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.:Method: for the regeneration of a catalyst The invention relates to a
" met:hod for the regeneration of a- catalyst, in particular a zeolite
containing titaniumatons 5 which is used as a catalyst for the preparation
of epoxi des fromolefins and hydrogen peroxide. The preparation of
epoxi des fromol efins-by converting the olefin to the epoxide by neans
of hydrogen peroxide in the 10 presence df a zeollte contalnlng titani um
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cal ci ning has the di sadvant age
The preparation of epoxides from olefins by converting the
olefin to the epoxide by means of hydrogen peroxide in the
Y 10 presence of a zeolite containing titanium atoms as catalyst
. is known (EP-A 0 100 119). M. G. Clerici, G. Bellussi and
U. Romano , J. Catal. 129 (1991) 159-167 show moreover that
the titanium-containing zeolite rapidly loses catalytic
activity during its use as a catalyst for the epoxidation
15 of propylene oxide. Clerici et al. describe two possible

methods of regenerating the activity of the catalyst.

on the one hand the zeolite can be regenerated by calcining
at 550°C, on the other hénd the catalytic activity can be

20 restored by washing with solvénts at elevated temperature,
preferably with methanol er with the solvent used for the
epoxidation. Regeneration by calcining has the disadvantage
that for this purpose the catalyst has first of all to be
dried, then heated to the high calcining temperature and

25 subsequently cooled again, which results in a considerable
additional energy requirement and expenditure of apparatus.
Regeneration by washing with a solvent is a slow process,

_ which as a rule requires considerably more time than the

actual epoxidation reaction.

30
The object was therefore to find a method for the

regeneration of a catalyst which can be carrled out qulckly
and easily. ' '
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.that for this purpose the catalyst has first of all to be dried, then
" heated to the high calcining tenperature and 25 subsequently cool ed agai n,

which results in a considerable addi ti onal energy requirenent and
expendi ture of apparat us. Regeneration by washing with a solvent is a
sl ow process, whi ch as a ruIe requires considerably nore ting than the
actual epoxidation reaction. The object was therefore to find a
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qui ckly and easily. he ;i nvention provides a nethod for
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absence of olefins and the regenerated catalyst is used .

again for the epoxidation of olefins.

10 The epoxidation of an olefin, preferably of propylene, is
carried out, as described in EP 100 119, with preferably
methanol being used as solvent. The zeolite catalyst
containing titanium atoms is used for the epoxidation, the
catalytic activity whereof is completely or partly

15 exhausted during the reaction, is subsequently separated
from the reaction mixture and optionally washed with a
solvent, preferably with water. The spent catalyst is
afterwards reacted with a solution of hydrogen peroxide in
a solvent, preferably water. Here the quantity of hydrern

20 peroxide is so chosen that it is more than ten times,
preferably more than one hﬁndred times, the quanfity of
olefin remaining in the catalyst and more than twice,
preferably more than ten times, the quantity of titanium

- contained in the catalyst. The chosen concentration of the

25 H;0, solution used for the fegeneration can be between 0.01
and 70 wt.%, preferably between 1 and 45 wt.%. The
regeneration can be carried out at temperatures of between
0 and 200°C, preferably between 40 and 120°C. In a preferred
embodiment of the invention the regeneration can be carried

30 out at the boiling point of the agueous H;0: solution. The
time necessary for the regeneration varies with the
regeneration temperature applied and the concentration of
H,0, and can be so chosen that the.required degree of
regeneration is achieved.

35



carried out, as described in EP 100 119, with preferably met hanol
used as solvent. The zeolite catal yst containing titaniumatons is used
for the epoxidation, the catalytic activity whereof is conpletely or

partly 15
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If only a partial regeneration of the catalyst is required,
the regeneratidn according to the invention can also be
carried out in a way such that the quantity of catalyst
separated from the reaction mixture is divided into two
portions, only one of the portions is regenerated using
hydrogen peroxide and the two portions are returned

together or separately to the epoxidation reaction.

According to the invention the éatalyst used can be
titanium silicalite in the form of a suspension consisting
alternatively of pure titanium silicalite, titanium
silicalite contéining’a binder or titanium silicalite on
an organic or inorganic supporting material. The
epoxidation of. the olefin, preferably of propylene, is;
carried out according to EP 100 119, with preferably
methanol being used as solvent. Stirred-tank reactors,
tubular loop reactors, bubble columns, continuous-flow

reactors or other suitable reactors for suspensions, as

well as combinations of these reactors, can be employed to

carry out the epoxidation, with the selection of the

reactor ‘type being made by the person skilled in the art

. appropriately to the reaction conditions selected and the

olefin being epoxidised. The datalyst is subsequently

-separated from the reactlon mlxture by flltratlon,

35

centrlfugatlon, decantatlon 6r other sultable method and



3 Afterwards the catalyst is separated fromthe regenerating

" sol.ution and optionally washed with a solvent, preferably water. It can
be returned to the epoxidation reaction: 5 1f the solvent used in the
regeneration is also used in the epoxi dation reaction then the catalyst,
Wi t hout prior separation, can be returned to the epoxidation reaction
together with the hydrogen peroxide solution used for the regeneration.

10 I onfasredaiitnla rEIeRME! g Qfrdd1s) GRltRIY.SirHeS da@@liyis@d.can the
regeneration according to the invention can al so carried out in a way

be
such that t¥HRE[EFAIR PSISEIRAMGRY 10 ApRHUABF AYARAIFE PEXOET i xt ure
i s divided o9 {0 HOv PG td Qisnc &t pa toith Ot W i00ma iand egener at ed

usi ng hydr ogen peroxide and the two portjo re returned t oget her or
separately 19 Yhed eRBGREFNY rReligh.1 an ﬁ%'&’né’a\r&’tcﬁ’elaﬁrﬂ\)/ent i on the

cat al yst 5 Usgfe EaFalbBy Wethéani LN sid | £t &) id eHorsusyfens iggspensi on

consi sting ., alternatively of pure titﬁﬂ$unlsilicali e, Litani um

silicalite ByRERHIY At b7 nbEPPRTa SR .%ﬁW?%ﬁﬂth? #20°Cran organic or
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preferably of propylene, is,25 carrjed out accqrding to EP 100 119, wth
preferably T€9 ‘ﬁ%g%’éh%’i’ %Eiﬁéeugﬁ %\%Stso’r%e%?.c $9T s e"'a‘?ﬁ“b’r”se\,,‘\gll

tubul ar | oogee@6t Of Sre§ohblet Coh LNpBe f€LAH1 UNMSIEOVR0 and EBIIPISE OF
otherIS%btagﬂg £§fg£g£Scé%&l?%fgeggéggftyﬁsis achievea. The newly
regenerated catalyst is subsequently returned to the
epoxidation reaction, with the hydrogen peroxide solution
used for the regeneration optionally being completely or
partly separated. In the preferred use of aqueous hydrogen
15 peroxide solutions having a hydrogen peroxide content of
between 10 and 45 wt.% for the regeneration, the suspension
of the catalyst in the regenerating solution can
advantageously be passed to the epoxidation reaction
without separation of the catalyst, so that the hydrogen
20 peroxide qot used for regeneration is utilised for

epoxidising the olefin.

In another preferred embodiment of the invention, for the
epoxidation of the olefin a titanium silicalite shaped with
25 a binder is used.as a catalyst in the form of a fixed bed.
In this case the catalyst packing is used for the
epoxidation until the activity of the catalyst is
completely or partly exhausted. Thereafter the catalyst
packing is optionally washed with a solvent, preferably
30 water. An aqueous hydrogen peroxide solution having a
hydrogen peroxide content of between 0.01 and 70 wt.%,
preferably between 1 and 40 wt.%, is then passed at a
- temperature of betwéen 0 ana 150°C, preferably between 40
_ and_120°c}_over_the_catalyet pack#ng‘unti}.the;requixed

.35 aegree of regeneration is achieved. Here the hydrogen.



~well as conbinations of these reactors, can be enployed to 30 carry out the
" epoxidation, with the selection of the reactor type being nmade by the
person skilled in the art appropriately to the reaction.conditions

sel ected and the ol efin being epoxidised. The catal yst is subsequently
separated fromthe reaction mxture by feltration, 35 centrifugation
decantation or other suitable nethod and ' -

4 washereypxhde selvbheon psedefabl Yhewuregendiwat et atarst can t hen
again be su . ' afgues h e rOxl |an having a
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w . % partiEeereafterptheerabiyypetpeeking bmdussd vagain dfak t he ‘suspensi on
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bet ween 40 gﬁﬁﬁi%gfgﬁé %#éTﬁggggﬁiggﬁe%Qﬁéfgért %? Jééiﬁﬁﬁégigfon of the
cat al yst 5i sWaghtngsehthhat seheertquired degree of regeneration,
preferably between 20 and 100% of 10 the initial catalytic activity, iIs
achi eved. The new regenerated catalyst is subsequently returned to the
epoxi dat i onTh@are?F%ﬂsi AFeRrehBohier Benipeerikicr & Wtherpreparatidmor t he

regenerat i OBfOE‘%bQBéEEYngthlEPWE eb R YnPlrogeR e ik SEPAISL G- I n the
preferred use of aqueous h¥drogen 15 peroxi de sol'utions having a hydrogen
s

peroxi de cohfehitefcatalys
10 regeneration of the catalyst by treatment of the catalyst

with hydrogen peroxide in the absence of the olefin,

compared with the known prior art methods for the

containing titanium atoms and a

regeneration of the catalyst by calcining or by washing
with solvents, has the advantage of an easier, quicker and

15 distinctly better regeneration and return of the catalyst
to the epoxidation reaction. It permits a more economical
preparation of epoxides from olefins and hydrogen peroxide
than do the known methods.

20 Examples
Example 1

Determination of the catalytic activity of titanium

25 silicalite in the epoxidation of propylene

1 g of titaniuﬁ silicalite in 300 ml of methanol is placed
in a thermostatted laboratory autoclave equipped with a gas
dispersing stirrer at 40°C under a propylene atmosbhere and
30 1is saturated with propylene at an excess pressure of 3 bar.
12.9 g of 30 wt.% aqueous hydrogen peroxide solution is.
then added in one portion, with stirring, and the reaction
mixture maintained at 40°C and 3 bar, with further propylene
being added via a pressure regulator in order to compensate

35 for consumptioﬁ ow;hg to the reaction.'At.régﬁlar.iﬁﬁefvals'



_between 10 and 45 w. % for the regenerati-on, the suspension of the
"catalyst in the regenerating sol utiion can advant ageousl y be passed to

t he epoxi dation reacti-on W t hout separation of the catalyst, so that the
hydr ogen 20 peroxide not used for regeneration is utilised for

epoxi di sing the ol efin. I n anot her preferred enbodi nent of the

I nvention, for the epoxidation of the olefin a titaniumsilicalite
shaped mﬁthSQEPaeﬁiﬁd@rwi§hd§éﬁna§hé9%@ha¢yéil¢¢rt¢mdfth¢nmﬁdep¢¢med bed.

In this casgelhgigat ebxéeneask' ege',s?&é@ﬂoﬁqalwﬁr ﬁ@&ﬂ@i &@ nti' the

activity of the catalyst g art aust ed.- eafter
t he cat al ys¥edox BaEKﬁﬁgopsWéﬁbléﬁéluw(R& h%@lmh@heaS%bmWEQ@ %l@té#@@ly 30

wat er. An aggeys r td 0 Vi roxi de
content of. ggt \Aeer(]t—}%ébpgé‘@aﬂ?%@ﬂr?@ Sl ﬂEr re&’lg?lalﬁq%égent Weteh[ny(%1r an A?gpwt

i s then PasHe® &PnﬁentrQPQ@EE@étGP@ sfimgetwaed God%@iq%0¥kﬁrqiicpletedably
between 40 y,0, dhcEHURIiIldR QVehe! RRaGRE BlEY$heP2eKERIOHN bokligekequi red

35 degree of regeneration is achieved. Here the hydrogen
5 per oxS8sa3ghtt LtdReusdher aEtinityefodexaki b ¢éakermined from the

gradient of this line by means of the relation

10 dc

— = -k.C.Ccat; Wherein c... represents the concentration of
at '

of catalyst in kg of catalyst per kg of reaction mixture.
The activity index increases with increasing catalytic -

15 activity of the catalyst in the epoxidation of propylene.

Example 2

~ Catalytic activity of fresh titanium silicalite

20 _
The activity of titanium silicalite, prepared according to
the instructions in J.P.A. Martens et al., Appl. Catal. A99
(1993), 71 - 84, is examined as described in Example 1. An
activity index of 18.9 min™ is determined.

25°
Example 3

Loss of activity of titanium silicalite through use as

catalyst for the epoxidation of propylene

30 | ' ’
5 g of titanium silicalite, obtained as mentioned in
Example 2, in 270 g of methanol is placed in a
thermostatted 1aboratory autoclave equipped with a gas

dispersing stirrer at 40 C under a propylene atmosphere and
35 ' is saturated with propylene at -



advant ageously be circul ated over the catal yst packing. Thereafter the
cat al yst packing is used again for epoxidising the olefin, optionally
after internmediate 5 washing with a solvent. The net hod according to
the invention-for the preparation of epoxides fromol efins and hydrogen
per oxi de usi ng zeolite catalysts cont?ining titaniumatons and a 10
regeneration of the catalyst by treatnent of the catalyst wi t h hydrogen

per oxi de i i haxabsensee Hfutdeo Pl Biidy. A ERRAL Wsgd (e tkewtrRl or art
met hods for the regeneration of the catalyst b)icc_al cining or by washing

Wi th sol ve¥ITragRn (pRr ARt 2R OGS Slsmethapgilcer s PEMESHE,hA |y
better feg%@téﬂ%m\dgfle} W e 9 f st iver iGaf, alarst simdl@ it uwengxitdat i on
reaction. It permts a nore econom cal preparatigon of epoxides from

ol ef i ns and &Rl B MbErene gbs Wikhdeavab BHeudioiin fetifdusd® @ 20 Exanpl es
Exanpl e d quantbet@rsodat t9ar ofnd hee i dloft itheaG@ontdnt Ofo ft ithni um 25
silicalite 1n the epoxidation of proEngne 1 g of titaniumsilicalite

in 300 nl OfeRetMancrmd EnP| crrgant heeGRivSs dd tsortd®ory aut ocl ave
equi pped Widde R @& is HeBHLREA Nh Sthd NefadtiortMHyertiHeC findalr .2 iRy ene

atmosphere égglmetered addition of hydrogen peroxide, further

propylene is added via a pressure regulator in order to

10 maintain the pressure in the reactor constant. After 7
hours the metered'addition of hydrogen peroxide is
terminated, the catalyst is filtered off, washed with
methanol at 20°C and dried by exposure to air at 20°C. The
activity of the spent cataiyst is examined as in Example 1.

.15 An activity index of 1.3 min™ is determined. A repetition
of the activity test according to Example 1 after 5 days
produces an activity index of 1.7 min . The activity
indices established of 1.3 min™ and 1.7 min™' respectively
show that titanium silicalite, when employed as catalyst

20 fdr the epoxidation of propylene using hydrogen peroxide,
largely loses its catalytic activity in this reaction and
does not recover its catalytic activity without measures

- for regeneration being taken.

25 Examples 4 and 5 (Comparative Examples)

Regeneration of spent titanium silicalite by boiling with

methanol or water

30 Example 4

1 g of spent titanium silicalite catalyst from Example 3 is

heated under reflux for 4 h in 25 ml of methanol and then

filtered. The catalytic activity is. examined as in Example .
35 © 1. Anh activity index of 1.3 min”' is determined..



30 is saturated with propyl ene at an excess pressure of 3 bar. 12.9 g of

30 wt. % aqueous hydrogen peroxide solution is then added in one portion,
with stirring, and the reaction m xture mai ntained at 40[err]C and 3
bar, -with further propyl ene bei ng added via a pressure regulator in
order to conpensate 35 for consunption gqM ng to the reaction. At regular

I nterval s 6 sanpl es are

wi t hdr awn thwgm@heasfllter and the hydrogen per oxi de content of the
reaction mxture is determ ned by redox titration with cerium1V)

sul phate solution. Plotting of In (c/cl[err]) against the time t, with c

bei ng the naasuiad spentHtaryan@uer rs]n.l(i@ﬁQQIﬁ'ér ataiteuyatt tfhent Erampland ggerr]
bei ng the c Ic | at ed :gqﬂg C&err] nceg& t t he saart of the
reaction, 99 er ofi fel tHe CFIVP y CRIDLTR F§eﬁetern1ned
fromthe s v@rtaﬁh ,erdub¥e duluirgt Uy rfalltyermalasmdofthtehewraehaw aith hetdanol.
-k.c.cl[err], .where err] represents the concentration
cat al yst |r1QRf(ﬂa§éL¥# 4 JP df CXABEPES RSk i gampg?hé gprlty
i ndex i ncreasaSiwiity inddaeast nga:atlai ytie ddcamiindgdy of the catalyst in
t he epoxi dation of propyl ene.

Examples 4 and 5 show that a regeneration of spent titanium

10 silicalite by boiling respectively with methanol at 65°C and
with water at 100°C for a period of 4 h brings about no

appreciable improvement in the catalytic activity.

Examples 6 - 8 (accarding to the invention)

15
Regeneration of spent titanium silicalite by boiling with
hydrogen peroxide
Example 6

20

1 g of spent titanium silicalite catalyst from Example 1 is
heated under reflux for 4 h in 25 ml of.5 wt.% of aqueous
hydrogen peroxide solution, subsequently filtered and then
washed with water and methanol. The catalytic activity is

25 examined as in Exaﬁple 1. An activity index of 18.3 min™ is
determined.

Example 7

30 Example 6 is repeated, with the treatment using hydrogen
peroxide being shortened to 1 h. An activity index of

11.2 min™?! is determined.



Exanpl e 2 ‘Catalytic activity of fresh titaniumsilicalite 20 The
sactivity of titaniumsilicalite, prepared according to the instructions
in J.P.A Mrtens et al., Appl. Catal. A99 (1993), 71 - 84, is exam ned
~as described in Exanple 1. An activity index of 18.9 mn[err] is

determ ned. 25 Exanpl e 3 Loss ok activity of titaniumsilicalite
t hrough use as catal yst for the epoxidation of propylene 30 5 g of
titani um sil Egalpte, s8obtai ned as nentioned in Exanple 2, in 270 g of
-methanol is placed in a thernostatted | aboratory autocl ave equi pped
with a gas di spersing stirrer at 40[err] C under a propyl ene at nosphere
and 35 is sgkanglled swiish repepykedpewath the treatment using hydrogen

! peroxide being shortened to 15 min. An activity index of

5 4.9 min™' is determined.

Examples 6 - 8 show that spent titanium silicalite can be
completely regenerated by a treatment according to the
invention using 5 wt.% of hydrogen peroxide at 100°C for a
10 period of 4 h ana that, by selecting the duration of
treatment using hydrogen peroxide, a specific partial

regeneration of the catalyst can be achieved.



an excess pressure of 3 bar. A mxture-of 560 g of 50 wt.% hydr ogen

" per oxi de and 3600 of nmethanol is then added at a rate of 600 g/h, with
stlrrlnmmm""wnt ously the reaction mxture is withdrawn through a
filter Kuﬂsuch that the weight of t & ot ep;emaf {ﬁﬁ

react or* r émains ®comstant. In the course nof this,jh@ @. 1ysrL“ retained
in the reactor by the filter. During t he netenled ad@ERLEANARD of hvdrogen
per oxi de, fQi&hes propyl ene is added via a pressure regul-ator in order
to 10 maintain the pressure in the reactor constant. After 7 hours the
nmetered addition of hydrogen peroxide is term nated, the catalyst is
filtered oft, waMatbodi for theerhgeneratico[efrd Caralystediby exposure to
air at 20[err]C tLv t S

Exanple 1. 15 Anplpg%SP églhd&E¥1$Eﬁ_§8%§§f§ ?aﬁgé%ﬁﬁ%ﬁTﬁfé %%peﬁltlon
of the aétivity aesttatyetdifny theEruepbratiaoftef Epeides fr¢moduces an
activity index o r L.\1 L ndi : of 1.3
mn[err] and 1. 78%%ﬁggg}?k§eé drg ggﬁéékgkiéﬁbwf?%g€é€$€%§%%ﬁgg|?Q%gl|te
when enpl oyed astbet ebysidy2@cf ectiMétygpoXki thei spent proplyeheisisi ng

nydr 0gen per oxi dfeqenerhRedhY LOBERnERE GPLA MAFLHCH | Mokdilde I Sune
reaction and €S recover Its catalytic” ac out 'neasur es
for regenerationabeEngetaKenlefiBS Endnphesrﬁganﬂrstédbm@bmbY$VelExanples)

Regener gl on of SRGAL AGLEANIALP the! EBbkEAaPYOROLE 891410, met hanol or

wat er

2. Method according to claim 1, characterised in that the
spent catalyst is regenerated using an aqueous
hydrogen peroxide solution which contains between 0.01

15 and 70 wt.% of hydrogen peroxide.

3. Method according to claim 2, characterised in that the
spent catalyst is regenerated using an aqueous
hydrogen peroxide solution which contains between 1

20 and 45 wt.% of hydrogen peroxide.

4. Method according to claims 1 to 3, characterised in
that the regeneration is carried out at a temperature
of between 0 and 200°C.

25

5. Method according to claim-4, characterised in that the
regeneration is carried out at a temperature of
between 40 and 120°C.

30 6. Method for the preparation of an epoxide by reacting
an olefin with hydrogen peroxide in the presence of a
zeolite containing titanium atoms as catalyst,
characterised in that the catalytic activity of the

spent catalyst is regenerated accordlng to claims 1 to_

35 5 by treatment with hydrogen perox1de 1n the absence

heet Has Been Replaced
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30 Exampte—4— 1 g of spent tltanlun15|llcallte gﬁg L~I[0n1Exaane 3
d under reflux for 4 hin 25 nm of neth nbl! d:&he-

fllter activity is. examned as in Exanpﬁgﬂ wnd. AH!
-activi tegma 'lﬂmfmﬂln[err] s deternined. S ]

ngf
1 g of spent tit&nidimsilicalite catalyst ¥¥om Exanple 3 is heat ed under
reflux for 4 hin 2 of .den ner wat er ubsgeqg filtered and
t hen 'washed with ngghghS °le%l?h8n§ak§Fyf?ge38f?5?$yc?§ag&%ﬁi%%d 3§§|n

Exanple 1. An aatbint forndbe epokiBatioherr] is determ ned.
Exanpl es 4 and. 5 show that a regeneration of spent titanium1l0 silicalite
by boiling respectively with nethanol at 65[err]C and W th water at

100[ err] C for 7a peMettodf aécbhbrbinggsoabdaimné, chappcterabée imptbatnthé in

the catalyglc aCt'V5%¥1n used is propylene.

8. Method according to claims 6 and 7, characterised in
that the époxidation reaction is c¢arried out in a
mixture of methanol and water as solvent.

10 _
9. Method according to claims 6 to 8, characterised in

that the catalyst is used in the form of a suspension.

10. Method according to claims 6 to 9, characterised in
15 that the spent catalyst is regenerated ﬁsing an
aqueous hydrogen peroxide solution which contains
between 10 and 45 wt.®% of hydrogen peroxide, and the
- mixture of catalyst and hydrogen peroxide from.the
regeneration is used in the epoxidation reaction
20 without prior separation. '
11. Method according to claim 6, characterised in that the
catalyst is used in the form of a fixed bed.

25 12. Method according to claim 11, characterised in that
during the regeneration the hydrogen peroxide solution
is circulated over the fixed catalyst bed.

" This.Sheet
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"Exanples 6 - 8 (according to the invention) 15 Regener ati on of spent

‘titaniumsilicalite by boiling with hydr ogen peroxi de Exanpl e 6 20
1 g of spent titaniumsilicalite catalyst fromExanple 1 is heat ed
under reflux for 4 hin 25 mM of 5 w.%.of aqueous hydr ogen peroxi de
sol ution, subsequently filtered and t her? washed wi th water and
met hanol . The cat MBPTHOD aFOR VIHE REGENERATIONIOF a5 ¢arAn¥smpl e 1. An
activity index of 18.3 min[err] is det er m ned. Exanple 7 30
Exanple 6 is repeated, with the treatnment using hydrogen . per oxi de bei ng
shortened to 1 h.” An activity index of 11.2 min[err] is determ ned.
9

Abstract

Zeolites containing titanium atoms used as catalyst for the
preparation of epoxides from olefins and hydrogen peroxide
are regenerated by treating the spent catalyst with
hydrogen peroxide in the absence of olefins and the

regenerated catalyst is again used for the epoxidation.



Exanpke '5.§ Ex.a_np §~ 6 is repeated, with thetre el r-.:ﬁ"ng hydr ogen
per.oxide bei ng § alel g éi?-""“l’“o“ﬁ15 M-n. An acti vi ty I Adex:of.:h A9 monfefsktd .S
det er m ned. i Exanp|-&$ 6 L —&‘show that spent ¥iti@ni’ums g

conpl etely rege A - inven!
4...,f,and{-L-

g0t r eat frent  accor di ng it o--t-he
wt . % of hydrogen peroxrd__t*TUOT’—rTC—f"o a 10 ‘peri.ed-;of 4:he. :
sel ecting the ur.ation u3|ng hydr ogen peroxide, a SpéCIfIC
parti al é‘ﬁé‘rsat i H“]"H"I"I'nllﬁmﬂﬁ t can be .achi.eved. roe
10 - dai ms or st he regeneriation: of .a: cr;ttaLySfl7 i A ¢ UL,
particular a zeoli co Ining:-titanium at ons_ used acatalyst
for the prepardti o?ﬁé&‘ogp%?ird&gef FERFeration o?gf? n%aataar%d/ﬁ'utydr ogen per oxi de,
characterised in tipatrticular at heotatal gpntaheinyititafiuthe topentuseat asyst
is

5 a catalyst for the preparation of epoxides from
olefins and hydrogen peroxide, characterised in that
the catalytic activity of the spent catalyst is
regenerated by treatment with hydrogen peroxide in the
absence of olefins and the regenerated catalyst is

10 used again for the epdxidation of olefins.

2. Method according to claim 1, characterised in that the
spent catalyst is regenerated using an aqueous
hydrogen peroxide solution which contains between 0.01

15 and 70 wt.% of hydrogen peroxide.

3. Method according to claim 2, characterised in that the
spent catalyst is regenerated using an aqueous
hydrogen peroxide solution which contains between 1

20 and 45 wt.% of hydrogen peroxide.

4. Method according to claims 1 to 3, characterised in
that the regeneration is carried out at a temperature
of between 0 and 200°C. '

2s

5. Method accotding_to claim 4, characterised in that the
regéneration is carried out at a temperature of
between 40 and 120°C.

30 6. A method for the preparation of an epoxide comprising
reacting an olefin with hydrogen peroxide in the
 presence of a zeolite containing titanium atoms as
catalyst to thereby obtain an epoxidation of éaid |

olefin, and wherein the catalytic activity of the

35
catalyst declines, regenerating said catalyst by

treating said catalyst with hydrogen peroxide in the
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regenérated by treatnent with hydrogen peroxi de, having a
concentratiOHXE?_BEFEEEﬁ—G—GT~aﬁd 70w . % in water—I10 in_the absence
of ol efins ant“"’lm cat al yst i| SIS Sirapaae whifiput

pri or separ at M'mm'm”m epOX| dation of jol efipsp |q§rﬁaf' ried out in

wat er as olvent .s : gzd accor eldfm 1, |
characterised in that the 15 spent talyst is regenerated using an
aqueous hydr ogen peroxi de sol uti on whi ch contains between 1

and 45 wt. % of hydapgenc@espXs4Ed olefin o tYRireds, Jptalhd t@eto clains 1
and 2,characterised in that the regeneration is carried out at a
tenperature 20 regengrahednct3heER00[ err] C. 4. Method according
to claim3, characterised in that the regeneration is carried out

at a tenperatdre OIIIet od acccpgg?&%od'ocl%r}% 1620%% rlag‘terlsed n tﬁ‘aIEEttB g

for the preparati on of an epoxi de’ conpti I ng an ol e

wi th hydrogen peroxlefinnuséd is propymmnsence of a zeollte cont ai ni ng
titani um atons as catal yst to thereby obtain an epoxidation of said
ol efin, and wherein the catalytic activity of the cat al yst
decl i nes, regkner dfe¢trhodaddcendimysto sladms 6 andr dat chgraateriaedl ¢85t with

hydr ogen perqxide ﬂ@¥in9he epoxidation reaction is carried out in a
: mixture of methanol and water as solvent.
10
9. Method according to claims 6 to 8, characterised in

that the catalyst is used in the form of a suspension.

10. Method according to claims 6 to 9, characterised in
15 that the spent catalyst is regenerated using an
aqueous hydrogen peroxide solution which contains
between 10 and 45 wt.% of hydrogen peroxide, and the
mixture of catalyst and hydrogen peroxide from the
regeneration is used in the epoxidation reaction

20 without prior separation.

11. Method according to claim 6, characterised in that the

catalyst is used in the form of a fixed- bed.

25 12. Method according to claim 11, characterised in that
during the regeneration the hydrogen peroxide solution

is circulated over the fixed catalyst bed.

\
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a concentrafion of between 0.0L and 70wt .% in \Ngr'er"“wmmt:-he--

11 . olefin to thereby ;JIErF‘-tj{é EETS | SO
regenerat ed cHﬂ lﬁmuln"lm] I Met hod accordl ng i

A

~at rﬁ5 ‘Eharhet.¢o imed ..

in thdt the ef In wsed is propyle : VBt hod camnrekv@ggécbn
clainms 5 and 6, characterised in tlbat the e dﬁafsbowa;riehctm@ag@ _____
carried out i ims m xture of methanol and wat'@eias solpugmi..... W paged....
Met hod according to clains 5 to 7, characterised in t hat the
catalyst is used in the formof a suspension. b orge Netat-26Cor g Y9 | to

claims 5 to 8, changgtipdd SRSt ithelTegenerkf@bnt BE §p@£‘EaP§‘§§d Yﬁtn“"'"

regenerat ed usi ng
particular a zeolite containing titanium atoms used as

5 a catalyst for the preparation of epoxides from
olefins and hydrdgeh peroxide, characterised in that
" the catalytic activity of the spent catalyst is

regenerated by treatment with hydrogen peroxide, having
a concentration of between 0.01 and 70wt.3%, in water,

10 in the absence of olefins and the regenerated catalyst
is used again without prior separation when the
o/ epoxidation of olefins is carried out in water as

solvent.

2. Method according to claim 1, characterised in that the
15 spent catalyst is regenerated using an aqueous
hydrogen peroxide solution which contains between 1

and 45 wt.% of hydrogen peroxide.

3. Method according to claims 1 and 2, characterised in
that the regeneration is carried out at a temperature
20 of between 0 and 200°C.

U/ 4. Method according to c¢laim 3, characterised in that the
regeneration is carried out at a temperature of
between 40 and 120°C

5. A method for the preparation of an epoxide comprising
25 reacting an olefin with hydrogen peroxide in the
presence of a zeolite éontaining titanium atoms as
catalyst to thereby obtain an epoxidation of said
olefin, and wherein the catalytic activity of the
catalyst declines, regenerating said catalyst by
30 treating said catalyst with hydrogen peroxide having

a concentration of between 0.01 and 70wt.$%, in water, in the
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hydr ogen per ch cont ai ns bet ween 10 and 45 wt. % of
hydr ogen per H!M“m and the mixture of catalyst, water and
hydr ogen Om the regeneration is used in the 20

epoxi dati on; react | on w thout prior separation. 10. Method according to
claimb5, characterised in that the catalyst is used in the form of
a fixed bed. 25 11. Method accordinglto claim 10, characterised in that
during the regeneration the hydrogen peroxide sol ution S

circul ated over the fixed cat al
absence oé:séaél lé%ln to thereby obtain the

regenerated catalyst.

6. Method according to ciaim 5, characterised in that the
) olefin used is propylene.
7. Method according to claims 5 and 6, characterised in

that the epoxidation reaction is carried out in a

mixture of methanol and water as solvent.

8. Method according to claims 5 to 7, characterised in

that the catalyst is used in the form of a suspension.

9 . Method according to claims 5 to 8, characterised in
15 that the spent catalyst is regenerated using
hydrogen peroxide solution which contains

between 10 and 45 wt.% of hydrogen peroxide, in water,
and the mixture of catalyst, water and hydrogen .

peroxide from the regeneration is used in the

20 epoxidation reaction without prior separation.

U 10. Method according to claim 5, characterised in that the

catalyst is used in the form of a fixed bed.

25 11. Method according to claim 10, characterised in that
during the regeneration the hydrogen peroxide solution

is circulated over the fixed catalyst bed.
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