)%ﬁlt al yst enployed to be a nolding
conprising the porous oxidic material. The nvolding here can be produced,
starting fromthe porous oxidic material, by any prior-art processes. 30
I f it shoul Thbecaoreaedarnis Were stub&qmuﬁtp;op@sse@ﬁntb fheblwup@e@ﬁtrayzcafommﬁ to the

doscri bed, 755 oickahutiatiof R 1658 S nb G Wi Brenet e sy © 71
i ncor por at ecttdie thei qatdb)ystvvay of reference in this r espect.
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



.35 In the follow ng exanpl es, the present invention is explained in greater
detail. O Z. 0050/51559 - 14 Exanples 5 Conparative exanple A m xture of
et hanol , .30% strength by wei ght aqueous hydrogen peroxide solution and
“propene in the weight ratio 64.5:15.5:20 was reacted in anggufRekase
containing TS-1 powder at OC under the autogenous pressure until the

hydr ogen 10 peroxi de conversi on was greater than 99% The reactor contents
wer e subsequently passed into a bubble-cap tray, cooled to O0C, of a

distillatio Ll with installed.f.ilter servmgto
retain the Fan%’ tl?ﬂ’é)? Y ugg?&!“%dﬁl@!w ' RelfC ﬂrilcggiilslt’;l lation yisie; §,e
fraction bmcblutrgl havinget leastgen haonetidal platu;ssBQp arglucowps taken @ff Weilghopyl ene
oxi de was Cob qehfietartd Sxellcatd |453E1 9R ¢ SPANSE Beethohid) UGt (S)
havi ng a boi Il ng p0| nt in range m was co l'ected. The

cut essenti &mwos@éﬁmrpéiwﬂl&riloff A t%pwéﬁeﬁ The thettgmalpno wetouhick remained

acet al de@yd%ﬁtfd{r@mle’?@% 1@ phrh 6f Rrefi¥a B¥maRI, ght ), acetone (from about 0.1
to 0.3% by weight), 1,1-dinethoxyethane (fromabout 0.4 to 0.8% by wei ght)
and nethyl formate (from about 50 to 120 ppnm). The % by weight data are in
each case bawihl tigs rédoeenett ingdihanol as bettertprodifet, The raabtve ofl deqirope@d wigtct i on

of propene subse nt | ted wth the nethanol cut (S) as solvent.
Distillatio @.rrog%ge %g‘ﬁﬁ%ﬁ‘fpe%f@de product gave a propyl ene oxide cut
(distillation fraction in the range from 33 to 36C) which had a nethyl
for mat e; g onisintyahitn bfehd R8YEE CAML #Q&Rlc%s %a%é%repys%?épmﬁé BIPISAGEGE di ng to

the inventign The first reaction a I rst at1on re repeated
as in the Cé‘ﬁ‘ﬁ'&‘?‘hm the range from 33 to 36°C) which had a methyl formate content in the

range below 10 ppm.

The methyl formate content was in each case determined by gas chromatography.



_exanple. 35 O Z 0050/51559 - 15 The resultant nethanol cut (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% of the_nethanol fraction enployed were
distilled off as top product. The botfoﬁ1product whi ch remained 5
contained | ess than 10 ppmof nethyl formate. Wth this recovered net hanol
as bottom pr the r tion of the propene with hydrogep.p |de was
r epeat ed. 5ﬁgﬁ9%#lP§?ﬁﬂﬁg@¥{the resul tant crude products g S Bpyl ene
oxi de cut (dlstlllatlon fraction in the range from 33 B@/GE3 IBMictt had a
nmet hyl formate content in the range below 10 ppm The nethyl formate
content was in each case determ ned by gas chronat ography. BASF

Akt i engesel | schaft July 5, 2000 B0010354 IB/Ri/At 5 W claim 1. A process
for the prepgéahipn of propylene oxide in the presence of nethanol, in
whi ch propyl ene oxide is separated froma m xture conprising propylene
oxi de and net hanol, and the resultant m xture conprising 10 nmethanol is
wor ked up, which A(:Qﬁrwets§etsr Sﬁ@q{rqidrz&g)nﬁﬁf hﬁm}leﬁd ORide inTthe PERe@NBFI Si Ng

t hanol d neth l, d
Claim1, wher et nMagl R OB e e i naRB e froGh R G stpsne
conprisi ng net hamuipydaamd meidbyind omatikinel,i and ahe i leshltant mixtdrd eordpréding | at i on
col,urm £3ving at reiaabi 3 GRERH 5 Ahnibh Akifks RESBHL Syl flrblGrq ap0e from

0.2 to bar . ocess as c élne ereln
met hanol separ at @HXMGF cqmpprisipmedigneleand fmethye fmﬁ@e dpringtheavorktupy | f or mat e

content of |ess than

2. A process as claimed in claim 1, wherein the separation of the methanol

from the mixture comprising methanol and methyl formate is carried out in

15 a distillation column having at least 5 theoretical plates at pressures in the
range from 0.2 to 50 bar.

3. A process as claimed in claim 1 or 2, wherein the methanol separated off in

the course of the work-up has a methyl formate content of less than
20 500 ppm.

4. A process as claimed in one of claims 1 to 3, wherein the methanol
separated off from the methyl formate in the course of the work-up is fed
back into the process.

25
5. A process as claimed in one of claims 1 to 4, in which

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

(ii) the propylene oxide is separated from the mixture (Gi), giving a
mixture (Gii) comprising methanol and water,

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



20 500 ppm 4. A process as clained in one of clains 1 to 3, wherein the
nmet hanol separated off fromthe nethyl formate in the course of the
work-up is fed. back into the process. 25 5. A process as clained in one of
“claimse 1 to 4, in which 30 (i) in at |east one reaction stgp,oobi/9RY ene
oxide is prepared from propene and hydrogen peroxide in the presence of
met hanol, giving a mxture (G ) conpsisging nethanol, propyl ene oxi de and
water, (ii) the propylene oxide is separated fromthe m xture (G), giving
a mxture (Gi) conprising nethanol and water, 35 (iii)water is separated
fromthe mxture (Gi), giving a mxture (Gii) conprising methanol and
met hyl formate, Ovmdigsol BispPazd SronOtheimikture(Gigincndi s separated from the
m xture (Gii), and (v) the nethanol separated off in (iv) is fed back
into (i). 6. A process as clained in _cl wherein the water is renoved

by distillation(Ynthe mPl)haanlﬁéPaéatGd\/Pffan&iVit&fF@b?@/\?}lt%@)’f‘pr| sing principally
net hanols and nethyl formate is separated fromthe mxture (Gi) at the top

of a first distillation col,um, the m tur.e obtai ned at the, hott om of
the first dPstil IAatplr%‘i’?S%(ﬂSuﬂf’ﬂ“i‘eéi LFIR o1 QWRISE dR FeBIO¥ES | Bat i on
colum, 15 (y) adistilatiorein((Gi)) whemprl SI ng pr| nci pal Iy net hanol and net hyl
formate i s
(w) a mixture (Gw) comprising principally methanol and methyl formate is
10 separated from the mixture (Gii) at the top of a first distillation

column,

(x) the mixture obtained at the bottom of the first distillation column is
used as feed for a second distillation column,
15
(y) a mixture (Gy) comprising principally methanol and methyl formate is

obtained at the top of the second distillation column, and

(z) the mixtures (Gw) and (Gy) are combined to give the mixture (Giii).
20
7. A process as claimed in claim 5 or 6, 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
25 methanol, propylene oxide and water, comprises propene which has
not reacted in (i), giving a mixture (Ga) comprising methanol,

propylene oxide and water, and

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

8. A process as claimed in claim 7, wherein the separations in (a) and (b) are

carried out by distillation at



‘obtained at the top of the second distillation colum, and (z) the m xtures
(OGN and (GQy) are conbined to give the mixture (Gii). 20 25 7. A process
‘as clainmed in ¢glaim5 or 6, wherein the separation of the propylene oxide
=in (ii) is carried out in at least two steps (a) and (b), whejoso/kdko Propene
is separated fromthe mxture (G), which, in addition to methanol,

propyl ene oxi de and water, conprises prgpene which has not reacted in (i),
giving a mxture (&) corrpri si ng net hanol, propylene oxide and water, and

(b) propyl ene oxide is s edfr m_t Lxture ( i xture
30 (Gi). 8. A pr(%cé@ °s eéfl %g'f ﬁrogll @?ﬁ?n?g%%%rae%ﬁ&?hgmgle\égd} Lq?tos;lns in
(a) and (b) are carr itlbretical platediasidi | | ati on at O Z. 0050/51559 - 3 (a) a
pressure in the range fromO. 2 to 25 bar in a col unm havi ng at least 5
t heoretical plates, and (b), pressure in the range fromQ.3,to 10 bar in a
col urm having at (Peadressgrein tbﬁéfmgét Fem0-ploat@bar ig a golpmg hayingza Ieashi ned in
one of cdainms 1 to 8, pohBERétital PRl opyl ene oxide is prepared using a
zeolite catalyst, preferably a titaniumsilicalite catalyst and in
particular a titaniumsilicalite catalyst having the TS-1 structure.

9. A process as claimed in one of claims 1 to 8, wherein the propylene oxide

is prepared using a zeolite catalyst, preferably a titanium silicalite catalyst

and in particular a titanium silicalite catalyst having the TS-1 structure.



