P. F. 0000054001/ Kg "as originally filed" Process for the continuous
preparation of epoxides fromolefins and hydroperoxi des over a suspended
catalyst 5 The present invention relates to a continuous epoxi dation process
for convertin olefins into epoxides in a reactor in which at |east one

cat al yst su?ﬁgw QRPN /Ke |l i quid phase and, if desired, additionally a gas
phase are present, wherein the liquid-~ hase and, if present, the gas phase
are passed through a device having openings or 10 channels in the reactor

and t he epoxife LRy b is5d is separated off by nmeans of a crossflow
filtration JME vﬁl}yjfv] ee catalyst is retained in the reaction

system The invention also relates to an apparatus for carrying out the
process. Process and appar atus are preferabl y used in the epoxidation of
propene by -m ordi ng
to the prior art, the epOX| dat| on of ol ef| ns by rreans of hydroperOX| de can
be carried out | gpgg gér ﬁ@rcgnﬁﬁﬁ(%fs}re%}a oR%‘f'éHP;?h@‘frB&o(ﬁSﬁ ¢S and
continuous processes bein epoxi ron'Is pre erably al so
catal yzed, either in aaﬂdeh g@msomr&\mg@mmbﬁase Processes are
described, for exanmple, in 20 WD 00/07965. Use of a fixed-bed reactor to
carry out the heterogeneousty catatyzed epoxidationm 15 atso RKrmowr.— For this
pur pose, 5speci ally prepared catal ysts usually have to be produced. In such
a use, the g pkaseit inSertioBl BlaaRIt¥ AeuHtin@6us oxURBBH tprcseégsefdr%ﬁvafm 5
processed to, f.orm specific.shaped bodi wever, when the a y drops,
whi ch y Sledins nfpppxidas i F‘é}fg Ao Vg’scﬁoart et onf fatalyst 8%’!35‘5‘?"'0%? 4t he

cat al yst caliqmﬂtprhasekwd ﬁdﬁﬁteﬁdaddiﬁmnallba dak pb@kebwlpmsent e@manal&aalﬁhlﬁdnl y with

sone dlffICU hj al sQci at tdown entire
plant, i. lﬂ%%( an%l %S]ie ep%ga }Ya’sg%e %%8@“8% fig lceb 8 95N %é ?ol | owi ng
wor K- up1&t ag@nnﬂa i theeaetsonamdah¢ envxsdeacmtaining lig8d iy sefathtedwbiif bly neans

di sadvant aggPH$ dsQfioR TiltrtStd tidl (R @6FSRIed catalyst is retained in the reaction

system. The invention also relates to an apparatus for carrying out the process.

Process and apparatus are preferably used in the epoxidation of propene by means
of hydrogen peroxide to form propene oxide.
15 '
According to the prior art, the epoxidation of olefins by means of hydroperoxide
can be carried out in one or more stages, with both batch processes and continuous
processes being possible. The epoxidation is preferably also catalyzed, either in a
heterogeneous or homogeneous phase. Processes are described, for example, in
20 WO 00/07965.

Use of a fixed-bed reactor to carry out the heterogeneously catalyzed epoxidation
is also known. For this purpose, specially prepared catalysts usually have to be
produced. In such a use, the catalyst is preferably applied to support materials or
25  processed to form specific shaped bodies. However, when the activity drops, which
may occur after only relatively short periods of operation, the catalyst can often be
removed from the fixed bed or regenerated only with some difficulty. This is
usually associated with a shutdown of the entire plant, i.e. not only the epoxidation
stage but also but also the following work-up stage. This leads to a low space-time
30 yield, which is disadvantageous for an industrial process.:

It is an object of the present invention to develop a process for the epoxidation of

olefins by means of hydroperoxides, in which the catalyst can easily be replaced



It is an object of the present invention to develop a process for the

epoxi dation of olefins by nmeans of hydroperoxides, in which the catal yst
can easily be replaced -2 during the reaction w thout shutdown of the plant
bei ng necessary, while at the same tine achieving a high space-tine yield.
We have found that this object is achi-éved by a continuous process for the
5 epoxidation of olefins, in which the epoxidation is carried out in a
reactor in &ﬂmr@thatrehce@atw'mhimt chttdbya tof $hs pamd ddinigmeaedsiugy imchilphaske i S
present, h I d. e ..l sed through a device which has
openi ngs or C eatﬁrﬁée g“%“ﬁ%f‘%@%@?%ﬁ@%”ﬁ?t he reactor and the

epoxi de-containing liquid is separated off by means of crossflow filtration

so that t newalRRnASACRLAIS ot it RHRSEL 1), §NniFRAL AAYSFThe 10 11 2

gas phase is present assed "t hrough device whi ch has
openi ngs> or CRA¥iRHEN of glefing.dn whighdpe éﬂomﬁatmés FaHed ept m'F‘Héa“él‘érvlF@\ém%w ng
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conpri se a be ed, nesh ar i.ces are nown
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t he present réactoenhd dr, epuile-dattides hiqﬂldplmsaparaﬁeé olﬁ[abﬁmean§ub61b98ﬂd\xal |y
smal | er hydraul.ic di ter th S lnternIS|n20
distillati oﬁﬁghan 89<thra[r&'te POt @c%%%ﬁ%sg efa?net e%heov (ftlon Sgcengls this dianeter
is pref®rably smaller by a factor of from2 to 10. The hydraul ic dianeter
of the devi r e present
Trvent i on i 5 et BBy IRERE Ths.Op o He RSt el e R e e T <
characteri s@P%llftgﬁ&ﬁPhweF@ﬂdﬂW@Sfé]é@bmltb‘t fe8etobf the equival ent di ameter of
non-ci rcul ar openi ngs or channel structures. In the context of the present

i nvention, e term"hydraulic diapete relate o, the . ratiq.of four tines
t he cross- sig‘?l Sﬂc%fha‘(lﬂé Wﬁ%ﬁgﬁgrétﬁﬂlnﬁ[?e hﬁqqggu‘ffﬁ'@{‘éhecéeaﬁ?oq %§’(§n dbening. In
case a thanpskedtanu@mprise hdedngkaitted ﬁ&-sh ®£8a phcking dleinbat. Sh&p&e\@éesaure
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However, for the purposes of the present invention, such devices in principle have
a substantially smaller hydraulic diameter than the devices used as internals in

20  distillation and extraction technology. In the novel process, this diameter is
preferably smaller by a factor of from 2 to 10. The hydraulic diameter of the device
used as internal in the reactor in the process of the present invention is preferably
from 0.5 to 20 mm.

25 The hydraulic diameter is a characteristic quantity for the description of the

equivalent diameter of non-circular openings or channel structures.

In the context of the present invention, the term “hydraulic diameter” relates to the
ratio of four times the cross-section of the opening and the circumference of the

30 opening. In case a channel structure having a cross-section in the shape of an
isosceles triangle is concerned, the term ‘“hydraulic diameter” relates to the
quantity 2bk/(b+2s) wherein b is the length of the basis, k is the height and s is the
length of the lateral side of the triangle.

35 Packing elements which offer the advantage of a low pressure drop are, for
example, woven wire mesh packings. Apart from woven mesh packings, it is also




quantity 2bk/(b+2s) wherein b is the length of the basis, k is the height
and s i's the length of the lateral side of the triangle. 35 Packing

el enents which offer the advantage of a | ow pressure drop are, for exanple,
woven wire nmesh packings. Apart from woven nesh packings, it is also -3
possi bl e to use packings conprising otBer woven, knitted or felted |iquid-
pernmeabl e materials. Further suitable packings or packing el enents which can

be used ar e;leshlme etk p&k&ge&cﬁnprm@g e Woved, NeMkted edrf 1@ Raui@r ot her
relatively anples are commer ci al types such as B 1 from

openi n
Mont z or r%%@ﬂ Bpgﬁpgulzer Packi ngs nmade of expanded netal, for exanple
BSH packi ng fromMntz, are also advantageous. Here too, openi ngs whi ch
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packi ng X orshwe mraferﬁiéxewa)uttméfomt@gemtothenv@m\redmlary epenings sExagepeet ry but
the widths gf -QR&RIGAS ssﬁmi ﬁoinrMEH@; P AfMIapsk Boin®H AL ow flow to

occur. 15 To suspend t solid particles in the reactor, nechanical energy
is introduced into the reactor, preferably by nmeans of stirrers, nozzles or

rising gas Mggmadérbeexpaﬂaécainb@l If@ﬂk;@fnpudﬂssplqgmﬁgmﬁdnpmmaw a&s in the
reactor produces an increases differ ein % rrg1n on. of t catiial yst
barti ol eo rlVa g o Hefe (Po aPHBRLSEIh e ot HAREPONITOMS ([FE & nee ¢ he
particl ¥s apefdnaionhs haek tarbe &estapproprigteishamali. HEhe?d):c:sWerfaumdldmgrﬁnnmg din the
nar { ow operas " 8P RAglia Shr WICRELIRY SCRe Hid hIGIERSEhgEpeL ) Ve

vel ocity inpro an particles,

whi ch is i ngeonetmytbut ghe wisitisea] qumaghprgeha@p@leen thermclyamelvclnchrhléovuil@wm

catal yst pagtdceles having particle sizes in the range from1l to 10 nmfor
25 suspension catalysts is also known. Al though particles of this size have
the desired relative velocity relative to the surrounding liquid, their |ow

sur f acelsar epo Ppemtitle soM@ &)Hﬂiéldsllﬂltﬁesreﬁéiéﬁ@ﬁé%hanlaal%nér\g? 1§f1fu%@{1§edf1hﬁﬂuent ly
cancel out one another t hat F ? |ncreaS|n% [Bss ,f ansport is
not sol ved tf TE¢Lor iprefera almg}egns of s rrers nozz es or rising gas bubbles.

installation of the abovementioned devices in the reactor produces an increases

difference in the motion of the catalyst particles relative to the liquid phase in the

reaction section, since the particles are held back more strongly than the

20  surrounding liquid in the narrow openings and channels of these devices. This
increased relative velocity improves mass transfer between liquid and suspended

particles, which is important for achieving a high space-time yield.

The use of catalyst particles having particle sizes in the range from 1 to 10 mm for
25  suspension catalysts is also known. Although particles of this size have the desired
relative velocity relative to the surrounding liquid, their low surface area per unit
volume limits turnover. The two effects frequently cancel out one another, so that

the problem of increasing mass transport is not solved in the final analysis.

30 In contrast thereto, the catalyst particles used in the process of the present
invention preferably have a mean particle size of from 0.0001 to 2 mm, more
preferably from 0.0001 to 1 mm, particularly preferably from 0.005 to 0.1 mm.
Particles of this mean particle size surprisingly enable the relative velocity and
mass transport to be increased further.

35
In the novel process, the high relative velocity which can be achieved is also

extremely advantageous compared to processes in which reactors without the



30 I'n contrast thereto, the catalyst particles used in the process of the
‘present invention preferably have a nean particle size of fromO0.0001 to 2
mm nore preferably fromO0.0001 to 1 mm particularly preferably from 0. 005
to 0.1 mm Particles of this nmean particle size surprisingly enable the
relative velocity and nmass transport‘ﬂU be increased further. 35 In the
novel process, the high relative velocity which can be achieved is al so
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reactors. | to fill the entire
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reactor. Particu erre nents o reactor are bubble
colums or shell-and tube reactors. 20 A very particularly preferred

reactor is gpbeaialy &nad?:dca‘ﬁ%ﬂ @lﬁl if vafshd c@}ﬂﬁ{u@)ﬁ@f opér@l%ﬁtt%cs'd? Bhigh the

internals are accommpdated i n the individual tubes. _ Such react of has the
advant age t Rt J%thw@ﬁf'e.rwt%qbﬁhb&d cplymng o $hgll-a- BIPetlﬁéctP@aéE ibMo%tan be

readil y15 nt ﬁ&ég@gﬂf@l{h&lh@rﬂwﬁﬁo faf the @agteireqttgvol ved can be readily renoved.
25 Preference is given to the reactor being arranged vertically and the

reaction
Particularly preferred embodiments of the reactor are bubble columns or shell-and-

tube reactors.

20 A very particularly preferred reactor is a heatable and coolable shell-and-tube
reactor in which the internals are accommodated in the individual tubes. Such a
reactor has the advantage that the energy required for activation of the reaction can

be readily introduced or the heat of reaction evolved can be readily removed.

25 Preference is given to the reactor being arranged vertically and the reaction

mixture flowing through it from the bottom upward.

In the process of the present invention, the epoxidation is carried out in a reactor
having one of the above-described internals in the presence of one or more

30  suspension catalysts at a pressure of from 1 to 100 bar, preferably from 1 to 60 bar,
particularly preferably from 1 to 50 bar. The reaction temperature is in the range
from 20 to 100°C, preferably from 30 to 80°C, particularly preferably from 40 to
70°C.

35  The process is simple to carry out. The above-described device, preferably woven
mesh packing or sheet metal packing, is installed in the reactor. The reaction

mixture comprising olefin, hydroperoxide and suspension catalyst is then



m xture flowng through it fromthe bottomupward. In the process of the
preesent invention, the epoxidation is carried out in a reactor having one
of the above-described internals in the presence of one or nore 30
suspension catalysts at a pressure of from1l to 100 bar, preferably froml
to 60 bar, particularly preferably frem 1 to 50 bar. The reaction
tenperature is in the range from20 to 100C, preferably from 30 to 80C,
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which passes through the membrane is taken off perpendicular to the main flow

direction. The amount is regulated via the prevailing trans-membrane pressure. A

trans-membrane pressure in the range from 0.2 to 2 bar, preferably from 0.3 to 1

20  bar, is desirable. The trans-membrane pressure is defined as the difference between
the mean pressure on the feed or retentate side and the pressure on the permeate

side.

The epoxide-containing liquid is obtained as permeate and can be passed to work-
25  up.

If the activity of the catalyst drops to such an extent that the process proceeds only
unsatisfactorily, it can be conveniently separated off the system, replaced or
regenerated. Preference is given to part of the catalyst suspension being discharged
30 from the system during the reaction and being replaced by fresh catalyst
suspension. The deactivated catalyst can then be regenerated externally.
Interruption of the epoxidation stage or the work-up stage of the epoxide-

containing liquid is thus not necessary, which is extremely advantageous.

35 In the process, the epoxide-containing solution is replaced by starting materials and
solvent in the amount corresponding to that in which the solution is taken off. This



the mean pressure on the feed or retentate side and the pressure on the
pernmeate side. The epoxide-containing liquid is obtained as perneate and
can be passed to work- 25 up. If the activity of the catalyst drops to such
an extent that the process proceeds onlé/ unsati sfactorily, it can be
conveniently separated off the system~%eplaced or regenerated. Preference
is given to part of the catal yst suspensi on bei ng di scharged 30 fromthe
system duri agikehe dopdatidly apsateéipigeese pbsvitsiel witichrie sdxtremehl ysiful fospensi on.

The deactivated catalys n then be regenerated externally. Interruption
of the epox?‘ﬁfgts"ir%ﬁmg‘fléﬁéntgt?on[‘he wor k- up stage of the epoxide- containing

liquid is thus not necessary, which is extrenely advantageous. 35 In the
process, thgy e EA0EA HnBSnSebMt ¢ i 4ER d L aht iRgxqaterial s
and sol vent ?H@%Hggan%%% cor?gspondﬁhgg)& 0 ﬁa?ﬁ%ﬁ WC% the 0 1uti on is
taken of §. FytBesignibgaprocess 06 Hiciniersisnyesi98r at ed process possible, which is

extrenely useful for industrial inplenentation. The starting materials
known from th rior art can be used for the. epoxid 5 synthesi s, j,n the

or ocess of  FHICIBREES eV 6 GO EpRiGH QUIEads Shaty Baver 8 FeHngheotdani o
conpounds Wdoelle band: ExtmipRa ot sewheorfaric cslopdinds havitg atlsastphe€-Ofdosbleh or gani c
conpounds h vi(ggre?ﬁeb{?ﬁgﬁi@goagﬁ C-C double bond are the foll ow ng al kenes: 10

et hene, pro &h *Pt'ene, isobutene, butadiene, pent enes,
pi peryl @de, hexenes, hexadi enes, heptenes, octenes, diisobutene,

trimet hyl pe , nes (o]-: R deatr n | cosenes,
tripropene gﬁ%ﬂ%e‘%@g{)ﬁ?bg?ﬁé@g’ ggﬁ‘%ﬁt ggp%tglg%: ?&%%‘11%}?@ 8%%’?@%(%?&%@8%’ enes,
t er penes, g&examies| hexpdigngso beptengsn Qrighes] Sliigetuttence trimethiylpeateaeyrtngpespane,

cycl opent en@od&¥fd, ORRIEAR, BRERRERS N0 %Y&Js&fes,hQH%I%B@ne ‘éhﬂﬂe@ﬂéﬁioﬁ@ﬁane,
vi nyl oxi rane, vi nyl cycl ohexene, styrene, cycl ooctene,, Cﬁd oqQct adly?ne,

vi nyl nor bomBARPUHiGRFe, PALESOLIIEAGH 0 1SOREHES, (GERERGY. s8Rk, 1inalool, linal

15 acetate, methylenecyclopropane, cyclopentene, cyclohexene, norbornen, cyclo-
heptene, vinylcyclohexane, vinyloxirane, vinylcyclohexene, styrene, cyclooctene,
cyclooctadiene, vinylnorbornene, indene, tetrahydroindene, methylstyrene,
dicyclopentadiene, divinylbenzene, cyclododecene, cyclododecatriene, stilbene,
diphenylbutadiene, vitamin A, beta-carotene, vinylidene fluoride, allyl halides,

20  crotyl chloride, methallyl chloride, dichlorobutene, allyl alcohol, methallyl alcohol,
butenols, butenediols, cyclopentenediols, pentenols, octadienols, tridecenols,
unsaturated steroids, ethoxyethene, isoeugenol, anethole, unsaturated carboxylic
acids such as acrylic acid, methacrylic acid, crotonic acid, maleic acid, vinylacetic
acid, unsaturated fatty acids such as oleic acid, linoleic acid, palmitic acid,

25  naturally occurring fats and oils.

Particular preference is given to using alkenes which contain from 2 to 8 carbon

atoms, e.g. ethene, propene and butene.
30  Very particular preference is given to using propene.

It is also possible to use “chemical grade” propene. In this case, propene is present
together with propane in a volume ratio of propene to propane of from about 97:3
to 95:5.

35
As hydroperoxides, it is possible to use the known hydroperoxides which are |

suitable for the reaction of the organic compound. Examples of such



di cycl opent adi ene, divinyl benzene, cycl ododecene, cyclododecatriene,
sti | bene, diphenyl butadi ene, vitanin A beta-carotene, vinylidene fluoride,
allyl halides, 20 crotyl chloride, nmethallyl chloride, dichlorobutene, allyl
al cohol, nmethallyl alcohol, butenols, butenediols, cyclopentenediols,
pentenol s, octadienols, tridecenols, -dUmsaturated ster0|ds et hoxyet hene,

i soeugenol , anethole, unsaturated carboxylic acids such as acrylic acid,
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whi ch cont aprfdraldmag at aquBousahyslvogengterorsde lgionet hene, propene and butene. 30
Very particular preference is given to using propene. It is also possible to
use "chem cal grade" propene. In this case, propene is present together

with propandsihstesogeoensecatadysts us¢ ipmegentones whish spmprse 4 poraualsidic 97: 3 to

95:5. 35 AspydfoRes. Oi(kaﬁﬁe PrbfekchcP 98 $ivh 8o tRingS&tdIP&8s WM chypi@per oxi des
which are suitable for the reaction 6f the organic’ conpound, anpl es of

such -7 hydHEpEyy BeFERNENs, AU YAnadiyRlr. GHECBRTY enighiugy- 1) Zi5erniee

hydr oper oxi @gntainiigCeoiite As pefoax bLidid hatefidf er abl y used as hydroperoxi de for
the epoxide synthesis, preferably as an aqueous hydrogen peroxide sol ution.

5 As het erogeneous catal ysts, use is made of ones which conprise a porous
oxi di ¢ 10rat 8pedific exargpleiazetithnitim-, @mhnziluanpellhﬂuxgi wanadiomuyse¢hmgmamt-al yst s
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ni obi um or Zirrconium containin Ic materi 10
Speci fi c exampicesr tedypes tvdn¢huean, beg@snga@‘d Xrnay crsétallugragmcallwmdﬁﬁw
chrom um, AR@PAHIMARE] ARK) CRP@'A@I“WOAF(EGWV ARY) RTPERERS! |
zeolite structure i'n_ particular assi gned X-ray

a
cryst al | ogr 461 AHTANS. ARE. ABR ASE@@T&I?PTO#@IS AER, ARNTAWQRAWY,  AFN,
AFO, AFRs ABEA,BIK., B, 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, MTT, MTW, MWW, NAT, NES, NON,

20 OFF, OSI, 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 structure or to mixed structures of two
or more of the abovementioned structures. The use of titanium-containing zeolites
having the ITQ-4, SSZ-24, TTM-1, UTD-1, CIT-1 or CIT-5 structure is also

25 conceivable in the process of the present invention. Further titanium-containing
zeolites which may be mentioned are those having the ZSM-48 or ZSM-12
structure.

Particular preference is given to Ti zeolites having the MFI or MEL structure or
30 the MFI/MEL mixed structure. Very particular preference is given to the titanium-

containing zeolite catalysts which are generally referred to as “TS-17, “TS-2” and

“TS-3”, and also Ti zeolites having a lattice structure isomorphous with [3-zeolite.

The use of a heterogeneous catalyst comprising the titanium-containing silicalite

35  TS-1 is very advantageous.




AFY, AHT, ANA, APC, APD, AST, ATN, ATO, ATS, ATT, ATV, AWO, AWN 15 BEA,

Bl K, B%, BPH, BRE, CAN, CAS, CFl, CG, CGS, CHA, CH, CLO CON, CzZP, DAC,
DDR, DFO, DFT, DOH, DON, EAB, EDI, EMI, EPI, ERI, ESV, EUO FAU FER 4S5,
GVE, GO0 HEU, IFR, ISV, ITE, JBW KFT, LAU, LEV, LIO LGS, LOV, LTA, LTL,
LTN, MAZ, W©MEI, MEL, MEP, MER, MHA, |\/F'33 MON, MOR, MSO, MIF, MIN, MIT, MIw
MAN  NAT, NES NO\I 20 OFF, 0Osl, PAR PAU, PHI, RHO, RON, RSN RTE, RTH

RUT, SAO SAilis pﬁﬁﬁ)le Sh%er 4B, toSﬁE th‘BC’{Toroﬁﬂaxuﬁﬂ' fmat&Tdl, it$SHT as 'EEﬂystT HO, TON,

TSC, VET, t i
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prior art. Sdifim ri)‘?a?tﬁlui;lf AGESaRS golPBhe sﬂ%&@lﬁcﬁﬂtﬁﬁst@% bedrib&y, tfag form of
sui tabl e nobl e metal onents, for exanple in the formof water-sol uble

salts, to tﬁéaléﬁlﬁallnﬁﬁ 23 6(09-6.pef ore, during or after one or nore shaping
steps. This nethod is preferably

Of course, the shaped bodies can be subjected to finishing treatment. All methods
of comfninution, for example milling, splitting or crushing of the shaped bodies,
and also further chemical treatments as described by way of example above are
conceivable.
20
‘When using a shaped body or a plurality thereof as catalyst, this can, after it has
been deactivated, be regenerated in the process of the present invention by a
method in which regeneration is achieved by targeted burning-off of the deposits
responsible for deactivation. This is preferably carried out in an inert gas
25 atmosphere containing precisely defined amounts of oxygen-donating substances.
This regeneration process is described in DE-A 197 23 949.8. 1t is also possible to
use the regeneration processes cited there in the discussion of the prior art.

As solvents, preference is given to using all solvents which completely or at least
30 partly dissolve the starting materials used in the epoxide synthesis. For example, it
is possible to use water; alcohols, preferably lower alcohols, more preferably
alcohols having less than 6 carbon atoms, for example methanol, ethanol, ‘
propanols, butanols, pentanols, diols or polyols, preferably those having less than 6
carbon atoms; ethers such as diethyl ether, tetrahydrofuran, dioxane, 1,2-

35 diethoxyethane, 2-methoxyethanol; esters such as methyl acetate or butyrolactone;
amides such as dimethylformamide, dimethylacetamide, N-methylpyrrolidone;
ketones such as acetone; nitriles such as acetonitrile; sulfoxides such as dimethyl



enpl oyed for produci ng oxidation catalysts based on titaniumsilicates or 10
vanadi um silicates having a zeolite structure, and nmakes it possible to
obtain catalysts having a content of fromO0.01 to 30% by wei ght of one or
nore noble netals fromthe group consisting of ruthenium rhodium
pal | adium osmum iridium platinum 9henium gold and silver. Such

catal ysts are described, for exanple, in DE-A 196 23 609.6. 15 O course,
the shaped hofbxek; a&gshalae (S}Mthjaﬁphzﬁii dnd dromtihyiodatissts "BNiixtdiet ofBtdiods  of

conmmi nution, for ing or crushing of the shaped
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above are conceivable. 20 Wien using a shaped body or a plurality thereof
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preferably ols, nore preferably alcohols having | ess than 6
carbon at oné&wﬁﬂeglgg%ﬁpl e net hanol, ethanol, propanols, butanols,

pent anol s, diols or polyols, preferably t hose having |l ess than 6 carbon
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dlethoxyethane 2- net oxye ers_such as neth acetate or
but yr ol act off:the 5p9H I%ILR,frP glingbyrgeays phhydiRpeIeXid aaﬁé*«z Hsscabed abe'ge,
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acetoni tril eé araj 1ng0)% ep0x13eugon %ﬁm‘é' SO ut10¥1 SO t%at the catalyst is retained in the

reactor and a container for the catalyst suspension.

In particular, the apparatus for carrying out a continuous process for the
20  epoxidation of olefins comprises a reactor having internals selected from the group
consisting of beds, knitted meshes or packing elements and having a hydraulic
diameter of from 0.5 to 20 mm, a catalyst having a mean particle size of from
0.0001 to 2 mm suspended in a liquid, a crossflow filter and a container for the
catalyst suspension.
25
In a particularly preferred embodiment of the apparatus for carrying out the
process, the reactor is a bubble column or a shell-and-tube reactor. In a very
particularly preferred embodiment, the reactor is a shell-and-tube reactor which
makes heat removal possible.
30
A reactor for the epoxidation of olefins will now be described by way of example
with the aid of Figure 1. In such a reactor, preference is given to reacting propene
with hydrogen peroxide as epoxidizing agent in methanol as solvent using a
suspended TS-1 catalyst and, if appropriate, buffer additives for controlling the
35 reactivity of the catalyst and the pH to give propene oxide.



sul foxi de; aliphatic, cycloaliphatic and aromatic hydrocarbons, or m xtures

off two or nore of the abovenentioned conpounds. Preference is given to

usi ng al cohols. Here, the use of nethanol as solvent is 5 particularly
preferred. In the reaction of the ol efla(f with the hydroperoxide, it is also
possi ble for further conpounds which dfe customarily used in epoxidation ‘
reactions to be present. Such conpounds are, for exanple, buffers by neans
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filter and glgélgg %ﬁ@rthgggﬁ?é%gtg%%?% #‘ﬁ{s)uspenm on. 25 1In a particularly
preferrBd enmbodi nent of the apparatus for carrying out the process, the

reactor is gnpiphl &tﬂgktuﬁn&r @ss%ﬁ@'c&os@ﬂ&wtﬁl% {t%ﬁfaﬁfs sukﬁbnﬁecY &h Xhe

particularly preferre od t he reactor hel | - and-t ube reactor
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ol efins wi | {o thOWwaber dased L168Hg e caRYysotir@m@anpl e with the aid of Figure 1.
In such a reactor, preference is given to reacting propene W th hydrogen
peroxi de as epOX|d|Z|ng agent in nethanol as solvent using a

15  Introduction or discharge of the catalyst is carried out, for example, via a container

10 which can be incorporated in a specific fashion in the reaction circuit. To
introduce catalysts, a particular amount of catalyst is, for example, placed in the
container and the latter is filled with solvent. The valves 11 and 12 are
subsequently opened and the valve 13 is closed. In this state, all the reaction
20  medium flows through the container 10 and the catalyst is carried into the system.

A similar procedure is used to discharge catalyst. The container 10 is filled, for
example, with methanol and the valves 11 and 12 are subsequently opened and the
- valve 13 is closed. The reaction medium once again flows through the reactor.
25  After the catalyst concentrations in the reactor and the container have become
equal, the valves 11 and 12 are closed and the valve 13 is opened. The container 10
is now isolated from the reaction medium and contains an aliquot of catalyst. This
can then be separated from the solution in a further step and possibly be
regenerated externally. After regeneration, it can be fed back into the system as

30  described above.

Via valve 15, catalyst material can be introduced in container 10.



suspended TS-1 catal yst and, if appropriate, buffer additives for
controlling the 35 reactivity of the catalyst and the pH to give propene
oxide. -10 Figure 1 shows, by way of exanple, the experinental structure of
a continuously operated reactor 1, e.g. a bubbl e colum or particularly
preferably a heatable and cool able sh lt-and-tube reactor, which is
provided with heatable packings 2 and which is supplied via the lines 3

wi th a |i qulLdt of efarereemamerdlsfonfFigunel1 ol ef i n, 5 hydrogen peroxi de, the
solvent and, if appropriate, buffer additives. The punp 4 nmaintains the
circulation and thus keeps the catal yst in suspension. After |leaving the
reactor 1, tthe rBaaatordhuihie geluom, shelloodvelegastpa |ine 5 to the crossfl ow
filter 6. 7he ppy e is taken off perpendicular to the main flow
direction and is_passed via the line 7 to the work-up stage of the plant.
10 Since’thé cat Besfdinecannot pass the crossflow filter, it remains suspended
in the reagtor pygpem and is conveyed via line 8 and, if appropriate, the
heat exchanger 9 .to the reactor 1, thus closing the catalyst circuit. 15

I nt roduction or hF@charge of the catalyst is carried out, for exanple, via a
contai ner &0 whCedssfiew fideer i ncorporated in a specific fashion in the
reaction cigpcuity.T hntr e catalysts, a particular anmount of catal yst
is, for evapIe,nggg%{e&#%%ﬁ? container and the latter is filled with
solvent 10 Th& val kes 11 and 12 are subsequently opened and the valve 13 is
closed. In ghis it Qﬁchﬁi%rthe reaction 20 nedium flows through the
container 10 and the catalyst is carried into the system A simlar
procedur e i $0usefopigingr koriqatalyst ®uspensipst . The container 10 is filled, for
exanpl e, w g neyigpaol and the valves 11 and 12 are subsequently opened and
the valve }i isyglosed. The reaction nedi um once again flows through the
reactor. 25'After@'fle catal yst concentrations in the reactor and the
contai ngf ha¥e b¥abme equal, the valves 11 and 12 are cl osed and the val ve
13 is opened, Th ntaipner. 10 is now isolated fromthe reaction nedi um and
cont ai ns anqéliqggﬁgggn%%%ﬁ‘yst. This can then be separated fromthe

sol ution inld fuMaher step and possibly be

16 Valve

20



regenerated externally. After regeneration, it can be fed back into the
systemas 30 described above. Via valve 15, catalyst material can be
introduced in container 10. -11 List of reference nunerals for Figure 1 1
React or (bubbl e columm, shell-and-tube reactor) 2 Packings 5 3 Feed line 4
Punp 5 Lin&H0080834001/&g filter 7 Linelfor the permeate 10 8 Line 9 Heat
exchanger 10 Container for catalyst suspension 11 Valve 12 Valve 15 13

Val ve 14 Catal yst material 15 Valve 16 Valve 20 P.F. 0000054001/ Kg -12 W
claim 1. Agontinuous process for the epoxidation of olefins by nmeans of 5
hydr oper oxi ec Fein the epoxidation is carried out in a reactor in which
at | east one catal yst suspended in a liquid phase is present, and wherein

the 11aui diphase | eaARRsRdpkhEQUIt: Andcosfianbh cbt RATRPEY! BAMOTrchannel s

and is installed int ctor and the cata is retail e

react i ondsyst em hydroperoxide, wherein the epoxidation is carried out in a reactor in which
at least one catalyst suspended in a liquid phase is present, and wherein the
liquid phase is passed through a device which has openings or channels and
is installed in the reactor and the catalyst is retained in the reaction system
by means of crossflow filtration when the epoxide containing liquid is
10 separated off.

2. A process as claimed in claim 1, wherein a gas phase which is present in
the reactor is also passed through the device which has openings or
channels and is installed in the reactor.

15
3. A process as claimed in claim 1 or 2, wherein the hydraulic diameter of the
device installed in the reactor is from 0.5 to 20 mm.
4. A process as claimed in any of claims 1 to 3, wherein the device installed in
20 the reactor is a bed, a knitted mesh or a packing element.
5. A process as claimed in any of claims 1 to 4, wherein the reactor is a jet
nozzle reactor, a bubble column or a shell-and-tube reactor.
25 6. A process as claimed in any of claims 1 to 5, wherein the catalyst is present
in the form of particles having a mean particle size of from 0.0001 to 2 mm.
7. A process as claimed in any of claims 1 to 6, wherein the epoxidation is
carried out at a temperature of from 20 to 100°C and a pressure of from 1 to
30 100 bar.
8. A process as claimed in any of claims 1 to 7, wherein catalyst suspension is
taken from or fed into the reactor during the epoxidation.
35 9. A process as claimed in any of claims 1 to 8, wherein propene is epoxidized

by means of hydrogen peroxide over a titanium-containing zeolite.




by nmeans of crossflow filtration when the epoxide containing liquidis 10
separated off. 2. A process as clained in claim1, wherein a gas phase which
is present in the reactor is also passed through the device which has
openings or channels and is installed in the reactor. 15 3. A process as
claimed in claim1 or 2, wherein the hydraulic diameter of the device
installed in the reactor is from0.5 to 20 nun. 4. A process as clained in
any of clain®. 1 tAn @ppanhtey firRatrhidgday iaconiifgdu!préddsd for tBO epbigddtRacsfor is a
bed, a knitted neg%.oHDa ackigg &jenen%; 5.1A8%racess af ﬁ}aiqed %n any of
claims 1 to 4, woSHESPY AEapsgL figdropeoside 48 clyigled) g 0y, SRS, Tnt e col um
or a shel |l - and- t whmprisiag treactor 2506 flok fidten @eed sordained far catalystrsuspepsion. cl ai ns 1
to 5, wherein the catalyst is present in the formof particles having a
mean particle size of fromO0.0001 to 2 nm 7. A process as clainmed in any of
claims 1 to 6, wherein the epoxidation is <carried out at a tenperature of
from20 to 100C and a pressure of from1 to 30 100 bar. 8. A process as
claimed in any of clainms 1 to 7, wherein catal yst suspension is taken from
or fed into the reactor during the epoxidation. 35 9. A process as clained
in any of clains 1 to 8, wherein propene is epoxidized by means of hydrogen
peroxi de over a titaniumcontaining zeolite. - 13 10. An apparatus for
carrying out a continuous process for the epoxidation of olefins by neans
of hydroperoxide as clainmed in any of clains 1 to 9, conprising reactor,
crossflow filter and container for catal yst suspension.



