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Accordingly, processes for regenerating zeolite catalysts are already known from
the prior art. On this subject, reference may be made to WO 98/55228 and the prior

20  art cited therein. In this prior art, essentially two different procedures for catalyst
regeneration are proposed.

1. If the catalyst is used in suspension, it is firstly separated from the liquid

reaction product and transferred to a regeneration apparatus suitable for the

25 ‘regeneration and is regenerated there by thermal freatment in the presence
of oxygen;

2. If the catalyst is used as a fixed bed, the liquid phase is drained or pumped
out and the catalyst is regenerated by thermal tecatment in the absence of

30 oxygen either in the reactor itself or in a separate regeneration apparatus.

Furthermore, regeneration by treatment of the catalyst with a liquid which is an
oxidizing agent, e.g. hydrogen peroxide, at elevated temperature has been
described a number of times, for example in DE-A 195 28 220 and WO 98/18555.
35

It is an object of the present invention to provide a further improved, in particular
more cffective, process for the regeneration of zeolite catalysts, which can be
integrated without problems into continuous and integrated processes for preparing
epoxides of the type under discussion here and which leads to opening or



parti-cul ar,, this process should be suitable for regenerating zeolite

catal ysts which are used in an oxidation in the fixed-bed node. T™hd MAR ﬂmﬁ
regeneration process of the present invention should especially
substantially prevent or at |least greafly reduce 5 the formation of a hot
spot in a catal yst bed during regenerdtion, since such |oal overheating of
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el evated tenp ures durin generati‘on process are pref |y
carri ed outtalyst,rwhiah yompbiees rermddecatmentaf thasatabst atuabieve gdPVeimthent

cat al ysts. t] %gﬁ; lyst which is used in the
suspe%gi orPr%?l%a&e%]gfp%g#?s@E%gréog{rbﬁfene ce q%s' gi ven, for the purposes of
coupling the reaction in the suspension node and the regeneration process
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deactivate ca%al yst _continuously fromthe reaction, regenerating it

ext er nal | Ity omgiied agffvibhe process of the present invention and
reintroducing the regenerated catalyst into the reaction in the suspension

node. ) . . . :
20  In the process of the present invention, it is possible to regenerate either catalysts in

powder form as are used in suspension or catalysts in the form of shaped bodies,
e.g. extrudates, packed in a fixed bed, or catalysts crystallized on meshes, e.g.
stainless steel or Kanthal, or packing or coated catalysts comprising an inner core
of Si0;, «-Al,Os, strongly calcined TiO; or steatite and an active catalyst shell

25  comprising a zeolite.

If the catalyst has been used in the suspension mode, it firstly has to be separated
from the reaction solution by a separation step, e.g. filtration or centrifugation. The
at least partially deactivated pulverulent catalyst obtained in this way can then be
30  regencrated. The steps carried out at elevated temperatures during the regeneration
process are preferably carried out in rotary tube furnaces in the case of such
pulverulent catalysts. In the regeneration of a catalyst which is used in the
suspension mode, particular preference is given, for the purposes of coupling the
reaction in the suspension mode and the regeneration process of the present
35  invention, to removing part of the at least partially deactivated catalyst
continuously from the reaction, regenerating it externally by means of the process
of the present invention and reintroducing the regenerated catalyst into the reaction

in the suspension mode.



1 0 MAR 2005 -3 Apart fromthe regeneration of catalysts in powder &3&&3 5
the process of the present invention can also be enployed for rede 2#8
catalysts in the formof shaped bodies, for exanple those packed in a
fixed bed. In the regeneration of a catalyst packed in a fixed bed, the
regeneration is preferably carried out.i1n the reaction 5 apparatus itself

w t hout the catalyst having to be renoved and reinstalled, so that it is
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bet ween 20 (;vl\mgt?d are preferably surrounded by a jacket (shell) which
encl oses al ubes. In this way, for exanple, a heating or cooling
medi umidan be passed through the shell so that all tubes are unifornmy

heat ed/ cool ?E régdhLARbAE QhV\Eﬂ'ﬁeﬂtﬂﬁ{f&it%%roéébﬁe%ssWntlﬁlIl)ﬂ identicdllybm behct or or
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refe Q h of
preferably thedﬁgqmmmon@fwu{‘@@smrﬁat Yﬁﬁsr@‘{)‘ﬁ %&egg‘?"y‘oﬁlpgﬁ?h% Slrigﬁ a%glgmd in
particul ar f4sgm about 8 to 12 m The catal yst preferably remains in the
reactor during regeneration. The process of the present invention can al so
be enpl oyed for regenerating zeolite catalysts 30 located in a plurality of
reactons COWH@@E&QS.@ Bf AR prlche@lt i0vention depaeisularly (witabledot rqganeretion 0 A

Car 11 0d. ogt DX BB ABCESORPRELT Gt Joabard JEUCRENEB! RIS from
400C t 0 650Gube reactor” and “shell-and-tube reactor” refer to parallel assembhes of many
channels in the form of tubes, where the tubes can have any cross section. The
tubes are fixed in space relative to one another, preferably have a spacing between
20  them and are preferably surrounded by a jacket (shelt) which encloses all the tubes.
In this way, for example, a heating or cooling medium can be passed through the

shell so that all tubes are uniformly heated/cooled.

Furthermore, the individual tubes within the tube reactor or shell-and-tube reactor
25  which is preferably employed have a length of preferably from about 0.5 to 15 m,
more preferably from 5 to 15 m and in particular from about 8 to 12 m.

The catalyst preforably remains in the reactor during regeneration. The process of
the present invention can also be employed for regenerating zeolite catalysts
30 located in a plurality of reactors connected in parallel or in series or (at least partly)

in parallel and in series.

The regeneration of the present invention is carried out at above 120°C, preferably
above 350°C and in particular at from 400°C to 650°C.

35
The regeneration gases used are in principle subject to no restrictions as long as the
regeneration can be carried out 5o that the catalyst in the interior of the reactor does
not becorne so hot as a result of, for example, combustion of the organic deposits
present thereon that the pore structure of the catalyst and/or the reactor is/are



35 The regeneration gases used are in principle subject to no rest]rj dfARZE05
as long as the regeneration can be carried out so that the catalyst in the
interior of the reactor does not becone so hot as a result of, for
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m cropores, preferabl er than about 0.9 nrn, dre present. The
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gas.
15
The zeolite catalysts regenerated in the present process are subject to no particular

restrictions.

Zeolites are, as is known, crystalline aluminosilicates having ordered channel and
20  cage structures 1in which micropores, preferably smaller than about 0.9 nm, are
present. The framework of such zeolites 1s built up of 5104 and AlQ, tetrahedra
joined via common oxygen bridges. An overview of the known structures may be
found, for example, in W.M. Meier, D.H. Olson and Ch. Baerlocher, “Atlas of
Zeolite Structure Types”, Elsevier, 4™ Edition, London 1996.
25 '
Zeolites in which no aluminum is present and the Si(I'V) of the silicate lattice has
been partly replaced by titanium as Ti(TV) 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 0311 983 or EP-A 405 978.
30  Apart from silicon and titanium, such materials may firther comprise additional
elements such as aluminum, zirconium, tin, iron, cobalt, nickel, gallium, boron or
small amounts of fluorine. In the zeolite catalysts which are preferably regenerated
using the process of the present invention, part or all of the titanium of the zeolite
can be replaced by vanadium, zirconium, chromium or niobium or a mixture of
35  two or more thereof. The molar ratio of titanium and/or vanadium, zirconium,
chromium or miobium 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.
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AFG, AFI, ,ABROAEKFRAFQF&FIA@.‘JFN ARKO, AEPR, AFR, ATT, AN, APE, APD, AST,
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KFI, LAU, LM 30 DFo, DET, DOH, DON, EAB, EDI, EMT, EPI, BRI, ESV, EUO,
FAU, FER, GIS, GME, GOO, HEU, IFR, ISV, I[TE, JBW, KFI, LAU, LEV, LIO,

LOS, LOV, LTA, LTL, LTN, MAZ, MEI, MEL, MEP, MER, MFI, MFS, MON,

20  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 and ZON structures and to mixed structures made up of

two or more of the abovementioned structures. Further zeolites which can be used

25 in the process of the present invention are titanium-containing zeolites having the
ITQ-4, 887-24, TTM-1, UTD-1, CIT-1 or CIT-5 structure. Further titanium-
containing zeolites which may be mentioned are those of the ZSM-48 or ZSM-12

structure.

30 In the process of the present invention, particular preference is given to Ti zeolites
having an MFI, MEL or mixed MFI/MEL structure. Specific examples of further
preferred Ti zeolites are the Ti-containing zeolite catalysts which are generally
referred to as “TS-17, “TS-27, “TS-3” and also Ti zeolites having a lattice structure
isomorphous with -zeolits.

35
Accordingly, the present invention also provides a process as described above in
which the catalyst is a titanium silicalite of the structure TS-1.
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di cycl opentrgtidene, fhiovidey| B'é)‘ize%@}deésycf"i?@ﬂde fyede. metfafiyl  chloride,
dichlorobutene, allyl alcohol, methallyl alcohol, butenols, butenediols,
cyclopentenediols, pentenols, octadienols, tridecenols, and saturated steroids,
ethoxyethene, isoeugenol, anethole, unsaturated carboxylic acids such as acrylic

20  acid, methacrylic acid, crotonic acid, maleic acid, vinylacetic acid, unsaturated

fatty acids such as oleic acid, linoleic acid, palmitic acid, naturally occurring fats

and oils.

In the process of the present invention, preference is given to using alkenes having
25 from 2 to 8 carbon atoms. Particular preference is given to reacting ethene, propene

and butene, very particularly preferably propene.

Accordingly, the present invention also provides a process as described above or an
integrated process as described above in which the alkene is propene.

30
For the purposes of the present invention, the term “hydroperoxide”™ encompasses
all hydroperoxides including hydrogen peroxide. Details of hydroperoxide
solutions which can be used in the process of the present invention and their
preparation may be found in the prior art. Reference may be made, for example, to

35  DE 19723950.1 and the prior art cited therein.

The hydrogen peroxide used can be prepared, for example, by means of the
anthraquinone process by which virtually all hydrogen peroxide is produced. This

process is based on the catalytic hydrogenation of an anthraquinone compound to
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crotonic 'émndhe reiresipendiee @nthyphydromunqre (’Qmp@unbr%l PAERIEECHRHYN S Ci ds such
as ol e| C % 4! Bk l'?fﬁicﬁ’en% d%idd fncBibgequent é&ﬁ@bh&n of tertiydrggehat s and,
oils. P’ cess 0 resent inyention, &E’V& @g to using
al kenes hwomgle f25n¢df oThEZCQt@}YSS CAFI0R ARBALDY o7 ‘t"’P ‘Pgﬁ?aé]foélr%fé is given
to reacti l;l ﬁgﬁ %{apobtgﬂgd Bradkene, very particularly preferably
propene. Accor |ng e present invention also provides a process as

describhed above or an |nt egrated process as descri bed above in which the

al kene i SABrcg@ﬁH@w 0?Ghd ﬁl{thfaﬂﬁm@lﬂlé ﬁfc@§s i@fgitdheinpUdEednin’s Bneridpedia dthe term
" hydr oper OXi enconpassgs pﬁom des, i ng}lS di ng hydrogen
per oxi de. Indastgial ShemisHytrd @ﬁi‘é’?Pd e PBES an be used in the

process of the present |nvent| on and the| r preparat| on may be found in the
prior art. Reference may for Oy 1 and t he
prior art Hyftoggn igerxdds, Caﬂl’ﬁ@%?@@%‘ﬁd é’r dbdeoﬁ@éﬂa Pl;blﬂfg%fgglgr ed, for
exanp| ¢, lﬂ%nﬂ%ﬂ}%mﬁfsulﬂﬂﬁc adiil hividhUsinanenersc esslutiyn wii dfidigen il the al |

hydr ogen per OXI ced. Thj.s oce qytic

hydr ogena€atgpd gfyéihosl?ﬁﬁ g?ﬁﬁ’%%’ﬁ%i %ﬁ%(g H:F @Snieaggﬁﬁogg{)@ﬁ?ﬂ}ﬁgta ormt he
correspongi Rgi agﬁnm@dsmdéamllsmm wodypductdis tbudbseonased. reaction of this

with oxygen to form hydrogen peroxide and subsequent extraction of the
hydrogen peroxide formed. The catalysis cycle is closed by renewed

hydr ogenatli isiof ofurtelso potsirlauprepare l‘ofdrqgoumm@fbieaﬁfmdh%%iéwem}&n overvi ew of
the a ]g)hraqw none process is given in "Ulmnn's Encycl opedi a of

| ndustrial Chem stry", 5th Edition, Volunme 13, pages 447 t.o, 456. dr ogen
per oxi de @aforaltsoudseobhydspgrrdpasgxidn daike mp%ﬁatqfdhe 5P eRien b ISPOsENF ¢ o

to free, for example, a commercially available hydrogen peroxide solution of
undesirable ions. Conceivable methods are, inter alia, those described in, for
example, WO 98/54086, DE-A 42 22 109 or WO 92/06918. It is likewise possible
20 to remove at least one salt present in the hydrogen peroxide solution from this
solution by means of ion exchange in an apparatus having at least one nonacidic
ion exchange bed having a cross-sectional area A and a height H such that H 1s
smaller than or equal to 2.5 x A in particular less than or equal to 1.5 x A% For
the purposes of the present invention, it is in principle possible to use all nonacidic
25  ion exchange beds comprising cation exchangers and/or anion exchangers. It 1s
also possible to use both cation and anion exchangers within an ion exchange bed
to give a mixed bed. In a preferred embodiment of the present invention, only one
type of nonionic ion exchanger is used. Further preference is given to using a basic
ion exchanger, particularly preferably a basic anion exchanger and more

30  particularly preferably a weakly basic anion exchanger.

In a particularly preferred embodiment, the present invention provides a process

for regenerating a zeolite catalyst, which comprises the steps (1) to (4) below:

35 (1) washing the zeolite catalyst with a solvent
(2) drying the washed zeolite catalyst at from -50 to 250°C
(3) heating the dried catalyst
(4) regenerating the heated catalyst by means of a process according to the

present invention,



.10 form peroxodi sul furic acid with sinultaneous evol ution of hydrogen at

- the cathode. Hydrolysis of the peroxodisulfuric acid then |eads vifa MAR 2005
peroxosul furic acid to hydrogen peroxide and sulfuric acid, which is thus
recovered. It is of course also possiple to prepare hydrogen peroxide from
the el enments. 15 Before the use of hydrogen peroxide in the process of the
invention, it is possible to free, for exanple, a comercially avail able
hydr ogen peroxi de solution of undesirable ions. Conceivable nethods are,
inter aligy.t : | | BroctQr parf: refMEHI9SHEHA8GompifseA the 22 109 -
or WO 92/ gglgl_@g?eﬁteg%gﬂ%\%idsgloggégs?aéI ea%%} ?o rerrgve at | east one salt
pr esent iﬁmhhemﬁﬁwpaﬁﬁﬁmééﬁéﬁkde solution fromthis solution by neans of
i on exchange in an apparatus having at | east one nonacidic ion exchange

bed having a cross-sectional area A ?nd S height H such that His smaller
than o equal (D 2odling theregenpigtedgatalyspaianedde SeR4AN or equal to 1.5 x

ALl 2. For the é@“%?&cﬁﬁénjﬁé i@l @ HBRindd MBI (QYor intstdps(5).n pri nci pl e
possi ble to use ‘all nonacrdic 25 ion exchange beds conprising cation
exchangers and/ or ani on exchangers. It is also possible to use both cation

and ani on TRXGaRgeRal Wbk tine aiainobt Gxelibabm baall. It oh@ild deaomdadhbed. In a
preferred_enbodinent o resent i

f the nventio onl y,,one f. .noni oni c
i on exchahggrning thatdbe zelite ﬁ%ﬁlyﬁtrté’ft?rréﬁ%wrt%&& 578%1%11 alf%‘iahépglh C(glsllgc i on
exchaﬂgler uf,&ﬁfnt ;if@ﬁi@%t:idh of & Ql&(labé gy acdedisn of dri alkerexeiiandydraperbxidsy, e I 30I
particul ar eferably a we sic anion ex . icul ar
preferred P@r%ﬁ%é’iﬁ?e’f?@?“%h‘éarBF‘gé’E%?mﬁW%s?Y’o Hpnroé‘\?/F%re"%adg’i3 'S %hg g%tg@% %r Y
regener at irdgltaofze@rdg én @etivty As indicatddl slaver teesetimsatitneps thelpresent ( 4)
bel ow. 35.(1) .washing the zealite. | ; @ ifng the
washed ze V%Ho%éﬁpﬁ’ SybIy, parpipd r%ufgléﬁ% géaﬁ% &Ne%gs()?%%gltﬂyiﬁghteﬁ gacéiréimgdf cat al yst
(4) regencicilkag wik alydtaparoadeainytbe papenasaishetatalyyrte besezcaediddsng to the

preseg%l i n}/entii) .OUJ{ 0 MAR 2005 8 This preferred regeneration process
a

parti SOCEFe erably further conprises the additional steps (5) and/or

(6): 5 (5) cooling the regenerated catal yst obtained in step (4)
In a further, very particularly preferred embodiment, the reactor is operated as part

of an integrated system including the work-up of the desired product and the
regeneration according to the present invention, since this mode of operation

20  allows a closed solvent circuit.

(D Washing of the zeolite catalyst with a solvent

The first step of this embodiment of the regeneration of the present

25 invention comprises firstly washing the deactivated catalyst with a solvent.
For this purpose, the introduction of the feedstocks, namely hydroperoxide
and organic compound, is firstly interrupted. As solvent, it is possible to
use any solvent in which the respective reaction product of the oxidation of
the alkene dissolves readily. Preference is given to using such solvents

30 selected from the group consisting of water, alcohols, preferably methanol,
aldehydes, acids, e.g. formic acid, acetic acid and propionic acid, nitriles,
hydrocarbons, halogenated hydrocarbons. For details of such solvents,
reference may be made to WO 98/55228, whose relevant contents are fully
incorporated by reference into the present application.

35
Preference is given to using solvents which arc already functioning as
solvents in the reaction, e.g. the epoxidation of olefins using the catalyst to
be regenerated. Examples of such solvents used in the epoxidation of

olefins are: water, alcohols, e.g. methanol, ethanol, 1-propanol, 2-propanol,



- (6) conditioning the catalyst obtained in step (4) or in step (5) ﬁhaﬁﬁ 5
steps will now once again be described in detail. It should be notIe I'IIQ
begi nning that the zeolite catalyst to be regenerated is generally a
~catalyst which is 10 used in an oxidation of an al kene by reaction of the

al kene with a hydroperoxi de, preferably%a reaction carried out
continuously, and now has to be regenerated as a result of a drop in
activity. As indi Emmhylabpmanmlhebbegﬁnler&ﬂammobf alﬂyheaknomﬂeland cthylemt i on i s

preferably carrie t re rs | reacti on of
Phe af kene wth oonah ghdebdes BB R acpr T Bndpt T MR 2 e 8 B
regenerated i s lpecmddrsoechpentedons - m¢thy1a4 pmmhmm,andeyg/lohmmmnml arly
preferred enbodi nent, the reactor is operated as part of an integrated

system i ncl uding the work-up of the desired product and the regeneration
accordi ng to the Brbseolventrabeady beingsised en theirsaatindés efmphyyed at isalwen!Xor al | ows

I d I syl t- i I
S0l vent The 11 st aiil iis PhbOUARM RteRlipbdFaff e R i8 WhShed o e
present 25 i nverﬁqlmtcamgengeﬂyf fromt 140 wasBOOTE., t He ddmaadt vt adcmm@g yst
with a sol vent. %‘3 p:I:IIdth?cEr sh@@rahﬂ&%uﬂ e%Eh:Qf Wa@ﬁxpg ‘jﬁ gIETy

nanmel y hydroper oxi anic c |rstI
solvent, it is pd‘SE'ilbIl@d ﬂ-lDUl Cfaﬁgntsw;ﬂ wemon pIOIﬁIth:tcm ﬁlhmsr@cdmmew

react i ofigproduct Qi hi, 0 EI?ets i 1 ué.hff @ggﬁ‘féggrftdéo? &%oft?eaqkédy the

Preference is given to usin vents ected fromthe gfoup
consi sting of watigirodugtion drqnc&@eaﬁhq/feﬁéstﬁdmd the gplyemntyafdbe reaglions, e. g.

formc acid, aceti Qnt@ﬁ'hﬁteér&@tepﬂﬁl%%lo% zﬁa@l‘ tfle itddubliGiSof sdNHt F62WRMSy
hal ogenat ed hydrocarbons. For details such,  solvents, reference may be

made to WO 98/ 5529 SOMEPFIS r@%%ﬁtprég?ﬁ%‘@ﬁtl%g'é’re@ 19 yping the $R8Y BRIVERIAET by

reference into thge pdaeﬁeﬂhn@ﬂﬁlwggmdgqnecaﬂé]yar eference is given to using
sol ventf(?vvhl ch are already functioning as solvents in the reaction, e.g.

t he epoxidation of olefins using the catalyst to be regenerated. Exarrpl es
of such sol vent s Tizeduranonhef ehexwakiing profedurd éf isnbjeaw &0 nmtrest;ictainsphol S,

e.g. methanol, etaIItﬁggéh re:IIétRI’e%pﬁ)rrIgIWasﬁh%rt? gsna(}Id thus very s%s%anqgl removal of

the reaction product or the organic deposits are advantageous.

20 (D Drying of the washed zeolite catalyst at from -50 to 250°C

After the catalyst has been washed, the solvent used is drained or pumped
from the reactor. The porous catalyst then still contains considerable
amounts of adhering solvent which is mostly removed by drying in a gas

25 stream at from -50 to 250°C, with the température used being in the vicinity
of the boiling point of the solvent at the respective pressure. The
temperature is typically in the range from 50°C below to 50°C above the
boiling point.

30 An inert gas, e.g. nitrogen, argon, CO,, hydrogen, synthesis gas, methane,
ethane or natural gas, is generally used for drying. Preference is given to
using nitrogen. The solvent-laden gas is then either disposed of, for
example by burning in a flare, or is fed at a surtable point to, for example,
the work-up of the reaction product of the process for the oxidation of an

35 alkane and the solvent present therein is recovered.

In a preferred embodiment, washing is carried out under superatmospheric
pressure at a temperature above the boiling point of the solvent and, after

draining off the solvent, the pressure is reduced to such an extent that part



2-met hyl - 2- propanol, | -butanol, 2-butanol, allyl alcohol and ethy. Lﬁng
gl ycol, or ketones such as acetone, 2-butanone, 2-nethyl-3-butanon AR 2005
pent anone, 3-pentanone, 2-nmnethyl-4-pentanone and cycl ohexanone. 5 If the

sol vent already being used in the reaction is enployed as sol vent for
washing, its introduction is cont i nuel’ and t he catal yst is washed with the
solvent at generally from40 to 200C, if desired with increasing

tenper at ure andf trcelvest pevanoriaed bhaid latopt best of d1e tpactag h%folf‘smm“éff& abl y
continued unti on product in the washings drops to 10
bel ow 1% of théb%ﬁﬁ?ﬁa &egﬁﬁggﬁﬁQﬁ%hgifferent solvent is to be used, the

i ntroduction of hydroperoxide, the feedstock and the solvent of the

reaction is '%%rumllfeqt amtn‘i‘g tl-ﬁg‘@ceﬁeﬁfstpd%ﬂb% usB@ithditd @dustd gni@f sol vent

for washing is co nced. Particular preference is given to usjing the sane

sol vert for t Her sxegwie winhinidesaell aha H%bﬁge‘%% B@tffs’iFths SN RASEgEat i on of

the washing pr g ﬁMo?tlﬁesteﬁi-ﬁ)@“a%&% ravé;gb 16950 C hh@RTas frlihd Rugleratelat i vel y
| ong washing tines and thus very substantial renoval of the reaction

product or thel¥Egakpre él%(bgslts are advantageous. 20 (2) Drying of the
washed zeolite catalyst at from-50 to 250C After the catal yst has been

washed, the solvent ugad 'Is dra': ned or punped fromthe reactor. The porous
cat al yst then a4 derabl e anounts of adhering sol vent
whichgs nostly removed by drying in a gas 25 streamat from-50 to 250C,
V\nththeterrpe ure used bei in.the vicinit 0|1 n oj nt of
the sol vent at 4 Cﬁé‘? 8’? qgﬁlég%r@gmﬁﬁ?&ed ylﬁeﬁ‘g?da:lh % y%flgoael ly in
the range fromcﬁﬂfédbﬁjtdw ﬁlbnﬁﬂ(ﬁdabmmemtﬂoethohmlhilmlm&lermt vgl(thhnatmgert gas,
e.g. nitrogen, I At e or

nat ural gas, |§)rf‘gfgl}?§ yatl)ﬁilg’lgu d?)gfﬂa thg%?ésgg%r%ﬁ‘ggggeﬁce |1§9H Seﬁ&(%ﬁg%n si ng
nitrogen. The sitrogent COadegomasecthane h@nn@mtmiélnrahggposed of for exanple by
bur ni inaflare, or is fed at a suitable point to, for exanple t he

wor k-Up of the reaction product of the process for the oxidation of an 35
al kane and t he Isod \rauticybartss ameferrpd rasbpdimente ob\iBe erfocash of HicePEFSERY

embodi ment, Waghi i@ oh Sthe R FRE 1 ldba B e theSUBEY S MBRRANSGL@be reactor. In

such reactors, the heat is introduced into the system via the space within the

shell. The heating rate has to be selected so that no unacceptably high

20 mechanical stresses occur in the reactor. Typical heating rates are from
0.01°C/min to 0.2°C/min.

4y Regeneration of the heated catalyst by means of a process according to the

present invention

25
The regeneration of the catalyst, as described in detail in the present
application, is subsequently carried out.
(5) Cooling of the regenerated catalyst obtained in step (4)
30

After completion of the regeneration in step (4), the regenerated catalyst,
preferably the entire reactor with the regenerated catalyst present therein,
can be cooled to preferably below 200°C.

35  (6) Conditioning of the catalyst obtained in step (4) or step (5)

After regeneration according to the present invention or after cooling, the
catalyst can be additionally conditioned to remove the heat of sorption of
the solvent or the starting materials in a controlled manner before reuse of



pressure at a tenperature above the boiling point of the solvent anlﬁjlﬁgﬁtﬁh
draining off the solvent, the pressure is reduced to such an extent 3
part 1 0 MAR 2005 -10 of the solvent is vaporized by the | atent heat of

the reactor before or during the introduction of gas for drying. To supply
heat during this step, it is possible-tip-use either a gas or a liquid, 5
for exanple within the shell of a tube reactor. Preference is given to

using a liquid fge catadyst.eFaanat @ﬁ?oﬁ@%ﬁﬁllbﬁh@m@ﬁﬁg MEnd [ﬁaﬁzr {ty thehe
tenperature range above 15

0C Heat i ng_.of the drled 0 After
drying, the cat alat Sq SefBeWPJéBeWér gqe@duqeg ’??éalk’%deacﬁﬁpsorh ﬁ%“%ga#‘eoe
carried out by algalpdt i ldﬁ.ﬂ% meolidlcsﬁ@h §§<mbﬂﬁﬂoll,ﬁletl’ﬁﬁcedﬁhto the iderheat i ng

preferably being carrie in t p nce of a stre as such
as nitrogen, @9‘@6‘8 P%f}’rﬁ’aﬁ"?é tiﬁ'gn'g‘e d’r‘erﬁéﬁﬁﬁ'é?a"éz e“l‘?tﬁ ﬁog’eg

particukarly pre&a%f 68 prhadinisugh afe thelypr Be€sSThofsolvbs po@emNtnd itvent i on,
the catalyst is I?catefﬁ]ﬁln the tupes .of a s eliﬁiﬁtnd tltjwe reactoe\rmatbhﬁn such
reactors, the heumg Hay of M eondifipring gas alrste b ng Jmagc n the
shelhl . Thle heat i pakr engpehdtret achgs Siel ert estabet. t’mieé teptianee eptehicy 1sh:c gh 20
mechani ca stresse cur int ca atln ra e, from
0.01 C/nin to 0.BF “Pﬁ)rn(ﬁégg"ﬁ’e?@écgﬁb%“f@y B’%‘ﬂfﬁl(f‘ﬁl gﬁ? thpans of
a process accordjrzﬂgfetr@néd’hﬁn @p anehd spaﬁ&/&@ﬂtﬂrﬂtﬁe%ﬁel]’b’éamgemu&tlon of the
cat al yié as described in detail in the present application, is

subsequently carried out. (5) Cooling of the regenerated catal yst obtained
in step (4) 30 Ahfterthedibetativharf heht basebatedetiersapplyroficonditiopingddas withe

regenerated cal Aot s MG AR ad hE rEild:! Frek Al e Wikl okl GeitgeReT at

catal yst present
filled w1th llquld and operation is recommenced.

15 In the optional steps (5) and (6) of the process of the present invention, It is
important that both cooling and conditioning are not carried out too quickly since
in both cases the catalyst bed in the reactor can be adversely affected. Furthermore,
an excessively rapid temperature rise within the catalyst during conditioning
should be avoided for the same reasons.

20
The regenerated catalyst is preferably, as indicated above, reused for the reaction of
the alkene with the hydroperoxide. In particular, the regeneration of the present
invention or the integrated process for the oxidation of an alkene can be employed
for the conversion of propylene into propylene oxide by means of hydrogen

25  peroxide, more preferably in methanolic solution.
The process of the present invention has, in particular, the following advantages:

« the gentle reaction conditions make it possible to regenerate zeolite catalysts in
30 such a way that the activity is largely retained after regeneration,;

e the regeneration process of the present invention can, when using a fixed-bed

catalyst, be carried out in the reactor itself without the catalyst being removed,
35 e the solvents used in the regeneration process of the present invention can be
identical to the solvents present during the reaction and can all be fully

circulated.

The invention is illustrated by the examples below.



can be cooled to preferably bel ow 200C. 35 (6) Conditioning of thﬁ @aﬁﬁﬁyfﬂhﬁ
obtained in step (4) or step (5) After regeneration according to t'h —
present invention or after cooling, the catalyst can be additionally
conditioned to renove the heat of sorption of the solvent or the starting
materials in a controll ed manner beforé reuse of 1 0 MAR 2005 the catal yst.
For this purpose, small anmpbunts of a solvent, preferably the sane sol vent
whi ch has Bxesplaused for the reaction or for washing the catalyst, in

particul ar Aﬁﬁﬁtﬁhg%&t&hf, SR sRH 0B LR SRMN oBRRardihieoliet DS ha0driar weighas
e“catal y

fl ow ng past t 3 st ‘and the inert gas stream|aden.with .solvent 5
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vol ume | oy of, Jihe o FORdiNei ALY AcackhiCaftt! £¢0gtng Gindraf severalriaatlent abl e

peak tenperature occurs in the catalyst. The tenperature increase. i

pr ef er abl yhews (33 b). tissarding© dissyeal @H%lyﬁédﬁe gl@g%g}l g‘?g p&ARonoRE e}%(&f

transfer mpdiolim, Geidht. |1 thBebIPAASHNAE Sihiddrl ectiey esof this tailigstr gaetor . 10

After the i beration of heat h&lz aq’b]‘ztheyd, .the supply of conditioning gas
fanly 0vé by

with sol verepyleseiopider GOpie @ @eWr, preferably the fixed-bed
reactor, is filled with liquid and operation is recomenced. 15 In the

optional steps (5) and (6) of e process of .the present.i tiOp:. it is
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reasons. 2®olh@lktk@edftieat Bothe adaatoy stasiobsgaved.er abl y, as i ndi cated above,
reused for the reaction of the alkene with the hydroperoxide. In
particular, the regeneration of the present invention or the integrated
process fofhthegeneratadicamlydt md alckdoe aateteofeprgy dytd by oreigie I8 dh%er si on
of propyl eng int ro ylhm f iRedodntief nore
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has, in padt3%byargighthe fol | owi ng advantages: the gentle reaction
conditions nmake it possible to regenerate zeolite catalysts in



30 such a way that the activity is largely retained after regenerkfli MAR 2005
the regeneration process of the present invention can, when using a

fi xed-bed catalyst, be carried out in the reactor itself without the

catal yst being renoved; 35 o the solv $ts used in the regeneration process
of the present invention can be identrcal to the solvents present during
the reaction and can all be fully <circulated. The invention is illustrated
by the exanples below. 1 0 MAR 2005 - 12 Exanple A heterogeneous catal yst
(60% by meégggggf titanium zeolite TS-1, 40% by weight of Si Q2 binder)
used in th i dation of propene to propylene oxide was renoved froma
fi xed-bed tube reactor after a running tine of several hundred hours

(85012). A¢cor§l|pypgcersg f&hﬁ@o‘kﬁi‘atné}ﬂaﬂ bﬁcené hﬁwn@?@%ﬁrﬁﬁﬁées‘ﬁ@cﬁoﬁ@ﬁ*ﬂ@ mﬁé‘ﬁ@t ent
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regener at ed cawhh yrethyidempesoxada.bon content of only 0,1% by weight. In the
above-ggf i ned standard activity test, this catalyst gave a propyl ene oxi de
content of % Db R 2005 - .13 CL rocess for the
oxi dat on B oh FiPIESRES Seinef !%5%?? 21ein s 8 SFeAPAU BT YEes Gtk '
hydr oper oxi de amﬁ!brr@Omnedmhwetodfydwgmol ite catal yst and subsequent regen
eration of the catal yst by nmeans of a process, which corrpri ses thernal
treatment  of he cat al resence as,.,st.ream

b th
conpri si ng>hy- d?r%%ﬁ a%\ﬂ@'mdn'% %’%ri ge:wg‘teé%lgé aF iF op Il‘FQZu"g@d"t?Wmt he
reactitn of t hslicdlilegmyingmgn MF bleudiyrér oper oxi de. .

4. A process as claimed in any of ¢claims 1 to 3, wherein the regeneration is carried
out in a fixed-bed reactor.

20 5 A process as claimed in claim 4, wherein the fixed-bed reactor is a tube reactor
or a shell-and-tube reactor.

6. A process as claimed in any of claims 1 to 5 which comprises the following steps:
(1) washing the zeadlite catalyst with a solvent
25 " (2) drying the washed zeolite catalyst st from -50 {o 250°C
(3) heating the dried catalyst
{(4) regeneraling the heated catalyst by means of a process as claimed in any
of claims 1 to &.

30 7. A process as claimed in claim & which further comprises at least one of steps (5)
and (6) below, which are carried out after step (4):
(5) cooling the regenerated catalyst obtained in step (4)
(6) conditioning the catalyst obtained in step (4) or in step (5),

35

wherein small amounts of solvent are mixed into the inert gas fiowing pasl the
catalyst and the inert gas stream jaden with solvent vapour is passed through the
cetalyst.



10 2. A process as clained in claim1, wherein the gas stream further
conprises CO2 and/or COin addition to hydrogen. 3. A process as cﬁdmmcz[ms
inclaiml or 2, wherein the zeolite catalyst is atitanium 15 silicalite
having an MFl structure. 4, A process as clainmed in any of clainms | to 3,
wherein the regeneration is carried -dét- in a fixed-bed reactor, 20 5. A
process as clainmed in claim4, wherein the fi xed-bed reactor is a tube

reactor O a eact roc s clained in

clains | tg b \%}]ﬁgﬁe%ﬂgs Hé%s?ﬁ%é qQ)I It%\Xn Wagr&’b dl??’ﬁ'sv%gwq?gaqcﬁ@eﬁol ite
catalyst with aﬁ@lﬂf@éﬂm ISZB'd(@EﬂdJ%va@pthe washed zeolite catalyst at from
-50 to 250C (3) heating the dried catalyst (4) regenerating the heated
catal yst by neans of a process as clained in any of claims 1 to S. 30 7. A
process as claimed in claim6 which further conprises at | east one of steps
(5) and (6) below, which are carried out after step (4): (5) cooling the

. regenerated catal yst obtained in step (4) (6) conditioning the catalyst
obtained in step (4) or in step (5), 35 wherein snall amounts of sol vent
are mxed into the inert gas flowi ng past the catalyst and the inert gas
stream | aden wth sol vent vapour is passed through the catalyst. 1 0 MAR
2005 -14 A process as clainmed inclaiml1l to 7, wherein the aikene is
propene and the hy- droperoxide is hydrogen peroxide.



