2 4 JAN 1006 5 METHOD FOR THE PRODUCTI ON OF PROPYLENE OXI DE 10 The present
invention relates to a process in which propylene oxide is preparedq 4 yAnmoos
hydr ogen peroxi de and propane and in which a m xture conprising unreacted
propene and oxygen i s obtained and subsegliently utilized. In nany processes
for preparing propylene oxide from propene as starting material, 15 efforts
are made to recover the propene which has not been reacted in the process as
conpletely as possible fromthe product m xture, if necessary purify it and
reuse it as starting material in the process. In one possible enbodi nent,
this product mxture is subjected to a distillation in which the unreacted
propene is renoved together with conpounds having a boiling point |ower
than that of propene from 20 the product m xture. The unreacted propene is
subsequent|ly separated off fromthis |owboiling fraction, worked up if
appropr4ate and returned to the process. Such processes are described in,
for exanpl €, DE 10001401 1T However, a probtremwhchrfrequentty—artses in
the recovery of propene is that 25 propene and oxygen can be present in
concentrations whi gfbhRAsEOR THYPREDOETION dIPROPPLIENEDKIYEES. Separating of f
the propene therefore presents a serious safety risk. To work up or
separate off the propene safely, it is therefore necessary to avoid the 30
formation of an ignitable m xture of propene and oxygen. For this purpose,
it is Froposed in, for exanple, EP-B 0 719 768 that the separation by
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absorption nedi'umw th addition [ trodu?tlon f an inert gas into this
absor pt i onPEBRRE &Y Oé‘é’g?lblscﬂht‘ﬂ?@f‘t“ﬁjeSUQWEW ¥ Bilizedss concentration at which
the m xture is no longer ignitable. 2 4 JAN 2006 -2

In many processes for preparing propylene oxide from propene as starting material,

15  efforts are made to recover the propene which has not been reacted in the process
as completely as possible from the preduct mixture, if necessary purify it and reuse
it as starting material in the process. In one possible embodiment, this product
mixture is subjected to a distillation in which the unreacted propene is removed
together with compounds having a boiling point lower than that of propene from

20  the product mixture. The unreacted propene is subsequently separated off from this
low-boiling fraction, worked up if appropriate and returned to the process. Such
processes are described in, for example, DE 10001401.1.

However, a problem which frequently arises in the recovery of propene is that

25 propene and oxygen can be present in concentrations which lead to formation of
ignitable mixtures. Separating off the propene therefore presents a serious safety
risk.

To work up or separate off the propene safely, it is therefore necessary to avoid the
30 formation of an ignitable mixture of propene and oxygen. For this purpose, it is

proposed in, for example, EP-B 0 719 768 that the separation b)} distiliation of the

unreacted propene from the low-boiling fraction be carried out in a so-called

absorption zone by means of a suitable absorption medium with additional

introduction of an inert gas into this absorption zone so as to dilute the oxygen to a
35  concentration at which the mixture is no longer ignitable.



In a further patent application DE 10001401.1, which likewi se relates to a
process for preparing propylene oxide, formation of an ignitable m xture in
t he separation of unreacted propene froma m xture conprising propene jamas
oxygen is avoided by the follow ng nethod: propene and a hydroperoxi de are
firstly reacted in a solvent 5 in the ppesence of a titaniumsilicate
catalyst to form propyl ene oxide and give a m xture which conprises

unreact ed propene and oxygen to h furt conponents Oxygen i s
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result 6he over |1 process, i.e. the preparation of propyl ene oxide

t oget helV wi Ppigrtal recovery and recirculation of unreacted propene, is
frequently energy i nefficient. The recovery of unreacted propene for the
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mixtore being less than 12% by volume.
The safe work-up of the low-boiling fraction comprising unreacted propene
20  accordingly requires an increased outlay in terms of apparatus and, associated
directly therewith, an increased energy consumption. As a result, the overall
process, i.e. the preparation of propylene oxide together with the recovery and
recirculation of unreacted propene, is frequently energy-inefficient. The recovery
of unreacted propene for the purpose of returning it to the process therefore
25 frequently does not appear to be economically viable when viewed in terms of the
overall economics of the process.

However, there is of course a need, especially at the present time, not only from
the point of view of conserving resources, to work up each partly unreacted

30  starting material or intermediate which is not directly utilizable in the further
process in an economically worthwhile fashion and thus to make the overall
process more economical and thus also more competitive.

It is an object of the present invention to provide a process for preparing propylene
35  oxide which is more efficient than the processes of the prior art.



process nore econonical and thus al so nore conpetitive. It is an object of
the present invention to provide a process for preparing propyl ene ?ﬁ 8@”@
which is nore efficient than the processes of the prior art. 2 4 JAN"20 -
W have found that this object is achiewed by a process for preparing

propyl ene oxide, which conprises at |east the follow ng steps: (a) propene

is reacted w,th hydro roxjde in a solyent in the presence of a 5
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oxi de, sol vemide, whichaaingstisps agdesse theufolleadrigediefy dr ogen per oxi de and oxygen,
(b) the propylene oxide is separated off fromthe mxture (M) so as to give

a 10 m xture (ML) conprising at |east unreacted propene and oxygen, and (c)
the m xture (§M ) prepeneiik reaettd vBtlehydragerpervkidepn acebentin thh ereeacseof a
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the art r this reaction,”inp icular | nce®w ent
appl i cati ons DE 198&5960ivant, LErepo@g6propens, DErcpoEds hydrogemnperotide 1@0B82885. 7.
The reaction of Qg,@ggﬁﬁe wi th hydrogen peroxide in a solvent in the presence
of a 20 suitable talyst to give a mxture (M) is preferably carried out
in at |least one shell-and-tube reactor. In the process of the present
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to a person skjJled in the art. Exanples of saqglvents ich 25 can
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al cohol s having less 30 than 6 carbon atons, for exanpl e nethanol, ethanol,
propanol's, hitanqls xRN Stitized.

Step (a) of the process of the present invention can be carried out by all methods

15  known to those skilled in the art for this reaction, in particular in accordance with
the patent applications DE 19835907.1, DE 19936547.4, DE 10015246.5 and
DE 10032885.7.

The reaction of propene with hydrogen peroxide in a solvent in the presence of a
20  suitable catalyst to give a mixture (MQ) is preferably carried out in at least one
sheli-and-tube reactor.

In the process of the present invention, it is in principle possible to use all solvents
which appear suitable to a person skilled in the art. Examples of solvents which
25  can be used are:
- water,
- alcohols, preferably lower alcohols, more preferably alcohols having less
30 than 6 carbon atoms, for example methanol, ethancl, propanols, butanols,
pentanols,

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

35 - ethers such as diethyl ether, tetrahydrofuran, dioxane, 1,2-diethoxyethane,
2-methoxyethanol,



diols or polyols, preferably those having | ess than 6 carbon atons, 35 -
ethers such as diethyl ether, tetrahydrofuran, dioxane, 1,2-diet hox&qtﬁmpmﬁ
2- met hoxyet hanol, 2 4 JAN 2006 -4 esters such as nethyl acetate or

but yr ol act one, am des such as di net hyl f_grr_rrarri de, dinethyl acetam de, N

met hyl pyrrol i done, 5 ketones such as acetone, - nitriles such as
acetonitrile 10 - or m xtures of two or nore of the abovenentioned
conpounds. - Met h&sfers sush py s¥etyyl bécjatg oeluazolagbrent in the process of the
present invention. Catal ysts which can be used in step (a) of the process of
the present invention are 15 in principle all_ catalysts known to those
skilled in the aPMides sHER a Feacdimsthyliogpamidea| Wipehylacetamiden) yN-s.
Preference is gi vwihylpy#@fddnees in which iron, titanium vanadium chrom um
ni obi um pr zirconiumi1s present. 20 Specific exanples to be naned are
titanium, germanium, tellurium, vanadium, chrom um, niobium,

zi rconi um cont ai kengegarhias@setbae/i ng a pentasil zeolite structure, in
particular the types which can be assigned on the basis of the X-ray
diffraction patterns to the ABW ACO AEl, AEL, AEN, AET, AFG AFI, AFN, 25
AFO, AFR, AFS, AmiinleAisich &acetohtiffile ANA, APC, APD, AST, ATN, ATO  ATS, ATT,
ATV, AWDO, AWN BEA, BIK, BOG BPH, BRE, CAN, CAS, CFL CGF, CGS, CHA, CH,
CLO, CON, CzP, DAC, DDR, DFO, DFT, DOCH, DON, EAB, EDI, EMI, EPI, ERI, ESV,
EUO, FAY) FER, Gosmigvres ofoep okEwre pfie abpBypentitBed 3emporids, LAU, LEV, LIQ
LCS, LOV, LTA, LTL, LTN, MAZ, MET,

Methanol is preferably used as solvent in the process of the present invention.

Catalysts which can be used in step (a) of the process of the present invention are
15 in principle all catalysts known to those skilled in the art for such a reaction,
preferably zeolite catalysts.

Preference is given to zeolites in which iron, titanium, vanadium, chromium,
niobium or zirconium is present.
20
Specific examples to be named are titanium-, germanium-, telluorium-, vanadiom-,
chromium-, niobium-, zirconivm-containing zeolites having a pentasil zeolite
structure, in particular the types which can be assigned on the basis of the X-ray
diffraction patterns to the ABW, ACO, AEI, AEL, AEN, AET, AFG, AFI, AFN,
25 AFO, AFR, AFS, AFT, AFX, AFY, AHT, ANA, APC, APD, AST, ATN, ATO,
ATS, ATT, ATV, AWO, AWW, BEA, BIK, BOG, BPH, BRE, CAN, CAS, CFl,
CGF, CGS, CHA, CH], CLO, CON, CZP, DAC, DDR, DFO, DFT, DOH, DON,
EAB, EDL EMT, EPI, ER] ESV, EUO, FAU, FER, GIS, GME, GOO, HEU, IFR,
ISV, ITE, JBW, KFI, LAU, LEV, LIO, LOS, LOV, LTA, LTL, LTN, MAZ, ME],
30 MEL, MEP, MER, MFI, MFS, MON, MOR, MSO, MTF, MTN, MTT, MTW,
MWW, NAT, NES, NON, OFF, OS], PAR, PAU, PHI, RHO, RON, RSN, RTE,
RTH, RUT, SAO, SAT, SBE, SBS, SBT, SFF, SGT, SOD, STF, STI, STT, TER,
THO, TON, TSC, VET, VFI, VNI, VSV, WIE, WEN, YUG, ZON structures and
to mixed structures derived from two or more of the abovementioned structures. It
35 is also conceivable to use titanium-containing zeolites having the ITQ-4, SSZ-24,
TTM-1, UTD-1, CIT-1 or CIT-5 structure in the process of the present invention.
Further titanium-containing zeolites which may be mentioned are those having the



30 MEL, MEP, MER, MFI, MFS, MON, MOR, MBSO, MIF, MIN, MIT, MIW MAWN NAT,
NES, NON, OFF, OSI, PAR, PAU, PH, RHO, RON, RSN, RTE, RTH RUT, S Jsﬁ?{mﬁ
. SBE, SBS, SBT, SFF, SGI, SOD, STF, STI, STT, TER, THO TON, TSC, VET, :
VNI, VSV, WE, VEN, YUG ZON structurescand to m xed structures derived
fromtwo or nore of the abovenentioned Structures. It 35 is al so conceivable
to use titaniumcontaining zeolites having the ITQ 4, SSZ-24, TTM 1, UTD 1,
ClT-1 or Cl ESMd8radiSM-d 2istrueee.process of the present invention. Further
titaniumcontaining zeolites which may be nentioned are those having the 2 4
JAN 2006 -5 _ZSM 48 or ZSMt12 structure. For the purposes of the present
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i nvention, as desgri beﬂ} sbovlgt, is 10 particularly preferably carried out

usi ng a tit AHRPSTYSIELT P& St al yst, in particular a titaniumsilicalite
catal yst having a TS-1 structure, as zeolite catalyst. Further details

regarding t : S | C ' ticular i .may be
found in DE%%@%@%’ ;ﬁe %b‘?‘ﬁé ﬁqpxt gr@% %el%b) fn?g@ﬁch,i %% i %Iﬁr]%t eatorgg%ic%sl on in
step (a}0comprticobalyguelerablntaryied bt vsing aiwtangine silisplitearatal ysti idepaaticdesi r ed
process pr O‘Eli‘t'ﬁfium§ﬁlc§ﬁﬁtoata\{‘?stt ﬁ%voin%ah‘sf-l structlffe! s zéoliftélﬁﬁ%ﬁ ed hydroper oxi de,

unreact ed propene and oxygen. or the purposes o e present invention,
it is of course also possible to use propene which contains up to 10% by

vei ght of hygtaeanheis repafthifig thaBatBlyOREMRich can be used, in particular zeolites,
may be found in DE 10010139.2.
15
The mixture (MO) resulting from the reaction in step (a) comprises essentially the

omponents: propylene oxide as desired process product, solvent, water,
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unreacted hydroperoxide, unreacted propene and oxygen.

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

For example, the propene used can contain up to 10% by weight of propane,
ethane, ethylene, butane or butenes, either individually or as a mixture of two or
25  more thereof.

In a further step (b), propylene oxide is separated from off from the mixture (MOQ)
resulting from step (a) of the process of the present invention so as to give a
mixture (M1) which comprises at least unreacted propene and oxygen.

30
The separation of propylene oxide from the mixture (MO) in step (b) of the process
of the present invention can be carried out by any method known to those skilled in
the art for such a separation.

35  Thus, further intermediate steps which are known to those skilled in the art and
appear suitable in the context of a process for preparing propylene oxide can of
course be interposed between steps (a) and (b).



For exanple, the propene used can contain up to 10% by wei ght of propane,
et hane, ethyl ene, butane or butenes, either individually or as a m HIEN ofos
two or 25 nore thereof. In a further step (b), propylene oxide is separated
fromoff fromthe mxture (M) resulting fromstep (a) of the process of
the present invention so as to give a mxture (M) which conprises at | east
unreact ed propene and oxygen. 30 The separation of propylene oxide fromthe
m xture (MJ) in step (b) of the process of the present invention can be

carried outTiymaitire BishR0bRANED &9 id MHes atikdd fneffifdrfher tstfé oRithe HObestYEh @

separation. 35 Thus, further int &r nmedi ate steps which a e kno to those
skilled in tpﬁ@“’é?‘t“&ﬁ@“"&p}b‘éaﬁe% Jtable in the context of a process for
preparing propyl ene oxide can of course be interposed between steps (a) and

(b) J Z006 6 turearlsm fromste b) isthnujl'zedina
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acryl oni t r i dceolpmauiudidtion, andacetoheprodpetdshuct i on and acet one producti on 10 In
addition, the mxture (M) can also be used for energy recovery in step (c).
The present invention therefore also provides a process as descri bed above
in whildh tineadditian,the ruwtury (Msl) gamalse be userbfoggnergy oeamvery m stape(s).(c). 15 In
the process of the present invention, the gaseous m xture (M) which has
been separated off fromthe mxture (M) _in the above-descri bed manner is
for this pl§@Eseny myenyorytherelgrg alsatprp@alst oEOCEsF thdessrbed-ahwvagpar at us

In this, t hﬁmxwﬁ@xmfel\dm)l i§ upddefop eadby readWeryad swpt(d).f urt her oxygen and
subsequent |y burnt. The heat
15 In the process of the present invention, the gaseous mixture (M1) which has been

separated off from the mixture (MO) in the above-described manner is for this
purpose fircﬂv paeepd to at least one forther mm-lr_nn apparatus. In this. the mixture
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(M1) is preferably admixed with forther oxygen and subsequently burnt. The heat
energy which is liberated in this way can, for example, be converted into an
20  economically utilizable form of energy.

Accordingly, the present invention also provides a process as described above in
which the energy liberated in step (c) is used for the generation of water vapor.

25  Thus, the heat of combustion obtained in step (c) of the process of the present
invention is used for heating a fluid medium for the purpose of generating vapor.
The vapor generated in this way can be used beneficially in a variety of ways in the
abovementioned process.

30  One way of utilizing this vapor in an economically useful fashion is, for example,
direct heating of apparatuses used in the process. Furthermore, the vapor can be
converted into further forms of energy which can be utilized economically within
the process, for example into mechanical or electrical energy by means of
converters known for this purpose to those skilled in the art.

35
The mechanical or electrical energy obtained in this way is advantageously used in
the process of the present invention for operating the apparatuses used in the



“energy which is liberated in this way can, for exanple, be converted into an
20 econom cally utilizable formof energy. Accordingly, the present j 2006
~invention also provides a process as described above in which the e%er@y
| iberated in step (c) is used for the g§qeration of water vapor. 25 Thus,
the heat of conmbustion obtained in step ' (c) of the process of the present
invention is used for beating a fluid nmedium for the purpose of generating
vapor. The pwetgss; sgahetlr an edergy-effidientwand has emeirgmamtbgy\éﬁemlmprycasm t)
variety of vways,dgn the abovementioned process. 30 One way of utilizing this
vapor in an econom cally useful fashion is, for exanple, direct heating of
appar atuses used in the process. Furthernore, the vapor can be converted
into furt he"l‘hE&Sr@&n@“ip%!ﬁibﬁYth%‘f&@ A8 Pﬁﬁ!i&@s‘ hipr6EksE CRNILSRId Ybdde i N the
process, for exanple into mechanical of electrical energy by means of

convertefs RYlBghtieoyatenvapqs geperatedis usedhas CuEy (U@gshien megiim fpr opsyating

nmechani cal  QistiflaBi £olGains S HeProcRs of thePrésent idventisry | s advant ageously used
in the process of the present invention for operating the apparatuses used
inthe 2 4 JAN 2006 -7 process, so that an energy-efficient and thus
environmental ly friendly process is achieved. The present invention
therefore al so provides a process as descri bed above in 5 which the water
vapor generated is used as energy transfer nediumfor operating

distillation colums in the process of the present invention. 2 4 JAN 2006 8
CLAIMS 1. A process for preparing propyl ene oxide which conprises at | east
the following 5 steps:



(a) propene is reacted with hydrogen peroxide in a solvent in the presence
of a zeolite catalyst to give a mxture (MJD conprising at |east propylene
oxi de, solvent, unreacted propene, unreacted hydrogen peroxide qujﬂx%%en,
10 (b) the propylene oxide is separated off fromthe m xture (M) so as'to
give a mxture (ML) conprising at |east unreacted propene and oxygen, and
(c) the mixture (M) is utilized, wher®in during this utilization, the
propene 15 conprised in mxture (M) is not recirculated into the reaction
according to ) and wherein the mxture (M) is used for recovering energy,
wher ei n t At ur e (M) (aa) is passed in at |east one work up apparatus,
20 25 (bb) is burnt in this work-up apparatus, and (cc) the heat energy

resul ti ngl.fromrﬁr%%ﬁ f??n pitpe ng @;ogg_@ﬁtesﬁaé ﬂﬂicﬁ’%ﬁgﬁye%%ﬂeast"l'ﬁé flowipg!sed as

energy transfe ing distillati col- ums I n the process
for prepari ng*@Sopyl ene oxide. 2. A process as claimed in claim1, wherein,
the mxture (M) is admxed with fur- ther oxygen in the at |east one
wor k- up appar&g usprweng ?sal)ehctgc{) with hydrogen peroxide in a solvent in the presence of a

zeolite catalyst to give a mixture (MO) comprising at least propylene oxide,

solvent, upreacted propene, unreacted hydrogen peroxide and oxygen,

10
(b) the propylene oxide is separated off from the mixture (M0) so as to give a

mixture (M1) commprising at least unreacted propene and oxygen, and

(¢) the mixture (M1) is utilized, wheremn duning this utiization, the propene
15 comprised in mixture (M1) is not recirculated into the reaction according to
(a) and wherein the mixture (M1) is used for recovering energy, wherein the

maixture (M1)

(aa) ispassed in at least ane work-up apparatus,
20

(bb) is burnt in this work-up apparatus, and

(cc) the beat epergy resulting from (bb) is used for generating water vapor
which is used as energy transfer medium for operating distillation col-
25 urans in the process for preparing propylene oxide.

2. A process as claimed in claim 1, wherein, the mixture (M1) is admixed with fur-
ther oxygen in the at least one work-up apparatus in (aa).
30



