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a zgottte cataly | m I nvention relates to a process for
regenerating a zeo e catalyst and to an integrated process for preparing

an epoxi de in which thé“F&generation according 10 to dhbe tpvention
I's carried oyt ' Eﬂgiﬂﬁzprfor art that tﬁ%hbg?g iﬁ?%ﬂggtivity
of heteroge xi dation of organic conpounds in the
liquid phase, in particular the epoxidation of organic conpounds having at
| east one C-C doubl e bond using a 15 hydroperoxide in the presence of a
zeolite cat ; } }

correspondi ng catal ysts then have to be regenerated. Accordingly, processes
for regeperating zeolite catglysts are alre 0 from the prior art.
On this Eubject, reference d@?ﬁﬂﬁﬁﬂﬂhféafqiggﬁﬁgggg8 and the prior 20 art
cited therein. In this prior art, essentially two different procedures for
catal yst regeneration are proposed. 1. [f the catalyst is used in
suspension, it is firstly separated fromthe liquid reaction product and
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punped 10Qut tQH¥ Rrerentigventiosis cariedgbher at ed by thernmal treatment in the

absence of 30 oxygen either in the reactor itself or in a separate
treatment of the

regeneration apparatus. Furthernore, regeneration hy
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prepari ng epoxides of the type I scussi on he which leads to
openi ng or

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
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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 treatment 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 treatment 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 effective, 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
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"-2 changeover of the reactors w thout |ong shutdown tines and downtines. In
pajticular, this process should be suitable for regenerating zeolite
_catalysts which are used in an oxidation in the fixed-bed node. The
regeneration process of the present inyention should especially
substantially prevent or at |east greafly reduce 5 the formation of a hot

spot in a catalyst be uring regeneration Lnce such | ocal overheating
oF *the cat ol SePer o B VEPdeRoRRBEH lire sutdas Uit and Remuies it
stability ofpartienlaratias peicesshehouldt bé suitblestoquegenkmting usalite icatalyss wintkegr at ed
rocess of ' : | _ | | e e
Iﬁave f ound t%ﬁgﬁl Sﬁlﬁgﬁgtﬁf{g@{&?gﬁ g%hﬁg%de%?%?%gﬁ%ér %@8@%‘%@ pllr?ég%rogstégt
invention fRIesenbiwRBlien sheylhespeeiplly substandinlly preveneoratdeashercatly eeducon
accordi ngl y tRE Reinthion DI RAPSt oA ce[tﬁ?ﬂ%ﬁaédriﬂg rgchRRitioh SsinGPhkhi8&al Wi ch
conprises thermal . treatpent of ghe ca allyst t "above 12QC in the 15
presence of ‘&’eg;ét"éﬁ Pgéﬁ?%‘ﬁ&s? %40 1Adue Sﬁéﬁf.%CtTﬂ% the geiHaaes Bischanigal
prefer albl y citatsky ofahé baalysthwheradt ad y&bts?qmﬁﬂ'y feusad in thashtegRled srbedsk of
original activity, .20 |In the nrocess of.t resent invention, it is
possible to tbgg}é%%r}té?‘éengf)??oerrtﬁ%g’fl fltxllosr{%fanﬁk Swder formas are used in
suspension or catalysts in the formof shaped bodies, e.g. extrudates,

packed h@ a fietade PGt tﬁit_ tﬁﬁt(ﬂ';rjé@tissa&gé%a%glth@ 08 JFRBOERserft ifkentish & NI €SS
steel or Kanthal, or packing of coated catalysts conpristng an I nner core
of Si@, a- AfPQ(?S,en§§tﬂftﬂ1fg¥%Pl‘g“a‘Faé"}1Y1%d Ti 2 or steatite and an active catal yst
shell 25 conprising a zeolite. If the catalyst has been used in the
suspensi on dep it fi rst.lo}{ has .t o, be se(}i)ar at ed ffﬂomthe reactior] sol ution

by a separat IEpeS, Igend fASFR1AEL, RrQyi SchPIOCFSi It tseeneiatine g zeqlite s
partial |y demcilyseavhkichpohpeses thatmat ateatnyett of bicaéaaigstian abbves1202¢ inahe t hen be

30 regener ahﬁgsgn@gf5éa%%§fe%r°¥’§$’§g@§%g&‘t glll.evat ed tenperatures during the

regenerati o rocess®are pre arered out in rot ary tube furnaces in
the case of such pulverulent catalysts. In the regeneration of a catal yst

which is usefhd Roddd@atioAURRE SR rdBEnosBRES IHat R caPliRE RIpBAG Gt ledstdisegn, for
t he purposes qf coupling.the
of its original activity.

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,, a-AlLOs, 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 regenerated. 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.



“reaction in the suspension node and the regeneration process of the present
35,invéntion, to renoving part of the at |east partially deactivated
.catalyst continuously fromthe reaction, regenerating it externally by
means of the process of the present |n§ent|on and reintroducing the
regenerated catalyst into the reaction “in the suspension node. -3 Apart
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The process %wﬂuwmﬁ present invention is partlcularly sui tabl e for
regenerghion in a fixed-bed reactor, especially a tube reactor or a
shel | -and-tube reactor. The terns ."tube reactor" and._"shel |l - and-t upe
reactor” refEte tegenssatign of theguesent inventign proqeeds essgntially identically indhath of

tubes, wher ehé Fggehétafion 6BpulbEvMRNEEWal9stO a6d BRGtEDBratibh@f catulys:s imklgapkd xed i n
space rel atltxée to one anot her, preferably have a spaci ng between 20 t hem

and are pref ny surrounded by a jacket (shell) which encloses all the
tubes. In this way, for exanple, a heating or cooling nmediumcan be passed

t hrough,the Tﬁgokesg%fttgégreg%ﬁt ﬁlygﬁﬁ)n‘% %aptﬁ:lu rgdtagl%%p%g(éﬂ& ‘gT and t ube

Furt her nor e, ubes w t hi ube reactor
reactor 25 fikadched; rgagien feapagially abﬂﬁb?d?%@rhzt\ﬁes@lll-@dgtﬂhe macmreﬂ@fr ey from

about 0.5 tO‘t&b’% tdactorMBAE “El{eﬂf-aﬁ{dat%é' réa[c&ﬁ” RefeP t&%aﬁll@lngssbﬂbﬁé’sf bf Gdahar from
about 8 to 1 The cataly eeralﬁ%/ remain t he reactor ring

regener ati orf a‘TiP’FéS B fhee ts""tb Where dht by SAR | YF 83Y, CESE SeioNe ABF oy ed
for regener atibéigarz €ixkd e sgaet adlytivesto one another, preferably have a spacing between

20  them and are preferably surrounded by a jacket (shell) 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 preferably 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 so that the catalyst in the interior of the reactor does
not become 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



30 located in a plurality of reactors connected in parallel or in series or
(af least partly) in parallel and in series. The regeneration of the
present invention is carried out at above 120C, preferably above 350C and
in particular at from400C to 650C. 35 Ihe regeneration gases used are in
principle subject to no restrictions a5"long as the regeneration can be
carried out so that the catalyst in the interior of .the rea%}or does not
become so h gedy fhes SP’E“‘%*OP b r SXBIOHES e2aSc SHBINLES df BrEVEH ﬁﬁec
deposits pregdetatibh @gaeosmprises hiyh@gpRrFhestgdnetation i9prefdiable ahdleddtut snd/ or

the reactor js/are - a the formation of, expl 0si.v S xtures is
prevent ed ar‘%ic]]ﬁta}e'nhé)? S?(ggagﬂve%?%ﬁetﬂ%ﬁen&%atggﬁ%Hcgeé‘gei]%égﬁg@ to%lqgé’r%rg%ﬁaeb:f}ét lon is
pref erably awtmoegithan 0¥ is farated avithin thewatalyst bevhi ch t he tenperature is
increaseg by from10 to 20C, preferably not nore than 20C, is forned
within the catalyst bed. 5 1n a particularly preferred enbodi nent, the
regener at i oD g PaisHisrly srsferrgd (sambodiment; dlee Ereengration &as SPMPHFHoPABPD X de

and hydr ogenjiodide @24ydfopsh d?Qashdd diokille ARIMRYdISEdNDAin Wath) chde pdsedlE @nt ent  of
CQ2 and/ or fhc:édr o%?n dU{hlzggt e r?%ﬁg)?mlal%a/ WS fromO.1 %o 100% b% vol une,
preferably FPBIEISN#AhGH, Hhe oo (08 hydrgegh d¥TinelF PSEPIATY t 0 5%
by vol unme. Théonednerl@Voby gaknraypreferablgeront Grfipto 2026 dyhelumeand npases,
e.g. nitrog ) argon or helium hydrocarbons such as
met haneigr Z)?%fgﬁgwaiﬁ%nﬁgt?ﬁr% Wéﬁé@% 15 The zeolite catal ysts regenerated in
the present process are subject to no particular restrictions. Zeolites

are, as is knWagerfefatdhadak kg, Alrthd} BARPlideCohESinkA8G:, 8ldaliRfbeg Nddbie! and
20 cage structures in which rp qQr es, ef erably’ snal I'er tha(P about 0.9

crop pr

nm are pregéﬁﬂS.SU%%sarg%@mmﬁwémﬂrbﬁaw &§ mehaggior ethape and mgteral ang

Al 04 tetrahegdsa joined via common oxygen bridges. An overview of the known
struct ug\gs may be found, for exanple, in WM Mier, D.H dson and Ch.
Baer| ocher, "Atlas of Zeolite Structure Types", Elsevier, 4 " Edition,
London 1996.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 in which micropores, preferably smaller than about 0.9 nm, are
present. The framework of such zeolites is built up of SiO4 and AlO, 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(IV) of the silicate lattice has
been partly 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 405 978.
30  Apart from silicon and titanium, such materials may further 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 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.



25 Zeolites in which no alumnumis present and the Si(IV) of the silicate
lattice has been partly replaced by titaniumas 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
exanple, in EP-A 0 311 983 or EP-A 405°978. 30 Apart fromsilicon and

titanium s material s .may further c ri se _addi tional | e t.s such as
e o ot (i e e, agictiar Bhec BRRE B SN e BR of BiCRES o et
anount s of fandgoksikle waystoli prepathg tlenc atealeyaritedynfor ekample, jor Wie9#(H5328,
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titaniumof the zeolite can be replaced by vanadi Um  zirconi um chrom um
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silicon and ti.tani um and/ or, vanadi um and/ or j rconi um and/ or chrom um
and/ or i obilhii REOWBHBH ARy 20 B Fh O OIS B . Hertiiedby, ' ani um
zeolites, | Mmemstoftal partitdias X-tagvdififfacionr patterh amitlr aisd thyemehnd lo€ Ibfiicet ype,
and possi bl e.. f.. RLe i.n hem ar. Crj xanple, in WO

98/ 55228, W@éﬁ‘b%ﬁﬁﬁs ey 8?‘6‘%5‘8’5?‘%&‘%5 XF@ §{.L%%g‘ét3f9§(§ ciip: A %85%?8,
whose r el evahstingoishedfrom akali metabhiiangtas pycrystalding endamdrphypus Efrphases. i nt o
the presgnt application. 5 It is known that titaniumzeolites having an Ml
structure can be identified by, neans of a particular X-ray diffraction
pattern and Shesdiciixamplessare titdnigms, Germanigmay teHurigan danpdiumhechromium-s 4

regi on (I R) rdbbiaodhd Hi8oniiin-contiiing Z8olitay Bavidi St pentidil SBektelstatiued, K@l i

exanpl es. ar it B ped assigiodRirey SRR T RO A B Y AT S AT
ni obi um andAELy AN, AET0AFGI ikig AZ®Y| AF@s ARy i AXS, AAPENARXI, IAE¥,0AH(Te
the ABWACNARFTC: AT AL A T RS RS PP AP AN ARV ML TIRT Ak,
AFY, AHT, 1BQANABPARBREBPOANTASACK], GG Cfs CHAAT CHITCLOMWMEONARKL, BEA,
BIK,  BOG Bikc, Bitsr, SAD, B3IAS DOH, DO EABSDCHMTCHPL, RO ESENEUBZP,
DAC, DR DRG D, B oV &b P er 3, FE 1mfkm X, T, Lo,
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, OSI,
PAR, PAU, PHI, RHO, RON, RSN, RTE, RTH, RUT, SAQO, 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, SSZ-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-2”, “TS-3" and also Ti zeolites having a lattice structure
isomorphous with B-zeolite.

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.



FAU, . FER, G S, GVE, GOO, HEU, IFR 1SV, ITE, JBW KFI, LAU, LEV, LIQ LGS,
LOvV, LTA, LTL, LTN, MAZ, MElI, MEL, MEP, MER, MFI, MFS, MON, 20 MOR, MBSO
MIF, MIN, MIT, MITW MMV NAT, NES, NON, OFF, OSI, PAR PAU, PH , RHO RQON,
RSN, RTE, RTH, RUT, SAQ, SAT, SBE, SBS, . SBT, SFF, SGI, SOD, STF, STI, STT,
TER, THO, TON, TSC, VET, VFI, VN, VSV, WE, WVWEN, YUG and ZON structures

and to m'xe stiuc oV n d
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SSz-24, TTM1, UTD-1, CIT-1 or CIT-5 structure. Further titanium
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preferense infentiod @ihytbe MadeZsfahd fotlowidPalkégsan M-I, MEL or mi xed MFI/ MEL
structure. Specific exanples of further preferred Ti zeolites are the
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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



.15 cycl ododecatriene, stilbene, diphenylbutadiene, vitamn A,

beta-carotene, vinylidene fluoride, allyl halides, crotyl chloride,

met hal |yl chloride, dichlorobutene, allyl alcohol, nethallyl alcohol,
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al kene is prubR¥REVieYPIEhs aqthraapinep gg)scegflslghvgnﬁpgg@manpﬁﬁ}wqﬂgﬂgﬂﬁ term
" hydr oper oxilndistrizd ChemistisEss™ Bilitiohydolaper 18 paigs 44hed 486.ng hydr ogen

peroxi de. 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. Rbfdeogencrsronige ben alsdehe dhnined dypinedict exid@®nDi w0f2@FHH 1o and t he
prior afg cCighefl ASRlighfufibeadiy MRHCHnRRLAE e ‘é&ﬁmc]%? %&geﬁp?{ e for
exanpl e, by ans of the anthraqul none process by which virtually, al
hydrogen perc8tkpde Hlrolysa gt thie rerprogisupfuge agid then kadewagsraneulisicaicid i c
hydr ogenat i @ahpdrogéh penbxideand sudfieicGoid) Mhivh it thus fedoverddt he correspondi ng
ant hr ahydr oqui none conpound, subsequent reaction of this wth oxygen to
form hydrogen peroxi de and subsequent extraction of the hydrogen peroxide
fornmed. The Iciabfbcgessalsy positilstocpropare hiddropemnperexidée fronothe ebdments. of t he
ant hr agyi none conpound obtai ned back. 5 An overview of the anthraqui none
process Is given in "U | mnn's Encyclopedia of Industrial Chemistry", 5th
Edi tion, VolBehere the ujraefdydiogentnsrargds ing pogness plthesinvmtionnit i pessible _
obt a n_eghby_t@rff&l, Cfopékﬁﬁfalbf"at wnn%bh]lccidl'lry' Svaiabid %ﬂr%ée% pabRide MR 8¢l furic
actd w Slurrlgestir?lgﬁoﬂ)%s.e %ngei\lzﬁ)rl]e %etﬂ&%r gr%? r%nt%r aiia,e 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 is
smaller than or equal to 2.5 x A2, in particular less than or equal to 1.5 x A""2. 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 is
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.



cathode, Hydrolysis of the peroxodisulfuric acid then |eads via
peroxosulfurlc acid to hydrogen peroxide and sulfuric acid, which is thus
recovered. It is of course also possible to prepare hydrogen per oxi de from
the el enments. 15 Before the use of hydrggen peroxide in the process of the
invention, it is possible to free, for®éexanple, a comercially available
hydr ogen peroxi de solution of undesirable ions. Conceivabl e nethods are,
inter alia, those described in, for exanple, WO 98/54086, DE-A 42 22 109
or WO 92/ 06Th@k pieferied fepbreiratinm prosess maﬁicﬁﬂ)e:crtyopxre&fwh ¢ faﬁ?éreaﬁﬁprgsee tigeal t f
resent in h per.pxide solution fromthis solution by neans o
Pon exchangéﬁﬁﬁoéﬁ %%ggpfﬁ&@rﬁ ving at | east one nonacidic ion exchange
bed having a cross-sectional area A and a height H such that His snaller

than or edual 108 Sobil $@redeBRHGEN RENbABT it AgR(gL cqual to 1.5 x

Al12. For the purposes ©0 re I nvent I's in principle
possible to use &9) Cﬁ@ﬁﬁemﬁgéhez‘@ta}lﬁﬁOb%ﬁéﬂ’gétebé@)sordbﬁ‘ﬁm@) ng cation

exchangers and/or ani on exchangers. is also possible to use bot h cation

and anion e han ers thin an ian e ha e In a
preferred e m DPY ONGE AGUR,DE; %ﬂ%ﬁo‘ﬂ C%E?d 3‘ é‘Fd S?/Bgé fat Eli‘fhl oni ¢
i on exc hangbbglnmngsbaj théd-meditecatgdystfte be negenemtegl iv gendrallyus catglyst whish ds i on

eXChangfar | RELA dncat] (?}E)*ﬂ%l&]r&; aﬁ{(@?&% e By RaARidh 8‘1“‘&8%}1]1?8&8 %{19 c%g e 0R1dE 30

particu y prefer I ¢ ahi on exchanger. a I'cul ar
preferred eptferabera rea@tm;l m@danmt qontinwausbi apd @vwdms te bp rrmsmtedf asra

regenerati ngesﬂltzcﬁoé gk ﬁfihéti\bh%t AsV\ﬂﬂHFcQteQOJHB% Sﬁé rEék‘?leﬁti%Hsot(tiﬁ &)trékeﬁfl)

bel ow. 35 wash| ng t he zeolife catalyst wt Ing the
washed zeol F’E‘@HE%‘E ‘éllif‘%{e aiﬂy ‘F"F’B owin thy rfﬁ?}@f Or(r37°tﬂréé‘ﬂ P‘%@c}‘t‘g%r@ﬁl%o at al yst
(4) regener gid algerieheitl e dyddpeiiie)is thdpresamaa of tie catalysoaebsregenaaddig to the
present. i nveption, 8 This preferred regeneration process particularly
prefera ]b#’ UP A 03 rises the additional steps (5) and/or (6): 5 (5)
cool i ng the regenerated catal yst obtained in step (4) (6) conditioning the
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of an 1ntegrated 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.

€y 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 are 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,



beginning that the zeolite catalyst to be regenerated is generally a

catal yst which is 10 used in an oxidation of an al kene by reaction of the
al kene with a hydroperoxide, preferably a reaction carried out
continuously, and now has to be regenergted as a result of a drop in
activity. As indicated above, the regenération of the present invention is

preferably carri oMt s hn the reactor or. reactors.in | ht@e action of
the al kene with ?‘W@’P’kz@f%ﬁnag ?'rc'?"?aﬂgﬁp??;bélg}%g Bl ﬁg&h@t ap s?tﬂflSn%e
regenerated is Jywml,sor ketomdsesiichuds. adetona, Pdntdnene, arephybSriitancnay Dy
preferred enbodi ngl } X o)t r | nt egr at ed
system i ncl udi ng t.q%n%r})c??_;tegﬁ%&?{, F?‘elﬁgtglgﬁ gé&gﬂr“%%uagl[a cg%lgﬁémaggnér'egener ation
according to the present invention, since this node of operation 20 allows

a cl osedssol vent 1giHeCddtvent bitdadyaitoNBe@fin tHaSreZ&RNi ik %nﬁ?&lyéh e Eol‘()’%ﬁtkfoﬁ
e e of the

solvent The first step of .this enbodi nent of the regeneration of

present 25 i nveﬁYarSEWch?nb'i‘tF@Z@tl?fi F%?qr?lnﬂﬁfgﬁ?‘ilglet‘F?éfﬂﬁ%d%t“f%%ﬁdeﬂltééh%l yst

W t hI a ﬁoldvent : Eogzehhiﬁd@cbﬂemsre,ﬁdnhmd nfor Qd()l‘lll,ic oM defirddh evifle adereaiks .
nanmel y hydr oper oxi de nd_organi c_caonmpound, .is first interrupted. As
solvent, it is po%rgP%rF%I? Sné %?gera lﬁpegagrf]%’ 1f PTRRTER Wq?hlqgelgﬁggéef%’b'
reaction product coftinued witildhe icontent of tdaction pedactlins thel washingsadtvpy o
Preferenge 15 Ol Ribw QobSrifle SHEAL SALECN! 3 et CALER B4 I8dd'RLP

consi sting of water, alcohgls, preferab }g/qrret anol, “al dehydes, &4cids, e.g.
formic acid, acetin@godystion ahhydsepsspeide.dhe deedstogk and thesolveniefithe reapidons

hal ogenat ed hydr g¢ aft&fiisted &fdr tHEEALHicn Ald e GRrSRICHEMbE solvéRieF RAGEngRY be
made to WD 98/ 55228, V\ho‘?ﬁ% gel .evggi)regontents.are f i ncor por ated by

ully
reference into t HRCHPRSE RigicH Freness's givendp g the syng seivens 1% ng
sol vents whi ch arke ghctémachndffonehsiong thg catlyssol vents in the reaction, e.g.
t he epof dation of olefins using the catalyst to be regenerated. Exanples
of such Solvents used in the epoxidation of olefins are: water, alcohols,
e.g. nethanol, etlhgnduration pofoghenavashing ppropedvas | is - Sibjectrgo hyo -restictiqmnol |
1-but anol, 2-but %ﬂﬁbugﬂelﬁi&e]ﬂ}ﬁ@gﬁ%ﬁi@ﬁﬁfe?Xﬁ(?ﬁ'lﬁs vyt Bstant R rdtRhANEF Such

as acetone, 2-butanone, 2- yl=3-butangne, , 2- pentanone, 3-pentanone,
2- et hyl - 4- pent arBhEsagHRR RIPEPRE therpsganic deposits are advantageous.

20 (2) 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 temperature 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 suitable 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



5 If .the solvent already being used in the reaction is enployed as sol vent
for washing, its introduction is continued and the catalyst is washed with
the solvent at generally from40 to 200C, if desired with increasing
tenperature and under superatnospheric pressure. Washing is preferably
continued until the content of reaction product in the washings drops to 10

below 1 % of the i.nitial value. .lf i f.ferent spolvent i 0 _he used, the
"htroduct i on of i dreisires Rbiborinta By el Ehikay 8P EHetgrpalite 8F ol
reaction is int dheimproductwintcedigas for drgagt i on and the introduction of sol vent
for washing is commenced. Particular preference is given to using the sane
solvent for the reactjon and for washing the catalyst. 15 The duration of
t he washi ng pr ocdduiudplyshestdpring thisostep, it is popsibleite pac eithgr aigasigha Havids i vel y
Iong w?sbl n?htl ESr @dth ﬁl@w&hﬁfm sﬁélb@f(tj@ﬂﬁb% ?éacfo?.@!%%erféé is gibéh foe\ﬁ«;ﬂfgfﬂ
product or e organ eposits are adyanta : ying o e
Paohed zeol i te cARRYr T empsin it Gt SRR S Sand sl BefepPuaersoon
washed, the sol vemigewbede 1 50°dr. ai ned or punped fromthe reactor. The porous
catal yst then still contains considerable amunts of adhering sol vent
which is nostly renmoved by drying in a gas 25 streamat from-50 to 250C

Wi th the terperathigating obthelssiedgatalyst he vicinity of the boiling point of
the solygnt at the respective pressure. The tenperature is typically in
the range from 50C be|l ow tg 50C abov% the boiling point. 30 An inert gas,

e.g. nitrogen, ar¥fs drying, %ﬁﬁﬁ@éﬁéﬁp g yeacnerated igdeatede{big hwating¢aabe or

nat ur al ga_SI_ A is l@ﬁﬁ%ﬂaddtébytmleﬂleﬂﬁﬂs Qﬂw«rﬂ% tlrlillfsefsﬁm%ﬂqﬁ tiéé afﬂ,i w]gn He@ting!Si Ing o
ni t rogen. e solvent; en gas s f. ei ther disposed .o or __.exanpl e by
bur i ng i n ot 1 arEciotgply etk et il the g ohe SHERR g e eRispe 3 b

wor k- up of the r edcegeonCos coigant, nethankeethareceswturalrigas.he oxi dati on of an 35
al kane d the solvent present therein is recovered. In a preferred

enbodi nent, washing is carried out under superatnospheric pressure at a
t enper at ur e abovdntheagiularlyg ppdemed embodisnens| efethe arasessapf gdhe Mewnhi ng of f

the solvent, the jp@5oH! Be icataly3Hidd6chtdPinSHE fulRB of 4 IsBEN-ahd ibeRBdctor: D
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.

“) 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



of the solvent is vaporized by the latent heat of the reactor before or
during: the introduction of gas for drying. To supply heat during this
step, it is possible to use either a gas or a liquid, 5 for exanple within
the shell of a tube reactor. Preference is given to using a liquid for the
tenperature range bel ow 150C and a gas']f T the tenperature range above

150C. (3) Heating,of the i cat al yst Af t er i ng, the _catalyst to be
regenerated is hg]é? 8@?@%ﬂ;§rﬁ€i§tﬂuﬁ%°%’aﬂnég am@&?‘isiogloal gé}gergyplgfqra tthods
known to those sisainkesblvemt tWiticlarhias beer hustbdor thg repctidre balibly washing tharri ed
out in the prese : f1d S 1.3 0 n, CO2 . argon,
net hane, et hane g&%&rl?;éﬁdﬁgﬁhg:gga@aﬁgl 4oﬁgg§uﬁg%?in§eu 2P ,yarepqu%*%d?%odthg%e I ment
of the process ofgas Hlovingpasitthe icatalsist pod the: nertegasatrpam lader! withtsolivenh t he
tubes ofsa shel | -apgr fu %s&@%ﬁfo%%h the cabliysp Heﬁ?%@rs%’lve%lbl%lo%% gh% ethe

I ntroduced into the systemyvia the space wthin the she ating
rate has to be seloBERGHowpok theiconditiontneceastase pelesipd so shat RocHwsPePiadlSt r esses

occur in t?e) r eaqieqk -tePﬁpBﬂaﬁﬁ? Swats g thgt@sa.lﬁlt.e The g!élnp@ra@dre qfnﬁieasé Qs

0.2C mn. (4) Regeneration of the t cat st neans o rocess
according to pr gg%ﬁfa%fyn(}%n’?’]oﬁenn'?gh@eéraé’aﬁ?lgl?%ﬁe%){%’f‘petrﬂgmc%ﬁ &165%‘3@? as
descri bed in det diansfenmetismg rees enthe spagel witlih itlenshell ©f a tteargacot | y carri ed

out. (5)pCooling of the regenerated catal yst obtained in step (4) 30 After
conpletion of the regeneration in step ( the regenerated catalyst,

4
preferably the ertfterdhe Hheraden of hept ﬁlh%ab%%fiaﬁ@ supply ebeanditioning gasewith
therein, can be sgReheR nferRipbidesRdi Baitew bly3the (fRedBRAGELIGNIHT Of

Lot B Lttt BB TGS Bed o Slponielat af v o b ¢
additionally conditioned to renove the heat of sorption of
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.



the solyent or the starting materials in a controlled nmanner before reuse
of -11'the catalyst. For this purpose, small anmounts of a sol vent,
preferably the same solvent which has been used for the reaction or for
washing the catalyst, in particular aqt | cohol such as nethanol, are m xed
into the inert gas flow ng past the cat@al yst and the inert gas stream

| aden with solvent 5 vapor is passed through the catal yst bed. The sol vent
content and the volune flow of the conditioning gas are selected so that
no unaccept dxamplgseak tenperature occurs in the catalyst. The tenperature
increase is preferably not nore than 100C above the nmean tenperature of
the heat transfer nmedium e.g. in the space within the shell of a tube
reactor. 10 Es@m®lelhe |iberation of heat has abated, the supply of
conditiopging gas with solvent is interrupted and the reactor, preferably

the fixed-bed, reactor, is wth_ |iquid, and i 0 rec nnenced.
15 I'n the opt hstﬁ%ﬂgeg%%lﬁgateb)ﬂ @Hdd o pyyverght o etaaméeﬂp o lhé% weieht
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y'1s y retarn e enerati on
regener at i omfﬂap@aeﬂwr@actomaqo@tég@nd i nvention can, when using a fixed- bed
catal yst, be carried out in the reactor itself without the catal yst being

renoved; 35 _the sol vents n the regeneratio [ ss aof, the present
i nvention camepkeeenerated cata yst %ad a carbon cgntent of only 8 3&) %y weight. In the

above-defined standard activity test, this catalyst gave a propylene oxide content of
20  4.4% by weight.

Example 2

A heterogeneous catalyst (60% by weight of titanium zeolite TS-1, 40% by weight
25  of SiO, binder) used in the epoxidation of propene to propylene oxide was
removed from a fixed-bed tube reactor after a running time of several hundred
hours (850 h). According to chemical analysis, the material had a carbon content of
1.2% by weight. In the above-defined standard activity test, this catalyst gave a
propylene oxide content of only 3.6% by weight.
30
In a tube reactor (length: 200 mm, internal diameter: 50 mm), 30 g of this material
were heated at 600°C for 2 hours in a stream of 90 I/h of nitrogen and 10 I/h of
CO,, maintained under these conditions for 6 hours and cooled again.

35 The regenerated catalyst had a carbon content of only 0.1% by weight. In the
above-defined standard activity test, this catalyst gave a propylene oxide content of

4.3% by weight.

Example 3



identical to the solvents present during the reaction and can all be fully
circul at ed. The invention is illustrated by the exanpl es bel ow. -12

Exanpl es Exanple 1 5 A heterogeneous catalyst (60% by weight of titanium
zeolite TS-1, 40%by weight of Si02 binder) used in the epoxidation of
propene to propyl ene oxide was renoved-froma fixed-bed tube reactor after
a running tinme of several hundred hours (850 h). According to chem cal
anal ysis, the material had a carbon content of 10 1.2%by weight. In a

st andar d actA hetesogersius astalyes@OLbbyl wieiphDbf fidhb Gdolite TSelx 0Pl By ®@ight hi s

catal vt v S ARG R CERNTR OB o0 BRI L 10
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1/h of 15 ClRurs 5@h?'ﬁ(h‘%grdi&'i§iﬁ)rcht:ﬂl@@d? étth@ﬁiﬁtehgf hddl 51(9&1'5&1 &t 8p! ed
agai n. evoijjtl on e.reactor was.observed. The regenerated

n
catal yst had-&°d3r W6i# E()Iﬂttgﬁtalbe‘f’e efinpdost aciiviyHest s cal@lysh8avred def i ned
standard actpropylahetoxide conbdns of il l3)6% bgaegehd. pr opyl ene oxi de content of 20
4. 4% by wei ght. Exanple 2 A heterogeneous catal yst (60% by wei ght of
titanium zeolite TS-1, 40% by weight 25 of Si02 binder) used in the

epoxi dat i on Infa putepemnetor dlqugtipy26enny isternsh sliarssten e4) ) m8A0 i e thibed t ube
reactor,gft ° r rdi ng
to cheni gal F*%a&aﬂ@;‘f’%k Wl BE 4 30°C R Rbur? 1] B 1 000 1P oged B8\ 00 08,
In the abovdO8ddh %@%t@ﬁ@éﬂi@da@ndevmm wcenditionsnfos & hours yand cgaled again.
propyl ene omNdslevot@iinestthed inAheé deadoPHad¥bsepbedNt . 30 I n a tube reactor
(length: 200 mm internal dianeter: 50 mm), 30 g of this material were
heated at 600C for 2 hours in a streamof 90 1/h of nitrogen and 101/ h of
C02, muai nt aiThedregebested leatmbyst badia caxbsn fcontefit bbuhgr an% byakzaghtagﬁithe 35 The

regenerag ed a%%eahgf%ed@?a%d%d %{19?{" tesP nhl(sa @;[tta yfst é)ar\]zle% propy en%yox\‘\@e &)n ént oF the
4.9% by weight.



.above-defined standard activity test, this catalyst gave a propyl ene oxide
content of '4.3% by weight. Exanple 3 - 13 A heterogeneous catalyst (60%
by wei ght of titaniumzeolite TS-1, 40% by wei ght of Si 2 binder) used in

the epoxidation of propene to propylen OXI de was /!%xed- bed
tube reactor after a running tine of sgver al hundr ed ??ﬁg%@?g]@ :

According to chem cal analysis, the material had a carbon content of 1.2%
by weight. In the above-defi ned standard acti vi ty test, this catal yst gave
a propylene oxide content of only 3.6% by weight. In a tube reactor
(length: 2000 mm internal dianeter: 40 mm, 800 g of this 10 materi al
wer e heat ed We clhHdC for 2 hours in a streamof 900 1/h of nitrogen and 100
1/ h of , mai ntai ned under these conditions for 6 hours and cool ed agai n.
No evolution of heat in the reactor was observed. The regenerated catal yst
had a car borl.contAmrocsdss dot yeg@nds8giby aveealiie .catatyst,hwhichSconrises dbérmabd
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regenerating a zeOmprisingdydrogen. whi ch conprises thermal treatnment of the

catal yst at above 120C in the presence of a gas stream conprising
hydrogen 1 ?\process als clail d i | ai.m 1, V\/nerel n tg %)s stream
furthert |se ERSSSHF Y B CAm Y Whegrn Cr QOMPIRss as
cl ai med | n cl ai mAO0pandZor (Vﬁémedditlbm&) neleddene cat aI yst is a titanium
silicalite having an MFl structure. 15 4. A process as clained in any of
clains 1 to 3, wherein the regeneration is carried out in a fixed-bed
reactor. 5. 3A prdtawecess aglcldimed inrclaitmil ner42, whetewn thet reolits ratalyslets a eact or

is a tube 20 reaghRimAiliRlikN BV nAMEYRRudGERCT Or -
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4. A process as claimed in any of claims 1 to 3, wherein the regeneration is
carried out in a fixed-bed reactor.

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

6. A process as claimed in any of claims 1 to 5 which comprises the following
steps:

25 (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 as claimed in

any of claims 1 to 5.
30
7. A process as claimed in claim 6 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)
35 (6) conditioning the catalyst obtained in step (4) or in step (5).

8. An integrated process for the oxidation of an alkene, which comprises
reaction of the alkene with a hydroperoxide in the presence of a zeolite



6. A process as clained in any of clains | to 5 which conprises the
following steps: 25 (1) washing the zeolite catalyst with a solvent (2)
drying the 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 claimed in any of claims 1 to 5. 3 57, A process as clained in claim®é6
whi ch further co {.ses at .l east one of . steps (b5 d (6) below, which are
carried out aftegg@yéga?(ﬁ§9bs‘fq§§entzBe(gF?‘?{@u‘?Ih%F&’gd’éﬁéﬁgS%Ege@é? 3?%’5@5’5? ai ned
in step (4) 35 (6 ckhimed in amyiofgldithe 1¢@afal yst obtained in step (4) or in
step (5). 8. An integrated process for the oxidation of an al kene, which
conprises reaction of the alkene with a hydroperoxide in the presence of a
zeol i te - 15 %at al4 procagscslaimed i alaim &g svherein thsrregdnerdied eatalsstyis reused neans
of a progess as {5 @b p&REtibM oMY affené hWathThe BydrBpetoxide. A Process as cl ai med
in claim8, wherein the regenerated catalyst is reused 5 for the reaction
of the al kene with the hydroperoxide. 10. A process as clained in claim8
or 9, wher eilo. t he\ pitdcessasichiped peciaing 8 dr Onehereitcihe pikeax idropenehindithgen

per oxi de. hydroperoxide is hydrogen peroxide.



