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In the numerous publications on the subject of the preparation of propylene oxide,
there are only a few which are concerned with integrated processes in which the
energy of the vapor obtained in a distillation step is usefully returned to the
process. This applies particularly to processes in which propylene oxide is
separated off from solvents or traces of solvent by distillation.

WO 02/14298 Al describes a process for the continuous preparation of an olefin
oxide. In the context of this process step, it is disclosed that the heat of
condensation obtained at the top of a column can be recovered for one or all
distillation processes of the overall process. In the column in question, a mixture
comprising solvent, oxygen and inert gas is separated by distillation. Specific

procedures for recirculating the heat of condensation are not disclosed.

WO 00/07965 describes a process for preparing propylene oxide, in which a
mixture of propene, propylene oxide and methanol is separated off from a mixture
via the top of a distillation column, with the reflux necessary for the separation in
the column being condensed in a partial condenser at the top of the column.
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temperature, which can, for example, be in the region of 15°C depending on the

pressure, requires provision of a high refrigeration power for condensation.

Especially on an industrial scale, this incurs tremendous costs.

It is an object of the present invention to provide a process which, compared to the
processes described in the prior art for preparing propylene oxide, has a
significantly improved energy balance.

The present invention accordingly provides a process for preparing propylene

oxide, which comprises at least the steps (iii) and (iv)

(iii)  separating off propylene oxide from a mixture (M1) comprising propylene
oxide and at least one solvent by distillation in a distillation column, giving
a bottom stream and a vapor stream consisting essentially of propylene
oxide;

(iv)  compressing the vapor stream obtained in (iii} by means of at least one

compressor to give a compressed vapor.

The solvent or solvents present in the mixture (M1) in (iii) can in principle be any
solvent(s) which is/are used in the process for preparing propylene oxide.

Particularly preferred solvents are, for example:

- water;



«-3- - alcohols, preferably alcohols having | ess than 6 carbon atons, nore
preferably nethanol, ethanol, propanols, butanols, pentanols; - diols or
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Accordingly, the present invention provides a process as described above in which

the at least one solvent is methanol.

The solvent content and particularly preferably the methanol content of the
propylene oxide separated off from the mixture (M1) in (iii) is generally not more
than 500 ppm, preferably not more than 200 ppm, more preferably not more than
100 ppm, more preferably not more than 50 ppm, more preferably not more than
20 ppm, particularly preferably not more than 15 ppm and very particularly
preferably not more than 10 ppm, in each case based on the total weight of the
propylene oxide fraction separated off.

As distillation column, it is essentially possible to use any column. Particular
preference is given to a distillation column configured as a packed column, more
preferably a packed column containing ordered packing. Such a packed column
has a high separation efficiency per meter of packing and displays only a very

small pressure drop.

While the ordered packing mentioned can essentially be of any type, preference is
given to packing which has a specific surface area in the range of from 100 to
750 m*m’. It is possible to use sheet metal packing, for example from Montz (type
B1 100 to B1 500) or from Sulzer ChemTech (Mellapak 125 to Mellapak 750), or



750 nm2/mB8. It is possible to use sheet netal packing, for exanple from Montz
(type B 1 100to B 1 500) or from Sul zer Chenlech (Ml | apak 125 to Mel | apak
750), or PF 0000054455/ Kg -4- mesh packing fromMntz (type A3 500 to A3
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which the distillation column used for the fractional distillation in (iii) is operated

at a pressure in the range of from 450 to 750 mbar.

In step (iv) of the process of the present invention, the vapor obtained at the top of
the distillation column, which consists essentially of propylene oxide, is
compressed. This compression can generally be carried out using any suitable
methods. In particular, the vapor can be compressed mechanically or thermally,
with compression being able to be carried out in one or more apparatuses. It is thus
possible to compress the vapor mechanically in at least one compression apparatus
or to compress the vapor thermally in at least one compression apparatus or firstly
to compress the vapor mechanically in at least one compression apparatus and then
to compress the vapor thermally in at least one compression apparatus or firstly to
compress the vapor thermally in at least one compression apparatus and then to

compress the vapor mechanically in at least one compression apparatus.

Apparatuses suitable for mechanical compression are, for instance, rotary piston
compressors, screw compressors, turbocompressors having an axial or radial
construction, diaphragm-type compressors or blowers. For the purposes of the
present invention, compression can be carried out using one of these apparatuses or

a combination of two or more of these apparatuses, with each of the compressors
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medi um vaporizing in the distillation colum. Accordingly, the present
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In general, the vapor is brought by compression to a temperature which is at least

1°C higher than the temperature of the medium vaporizing in the bottom of the

distillation column. The vapor is preferably brought by compression to a

temperature which is from 2 to 25°C, more preferably from 5 to 20°C and

particularly preferably from 8 to 20°C, higher than the temperature of the medium

vaporizing in the distillation column.

Accordingly, the present invention also provides a process as described above in
which the vapor is compressed to a pressure in the range of from 2 to 5 bar in (iv)
and the compressed vapor has a temperature which is in a range of from 8 to 20°C

above the temperature of the medium vaporizing in the distillation column in (iii).

As a result of the compression step according to the present invention, the process
of the present invention makes possible the above-described favorable pressure
range below 1.013 bar, preferably the range from 450 to 750 mbar, for the
distillation without having to accept the disadvantage of a low condensation
temperature and the high refrigeration power which then has to be made available.
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result of this integrated operation of the process.

In a very particularly preferred embodiment, the compressed gaseous vapor is
liquefied in at least one condenser and the heat of condensation is at least partly
used for operating at least one of the abovementioned vaporizers. Particular
preference is given to the operation of the main vaporizer of the distillation column
used in (iit).

Accordingly, the present invention also provides a process as described above

which additionally comprises the step (v)

(v) condensing the vapor obtained in (iv) and returning at least part of the heat
of condensation to at least one vaporizer used in the distillation column

employed in (iii).

The condensation in (v) is carried out in a vaporizer which can have essentially any
configuration. Examples of embodiments of vaporizers are natural convection
vaporizers, forced circulation vaporizers or falling film vaporizers. For the
purposes of the present invention, preference is given to using a vaporizer which is
configured as a natural convection vaporizer.
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to using a wipmiver pexddittonglly povadedf i gured as a natural convection vapori zer.
In a nore preferred enbodi nent of the process of the present invention, at

| east part of the condensate obtained in (v) is cooled further in at |east
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In a more preferred embodiment of the process of the present invention, at least
part of the condensate obtained in (v) is cooled further in at least one further heat
exchanger so as to obtain energy which can be passed to any other process or
preferably be recirculated within the process of the present invention.

This part of the condensate is preferably cooled in the further heat exchanger or
exchangers to a temperature in the range from 10 to 30°C, particularly preferably
in the range from 12 to 20°C.

In a very particularly preferred embodiment, the cooled condensate leaving this
heat exchanger or exchangers is returned as reflux to the distillation column used

in (iii).

Accordingly, the present invention also provides a process as described above

which additionally comprises the step (vi)

(vi)  cooling at least part of the condensate obtained in (v) to a temperature in
the range from 10 to 30°C in at least one heat exchanger and returning this
part of the cooled condensate as reflux to the distillation column used in

(iii).



-heat exchanger or exchangers is returned as reflux to the distillation
colum used in (iii). Accordingly, the present invention also provides a
process as described above which additionally conprises the step (vi) (vi)
‘cooling at | east part of the condensate obtained in (v to a tenperature in
the range from10 to 30C in at |east one heat exchang ﬁ%ﬁﬁgng this
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The compressed propene stream is particularly preferably vaporized completely in

the vaporizer or vaporizers used in (vi).

Accordingly, the present invention also provides a process as described above in
which the propene compressed in the vaporizer or vaporizers used in (vi) is
vaporized completely with depressurization.

For example, the propene stream has preferably been compressed to a pressure in
the range from 20 to 35 bar at a temperature in the range from 5 to 30°C,
preferably from 10 to 30°C, more preferably from 15 to 30°C and particularly
preferably from 20 to 30°C, and is, according to the present invention
depressurized in step (vi) to a pressure in the range from 4 to 10 bar, preferably
from 5 to 9 bar and more preferably from 5 to 8 bar, and vaporized completely by
introduction of heat. For example, about half the cold of expansion of the propene

is produced by means of this step.

The depressurization of the compressed stream in (vi) is into a heat exchanger
which can have essentially any configuration. Examples of configurations of the
heat exchanger are shell-and-tube heat exchangers, coil heat exchangers or plate



.vapori zed conpletely with depressurization. For exanple, the propene stream
has prefer.ably been conpressed to a pressure in the range from 20 to 35 bar
at a tenperature in the range from5 to 30C, preferably from 10 to 30C,
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process in which

The mixture (M1) used in (iii) results from essentially any process steps in the
preparation of propylene oxide, provided that a mixture (M1) as described above is
obtained.

The mixture (M1) is particularly preferably obtained from a process in which
propene is reacted with a hydroperoxide in methanol as solvent in the presence of a
zeolite catalyst.

In the process of the present invention, the propene is reacted with at least one
hydroperoxide. For the purposes of the present patent application, the term
“hydroperoxide” refers to a compound of the formula ROOH. Details regarding the
preparation of hydroperoxides and regarding hydroperoxides which can be used,
inter alia, in the process of the present invention may be found in
DE-A 198 35 907, whose relevant contents are incorporated by reference into the
disclosure of the present patent application. Examples of hydroperoxides which
can be used according to the present invention include tert-butyl hydroperoxide,
ethylbenzene hydroperoxide, tert-amyl hydroperoxide, cumene hydroperoxide,
cyclohexyl hydroperoxide, methylcyclohexyl hydroperoxide, tetrahydro-
naphthalene hydroperoxide, isobutylbenzene hydroperoxide, ethylnaphthalene
hydroperoxide, peracids such as peracetic acid or hydrogen peroxide. Mixtures of



propene is reacted with a hydroperoxide in nethanol as solvent in the
‘presence of a zeolite catalyst. In the process of the present invention,
the propene is reacted with at | east one hydroperoxide. For the purposes of
the present patent application, the term "hydroperoxide" refers to a

‘conpound of the fornmula ROOH. Details regarding the p i
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napht hal ene hydroper oxi de, isobutyl benzene hydroperoxi de, ethyl napht hal ene
hydr oper oxi de, peracids such as peracetic acid or hydrogen peroxide.
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used accordlqgl%) e 1@ qgeﬁtlon For the purposes of the present
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| attice is replaced by tltanlun1as Ti(l1V) are also knomn These titani um

zeol 1tes, | npech il @m0 LA AR arPbF HE'SHED) B ok I VP

and p055|ble
lattlce is replaced by titanium as Ti(IV) are also known. These titanium zeolites, in

particular those having a crystal structure of the MFI type, and possible ways of
preparing them are described, for example, in EP-A 0 311 983 or EP-A 0 405 978.
Apart from silicon and titanium, such materials can further comprise additional
elements such as aluminum, zirconium, tin, iron, cobalt, nickel, gallium,
germanium, boron or small amounts of fluorine. In the zeolite catalysts the
titanium of the zeolite can be partly or compietely replaced by vanadium,
zirconium, chromium or niobium or a mixture of two or more thereof. The molar
ratio of titaninm andfor vanadium, zirconium, chromium or niobium to the sum of
silicon and titanium and/or vanadium and/or zirconium and/or chromium and/or

niobium is generally in the range from 0.01:1 to 0.1:1.

Titanium zeolites, in particular those having a crystal structure of the MFI type,
and possible ways of preparing them are described, for example, in WO 98/55228,
EP-A 0311 983 or EP-A 0 405 978, whose relevant contents are fully incorporated

into the disclosure of the present patent application.

It is known that titanium zeolites having an MFI structure can be identified via a
particular X-ray diffraction pattern and additionally via a lattice vibration band in
the infrared region (IR) at about 960 cm™ and in this way differ from alkali metal
titanates or crystalline and amorphous TiO; phases.



-preparing them are described, for exanple, in EP-A 0 311 983 or EP-A 0 405
978. Apart fromsilicon and titanium such materials can further conprise
additional elenents such as alum num zirconium tin, iron, cobalt, nickel,
‘gal lium germanium boron or small anounts of fluorine. In the zeol ite
catalysts the titaniumof the zeolite can be partly oPFO8AMI¥tesKer epl aced
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Further titanium-containing zeolites which may be mentioned are those of the

ZSM-4 or ZSM-12 structure.

For the purposes of the present invention, particular preference is given to using Ti
zeolites having an MFI or MEL structure or an MFI/MEL mixed structure. Further
preference is given to the specific Ti-containing zeolite catalysts which are
generally referred to as “TS-17, “TS-2”, “TS-3” and also Ti zeolites having a
framework structure isomorphous with beta-zeolite. For the purposes of the present
invention, very particular preference is given to a zeolite catalyst of the TS-1 type.

After the reaction of the propene with, preferably, hydrogen peroxide to give a
mixture (MO} comprising propylene oxide, unreacted propene and methanol,
unreacted propene is preferably separated off from this mixture (MO), preferably
by distillation.

Accordingly, the present invention also provides a process as described above

which additionally comprises the steps (i) and (ii)

(1) reacting propene with hydrogen peroxide in the presence of a titanium
silicalite catalyst and methanol as solvent to give a mixture (MO)

comprising propylene oxide, unreacted propene and methanol;



-TSC, VET, VFI, VN, VSV, WE, VEN, YUG ZON structure or to m xed
structures conprising two or nore of the abovenenti oned structures.
Furthernore, titaniumcontaining zeolites having the 1TQ 4, SSZ-24, TTM1,
'"UTD-1, CT-1 or CT-5 structure are also conceivable for use in the process
of the present invention. Further ti tg i um cont ai ni ngPE 8004058453(KEch may be
nmentioned are those of the ZSM4 or ZSM12 structure. For the purposes of
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preferably, pAxRuRASDHreTerBl i ewbQtagésye @ m xture (MJ) conprising propylene
oxi de, unreacted propene and nmethanol, wunreacted propene is preferably

separated off fromthis mxture (M), preferably by distillation.

Accor di ngl y A tWestageadtion talus pldconfoaksonple, e ifeldsva process as descri bed
above which additionally conprises the steps (i) and (ii) (i) reacting
propene with hydrogen peroxide in the presence of a titanium silicalite
cat al yst andanet hizngtdregenpetoxéedet is renctpd watlapnopsrteup i ¥eMOpix tem epmipsising
propyl ene oxi de, - 9PF 0000054455/ Kg -12- (i)
separating off ti?ggﬂ nrgtgggig%hgggf&gﬁtg&ﬂy‘%%wtﬁlg ure (MJ to give a mxture
(M) conpridbhg phopyrasts lyxdreen perpxide: i sengratedrotd frosa theirpintuse rgsplsivgne wi t h
hydrogen per oxi dgrdnQsthfleapr esence of nethanol and the titaniumsilicalite
catal yst can be carried out in ,one, two or nore stages, particularly
preferably i(® t wéheshylesen perexide ¥ as bgen peparatedcel ippiage (bipreagiednpl e, as
follows: (a) the wipdsogsae. peroxide is reacted with propene to give a mxture
conprising propyl ene oxide and unreacted hydrogen peroxi de;

Accordingly, the reaction of propene with hydrogen peroxide takes place, as

indicated, in two stages (a) and (c), with a separation stage (b) in between.

For the purposes of the present invention, the hydrogen peroxide can be separated
off in the separation stage (b) using all customary separation methods known from
the prior art.

The hydrogen peroxide is preferably separated off by distillation. Depending on
the requirements of the process, it can be separated off in one or more distillation

columns. Preference is given to using one distillation column in a separation stage.

In the process of the present invention, the reaction of propene with hydrogen
peroxide takes place in a reactor which is suitable for this purpose. Starting
materials used for the reaction are propene, hydrogen peroxide and methanol. In
this process, the starting materials can be fed individually into the reactor or are
preferably combined to form one stream and fed in this form into the reactor. In the
process of the present invention, preference is given to feeding a stream consisting
of the combination of the starting materials into the reactor. Preference is in this
case given to a stream in which the concentrations of the individual starting
materials in the stream are selected so that the stream is liquid and consists of a
single phase.
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reactor and one adiabatic hxed-bed reactor. Preference is given fo using the

isothermal fixed-bed tube reactor in stage (a) and the adiabatic fixed-bed reactor in

stage (b).

In a preferred embodiment of the process of the present invention, the mixture
(M1) comprises from 5 to 15% by weight, preferably from 6 to 12% by weight and
particularly preferably from 8 to 10.5% by weight, of propylene oxide and from 55
to 85% by weight, preferably from 60 to 80% by weight and particularly preferably
from 65 to 75% by weight, of methanol.

The term “a vapor stream consisting essentially of propylene oxide” as used in the
context of the present invention with regard to the vapor stream resulting from (iii)
relates to a vapor stream having a solvent content of not more than 500 ppm,
preferably not more than 200 ppm, more preferably not more than 100 ppm, more
preferably not more than 50 ppm, more preferably not more than 20 ppm,
particularly preferably not more than 15 ppm and very particularly preferably not
more than 10 ppm, in each case based on the total weight of the vapor stream

resulting from (iii).

Compared to the processes of the prior art, an advantage of the process of the
present invention is, inter alia, that it can be carried out at lower reflux ratios.
According to the present invention, these reflux ratios are preferably in the range



.given to using fixed-bed tube reactors as fixed-bed reactors, with at |east
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at | ower r efAPRENF Y Gaction i &yﬁ@gf:fb Refxids 41 JRgt et PYFEL YRE Ay of | ux
rati os are pitafiemadzbolitel catdlpe ofathgeTSRE PO OPoplehd Kgidelid-sepdrafed aoff byt 0 10.
Preferred ref . | . . : a8, r The

or esent 1 nv O StF oL R REIE B¢ BomPoviton, Besclinef belto” b
Conpar at i ve afieningsheval of Conoxeess orapend imeswdhoaardyothat thegievdting prepydénene oxi de

fracti on hayi fachBh BaNPhefait 18 8hetrat ?{pﬂ)ﬂ% ng the process disclosed in
WO 00/ 07965, Xpr opngne oxflngegﬁés pr(éparraeé}1 ro '

Composition of the mixture to be separated:

Low boilers: 0.2% by weight
Propylene oxide: 9.3% by weight
Methanol: 70% by weight
Methoxypropanols: 0.5% by weight
Water: 18% by weight
High boilers: 2% by weight

The distillation is carried out at a pressure of 1.5 bar, so that the vapor can be
condensed in the condenser by means of available river water at a temperature of
about 42°C. The methanol concentration of the propylene oxide stream is 20 ppm.
The optimized separation proceeds at a reflux ratio of 18 and has an energy

consumption for the above separation of 2 650 kWh/t (propylene oxide fraction).

Comparative Example 2: Conventional fractionation to give a propylene oxide

fraction having a methanol content of 10 ppm

Using the process disclosed in WO 00/07965, propylene oxide is prepared from
propene by reaction with hydrogen peroxide in methanol as solvent using a
titantum zeolite catalyst of the TS-1 type. Propylene oxide is separated off by



.propene by reaction with hydrogen peroxide in nethanol as solvent using a
titani um zeoli'te catalyst of the TS-1 type. Propyl ene oxide is separated off
by distillation fromthe m xture having the conposition described bel ow
‘obt ai ned after renoval of the excess propene in such a way that the

resul ting propyl ene oxide fraction has a methanol congﬁmﬁ?‘éﬁ/@@ 20 ppm
Conposition of the mxture to be separ61t5€d: Low boilers: 0.2% by wei ght

gr g(r;y{)ene Qﬂiﬂﬂlabign 3P&1byh%/>/@itl;gdate hh}ﬁh@&lakg)lcbm Ggﬂlai@y dwm'z'(yh% beldai hﬁw Trc}iopanol s:

. 5% by wei ght ter: 0 weight .Hi oi lers: 0 wei_ght e

i ot [t orhes e il of ThE X% BitPhe af s 8h £ S Elndt e MR pP N por can
be condensediderfrachien bamaimegwnolmppneantiationdf Hypprhabl e river water at a
tenperature of about 42C. The net hanol concentration of the propyl ene oxide
streamis 20 ppm _The optim zed separatjion proceeds at a reflux ratio of 18
and has an drmmpppitionsd shenpixten (9 be sapaetethove separation of 2 650 kWi/t
(propyl ene oxide fraction). Conparative Exanple 2: Conventi onal

fractionation to ,%ésve a przypﬁbene oxi de fraction having a nethanol content
of 10 ppm Udiongbeikss: pr oces P-2P ¥ WHEH i n WO 00/ 07965, propyl ene oxide is
prepared fr @wpyRpiid: by mepgpbyestigtt h hydrogen peroxide in nethanol as

sol vent usi Itanium ite catalyst of the TS-1 type. Propyl ene oxide
is separate(rﬁ?fﬁ?n y PF 000(77@%4 BF %-15- distillation fromthe mxture

havi ng the ddehosipropanolesdridbpéd vreglaw obt ai ned after renoval of the excess

propene in h_a way that resulting propylene oxide fraction has a
nmet hanol coﬁ’g%ﬁ{'rati on of fé%ﬁn&%@%osi tion of the mxture to be

separ at ed: [Highboildrers: Pr29phy eweighdxi de:  Met hanol :

The distillation is carried out at a pressure of 1.5 bar, so that the vapor can be
condensed in the condenser by means of available river water at a temperature of
about 42°C. The methanol concentration of the propylene oxide stream is 10 ppm.
The optimized separation proceeds at a reflux ratio of 23 and has an energy
consumption for the above separation of 3 280 kWh/t (propylene oxide fraction).

Example 1:  Fractionation according to the present invention to give a propylene
oxide fraction having a methanol content of 20 ppm

Using the process disclosed in WO 00/07965, propylene oxide is prepared from
propene by reaction with hydrogen peroxide in methanol as solvent using a
titanium zeolite catalyst of the TS-1 type. Propylene oxide is separated off by
distillation from the mixture having the composition described below obtained
after removal of the excess propene in such a way that the resulting propylene
oxide fraction has a methanol concentration of 20 ppm.

Composition of the mixture to be separated:

Low boilers: 0.2% by weight
Propylene oxide: 9.3% by weight
Methanol: 70% by weight
Methoxypropanols:  0.5% by weight
Water: 18% by weight

High boilers: 2% by weight



-Met hoxypropanol s:  Water: Hi gh boilers: 0.2% by weight 9.3%by weight 70%
by wei ght«. 0.5% by wei ght 18% by wei ght 2% by weight The distillation is
carried out at a pressure of 1.5 bar, so that the vapor can be condensed in
‘the condenser by neans of available river water at a tenperature of about
42C. The nethanol concentration of the propyl ene oxi de PEtI0880R4AS5A® ppm

The optim zed separation proceeds at a¥eflux ratio of 23 and has an ener gy
consunption for the above separation of 3 280 kWh/t (propyl ene oxide

fraction). anpl . Fract.ionation _accordj to the present invention to
give a ptopyBrartpad FHtied D %athaggﬁeﬁsafeaofné@%ﬁggs wht SRR Lo ng

t he process adgsingsthe compiaesedOyapdo 65, oppratipg Itemea denviestipn saporigdr 6ff om
propene by r ' | ' ' t ing a

F1 t ot um vedfe £oua, Tht Jasfa ORERRED XYy e e lR WAL 8 B A o2 10 o
by distil | dtihepomprgpsor angle-stage &urhigcRBIPEaeordwMing s X ft efotrdsesulbegiinhe| ow

obtai ned aftheompriyal yeg)for 1AGin8XE RdfpePdtPR S Catioltt 8RN Bha'Blécriidadnek
resulting prop fraction ha nol concentration of 20 ppm

| ene oxi de S t
Conposi t o SRSHIRGH S F EOMTEEOISi APk En%, JRe Baperadon ISPRPIHIENE oxi de:
Met hanol :  Nhé bensepriepadpoliser of it @lumirisgtbobios4°ex s: 0. 2% by wei ght 9. 3% by
wei ght
The reflux ratio in this separation (residual methanol concentration of 20 ppm in
the propylene oxide stream) is about 8. The additional energy requirement for the
separation in addition to that introduced by thermal coupling is about 180 kWh/t

(propylene oxide fraction).

Example 2: Fractionation according to the present invention to give a propylene
oxide fraction having a methanol content of 10 ppm

Using the process disclosed in WO 00/07965, propylene oxide is prepared from
propene by reaction with hydrogen peroxide in methanol as solvent using a
titanium zeolite catalyst of the TS-1 type. Propylene oxide is separated off by
distillation from the mixture having the composition described below obtained
after removal of the excess propene in such a way that the resulting propylene
oxide fraction has a methanol concentration of 10 ppm.

Composition of the mixture to be separated:

Low boilers: 0.2% by weight
Propylene oxide: 9.3% by weight
Methanol: 70% by weight
Methoxypropanols:  0.5% by weight
Water: 18% by weight
High boilers: 2% by weight

The distillation is carried out at a pressure of 500 mbar using a vapor compressor
and using the compressed vapor for operating the natural convection vaporizer of
the column. The vapor is compressed to a pressure of about 2.8 bar by means of a

turbocompressor (single-stage turbine compressor having 2 X 4 rotors), resulting in



-70% by wei ght 0.5% by weight 18% by wei ght 2% by weight -16 PF
0000054455/ Kg "The distillation is carried out at a pressure of 500 nbar
usi ng a vapor conpressor and using the conpressed vapor for operating the
‘natural convection vaporizer of the colum. The vapor_is conpressed to a
pressure of about 2.8 bar by means of a turboconpressBFopgmggﬂ &gage
tur bi ne conpressor having 2 x 4 rotors)7 resulting in the conpressed vapor

having a teﬁﬂ@b&hpfe@se@fva@bﬂhhwﬁg@ teﬁjﬁra&kreqifrab@ueemyrhecaeaume@ of the
rature.. he .convecti on

conpressor i s abo par

Vapor | zer ol OPRETHSR i OBrEOran @O LT TRE VBheHBibh e SaG8Er o | on
(residual nehdamytctomnapatizeatof tr cwlun2Oispbouti 34°Ct he pr opyl ene oxi de strean)
is about 8. The additional energy requirenent for the separation in
addition to that introduced by thermal coupling is about 180 kWh/t

(propyl ene chiedeflpx aaia Brthis Lpamive (2sidmlaeethannd opeentteton 6f Ag ppw inhe

present i nv e hifyicfe Bkide sieft PRYILERCo. Tl ARfdnaPLicas) Rairdded fﬂﬂﬂyeﬁgg'e

content of 10 ppfi Usin process discl osed

oxide is prSpRATEPY Mﬁ%ﬂmnofﬁeth@t giroduced thyotherial WOHQ]&?&)@&WBE?%(QW’D G n
met hanol as ( @by@ﬂéoﬂghmgw@mntltanlun1zeoI|te catal yst of the TS-1 type.
Pr opyl ene OXIde is separated off by distillation fromthe m xture havi ng
t he conposition described bel ow obtained after renoval of the excess
propene in such a way that the resulting propylene oxide fraction has a
met hanol concentration of 10 ppm Conposition of the m xture to be
separated: Low boilers: 0.2% by weight Propyl ene oxide: 9.3% by wei ght
Met hanol : 70% by wei ght Met hoxypropanol s: 0.5% by wei ght Water: 18% by
wei ght



H gh boilers: 2% Dby weight The distillation is carried out at a pressure of
-500 nbar using a vapor conpressor and using the conpressed vapor for
operating the natural convection vaporizer of the colum. The vapor is
conpressed to a pressure of about 2.8 bar by neans of a turboconpressor

‘(single-stage turbine conpressor having 2 x 4 rotors), i,ng .in PF
0000054455/ Kg -17- the conpressed vapor, having a tenpe?%ﬁm%ﬁ%éggut 68C.
The el ectric energy consunption of t id conpressor is about 8 MN The

vapori zati oWeelapmr at ure in the convection vaporizer of the colum is about
54C. The reflux ratio in this separation (residual nmethanol concentration of
10 ppmin the propylene oxide strean) is about 9. The additional energy
requi rement 1f or tAhprocese peir prepasimg proryderiet axade, waricheamprisey gdesse thelsieps her nal
coupling is abou iy 9 5W1/t (propyl ene oxide fraction). - 18 W claim PF
0000054455/ Kg 1 A process for_ preparing pr ofpyl ene oxi de, which conprises at
| east the steps (i) s¢parating eftypropylens ddefEmng @%Xfurﬁr%% ERBPHRN8e from a
mxture (M) conpri pidiglenBoRRM! Midet abiéheaidtvet by EREHatHEinSOdiviERiohY
distillation in a distillation ¢ %i Vi gﬂga bottom stream and a vapor

| um,
stream consi sting &SWEW | &VINg B ‘9?#106%‘ A d; VPP SUERB FRLLRE t he
vapor stream obt ai neskehtiallyl ofiprofpopylervaxide; of at | east one conpressor to give
a conpressed vapor, 2. A DProgess | al i n. clai rejn.t at | east
one solvent is ﬁg{) ﬁ%ﬁgfe.sagg ﬁ’% V|oap§€set§e§% aésﬁ%fi%ﬂ{]lﬁledﬁl%lﬂy%F%l%?f?gﬁtf?@v\her ein
the distillation cokompressedo giver conpresegshyapoi.on by distillation in (iii) is
operated at a pressure in the range of from450 to 750 nbar. 4. A process

as clainmed in any of clains I to 3, wherein the conpression of )
2 A process as claimed in claim 1, wherein the at least one solvent is

methanol.

3. A process as claimed in claim 1 or 2, wherein the distillation column used
for the separation by distillation in (iii) is operated at a pressure in the range
of from 450 to 750 mbar.

4, A process as claimed in any of claims 1 to 3, wherein the compression of

the vapor is carried out using a turbocompressor.

5. A process as claimed in any of claims 1 to 4, wherein the vapor is
compressed to a pressure in the range of from 2 to 5 bar in (iv) and the
compressed vapor has a temperature which is in a range of from 8 to 20°C
above the temperature of the medium vaporizing in the distillation column

in (ii).

6. A process as claimed in any of claims 1 to 5, which additionally comprises
the step (v)

(v) condensing the vapor obtained in (iv) and returning at least part of the

heat of condensation to at least one vaporizer used in the distillation

column employed in (iii).

7. A process as claimed in claim 6, which additionally comprises the step (vi):
(vi) cooling at least part of the condensate obtained in (v) to a temperature

in the range of from 10 to 30°C in at least one heat exchanger and

returning this part of the cooled condensate as reflux to the distillation



the vapor is carried out using a turboconpressor. 5. A process as clained in
-.any of clains | to 4, wherein the vapor is conpressed to a pressure in the
range of from'2 to 5 bar in (iv) and the conpressed vapor has a tenperature
which is in a range of from8 to 20°'C above the tenperature of the nedium
‘'vaporizing in the distillation colum in (iii). 6. A process as clainmed in
any of clains | to 5, which additionally conprises tthQQ%%)566§5/{<€)
condensi ng the vapor obtained in (iv) ‘dﬁd returning at |east part of the
heat of condensati ogolhnradsell @adii).one vapori zer used in the distillation
colum enployed in (iii). 7. A process as clainmed in claim®6, which
additionally conprises the step (vi): (vi) cooling at |east part of the
condensat e @bt ai Hegrdcass( 89 clabnal trepdam t swhereim prdpene angrasseds motheld to 30' C

in at |east onehT%gg o h Us8F Ui it N850 n{pmft' o§d
condensate as refl ux Ot%g ft;k%ggég{csﬁgqr atslg%nlrn- '(‘?g l%ol(%r?n%t}isce% I'n e(‘lﬁi ?’tﬁ PF
0000054455/ Kg 8. dppiepsyeiealidias cl ai med in claim 7, wherein propene conpressed
in the at |east one heat exchanger used in (vi) is vaporized conpletely
with depressurization. 9. A process as clained in any of clainms 1 to 8,
wher ei n t he Jener dyPECESES claimeq KL aBspot @wi@a%wrﬁpﬁ%e%gx stered Ips at

| east partly useghd Bétidigatresi dbbnedTinx{iliy & 4tNkast paftdr esedt for hedtimcthconal |y
distilled in (i Iﬂ{?l)l 10M®nlgerfocessfas.c]{£ﬂi g.liél.a ¥ of clains | to 9, which
addi tional |y conpHr¥Es Uedlys tapo éf%?sl’ilf (‘1& }eacting propene with
hydr ogen peroxide in the presence of a titanium silicalite catal yst and
met hanol as ,gol veng _t Ve . i cgmayi- I gy I .0xi de,

unr eact ed pr@pen? gwggsﬁgsﬁg%%?@%m&s‘g%@rsalt@ng (%]fl@ ‘Rﬁg%@?gg&@gﬁg@ér opene

from the m xtur e tiieMBpst(® agdyid) a ni xture (M) conprising propyl ene oxi de and

met hanol . (i) reacting propene with hydrogen peroxide in the presence of a titanium

silicalite catalyst and methanol as solvent to give a mixture (MO)
comprising propylene oxide, unreacted propene and methanol;

(ii) separating off the unreacted propene from the mixture (MO) to give a
mixture (M1) comprising propylene oxide and methanol.



