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t enper at ur e fok tad oxidation of organic compounds in the liquid phase, where, in particular,

the epoxidation of organic compounds having at least one C-C double bond using a
hydroperoxide in the presence of a zeolite catalyst is of importance, decreases with
advancing experiment time, and the corresponding catalysts then have to be

regenerated.

Accordingly, processes for the regeneration of zeolite catalysts are already known
from the prior art. In this respect, we refer to WO 98/55228 and the prior art cited
therein. Within this prior art, basically two different procedures for catalyst

regeneration are proposed.

1. If the catalyst is employed in suspension, it is firstly separated from the
liquid reaction product and transferred into a regeneration device suitable
for regeneration, where it is regenerated by thermal treatment in the

presence of oxygen;

2. If the catalyst is employed as a fixed bed, the liquid phase is discharged or
pumped off, and the catalyst is regenerated either in the reactor itself or in
another regeneration device by thermal treatment in the presence of

oxygen.

WO 98/18556 discloses a process for the regencration of a titanium silicalite
catalyst in which the catalyst is flushed with a gas stream at a temperature of at
least 130°C in such a way that the weight-based residence time of the gas stream
over the catalyst is less than 2 hours.
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We have found that this and further objects are achieved by the process according

to the invention for the regeneration of a zeolite catalyst.

The present invention accordingly relates to a process for the regeneration of a
zeolite catalyst which comprises treating the catalyst thermally in the presence of a
gas stream at temperatures above 120°C, the weight-based residence time of the
gas stream over the catalyst during the thermal treatment being greater than 2
hours.

The term “weight-based residence time” used in accordance with the invention
denotes the ratio of the catalyst weight (Mg divided by the mass flow rate (Mgases)
of the gases used in the regeneration.

The regeneration according to the invention is carried out in such a way that the
weight-based residence time of the regeneration gas is greater than 2 hours,
preferably from 3 to 10 hours and particular preferably from 4 to 6 hours.

The process is generally carried out in such a way that the pressure loss over the
reactor is not greater than 4 bar, preferably not greater than 3 bar and in particular
not greater than 2.5 bar.
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Besides the regeneration of catalysts in powder form, the process according to the
invention can also be used for the regeneration of catalysts as moldings, for
example those packed in a fixed bed. In the regeneration of a catalyst packed in a
fixed bed, the regeneration is preferably carried out in the reaction apparatus itself;
to do this, there is no need to remove or install the catalyst, and consequently there
is no additional mechanical loading at all. In the regeneration of the catalyst in the
reaction apparatus itself, the reaction is firstly interrupted, any reaction mixture
present is removed, the regeneration is carried out, and the reaction is then

continued.

The regeneration according to the invention proceeds in an essentially identical
manner both in the regeneration of pulverulent catalysts and in the regeneration of
catalysts in shaped form.

However, the regeneration process according to the invention is particularly
suitable for regeneration in a fixed-bed reactor, in particular in a tubular reactor or

tube-bundle reactor. The terms “tubular reactor” and “tube-bundle reactor” here



is no additional mechanical loading at all. In the regeneration of the
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regeneration gases used so Iong as the regeneration can be carried out in
such a way that the catal n the.nteriqr of the reactor does not heat

up, for exanpleredeRFT Py A o ofrCHREGPR dhcrTied Quf Alglemperatures above
120°C, preferably above 350°C and in particular at from 400°C to 650°C.

There are in principle no restrictions regarding the regeneration gases used so long
as the regeneration can be carried out in such a way that the catalyst in the interior
of the reactor does not heat up, for example due to burn-off of the organic coatings
thereon, in such a way that the pore structure thereof and/or the reactor itself is
damaged. The regeneration is preferably carried out in such a way that a hot-spot
which forms a temperature increase of from 10 to 30°C, preferably not more than
20°C, forms within the catalyst bed.

Accordingly, suitable regeneration gases are oxygen-containing regeneration gases,
for example air, and gases which are essentially free from oxygen, oxygen-
supplying compounds and other oxidizing constituents. If the regeneration gas
comprises oxygen, its proportion in the regeneration gas is preferably less than
20% by volume, further preferably from 0.1 to 10% by volume, in particular from
0.1 to 5% by volume and still further preferably from 0.1 to 2% by volume of
oxygen. Preference is given to a mixture of air and corresponding volumes of

nitrogen.



thereon, in such a way that the pore structure thereof and/or the reactor
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oxygen-suppl yi ng substance, the regeneration is carried out at a

t enper at ur e Therd dre nopagieufar cevtridions tegaiddpGhe Zewitecalgsts ccgpasrhted th the
restrictions [nesg%%ﬂ{er}ﬁessteﬁfa rége%LI te catal ysts regenerated in the course of
t he present proce s nown, zeolites are crystalline alumnosilicates
havi ng ordered channel and cage structures which have m cropores which are
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built up fromS A a AlO4 tetrahedra, are via conmpn oxygen
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Types®, H's eA’l'O?; rtétraiedra wﬂlch a.reolnrﬂ(eg v1a common oxygen bridges. An overview of the

known structures is given, for example, in W.M. Meier, D.H. Olson and Ch.
Baerlocher, “Atlas of Zeolite Structure Types”, Elsevier, 4" Edn., London, 1996.

Zeolites are also known which contain no aluminum ‘and in which some of the
Si(IV) in the silicate lattice has been replaced by titanium in the form of Ti(IV).
These titanium zeolites, in particular those having a crystal structure of the MFI
type, and methods for their preparation are described, for example, in EP-A
0311 983 and EP-A 405 978. In addition to silicon and titanium, such materials
may also contain additional elements, for example aluminum, zirconium, tin, iron,
cobalt, nickel, gallium, boron or small amounts of fluorine. In the zeolite catalysts
preferably regenerated by means of the process according to the invention, some or
all of the titanium of the zeolite may have been replaced by vanadium, zirconium,
chromium or niobium or a mixture of two or more thereof. The molar ratio
between titanium and/or vanadium, zirconium, chromium or niobium to the total of
silicon and titanium and/or vanadium and/or zirconium and/or chromium and/or
niobium is generally in the range from 0.01:1 to 0.1:1.

Titanium zeolites, in particular those having a crystal structure of the MFI type,
and methods for their preparation are described, for example, in WO 98/55228,
WO 98/03394, WO 98/03395, EP-A 0 311 983 and EP-A 0405 978, which are
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LOS, LOV, LTA, LTL, LTN, MAZ, MEI, MEL, MEP, MER, MFI, MFS, MON,
MOR, MSO, MTF, MTN, MTT, MTW, MWW, NAT, NES, NON, OFF, OS],
PAR, PAU, PHI, RHO, RON, RSN, RTE, RTH, RUT, SAO, SAT, SBE, SBS,
SBT, SFF, SGT, SOD, STF, STI, STT, TER, THO, TON, TSC, VET, VFI, VNI,
VSV, WEI, WEN, YUG or ZON structure and to mixed structures consisting of
two or more of the above-mentioned structures. Also feasible for use in the process
according to the 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 having the ZSM-48 or ZSM-12 structure.

Ti zeolites having the MFI, MEL or MFI/MEL mixed structure are regarded as
particularly preferred for the process according to the invention. Preference is
furthermore given, in detail, to the Ti-containing zeolite catalysts generally known
as “TS-17, “TS-2” and “TS-3”, and Ti zeolites having a skeletal structure which is

isomorphous with B-zeolites.

Accordingly, the present invention also relates to a process as described above
wherein the catalyst is a titanium silicalite of the structure TS-1.
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trimet hyI pen@h@f@@ éﬁ%?éﬁ@s,dlv1ﬂﬁgéﬁgﬂ@ C}tclidcﬁﬁgé'ﬁ@ chQbddtecdtfet, CQRGIARS, tri-

and tetrapr Oﬁﬁl H qy but adi enes, yi sobut enes; 1 soprenes, ter

ger ani ol , Ahesyib u@ bWFta‘é‘HbtAat}éﬁta‘C%Yeﬁ?sl @%E%ﬂeoﬂ#‘%fﬂ&n@n}’h% F‘%ﬁent ene,

cycl ohexene crogyl bblbrigd) enetbalzi eheAlE Mechlorobutene, allyl alcohol, methallyl alcohol,
butenols, butenediols, cyclopentenediols, pentenols, octadienols, tridecenols,
unsaturated steroids, ethoxyethene, isoeugenol, anethol, unsaturated carboxylic
acids, for example acrylic acid, methacrylic acid, crotonic acid, maleic acid and
vinylacetic acid, unsaturated fatty acids, for example oleic acid, linoleic acid and

palmitic acid, and naturally occurring fats and oils.

In the process according to the invention, preference is given to alkenes which
contain 2 to 8 carbon atoms. Particular preference is given to ethene, propene and

butene. Especial preference is given to propene.

Accordingly, the present invention also relates to a process as described above or

to an integrated process as described above wherein the alkene is propene.

The term “hydroperoxide” covers all hydroperoxides including hydrogen peroxide,
reference being made to the prior art with respect to the hydroperoxide solutions
which can be used for the purposes of the process according to the invention and
their preparation. To this end, we refer by way of example to DE 197 23 950.1 and
the prior art cited therein.

For the preparation of the hydrogen peroxide used, recourse can be made, for

example, to the anthraquinone process, by which virtually all the hydrogen



vi nyl cycl ohexane, vinyl oxirane, vinylcyclohexene, styrene, cyclooctene,
cycl ooct adi ene, vinyl norbonene, indene, tetrahydroi ndene, nethyl styrene,
di cycl opent adi ene, divi nyl benzene, cycl ododecene, cycl ododecatri ene,

stil bene, d%ppgﬂx* zi@dlene vitam n A, beta-carotene, vinylidene
fluoride, crotyl Ch|0f|§e met hal I yl chl ori de,

di chl orobutene, allyl alcohol, methallyl alcohol, butenols, butenediols,

cycl opent eneRiroxigde pﬁ&h‘?%@d%ﬂdwm idirennoeds This processrisibesed omthet aatadytisd _
steroi ds, ety &feh of Saﬂelégﬁﬁlﬂium(ﬁ‘i@etct}Qbouﬂmst@t Wit Gl CAIRQFHdify  aci ds,

for exanple acr acid, nethacrylic acid, crotonic_acid, malelc acid and
vinyl acetic at ﬂ%‘&’t"ﬂﬂea‘f‘%‘&l"’fu&fi{?l sequgat ref‘?ﬁ"“e')bﬁ‘i?ﬁf With) ygemEq $rm j nol e ¢

acid and pahydrdgen [&ﬁd)dde and sokgucat katnmch thee ﬁ&uit@aﬁﬁly@ﬂiﬁeﬁlpbﬁ)mderb)i he

Contain 2 1 ooaehonie EubBYSARlR i PR i eruiiestidlch DEFS 5S8R, "

propene and artiuagweoncEmmywiuad. pref erence is given to propene. Accordl ngI Y,
the present invention also relates to a process as described above or to
an integrated process as described above wherein the al kene is propene. The
t erm " hydr op@REXeEW eloihe pathrquinepg prsessoisigies in ibiloehn'g Bngpelopgsia pler oxi de,

ref erence beinggstRUEhefstyre SPEdRIonaVblutd 13, bESRaaY & 954.he hydr oper oxi de
sol uti ons which can be used for the pur poses of the process according to

the invention and their preparation. To this end, we refer by way of

exanpl e to DEisARewdise %&eﬁ/abllﬁdo obtagn hydrﬁgenapjdroﬁﬂé Byl cbmeieigsul fopic at:iﬁle
Ur s

t roxid rec
E;Sﬁg[g o Le&gﬁ)t(@{%ﬂw rote brocescs(’x@?ﬁ?/ﬂ"lw&t SW&%?S?‘I‘%IC%}IQ?‘C’% ﬁ‘é(’hﬁydrogen
j PF 0000051t1’<2110’8h¥ﬂ§0@®n déde rydehlysisl ofvthel prapxtelisudfupic eyl eid. pefdniosulfrmcess i s
based on t hea&&&@hgwegh JI%Q&P;Q&%H&Q&H QfifiiR o8 gt %&g% AR GctoqRPuUNd to give

the correspondi fg ant h dr.oqui none conpoun sequent reaction thereof
with oxygen ¥& qfgpHise ﬁlﬁﬁrp%%we Ebe’@Ri“ﬁé‘)’d%?ﬁﬁl E@B&@ﬁlﬁ@m the slegreats. of t he
resul tant hydrogen peroxide by extraction. The catalysis cycle is closed

by re-hydr Og}ger}a reI 8¢ gff h};cr' ggerneperoxnge in the process according to the invention, it is
possible, for example, to free a commercially available hydrogen peroxide solution
from undesired ions. Conceivable methods here are, inter alia, those as described,
for example, in WO 98/54086, DE-A 42 22 109 and WO 92/06918. 1t is likewise
possible for at least one salt present in the hydrogen peroxide solution to be
removed from the hydrogen peroxide solution by ion exchange by means of an
apparatus which contains at least one non-acidic ion exchanger bed having a flow
cross-sectional area A and a depth D, where the depth D of the ion exchanger bed
is less than or equal to 2.5-A' and in particular less than or equal to 1.5-A'2. For
the purposes of the present invention, it is in principle possible to employ any non-
acidic ion exchanger beds containing cation exchangers and/or anion exchangers.
Cation and anion exchangers can also be used as so-called mixed beds within a
single ion exchanger bed. In a preferred embodiment of the present invention, only
one type of non-acidic ion exchanger is employed. The use of basic ion exchange,
particularly preferably that of a basic ion exchanger and further particularly
preferably that of a weakly basic anion exchanger, is furthermore preferred.

In a particularly preferred embodiment, the present invention relates to a process

for the regeneration of a zeolite catalyst which comprises the following steps (1) to
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ant hr aqui none conpound. An overview of the anthraqui none process is given
in "Ulmnn's Encycl opedia of Industrial Chem stry", 5th Edition, Vol unme
13,7 pages 447 to 456. It is |ikew se conceivable to obtain hydrogen
per oxi de by ﬁ@g&ﬂkl sul furic acid gto per oxodi sul furic acid by anodic
oxi dation w simil t'aneous cat hodi c evdl u- tion of hydrogen. The
hydr ol ysis of the peroxodisulfuric acid via peroxosulfuric acid then gives
hydr ogen per oxi de(lgnﬂafgulg@ﬂﬂ@laepﬁiﬂlywwl&ha paveius recovered. It is of
course al so possible to prepare hydrogen peroxide fromthe el enents. Before
use of hydrogen peroxide in th rocess according to the invention, it is
possi bl e, for exa I‘é"qugotmr‘é@?‘ﬁg@@ﬁ%‘ér@aéﬁt)ﬁt é‘vgmp&’éﬂt‘gelﬂfdﬁr@gerﬁop& oxi de
solution from undesirgecons. Concei vabl e net hods here are, inter alia,
those as described, for exanple, in WO 98/54086, DE-A 42 22 109 and WO
92/06918. It is |likewise possible for at |east one salt present in the
hydr ogen per oxi de(33 oheating thetdviedeatatyghoved from t he hydrogen peroxi de
solution by ion exchange by neans of an apparatus which contains at | east
one non-acidic ion exchanger bed having a flow cross-sectional area A and
a depth D, where hercgeisration the heated mﬁysé)bmmgepf pewcessactardingtthghe or
equal to 2.5-A"2 and ifeRat ivesicy, | ess than or equal to 1.5-A"2. For the
purposes of the present invention, it is in principle possible to enploy
any non- acidic ion exchanger beds contai ni ng cati on exchangers and/ or
ani on eXChanDleiE prefeiced repenaratibm picessefufthafi@es preferabladl @led R AuARer
so-called m &d Qfmuﬂm'h?'n a single ion exchanger bed. In a preferred
enbodi ment o I%ﬁ presé invention, only one type of non-acidic ion
exchanger is enployed. The use of basic ion exchange, particularly

referably that articularly
Breferably t hat g? 2“@@3 gggﬁg&gﬂ%%ﬁ§%gg g%geéag§gﬁfurthernnre
preferred. In a partlcularly preferred enbodi nent, the present invention
relates to a proc@yscontiRioningh¢ eAANQIoBLHIRA 1ﬁfste (mﬁllh k@ @g,t al yst which
conprises the following steps (1) to (4): 000051728 (1) washing the
zeolite catalyst with a sol vent

These steps are now described again individually in detail. It should first be noted

that the zeolite catalyst to be regenerated is generally a catalyst which is employed
in the oxidation of an alkene by reaction of the alkene with a hydroperoxide,
preferably a reaction which has been carried out continuously, and as a
consequence of a drop in activity now has to be regenerated. As already indicated
above, the regeneration according to the invention is preferably carried out in the
reactor(s) in which the reaction of the alkene with a hydroperoxide in the presence
of the catalyst to be regenerated is also carried out.

In a further, very particularly preferred embodiment, the reactor is operated as an
integrated system with the work-up of the target product and the regeneration

according to the invention, since this procedure allows a closed loop of solvent.

(1 Washing the zeolite catalyst with a solvent

The first step in this embodiment of the regeneration according to the
invention firstly comprises washing the deactivated catalyst with a solvent.
For this purpose, firstly the supply of the starting materials of
hydroperoxide and organic compound is interrupted. Solvents which can be

employed here are all solvents in which the respective reaction product of



(2) drying the washed zeolite catalyst at a tenperature of from-50 to
250C (3) heating the dried catal yst (4) regeneration the heated catal yst by
nmeans of a process according to the present invention. This preferred
regeneratio urthernore prefergply conprises the further steps
(5) and/or: n%[?w@?é}ol ing the regenerdted catal yst obtained in step (4)
(6) conditioning the catal yst obtained in step (4) or in step (5). These
steps are now destbei ¢adatmgadh thendlkeneluslrbadiiynsalublai Prefereneshulgivehi tost be
noted that the Zé%WénEﬁoFQh@'tXfﬁé SER'CQS fr61d € @r%vfoﬁg domisi o?l\kf%éeta ot al yst

whi ch i s enpl oyed t he oxi dati on an a reaction of the al kene
with a hydroperox@lﬁfélo HF@F@H&B!‘%F 3o} efﬁbfqdéwqﬁhlaérﬁc%s Obé‘féwnﬁlﬁrfoiﬂ@tf out

continuously, andao@di aceu@oaaequeap@@l@mcaaadoa hi"tirll%Ctd \Hytidoch®dh hagl t0 be
regenerated. As al ready indicat bovF the ?IIOI’I according to the

i nvention is pref& 5" @5’?’?15083 Bt qrrgeqqéonrsg S| (APSARFIETENEH &
reacti on of the ahkdne WO D84 RQ8ir whieh dx iedpreksy nﬂimrmrrasdanﬁte thefprésbst
catalyst to be re t e her, very
particularly pref grsé}g{?ﬂ bﬁgv%ﬁ()f%épengﬁ{rms fgg;% %pe 1@?18%‘%% éd as an

I ntegrated systemw th the work-up of the target product and the

regeneration accmﬂsraﬁew BPtd SHTRALS \QHwh%fé‘é]?ea&}‘bﬁp%@&ﬁf’ﬂ%‘?ea%hb ws a
cl osed | oop of salv Viv%shlng the zeolite catalyst_ with a solvent The

first step in thik g@?ﬁ&’éﬂlﬂ@ﬁt Betiqngs SP‘@@FI%F%‘FFBW‘%‘W@Q‘@M sing the

i nvention first Lyca(‘alrysbl”td) SbESregﬁﬁthe’d;l Méagiodeasy lb&’aﬁaﬁiéhlfyaﬁ?y )()tftexhl\ﬂnblé & I f
lvent. For this purpgs u t.he startin erials o

ﬁ;d\r/ggerom ge andsu8$§% ﬁ’g %’8?%[98@ %fé)nﬁ é’?qh%lf@km%lvgtﬁf sal‘fﬁﬂ’lo[:z‘a Yan be

enpl oyed here ar eexamiples miethenels ethanaihil givopanel, rlepropaidly 2-netiad 2-mopgrobduct  of

PF 0000051721 10 fﬂﬁtaﬁa‘i'f%a?ta}{bloﬁnﬁh caﬁdﬁegﬁfeﬂ@lé&ﬁ &&M $0! ks, R gief erence

is given to solvents o type se ecte group consisting of
wat er, an example acetone, 2-butanone, 2-methyl-3-butanone, 2-pentanone, 3-penta-

none, 2-methyl-4-pentanone or cyclohexanone.

If the solvent employed for the washing is the solvent already used in the
reaction, its feed is continued, and the catalyst is washed with the solvent at
a temperature of, in general, from 40 to 200°C, if desired with increasing
temperature and under pressure. The washing is preferably continued until
the content of reaction product in the discharge drops to less than 1% of the
initial value. If another solvent is to be used, the feed of hydroperoxide, the
reaction product and the solvent in the reaction is interrupted, and the feed
of the solvent for washing is started. Particular preference is given to the

use of the same solvent for the reaction and for the washing of the catalyst.
There are no restrictions at all regarding the duration of the washing
process, relatively long washing times and thus very substantial removal of

the reaction product or the organic coatings being advantageous.

(2) Drying of the washed zeolite catalyst at a temperature of from —50 to 250°C

After the washing of the catalyst, the solvent used is discharged or pumped
out of the reactor. The porous catalyst then still contains considerable
amounts of adhering solvent, which is substantially removed by drying with
a gas stream at temperatures of from —50 to 250°C, the temperature used



al cohol, preferably nmethanol, an al dehyde, an acid, for exanple formc
acid, acetic acid or propionic acid, a nitrile, a hydrocarbon and a
hal-ogenat ed hydrocarbon. For details on solvents of this type, reference is
made to WO &ﬁﬁ%, ich is expresslyyq{ncorporated into the present

i nvention bgﬁﬂgy 0 1?%¢erence inits fuﬁﬁ scope in this respect. Preference
is given to solvents which are already enployed in the reaction, i.e., for
exanpl e, functi onPae &b theeicinity ol theebriling peing pfghe spbennatytierpressiee

catal yst to be regsfied ai @dh cARNThORnRYtREs ARAGpiBMIMRhOfeofradIR! sooes such
for the epoxidatiqp of 8H6fiﬂs OB t he Iollomnng: wat er, alcohols, for
exanpl e met hanol , 209VA8RBTOW e bliagpeint. 5 - ohanol , 2- et hyl - 2- pr opanol

1- but anol, 2-butanol, allyl alcohol or ethylene glycol, or ketones, for
exanpl e acet one, - - non 2- pent anaone, .3-pent a-
moner 2ot hyl - 4- Frol AR SenchaliRCaea ol b IR G DER SRR ARL For

t he washing is thagenl ¢Ont hudnogendysyndhedisi gast mecthansacthann, oni natufabeghsi s
continued, and t hﬁef@é@hyﬁt%eglcwih o The tsBR/eﬁtQéh agalisnisathtaﬁ@%é@t ure

of, in general, fr,omg@t}g . 1 f desired wth 1ncre g tenperature
and under pr essur®spopedofdaiixampledypingingration ysipg Adlars o8 fadrniaf a swifable ont ent
of reaction produgding, fortedRemgiesduifiap gorkiup RS theoreh@ton prbodutt fi¥nOihe thagtesd ni ti al
val ue. |f anot herf sgieven& is zo b]% usedd t he feed of %drogeroxi de, the
reaction product ShHRLIAUGPOLAR alkane, ARd the solventpresent therein 5 5e@yerednd t he
feed of the solvent for washing is started. Particular preference is given
to the wuse of t | M5 t hj of the
catal yst. There 21?1 easﬁ%?errgegt ri ctdll%%g’ g{ée?géﬁﬁﬂl%e%%rgg?eﬁgm{t E]Eeld%f[ﬁ g%glﬁ%néto t he
washi ng process, terppturg abgye) thy boiliag pping of thewelvanichindhafter e solwambbasant i al

removal of the rgRatdiRRaRE@AHE bre@furd Rere@i@anh SudPA &AGR tRRIsBRhe of the
advant ageous. (Z)wﬁ%w of the washed zeolite cat atl%st at a tepperature of

from-50 to 250C sdy fYapralgs ¥ tonthe datpud hpat of the geagtar wuen befersy i s
di scharged or pungehiringtiie subplylf ghe frttlos dryibige por ous catal yst then still
contai ns consi derable amunts of adhering solvent, which is substantially
renmoved by drying with

For the supply of heat within this step, either a gas or a liquid can be

employed, for example within the jacket of a tubular reactor. Preference is
given to the use of a liquid for the temperature range below 150°C and to a
gas for the temperature range above 150°C.

(3)  Heating of the dried catalyst

After the drying, the catalyst to be regenerated is heated. This heating can
be carried out by any methods familiar to the person skilled in the art, the
heating preferably being carried out in the presence of a stream of inert gas,

for example nitrogen, argon, methane, ethane or natural gas.

In a preferred embodiment of the process according to the invention, the
catalyst is located in the tubes of a tube-bundle reactor. In reactors of this
type, the heat is introduced into the system through the jacket space. The
heating rate here must be selected so that inadmissibly high mechanical
stresses do not arise in the reactor. Typical heating rates are from
0.01°C/min to 0.2°C/min.



a gas streamat tenperatures of from-50 to 250C, the tenperature used PF
0000051721 11 being in the vicinity of the boiling point of the solvent a
the pressure - desired in each case. The tenperatures are typically in the
regi on of 00&)%§X?210r bel ow the boiljnhg point. The drying is generally
carried out ‘usrng I'nert gas, for exarple nitrogen, argon, CQO2,
hydrogen, synthesis gas, nethane, et hane or naturaI gas Preference is
given to ni t%gen&ﬁﬁhﬁraﬁmotz\mehﬁ gd gatdlyghky meansefip pioctse e sgdedie of , for
exanpl e by inci negaidnPihvesidig a flare or fed in at a suitable poi nt, for
exanpl e during work-up of the reaction product fromthe process for the
oxi dation of an al kane, and the solvent present therein is recovered. In a
preferred enmbodi et regéﬂwatim&fﬂtlw catslystas shtedq@ntly eBERA Juk 85 ebcAbéd ind

t enmper at ure above ihle ttﬁ %Egmlnt .0f the solvent and, after the sol vent
has been di schar(bezﬂ in, e Prosend applicalial.; eqiced to such an extent that sone
of the solvent already evaporat es due to the |l atent heat of the reactor
even before (tszr aesding df éb'é}f%lré{ed)éataﬂ obfineld ﬁsg ng. For the supply of
heat within IS . el P—a—gas—(rr@—;qum—g—ca'hi@e enpl oyed, for
exanple within the jacket of a tubular reactor. Preference is given to the

;Jse of ta liquid f&ﬁeﬁ&ﬁnﬁl@tﬁmﬁbﬁﬁw én?fwi%nbglst (hmﬁe n%ﬁlte% calih ttfe grtL ge
enperature rang a ing o a

drying, the cat aug;gt?era;@' gh? %ﬁ lor gt g‘eﬁéﬁ"t@fﬁtedt'?ﬁt Yﬁglﬁﬁqt ﬂt?é‘ﬁ“ be
carried out by amanrbetcholdd td atmﬂpemtuxta@ft)ftéerablly%lbvssk(bd°bed in the art, the
heating preferably being carried out in the presence of a streamof inert
gas, for exanple mtrogen argon met hane, et hane or natural gas. In a
preferred eniéddi neendi D atelyst obtainaddinistept(4) otstep (Went i on, the
catalyst is located in the tubes of a tube-bundle reactor In reactors of
this type, the heat s introduced into the systemthrough the jacket
space. The heat i ‘Mierthe eegausration accondingste|theinyenting arfibe caolinarthe eatalyst hi gh
mechani cal can also be conditioned in order to dissipate the heat of sorption of the

solvent or starting materials in a controlled manner before re-use of the
catalyst. To this end, small amounts of a solvent, preferably the same
solvent which has been employed for the reaction or for the washing of the
catalyst, in particular an alcohol, for example methanol, are admixed with
the inert gas flowing past the catalyst, and the solvent vapor-containing
stream of inert gas is passed through the catalyst bed. The solvent content
and the volume flow rate of the conditioning gas are selected so that an
inadmissible peak temperature of the catalyst does not occur. The
temperature increase should preferably be not greater than 100°C above the
mean temperature of the heat transfer medium, for example in a jacket
space of a tubular reactor.

After the heat liberation has subsided, the feed of conditioning gas
containing solvent is interrupted, and the reactor, preferably the fixed-bed

reactor, is filled with liquid and put back into operation.

In the optional steps (5) and (6) of the process according to the invention, it is
important that both the cooling is not carried out too quickly and that the
conditioning is not carried out too quickly, since both processes can have adverse

effects on the catalyst bed in the reactor. In addition, an excessively fast



stresses do not arise in the reactor. Typical heating rates are from O0.01
Cmnto 0.2C/ mn. PF 0000051721 12 (4) Regeneration of the heated catal yst
by ‘neans of a process according to the present invention The regeneration
of the catal };ﬁ? '¢0<O %?@equently carri edlfUt as described in detail in the
present applic 9 or?. ) Cooling of the tegenerated catal yst obtained in
step (4) After conpletion of the regeneration in step (4), the regenerated
cat al yst, pieafperadisk yincteaseewithine the acatadyst wiitringt henditoreéme rshbeld alao abey st

| ocat ed ther?&di‘dedfﬁ@@xe@&m@?c%%&%.to a tenperature of preferably bel ow 200C
(6) Conditioning of the catalyst obtained in step (4) or step (5) After the
regeneration according to the invention or the cooling, the catalyst can

al so be condihé edReerafed (dalityst ti9 piifsabRats ihdiatb@abori reRfmpldyen @f e
solvent or starti ng ghat ehs:gal S .i.n a glo(gr})rol I@g gﬁnner efgre re-use of the
catal yst. TopsHoR ghdhe afsns withth Sydeperoxige, dmpartigulare gy repeneration, ne

sol vent whi cécchakngeethe émqentiyredr fherintepatedgaotdse florathe bridatibre of\as hikeige of t he
catalyst, in i, cul e al re adm xed with
Che i hert gape st 5 B¢ BRERAR) o pRioy R TR R PBURAE Rraes PR 05T g
stream of i neydrogpaderaxigea fwther prefaab]h in methenelsohionbed. The sol vent content

and the volune flowrate of the conditioning gas are selected so that an

i nadm ssi bl e_peak tenperature of the catal yst does not occur. The
tenperat ure fHCPESESE 2 g i the AReRHeR hase hpartiglarathe follyiing adrrntagssve t he
mean tenperature of the heat transfer medium for exanple in a jacket

space of a tyubul reagtar. After .the heat |iberation has supside t he
feed of conditi o?#lﬁggeagg Wado é\%‘ilhgwsfﬂag‘é% iy garfind Qut d‘b‘faé‘ﬁf{ggnﬁmﬁt?e
reactor, preferabtajalydte danxbe- tegeherateicinosychi s fwdyl daht wihehadtivipyi dftend put
back into oper ati@genemiomgs&ggamﬁgjregi&gs (5) and (6) of the process

It 1s ’

according to the invention,

. the regeneration process according to the invention can, on use of a fixed-
bed catalyst, be carried out in the reactor itself without removal of the
catalyst;

o the solvents employed in the regeneration process according to the

invention may be identical with the solvents during the reaction and overall
be circulated completely.

The invention will now be explained in greater detail with reference to some
examples according to the invention.

Examples

Example 1

A TS-1 catalyst (in the form of 1.5 mm pellets) was introduced to a bed depth of 8
m (in total 4480 g of catalyst) into a tube with a length of 1.25 m open at the top
and with electrical secondary heating. By means of a calibrated mass flow meter,
various mass flow rates of nitrogen were passed through the reactor at room

temperature and at 400°C, and the corresponding pressure loss over the bed depth



i nportant that both the cooling is not carried out too quickly and that the
conditironing is not carried out too quickly, since both processes can have
adverse effects on the catalyst bed in the reactor. In addition, an
excessi vely 0051721 13 tenpetature increase within the catal yst
during condi P.ﬁg’%’f’@élgggu| d al so be avoﬁfged for the sane reasons. The
regenerated catalyst is preferably, as indicated above, re-enployed for the
reaction of masui¢dcdie ragults arhshawmlinope diagrate below papressué fss vs.hrpass-
regenerati ONyaRE GELANRE tinfe. UPEarl BY &kl @Bt R rthilS-vafilaeREAL ﬂ%&CﬁF&sé or the
pyl €

oxi dation of .an al kene can be used for the conversion of pro ene into
propyl ene oxH38 g)}“’h‘égarﬂée &reSSHVdi@Qéﬁcrﬁﬁ%ﬁH‘élysflﬂrl’%?u@fr af ehcabigher n

met hanol  sol whiperaturéh @/htheee geneitlsQledéstgrytfor fepénekdiivant i on has, in
particular, the follow ng advantages: the gentle way in which the reaction
is carried out neans that zeolite catalysts can be regenerated in such a

way that the actd¥i ty after” regeneration is substantially retained; the
regeneration pr acess according-to the invention can,_ ontade"of g fixed- bed
catal yst, be carriqd out Ni the reactor itself without |TestgagaN:z of {he

catalyst; th Sol venf's enyjl oyed i"ﬁ'th”e'T“egener“at'i‘on“wcrce s acctording to
the inventiof may jbe i-dentNcal w th_the solvents during the reactjon and
overal | be cigrcul dted conplstely. The invéntion will now be explajned in
greater detaiP \ﬁﬁl; refe e@;é N0 SOnE’ exanples according to the i‘hvention.
Exanpl es Examjl e.d |A- TS\ cat al Yt -{i"t helform of 1.5 mm pellets); was
i ntroduced to a1b5egf ~depth Ao total 4480 g' of catalyst) into a tube
with a | ength®of 1325 m openat the top~and with €l ectTical Secondary
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Example 2

The preceding example was repeated with a bed depth of 12 m. The reactor then
contained in total 6720 g of catalyst. The results are shown in the following
diagram as pressure loss vs. weight-based residence time. It can be seen that for
weight-based residence times of less than 2 hours, the pressure loss increases
rapidly and, as expected, to an even greater extent than in Example 1.
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Example 3

40 g of a spent TS-1 catalyst (removed after an operating time of about 600 hours)
in the form of pellets with a diameter of 1.5 mm were introduced into an
electrically heated stainless-steel tube having an internal diameter of 25 mm and a
length of 200 mm. After drying at 50°C in a stream of nitrogen, this removed
catalyst contained 1.0% by weight of carbon. For monitoring the internal
temperature, a thermocouple was mounted in the center of the catalyst bed.
61(s.t.p.)h of nitrogen were passed through this bed. The heating was then
switched on, and the temperature increased to 450°C over the course of
84 minutes. When the temperature was reached, air was slowly metered in (from 0
to a maximum of 1 1 (s.t.p.)/h over the course of 50 minutes. The regeneration was
subsequently carried out with 6 I/(s.t.p.)/h of nitrogen and 1 1 (s.t.p.)/h of air for 1
hour at 450°C. The weight-based residence time of the regeneration gas, defined as
indicated in the description, was 5.3 hours before and 4.6 hours after the stream of
air was switched on. The heating was subsequently switched off and, in order to
accelerate cooling, the stream of nitrogen increased to 10 1 (s.t.p.)/h. The change in
temperature and the amounts of nitrogen and air employed are shown in the
following diagram.
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The maximum temperature peak observed was 10°C (at 157 and 191 min). After
cooling, the catalyst was removed and analyzed. The carbon content was < 0.1%
by weight. The regenerated catalyst exhibited the same activity and selectivity in
the epoxidation of propene using hydrogen peroxide in methanol as did the fresh
catalyst.

Example 4

800 g of a spent TS-1 catalyst (removed after an operating time of about 1000
hours) in the form of pellets having a diameter of 1.5 mm were introduced into an
electrically heated stainless-steel tube having an internal diameter of 40 mm and a
length of 2100 mm. After drying at 50°C in a stream of nitrogen, this removed
catalyst contains 1.2% by weight of carbon. In order to monitor the internal
temperature, the tube was fitted with thermocouples at separations of about
200 mm. A gaseous stream composed of 100 I (s.t.p.)h of nitrogen and 30 1
(s.t.p.)/h of air (corresponds to 1301 (s.t.p.)/h with 4.6% by volume of oxygen in
nitrogen) was passed through this bed. The weight-based residence time of the
regeneration gas, defined as indicated in the description, was 4.9 hours. The
pressure loss over the bed was about 20 mbar. The heating was subsequently
switched on and the temperature increased to 400°C over the course of 2 hours.

The pressure loss over the bed increased to about 40 mbar. The temperature was

hown in the
4/ 0 50
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tenperature observed wthin the bed (hot spot) was only 425C After
cooling, the catal yst was renoved



and anal yzed. The carbon content was < 0.1% by wei ght. The regenerated
catalyst exhibited the sane activity and selectivity in the epoxidation of
propene using: hydrogen peroxide in nethanol as did a fresh catalyst. PF
0000051721 18r\Wooas] 1 A process forlghe regeneration of a zeolite

catal yst, which conprises treating the catalyst thermally in the presence
of a gas streamat tenperatures above 120C, the wei ght-based residence
time of the Q¥&ClaEiream over the catalyst during the thermal treatment
being greater than 2 hours. 2. A process as clainmed in claim1, whelre_thg
wei ght - based, resi dence ti is fromd4 to.6 hoyrs. 3. A process as claine
in gl aim1 of 2, BF%eishgz@Gl fegencration k@ reolue catalysh uwhicki sqmaptises e
having the TS-1 streatitfouttiee chtalydt phoeesly @ bk apieBshck Noone gaf §te@inmtl to 3,

where the regenerat] i rri ut in.a fixed-bed reactor . A process
as clained in cl a?egnl#p%?au\}wéseragg}/%ﬁ%cge%‘? GRS rreﬁl‘gen e?l?%logrtge ®8%ct or or
t ube- bundl e react eireansover the oatelyst digringl the tisuimahtreatment beihg greatet tham 5, wher e
the regenerati on gggs conprises fromO0.1 to 10% by vol une of oxygen. 7. A

process as clainmed in one of clainms | to 6, which conprises the follow ng
steps: (1) (2) (3) (4) washing of the zeolite catalyst with a sol vent

drying of the. washestozsohs thimat &l Jsin Btwhert @PREIRhUbRe@tesidenrs @@ i§ 0 250C
from 4 to 6 hours.

3. A process as claimed in claim 1 or 2, where the zeolite catalyst is a titanium
silicalite having the TS-1 structure.

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

5. A process as claimed in claim 4, where the fixed-bed reactor is a tubular

reactor or tube-bundle reactor.

6. A process as claimed in one of claims 1 to 5, where the regeneration gas

comprises from 0.1 to 10% by volume of oxygen.

7. A process as claimed in one of claims 1 to 6, which comprises the

following steps:

(1) washing of the zeolite catalyst with a solvent

(2) drying of the washed zeolite catalyst at a temperature of from —50 to
250°C

(3) heating of the dried catalyst

(4) regeneration of the heated catalyst by means of a process as claimed in
one of claims 1 to 7.

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



heating of the dried catal yst regeneration of the heated catal yst by neans
of a process as clained in one of clains 1 to 7. 8 A process as clained
inclaim?7, which furthernore conprises at |east one of the follow ng
steps (5)" an heh are carried out,after step (4): (5) cooling of the
regener at ed ggg)gmosétw%ﬁt ained in step (51()) (6) conditioning of the catalyst
obtained in gtep (4),or in step (5). PF 0000051721 19 9. An integrated
process for Phe oRngiisesiedpregessafdethe, oxifation efoammaikene whishctonmyisehe

al kene with a hydreapeixidalkefie tWith B BEROSR0Ale dn 280! pri@ncLdl & ¥&Ji@nd
subsequent |y regenerat i ng tgle cat al gst b}/. nﬁgnsaﬁj S rocess as clainmed in
., one of claims 1 t&igystaydsi Sﬁﬂ'ﬂﬁf‘b§§ FOCANLE e fafalyst by  of HEPEESE A

regener at ed cat al ylatmddsinrome o€olpinayeth §.0or the reaction of the alkene with
t he hydroperoxide. 11. A process as clainmed in claim9 or 10, where the
* al kene is pr ogene and the hydroperoxide is hydrogen peroxide.
10. A process as claimed in claim 9, where the regenerated catalyst is re-

employed for the reaction of the alkene with the hydroperoxide.

11. A process as claimed in claim 9 or 10, where the alkene is propene and the
hydroperoxide is hydrogen peroxide.



