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WD 2005/ 000827 PCT/ EP2004/ 006304 1 Process for the
epoxi dation of propene The invention is directed to an
i mproved process for the continuous epoxidation of

WQrpe823in t h hydr ogen peroxi de in the presersa/Eif20e4/006304

titaniumsilicalite catal yst and a 5 net hanol sol vent,
wherein the catalyst is periodically regenerated by
washi ng with net hanol and the epoxidation reaction is
carried out for periods of nore than 300 h between

t wo regeneratlon steps. .10 Prior, Art Th epoxi dation
of propene ﬁ??ﬁsﬁy5ng§ﬁep§F8%ﬁ&§t&ﬁ& TR
silicalite catalyst is known fromEP-A 0 100 118 and

G.d |
TR e Tbg 4 ST e HPRTa YibEepicgor the
doretinuoukb dpiusi dadaiotn ot qarepsne cvbich i ydyodeor pagegide in
tid DR off a{e@m@rgﬂna "et1idd fﬁ%aﬁtéiggb L8dTBY

t
generate by wa S SO
medea Ole SeHivEm t e et g in ethe SeAtaby et sb$ v@ﬁFéOQFGally

le el Hyh %ra?é}ii‘r?cli‘twimtmé@léﬁ@ﬂ and the éﬁaﬁﬁ.ﬂﬁﬂlon

It" is also stated fresh and (e ered

TEACHLPE 4 h &R SheR |t s W?V%‘iﬁ %\%ﬁ%‘a Ebﬂen%&
HReA e ﬂd@@ﬁéﬁatjﬁhlgﬁépmﬁtlon is given on the
deacti vati on behavi our of catalysts that were

regenerated by washing with solvents. JP-A 03-114 536
descri bes the regeneration of a titanium 25
silicalite catal yst that was deactivated in an

Pepoxi @atti on reaction by washing with a solvent at a
tenperature that is 5 to 150C higher than the

Iﬁi%”%%’o%‘dfa%lléﬁle%f %f&&n@%k@%ﬁ@fbd@@%é?@x1de and a

di'scl’ose the, regeneration_of

tddeanyst SiHdCae %S 36FS T nes TP TR BR- B OafPg) 118
a@idl e MG \Esingl Wi ha TEf heheinsl of (Candl$50s, Naol

LOETLON A Ve oo fsaell v g, Belaigbrihle oo
this reaction catalytic activity decreases with time on
stream and that titanium silicalite may be regenerated by
washing with solvents somewhat above reaction temperature.
Suitable solvents are methanol or the solvent that is used
in the reaction. It is also stated that fresh and recovered
catalysts have similar activity and physical-chemical
properties. However, no information is given on the
deactivation behaviour of catalysts that were regenerated

by washing with solvents.

JP-A 03-114 536 describes the regeneration of a titanium
silicalite catalyst that was deactivated in an epoxidation

' reaction by washing with a solvent at a temperature that is

5 to 150°C higher than the temperature used in the
epoxidation reaction. Examples 4 and 5 disclose the
regeneration of a catalyst that was used for the
epoxidation of allyl chloride by washing with methanol at
70° and 85°C. No information is given on the deactivation

_ behaviour of catalysts that were regenerated by washing

with solvents.



10

15

20

25

30

35

with solvents. WD 2005/000827 PCT/ EP2004/ 006304 2
EP-A 1 190 770 discloses a nethod for regenerating a
titaniumsilicalite that has been used as an

WOSHEXIU% i on  catal yst by washing with a sol verftT/EP2004/006304

contai ni ng a source of anm)nl um and/ or al kali netal
ions at a tenperature of at 52| east 150C. The presence
of amonium or alkali metal ions in the washing
solvent has the effect that regenerated catalysts
HRedch High Bpbxdide-kedest & vinétlesdnboe e{eig@lde,ra’ca‘fnf_:era

t
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qat@tlyﬁé:r &y etprieing ool by aaselngni ERNgagoliventa sopree of
& asfgiﬂ&ﬁtafmeuﬁéwl appRai 4en ar t@n{p@ﬁaﬂ@@of at

Ions al sg t he di sadvantage that a recovery of

leaAsfedtd & erm€IEkrﬁe REREPREat PH P BRPRLER STwA ke ﬁ%ﬁ‘r’f@l ions
i ffHeC Wadsh ity Eé%d]f\réntlgﬁ)a% 7wi€)h@| éﬂfé?ﬁc Iﬁht&tt fiﬁigetriérated
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erature rise w ' C

SIS ATl 2ot Lo | S20LL9. R4 0RCRRRSS Idhe o
cartepemd soXilte: et Bt fedeye cabsd dny thhpngssurtél masalwvent .
R el 38 AWINAN S 2ORE AT ErfibATub 03BN 1315 metal

manner as mal ntaln a const ropene
l@@@c@ﬂﬁmthaﬂl tihe tdissaderntage Tcﬂil&e uﬁeremé’ery of the

§®T¥@d%“ﬂﬂ&h9ﬂﬁ§ shselossd dprEReAtd $9017H: more
t.herefore has the di sadvantage that a constant 25
Ltsel ect i vi ty can only be achieved-if the

reaction mxture is permanently nonitored for the

| Ew—@pe.ne. oM ANtal sd esa divent st pf :.f hpgopppld dat iepodxidized

%Y%H nvesti,gated the nethodf of gﬁ ratl %ens e £

A IACUM ST %n]i’:?ﬁ%if%?s ?'Nhr%ﬁs gfe tor
ther delretdpmdidat ioh Wie prapehesbywhadhi ag cwﬂtlwm wingssure
i3 3980l And Ny MfsLL AL AL HBeUR219" 14T to a

decrease in propene oxide selecthlty. In order to keep the
propene ox1de:select1v1ty constant the pressure has to be
raised during the temperature rise in such a manner as to
maintain a constant propene concentration in the reaction
mixture. The epox1datlon process disclosed in EP-A

1 190 770 therefore has the dlsadvantage that a constant
product select1v1ty can only be achieved if the reaction

mixture is permanently monitored for the propene content.

 The 1nventors of this application have 1nvest1gated the
-methods of regeneratlng titanium silicalite catalysts which

have been used for the epoxidation of propene by washing

them with a solvent and have investigated the use of such
regenerated catalysts in the continuous epoxidation of

‘ prepene for extended periods of time. During these

observations, they observed the hitherto unknown effect
that regenerated catalysts frequently showed a much faster
loss of catalytic activity compared with the freshly



WP EP®7ed catal ysts in the continuous epoxi dBETEE204/006304
propene for extended periods of tine. During these
observations, they observed thé hitherto unknown
effect that regenerated catal ysts frequently showed a
much faster 35 | oss of catalytic activity conpared
wirdpdrteel fadaasdl ys 0 ZDdG6R8 2hePGHIER2004 05804y and

al’-chem ca
whep ersigesss ot ed heataheser andd tbat fnpsth aatakestreene

AR YSL WeF apessgial ly the same. Therefore, there
was a nee o I nprove the process for continuous

epoxi dati on of propene wth hﬁgiqgen peroxi de and a
Thexsfonesi IHhang (vt R ah§ed Hnproyey st process for

RN SRR ORIk MBH Y $F t PrapedleV ettt h énVe¥roxide
that the regenerated ¢ ta&%s% ﬁan be#%@f for
PBger tHEATIATH1o 1 1iGRL bee Bt dginarh oh S ebsY Shd

%{aﬁ%a&rtﬁ%nt at glg \?\v}et?l[fgag]?ﬁgg p%ggisi(::i.rl%.atli—%he?t&tc%é/i tgrgﬁgrties ,Of

aegkhe rsai®d iHe n&aﬁshm%rﬁbﬂh hher?dhmﬂtv_aﬁ agﬁ'sh kaoway, that
om EPA 1 190 770.. .Subject._of the i.nyenti.o one .
Lb8kaenpaatad THtaniigh “Shn bet i Fol o doeh tperiod of

epmei betwernofreyeomsret ivn hshgdsoged pér Shiedesame thime to
_ a . | LLLcalj at.al and .
BUEREREF Shsl cid AR Rcs TROGKE, FROR ¥PL2AY o 770
periodically regenerated in a regeneration step by
washing with a nethanol solvent characterized in that
regeneration of the catalyst is carried out at a

$eppeLat Bretdle ahnvieRAsion 00C and epoxi dation is
carried out for periods of at |east 300 h between two

regeneration steps. It has been surprisingly found
that the disclosed . process not only permts.to .
I&pgﬁataesxf%%fc&ﬁﬁrﬁubgspr% GO0 At Psﬂx?g%é{“ o EARGIDUCUS

{ ata of. syl ' ' but akso
SRS 08 Bidbiap ity MAmdadE P ag Tty h¥
pPafesenashof eyehetanion. sidpoaliimitcatalyst and a methanol
solvent, wherein the catalyst is periodically regenerated

in a regeneration step by washing with a methanol solvent

Characterized in that regeneration of the catalyst is carried out at

a témperature of at least 100°C and epoxidation is carried
out for periods of at least 300 h between two regeneration

steps.

¥t has been surprisingly found that the disclosed

process not only permits to operate the continuous

. epoxidation reaction with a regenerated catalyst for a long

time period, but also that high catalyst selectivity is
achieved shortly-after-the regeneration step without the
need to add sources for ammonium or alkali metal ions and

that the epoxidation process can be operated at essentially

constant hydrogen peroxide conversion and product
~ selectivity by raising the reaction temperature to
compensate for catalyst deactivation without the need for

adjusting the reaction pressure.
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need to add sources for ammonium or alkali netal ions
and that the epoxidation process can be operated at
essentlally constant hydrogen peroxi de conversion and

WO BN MB27 sel ectivity by raising the reaction PCT/EP2004/006304

tenperature to - conpensate for catal yst deactivation

without the need for adjustindg the reaction pressure.

WD 20051000827 PCT/ EP2004/ 006304 4 Detail ed

Description of the Invention The invention is directed

to an inproved process for the continuous epoxidation.

of propene w th hydrogen peroxide in 5 the presence
ili.calit a a net hano

soF%é%Fda%nggﬁ” 2lca a y%t£¥gg5§?g8dlcally

regenerated by. mashlng wi th net hanol and the

gpexilgatsindd oy dactdigredtsed atei ad @mprﬁ@edperpgegsoﬁor the

,385%15%%%53@%&kldﬁ%ﬂ%ﬁ”bfW% ?Qﬁ@ehﬁghoﬂ d§B Fg}?x1de in

For economc'reasons It |Is erred

- tBgl prHeeness afo %stelt;ﬁrb’ﬁi}?ﬁeshlﬂcﬁﬂalﬁepGﬁ’éaﬂb’ﬁ% @md &
Aethaehnl %@lv@n)tt Uﬁnmé/}_*éifh pEIQ@a@&téh%&taisapéh—}hgdlcally

cont ai ns % of ropene. may be fe

288ERRaIRd By Gt ing i Renhene b AREnEhe: Feoxidation

epaxicdat ds mmsah oultd fiyslrpgenoper ofi iéresthan 300 h
in_the formof an 'aqueous sol ution

f bl d
BEERERR e e A e AT o oo e b

preferably 10 to 80 wt. % and partlcularly preferably
Bort ecpfomti Y efisorisy drivgien peedeidedméyrben indedtinial

| ge 1&01:5%%5% %%ﬁ%%reg;p%g r?é/aﬁé:@bilﬁl Se%a%' ESefl P8t as a

Al'so suita re unst abi aqueous
Ta?ahag@ﬁl BéESMTEe WSS HIRARRICBhat afeaobudgneantains 1 to

-wevoint%hb@qgur&%@lepr%ﬁ@rm@w@@cr@a Q¥d£09§&uld as well

sgr oxi de. Hydr ogen erOX|de solutions in nethanol

¢h HPEEBHtSalfﬁ’ & Jﬁg}:q %OWB@% 5RB°bX98en i n

“'the presence of a noble 25 netal catalyst in a

nedkageh petrvedidandy grefdishbedusedi iANENE form of an
SLLL&AL 83 uRE 8nCidT Rl iR ddd AL LR 3B Ont of 1 o
90 wt.%, preferably 10 to 80 wt.% and particularly
preferably 30 to 70-wt.%. The Hhydrogen peroxide may be

~used in the foim of a commercially available, stabilised
“solution. Also suitable are unstabilised, agueous hydrogen

peroxide solutions such as are obtained in the
anthraquinone process for producing hydrogen peroxide.
Hydrogen peroxide solutions in methanol which are obtained
by reacting hydrogen and oxygen in the pfesence of a noble
metal catalyst in a methanol solvent may also be used.

Titanium silicalites are crystalline, titanium-containing
zeolites preferably of the composition (Ti03)x(Si0,)1x where
X is from 0.001 to 0.05 having a MFI or MEL crystalline
structure. Such catalysts may be produced for example
according to the process described in US-A 4,410,501. The
titanium silicalite catalyst is preferably employed as a
shaped catalyst in'the form of granules, extrudates or
shaped bodies. For the forming process the catalyst may
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zeolites preferably of the conposition
(Tio2).(Si2)1 . where x is fromO0.001 to 0.05 having
a MFl or MEL crystalline structure. Such catal ysts

womgs/tespr oduced for exanpl e 30 accordi ng to tHE/EP2004/006304

process described in US-A 4,410,501. The titanium

silicalite catalyst is prefergbly enployed as a
shaped catalyst in the form of granul es, extrudates or
shaped bodi es. For the form ng process the catal yst

&A1 20006 099823#9%%8&894690@%?%1# GOREEILL, [0y

a bi nder carrier teria S an
inders andcraBriesenafesiplabbeinpasudsahde thedctdo not

Méd b hyﬁmgﬁgadﬁs@eﬁl ﬂ@r@kl%t BrtherBPexrkdepdRdels thifler the

reactjon condjtions enp d for he epoxi,dati.on. 5

53 FutR eSORi Rl anai aﬁﬁ%eyeéf f@rts § RRPELEIFAGrer abl y

E@@ﬂld@ﬁei | weeh bedacamatyst 6 Theonst ?ﬂnagles Prediirably used

used, i n,t.he. epoxi datjon reaction preferably conprises
]glzf%%rp% %(/9 flanol and nore preferably nore

than 97 wt. % net hanol. The nethanol solvent 10 is

Treferdihyoh sethantalisgdaie teehapokidatsohvestaction

LA T POONREEISED 8P WP 90 Ofe | ROnEPAXEAR LAY moze
pEindalely propenehando? het nkt habbenadl vEhe mefhisaol solvent
itgeduced,ipto {benepexi dabied heerhRb12asal e@g%&@e%ttream

15 feeds or ‘one or nore of “these feeds ma be m xed
RﬁqQﬁeﬁﬁﬁ %Qﬂ?%%d%?¥%muPn?€ e ?E%%%@@thﬁ geaction

naraferd esh- epligtiiirept ©f BHER| Nvention an additi ona
base, preferably ammonia, is. fed to the epoxidation

I h | f I
A R SOS naonsr S ohif ot e Hefhabll, S31858  pay be

igft ndvbr b vimf e ddse t @poxhdat bact neacibe additdepenflent

I
HEEIE Iy 4 g SRR FRE ofl LR brior oo
indggadict P uatantkeotedcterto naintain a const ant
pH in the feed streamthe base is added to.

In a preferred embodiment of the invention an additional
base, preferably ammonia, is fed to the epoxidation reactor
to control the selectivity of the catalyst. The base may be
added sepérately or admixed to one of the above feeds to
the reactor. The addition of the base may be at a constant
rate. Alternativély, the base may be added to one of the
feeds to the reactor in such an amount as to maintain a
constant pH in the feed stream the base is added to.

In the epoxidation reaction propene is preferably employed
in excess relative to the hydrogeﬁ peroxide in order to
achieve a significant consumption of hydrogen peroxide, the
molar ratio of propene to hydrogen peroxide preferably
being chosen inhthe range from 1.1 to 30. The methanol
solvent is preferably used in the epoxidation in a weight
ratio of 0.5 to 20 relative to the amount of hydrogen
peroxide solution. The amount of catalyst employed may be

- varied within wide limits and is preferably chosen so that

- a hydrogen peroxide consumption of more than 90%,
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25 In the epoxidation reaction propene is preferably
enpl oyed in excess relative to the hydrogen peroxide

i rr to achieve a significant consunptiaq
WG@@@S@H peroxide, the nolar ratio of propen‘g-c"E’)‘T('wjf’m““"{’063"4

hydr ogen peroxi de preferably being chosen in the
range from1.1 to 30. The nethanol 30 solvent is
preferably used in the epoxidation in a weight ratio
of 0.5 to 20 relative to the anount of hydrogen

pRefrexade ysaldis amanllsgnintachi eakdl wstheénplloyddutay to
1ts_ an r ef er abl cho

b varied wthin wide |i 1S .
5o BoRfa, ol sy ST deRhearbe R oh gF Cashe g FLons -
90% WD 2005/ 000827 PCT/ PP2004/ 006304 6 preferably
Dooriegt hhe @FWxidatdcn aved piessure wibhis tbesdeaptor is
t ; . [ We! ct] htl gns.
SRy R TR, R o o AL bPREERARLY 1T 55
3ir$ MBawal ly maintained at 0,5 to 5 MPa, preferably 1,5
to 5 3,5 MPa. The epoxidation of propene is typically

THAr é'gggti@létti@n df M WL ofpB0al 0y8eSrrikef eidblat a
at 40 to 60C.

CBUDSPAHR 0 o4O Pk or TSt BERRLRg A Al Efr 80°C-

. conprising propene, hydrogen 10 peroxide and nethano

Thee pblé dedtiainy sis fipedtbhasly Therfisddobedineacfdxeids bed

referably _equi.pped- witih cooling. cogl ed
<BREO5 B RIS B TP BT EDsg, B0pER, SHgsen
peirthiidet hinsl meddetrorl iarqr eflee abhyahpsht fined. bedshThe

' _ L . . T ol ) :
SRS HRR peROR ALY ALt ol 118100110 means
apft Bealede widht & YSdwWel oo bnd gredhamppihe temperature
pRbeh 2eabli ¥ HIBCrnien-disd it 8 | yedrbeghl eambohtatined such

epoxidation _reaction mxture is preferaply paised ,
tPﬁFo'&&ﬁ-:H?é’lé-éltgalﬁg?&l'u&éot*‘%ﬁ‘?e’a%’%g?l %gl feCo0-Ling means 1s
agr %E%B%bhm“\@i Tahmﬁfiﬁiwerlfaf}'tightﬁh ‘té%h%@ﬁayuf@omeam ﬁ:hg .

, LJore pr a to : nos refterre

SEEAAE=T oA Sk At 1 VR SeT (5 7 SR T Hedas -t he

‘ratio -

When using a fixed bed reactor, the epoxidation reaction
;mixture is preferably passed through the catalyst bed .in

down. flow mode, preferably with a superficial velocity from

.1 to. 100 m/h, more preferably 5 to.50 m/h, mqst,ﬁreﬁerred 5

to 30 m/h. The superficial velocity is defined as the ratio
of volume flbw;rate[cross section of the catalyst bed.
Additionally it is preferred to pass the reaction mixture
through the catalyst bed with a liquid hourly space
velocity (LHSV). from 1 to 20 h™, preferably 1.3 to 15 h™.
It is particularly preferred to maintain the catalyst bed
in a trickle bed state during the epbxidation reaction.
Suitable conditions for maintaining the trickle bed state
during the epoxidation reaction are disclosed in

WO 02/085873 on page 8 line 23 to page 9 line 15.

In order to be able to operate the epoxidation process
continuously when changing and/or regenerating the
epoxidation catalyst, two or more flow reactors may if

-
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of volunme flow rate/cross section of the catal yst bed.
Additionally it is preferred to pass the reaction
m xture through the catalyst bed with a liquid hourly

WGEHase03s vel ocity (LHSV) from1l to 20 h-1, predEERde0y006304

1.3 to 15 h-1. It is particularly preferred to

mai ntain the catalyst bed in- trickle bed state
during the epoxidation reaction. Suitable conditions
for maintaining the trickle bed state during the

SRR AR 90T SRR deP AT 3P .08F98R0 1R the

’ne 2% age RS
b@ﬁ@rﬁodﬁpérab@dtm@n@ﬁGX|datlon process continuously
when changi ng and/or regenerating the epoxidation

S t f
AL obs) e EEAR, R e gy g ritantun

Spergeddtencphrdred sdowly desess qatatlnetlc acthlty- When
bRtoretdeseyi bedtRRNGOR a1 RE-Jde HOW "lﬂ‘:?é’sdes:Lred level
gﬁldatom1c£ grogenetthetltanlmn silicalite cata

Sy OrLEa51RRt APGCtd oRc sy ifAF e TBI e anfd Bhe| Gp 91yst is
pégthereaatdl gt wdsnmagbe:mw bhmeiﬂ?ﬂcﬂg slcﬁwxﬁénth@t a

ga e U ted and .t ecata S

FORELEILAER DRGSR, Tash: R orh s SRR oy GRS hprably
perfempedattra bémgeraéase f&@ﬁ.lﬁ@gemﬁﬂhn)%m for a period

@febe?a@5y48pﬁ5&g5nEgo?E ﬁg&?ggggﬂhuﬁe dd o1 30019 and most

erio ours, nore

p¥eferably % t@ 28 heurs-and nost preferably 4 to 10
hours. Wen a fixed bed catalyst is used, the catalyst

Wisen P& ef ex&d| yed €8BI L edlsnﬁs@a t heee %%a%}é@rhs
ra%tm W t ho enovin romthe reactor b

P LY oePee e e tghte EBivBROiRARIg taactor
Wzmhwwttrémdeﬂn@eﬂt Efeﬁethblyeabherﬁbyh@&®81 Eelow of

SHLEERL SOrGRA0 SENEL LI RLGLVAL 5 AP brarerun
Hg useEpnol rmhv@mh atreaunkiis plaemednthhreu:_m dhestcatalyst
hed. in Sﬂ’évﬁ@bffoﬁozﬂgﬁé' QRS h©85eMBLAERLALAY Rnld IEKLP rate is

fl ow node are

adjusted to maintain a trickle flow in the catalyst bed.
Suitable conditions for maintaining a trickle flow mode are
disclosed in WO 02/085873 on page 8, line 23 to page 9,

line 15,

Regeneration may be performed at a constant temperature or
using a temperature program. When a fixed bed catalyst is
regenerated, péssing the methanol solvent over the fixed -
bed is preferably started at the temperature used for the
epoxidation reaction. The temperature is then raised to at
least 100°C and maintained at a temperature of at least
100°C for the time necessary fo carry out regeneration.
Thereafter, the temperature is lowered back to the
temperature used for epoxidation. Finally the methanol flow
is stopped or the epoxidation is recommenced by starting to
feed propene and hydrogen peroxide to the reactor. In such
a temperature program, raising and lowering of the
temperature is preferably performed at a rate of from 5 K/h
to 30 K/h. |
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20 di sclosed in WO 02/ 085873 on page 8, line 23 to
page 9, I|ine 15. Regeneration may be perforned at a

con { tenmperature or using a tenperature ‘
“KVﬁ@%&§Q7ixed bed catal yst is regenerated, pagé?ﬁ%%gh‘mmu
met hanol sol vent over the fixed 25 bed is preferably
started at the tenperature usgd for the epoxidation
reaction. The tenperature is then raised to at | east
100C and nmintained at a tenperature of at |east 100C
Dﬁ%&n@h?e@eﬁ%ﬁhﬁ%&ﬁ&fﬁtﬁ CeCIﬁ’étEky?ﬁJcbll segeeﬁﬁath@w r1];31:63336'%1;1re is
ereafter, the t rature,.is | o ck to.the
SfaREEEt Cre TSR 0T WO kT FEL Al EDS R ThEHR GOV ent
hjahe &iq&hdp@ﬁiﬂy ﬂh&aamm@sb&tynprsssacenuencéﬁemwtalned
tarting,t ed _pro roge
2B RO Re PRt HH R ar(r e o gy SraBPERLiRd Belpt® of
theweeithgnofl tS|¢é-WeeprefrIatth esupphybhar apl ynpsict gateduth as
' nga%gég of from5 K/h 35 to 30 K/'h. WD 20051000827
5604/ 006304 8 During regeneration with a
met hanol sol vent the pressure is adjusted to mai,ntain
Whga aaférepabedbcatiad st h%o‘Fe%%‘ll%EﬁFEdl Ryt R&SSIGE @
metAbR01 TR 1HRERS SAME K e@@t@@gmatm@ecataayaed fixed hed, at

1ERE%L RARGI ol ISy SHRRY v RGP AR FHeE PEGRats fie

"caaalystr@geed.W@ﬂwmaj|b@ntéuxbdafarységeaeragémeraﬂed

cBhelE: i ReH el Lo DT er At HaTT b PrErssrase
embadlmenpasfe¢hdﬂumnﬁntimﬂJItMﬁumﬁvhanblxedlﬁe@ﬁnwﬁ passed
tﬁﬁoﬁgHS% of Qb o Lid B8 wLeAahYStlbbNeUl: Rf iRiriod

uritication. Th-a erre I ment
Ofnﬁé‘ﬁtﬂl 8n% tlee Srﬁaermmfmtrs%w:@m m%egaé%dregﬁf@aa%:%

Tﬁé&@hf%ﬁrf'éqq hel WdthpaoT eserd Qe anaerkad d@ééﬂWﬂHrough
%to 30 of the tine, used for re eneraélon _

'tl'irﬁercé*éﬁétérﬁt QHX%&%tmrﬁa@ HRSRnECt hie Fggﬁgfgf&?lonr
CEBEQMQB a closed loop for washlng the catalyst with a

'methanol solvent for the remainder of regeneratlon time. In
this embodiment of the 1nventlon the amount of methanol
needed for regeneratlng the catalyst is con51derably

reduced.

The methanol solvent used for regenerating the catalyst
preferably comprlses more than 90 % methanol'and less then
10 % water ‘and more preferably more than 97 wt.-% methanol
and less than 3 % water. The methanol solvent is preferably
a technical grade methanol, a solvent stream recovered in
the work-up of the epoxidation reaction mlxture or a

mixture of both

In a preferred embodiment of the invention the reaction
mixture from the epoxidation reaction is worked up by a
sequence comprising a depressurising step removing part of
the propene, followed by a pre-separation which separates
the mixture from the depressurising step into an overhead
product comprising propene, propene oxide and a minor part
of the‘methanol contained in the mixture and a bottom.
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the catalyst fixed bed is returned to the

regeneration, creating a closed |oop for washing the

catalyst with a nmethanol solvent for the renai nder of
WOraeQs20es2at ion tine. In this enbodi ment of theCT/EP2004/006304

i nvention the anmount of nethanol 20 needed for

regenerating the catalyst is gonsiderably reduced.

The net hanol sol vent used for regenerating the

catalyst preferably conpri ses nDre than 90 % net hano

SFREHE? St T bl kil 55 A b S L S AaliBl “eqpgained
lnethanmhxiukwenwamgrpﬁ@kbmmgh/bQilxﬂﬂnﬁx:@r@mQQES The
b%?ttﬁﬁ.ggeodﬁcgoﬁ%ﬂt +lef JReamerethd N g tﬂ’i‘ex‘i‘%ﬁbggcted to

oxi dation reaction mxture or m xture
ap bwﬁrog@natap@f eitesd a@%é@%&ﬁdﬁgqnﬁet%v@h@% ni€he

st;%%t:t:%a t%O arru&tst&rlmfartqraxt ke gpad dptdOnad eged+RBadS
wor Kk ] uence conprusung a de ressurusugg
| PEogboteRDpREd AR TOFS. TRt L% ahEar bypat bérably
QDrﬂtseaaﬁ@thaﬁoml chisepaaiemd th;hﬁ;cmaqt U< profetdely used
essurit si n an _overnea

agoRhEs BEkhRRPY Bhivell, Soft B Y SHE canptvat-

of the nethanol contalned in the mxture and a bottom

TE 2666/ HROB2TCRCELER2004/000630d Fymmodunt osproEi ng

a 0 t I [
r%_?&tng?lagﬁ \Ngt {é%e Eg&%ﬁé{%@bﬁ%{gp be gigsg";réokggccc% Sap {@cess stage

£pu5t verkpnedubt theo Wﬁﬁﬁélppe@éﬁa’frﬁ i the teRrexidation

r§89t§éﬁegotQecavgfd%ﬂgeﬁékh@&dﬁ‘Hbﬁﬁﬁiﬂé&Ethereln. When
hydr ogenated steam,is 5 sub to a qﬁ}tlllatlon
theeprebdeyrve awba%mﬁagdfomf fts-’or\tpa St Frel than

mﬂﬁtwﬁe 8{ofaatd§rrape;:ﬁzaai:gfbabh:§la&adag a»SO/octmthdrxam&crt] J']'ﬂﬂl’she
over hea oduct i s _pr.e e as -t he .nmgt.ha
PETYERBE T BPSP el ab g thie MRRTET SoRET qihat was used
fuethagehesatmagttbbtaahedyhtomsﬂpxeﬂﬁaahﬁy1@hssed either
téeQﬁQefL?th!gothlSEt é't)é b 2BY e RsSefhd é%;tﬁ?rpt{ ocess

pt e re"of the

u reactlon m xtu
_ de@bxlaattgn step.

After the catalYSt.has been regenerated by washing with the:
methanol solvent the continuous epoxidation of propene is
recommenced and the epoxidation is carried out for a period
of at least 300 hours before the next regeneration step is
performed. Preferably the epoxidation is carried out for a
period of from 500 to 8000 hours between to regeneration
steps, more preferably for a period of from 1000 to 4000
hours and most preferably for a period of from 1500 to 2500
hours. The ratio of the time period used for epoxidation
" between two regeneration steps relative to the time period
of a regeneration step is preferably at least 100 and more

. preferably from 100 to 300.

In between two regeneration steps the epoxidation reaction
is preferably operated to maintain an essentially constant
hydrogen peroxide conversion. In this context, essentially
constant has the meaning that hydrogen peroxide conversion

varies by no more than 2 % at a given reactant feed.
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reaction to recover the nethanol contained therein.
When the preferred enbodi nent for working up the
reaction mxture of the epoxidation reaction as

WORHNOBEG in the 15 par agr aph above is used, PHEEP2004/006304

met hanol sol vent that was used for regenerating the
catalyst is preferably passedl@ ther to the

hydr ogenati on stage or to the subsequent distillation
step. After the catal yst has been regenerated by
Rewevey, wifhrehetad feedanalresaheenjed heo cothi steua
LKL i ne._li ced. and. t he .
epom%é;ﬁiﬂl: g;grcﬁéugggglﬁeg‘alg%f S’%glr i%)oe(fao%*é%tc?’%ggf‘o’lon may
doongp by deloreerhvadurt thegedetat itort dthegréafter will be

abl €+ POXi| ' is rej 0
peviauimss Piekgnal s ble sRORSGelana = ol ad o

for a, g )
G Th FRre 8o BE4RY VbR SERBte hASIEPaY Be pokide of
. dorore Ah tﬂiﬂﬂ@OthéOdéﬁaigﬁtm%bs@rse‘ca%ﬁwj}‘t§ %fhAough
Cferupqr f.fron115og.to 250 hours. The ratio of the
- 959 et ot usER F bt OB pBRFAREEERS  hEUe 7% ViPmperature or
pngﬁﬂum&ﬂihHWStEOSbéehd§?BEeHF-Ehea}bm%ﬂ%%£$&1%ﬁﬁo@iment of
jon. st [ refera .at ast 100 , hore
5 T P, R66oFuT500u i Ron e risat Lon £
medgdpdinad @rostiopst t aedepbei dastbhoreaehipeirativre for the
: I ner d.ho.malntain. ap es tially:.. 5 ..
%f%?aaﬁﬁ?dﬁfﬁoﬁéﬁgeéér%ﬁ?%‘e’f%‘%%vé‘?sm%. KIhi Less to
coppeRsate t¢afayyseodetahi vhhionhande maiimg: £ iratan
- ehpdneden 1Re M S8 SO W eES598n Fer¥ak LS Ry ]
than 2 @ggf a giJ%n régﬁtaﬁtnféeﬁ¥§%ggzggéf%%6§ggﬁ_
T CT/EP§004/006304 0 However, if reactant feeds are
- TORaAQed oM ne it Les 1 usbretarbhacPrencss ©f the
ke R o e DUt her eat Loy w1 o prRma st Mhieved
a 0) ereafter W e g3 nmi ntaine '
-b% ttﬁlgnijg% oeés ﬁﬁmﬁv VAR R order to 5 maintain
an essentially constant hydrogen peroxide conversion
whil e the catal yst | ooses activity through
. .deactivation, reaction paraneters, such as

Ekenpesat ure or

-Titanium silicalite was used in'the form of extrudates with
2'mm diameter shaped with silica sol as a binder &s
described in example 5 of EP-A 1 138 387.

H20, was used as a. 60 wt-% solution that was-preparedﬁfrom
. an. aqueous solution obtained in the extraction step of an
anthragquinone process by evaporation of water without
further purification. The 60 wt-% Hy0, was adjusted with
1100 ppm ammonia to a pH of 4.5 before feeding it to the
~ epoxidation. pH values were measured with a glass electrode

without correction.

Reaction products were analysed by gas chromatography and
H20, conversion was determined by redox titration. The
catalyst Hx0, selectivity was calculated as.the ratio of
‘the amount of propene oxide formed relative to the amount
of Hy0, converted. '
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pressure, have to be adjusted. In a preferred
enbodi nent of the invention, the pressure during the
epoxi dation is 10 nmintai ned constant and the reaction

wotopmosd7ur e for the epoxidation is raised atPCIEERAE4/006304

of 0.025 K/'h or less to conpensate for catal yst
deactivation and naintain anllessentially constant
hydr ogen peroxi de conversion. The foll ow ng exanpl es
illustrate the process of the 15 invention and the

I mprovenent over the prior. art achieved by the
process of the invention Exanpl es Titani um

silicalite was us n-the form of extrudates with 20
E%ﬁ%ﬂf%iinzFBPpéﬁs ége eﬁﬁmgﬁ 'ca sol as a binder as

described in exanple 5 of EP-A 1 138 387. H202 was
Eperidasian60fwprppesel wesorartisd wast prapaieecrsdm in a
t\i;ﬁléﬂ%eggta%' Wi %o%&alve%men they £xid@ct i OF B6Sm and a

raquil none process y evapor ation of water
lenghouetf 24 murﬁﬁéﬁppﬁér WitBagi GROHMY elarket o Theoreactor

wé(‘@sfﬂglé'ét R rw hhtl%a%uﬁp@mmrllaté Qe o of ﬂn5the form
before feeding it to the poxi dat.i on. pH_val ues wer

oﬁe%lsramea:{wrtlﬁase@ HadeakEEhr Gd L MiThAUtL dotidet | Prcording

t&eﬁgim%neEgggﬁcm—muelaeatmggdme mdcﬂﬁmrMS)gmmhated in
an , onversi.on was determn

ALY ¢ PREF AR ORnEotEa: APgs OISR dT TATTRRRS

camprisatiedf ashirbe fatdocohtatihersnmand rfmps obenethe liguid

o ey TR S0 o AP, g roseer ox

cekbept tnd thenparative wiabpre) Beadtdar FERICHigpeneras
cﬂﬁ@rﬁ?iéﬂerOHRrEQEBtEH%U§hyabge%uél&BﬁIﬁhﬁ‘%ﬁ&éﬁg@fthe

vol umne di anet ér nmm and 5 I engt h of
caokingquirphel wWherekycEei ﬁ@o}lééﬂﬁettemf?efarfé%? A%as
chnt et vt Byaat tharigetsil. i rabictercaimissire rwddiekdpt nat

a%é%?%?%eégiu atestggnltrogenadgg'éﬁ%S“ﬂpfggg re
controller The feed containers were charged with metharnol,
the 60 wt-% H,0, solution and liquid propene. Mass flow of
the feeding pumps was adjusted to result in a propene feed
concentration of 43 wt-%, a methanol feed concentration of
43 wt—-% and a H,0, feed concentration of 8.4 wt-% at a
total flow of 0.35 kg/h. The cooling jacket temperature was
initially adjusted to 41°C. Initial Hy0, conversion was
96 % at a catalyst Hz02 selectivity of 88 %. During 2500 h
running time of the epoxidation process the coolant
temperature was increased to 50°C to maintain the HO:
conversion constant at 95 %. After 2500 h of operation the
catalyst Hp0; selectivity had dropped to 85.%. The product
mixture contained 2.7 mol-% of methoxypropanols and
2.5 mol-% 1.2~propylene glycol with respect to the amount

of propene oxide.

After 2500 h the reaction feed was stopped and the catalyst
was regenerated by feeding to the reactor 0.35 kg/h of a

1 wt.-% aqueoué hydrogen peroxide solution in down-flow
mode for a period of 4 h at a temperature of 50°C,
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to exanple 5 of EP-A 1 138 387. The reactor was

operated in down-fl ow operation node. The equi pnent

furthernmore 10 conprised of three feed containers and
WOIMIP0F83F the |iquid starting materials and ZCT/EP2004/006364

l'i qui d-gas separating vessel for collecting the

reaction m xture. Reaction tehperature was controlled

by circul ati ng an aqueous cool ant through the cooling

j acket whereby the cool ant tenperature was 15

A60EFOothedrbyencirheimns prlocddRae athgrissdinga yasgkept changed
W th nitr, as_and essure,

t .5 MP bsol ut .
B tf rerceinn rlek ulln At BHE, By g Theredtfiaation
pebbans! wast benGAnwedYald? @2 ssalilnddralsone |whth dan initial
. f f f [ ' .
BLBPRIE, JURRS T\ Olata bl o, PUrp g 3 bgketlion
Pimeg the nBrbamsinfesstigotent 9atd ob ot a4gahelyssnd:@e

gg@%cggsgtgoe%e@br Ll QRO Bah oM mpAlufe dOhBhiALQW
0 . g’'h. The cool 1 ng”jacket tenperature was
- 2nPtihalty ad) methexverepranals angd HHhmw et st oprqgiene

%ﬁ%@ﬁt withatakypsttH202 +3@! egldutitt Yo ofp&fhdhe Dukidg.

25 running time of the epoxidation process the
- coolant tenperature was increased to 50C to maintain
the H2Q2 conversion constant at 95 % After 2500 h of
operation the catalyst H202 selectivity had dropped

‘Erafpléo 2 THeoppaduatt vemextampd edont ai ned 2. 7 nol - % of
met hoxypropanols and 30 2.5 nol -% 1. 2- propyl ene gl yco

.1 h . e f ' : :
BhboeRORRast 188, PEnrRlRY Ry, o SoldT e Pl Aefaioed 1
- Eanpbgeherated by feeding to the reactor 0.35 kg/h of :
a 1l wm.-%aqueous hydrogen peroxide solution in :

Apverf b ovo ﬁ5tHEd%eE%Ei%an@éajwaé‘%ﬂb%?ediand the catalyst
tenperature of 50C. WO 2Q05/0Q0827 PCT, a§804&g§930 oo
ﬁ%sAE?%?nFﬁétPQgéﬁeﬂ§FP5ﬁ éédﬁﬁfﬁ Li Lp %géﬁ%dlng
thangedrebotbhe 10emay/honirdgene giaes cir hkktirabover ansde for a

LSR5 024 P RCERRBATR S U b, deser et

- After the regeneration procedure the epoxidation process
.waS"continued as described in example 1. After 48 h -
reaction time the Hy0» conversion was 95,2 % at a catalyst
H20, selectivity of 87 %. The product mixture contained
2.6 mol—-% of methoxypropanols and 2.1 mol-% 1.2-propylene
glycol with respect to the amount of propene oxide.

Example 3 (comparative example)

The epoxidation of propene was carried out as described in

example 1.

After 2500 h the reaction feed was stopped and the catalyst
was regenerated by feeding to the reactor 0.35 kg/h pure
methanol in down-flow mode for a period of 4 h at a
temperature of 71°C.



cool ing jacket tenperature of 41C. After 48 h reaction

5 tinme the H202 conversion was 95,5 % at a catal yst

H202 selectivity of 87 % The product m xture
wocmoiedosezd 2. 6 nol - % of net hoxypropanol s and Iecar/empoof#606304

1. 2-propylene glycol wth respect to the anmount of

propene oxide. 10 Exanple 2 ( $nparat|ve exanpl e) The

epoxi dation of propene was c ied out as described in

exanple 1. After 2500 h the reaction feed was stopped

and the catal yst was regenerated as described in EP-A

Broo 9rs %@g¢%@ﬁﬁﬁgonlBrP§eﬁH§er§B@tGPQF}QQM#PH process

Whd r OSeR 19884 | s dayscti puampdeckampaeperi ad@fr 24 h at
250C. After the re i on

ate rature of e
Sraiotih o e e en FORTBTSCRs A bohtf 1R agatalyst
Kigncsebedtinieyams 6913 AfI'lh@r A duct edictinre ttoRthhRed
nversion was 95, 2 % yst | )
5 Lot STV 17 P BIoBYD AR b SP At xPUPB S g AR OPYLene
Pl Bcoblwislofreaspdokype ophaocimoant 2flpmope¥te oxide.
1.2-propylene glycol wth respect to the anount of

eDOXIgﬁ%lo#%% eﬁ%@f@ﬁeséeﬁcoﬁﬂéré&bisnﬁxﬂgﬁlCH%?% é“had to

ropene was  carried-out as

}fes(a#ﬁﬂl“eeqSEdAﬂtferfi%s@oowﬁh@ pektedontf add %aéi%ﬁftﬂdﬁé'{ﬁln a
c%}%ﬁaﬁ?c bgl Méhve%iohegﬁnﬁ.h@t %@o@&td%%@.dﬂrf‘%af&cé@@ After

i n _ down-fl ow node for

ea ure nethanol
10 221 g’} ‘H%‘lQP %L%H‘g atB® HalepEPAVELEion YRS W2 ¢ at a
dﬁﬂﬁﬂjﬁﬂﬂﬁ%@gR@iﬁ&gﬁ@@itQOGSOQB %3 Ahleepridiict mixture
ener pr ur epoxi dation process
SH o e QCkTT o TReRcRr 1Sl antgg  HE1-e
kfzﬁnnqpykanﬁaglmn¢2(ﬁitbnne$§éoh tastB8, 8m¥uatt @f propene
yst H202 selectivity of 89 % The product
mXxture contained 5 2.2 nol -% of methoxypropanols and
1.0 nmol -% 1. 2-propyl ene glycol with respect to the
15 anount of propene oxide.

Example 4

The epoxidation of propene was carried out as described in

example 1.

After 2500 h the reaction feed was stopped and the catalyst
20 was regenerated by feeding to the reactor 0.35 kg/h pure
methanol in down-flow mode for a period of 4 h at a

temperature of 150°C.

After the regeneration procedure thé epoxidation procesé
was continued as described in example 1. After 58 h

25 reaction time the Hy0, conversion was 95,8 % at a catalyst
Hz0; selectivity of 90 %. The product mixture contained
2.1 mol-% of methoxypropanols and 0.9 mol-% 1.2-propylene
glycol with respect to the amount of propene oxide.

After the regeneration step, the coolant temperature had to
30 be increased to 44°C over a period of 328 h to maintain a
constant Hz02 conversion in the epoxidation process. After

[=]

328 h reaction time the H,0, conversion was 94,2 % at a
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After the regeneration step, the cool ant tenperature
had to be increased to 49C over a period of 271 h to
mai ntain a constant H202 conversion in the

WOAIXIHEY on process. After 10 271 h reaction PFHEFFHE006304

H202 conversion was 93,9 %at a catalyst H202
selectivity of 88 % The prodddt m xture contained

~ 2.5 nol -% of net hoxypropanols and 1.7 nol - %

1. 2-propyl ene glycol with respect to the anount of
@a@a@ﬁgtoﬂyﬂﬁseﬂﬁbﬁ@@ﬂﬂ&Ebﬂ-§be°$pwhéd@Mdamdﬁ mixture

ropene arrl, t a descrlbed [ le 1.
BPRER a0 1n S, M IFdath g6 s R S ShpeatBng - Dndiol %
tafapyspyl2fewad yioedemdrthl atkapedieeds nghs oatnbanteadt gpropene
9. 33:.K9/ h pure nethanol in down-flow node for a
perlod of 4 h at a tenperature of 150C. After the
regenerati on procedure the epoxidation process was
conti nued as described in exanple 1. After 58 h 25
reaction tinme the H202 conversion was 95,8 % at a

gRimpYat 4 Egg%ss%h%%tb&'Eéﬂgbé%hg@tﬂ@95819gﬂﬁtand

-m xt-ure contai ned . - % of et oxypr%ganols and
S

Rs A Q%Pé’ﬁ&[“@n@o &Ih;ﬁtélnwlﬂql?% ¢ témehen stream

&L l@égteﬁt@@aﬁédo%ﬂa@alﬁpszct am (e L@Q@ﬁf&@twg sEegropene
e COoOol an e at ur e 0 eI ncrease 0
S Sanr 1S BB T, Prodgogm S PIE. LuNCRar, Cpggpeation

toswenshonbéoohbe epexisdativan Jur mmalé\fti ﬁrthSZBehctlon

OB bODnss Rl EenBtaroaants P daralshea a08 A Period

cei@tlikiny b eompFheapeodvct thiextloss Twontatabyst. 9
éE% vﬁﬁy "ﬁﬁ@9é¥9r983€9 gé%dslé%é“%eﬁ@efa@uPéOH%heﬂg be

respect tot amount of propene oxi
ralsed by in a shorter 230 h period (0.035 X/h),

indicating a reduced loss of catalyst activity over time

- when the epoxidation process is operated according to the

invention.

The results also show, that by selecting the solvent and
temperature according to the invention, a high catalyst
Hz0z selectivity and low levels of by-products
methoxypropanols and 1.2—propylehe glycol are reached after
the regeneration within a short time period of 58 h without
the need for additives in the washing sélﬁent as described
in EP-A 1 190 770. o

Example 4 demonstrates that in‘the process according to the

invention a low level of by-products is maintained for a

'long period after the catalyst was regenerated, whereas

regeneration at a lower temperature leads to ;ncreasing by~
product levels when the regenerated catalyst is used over
an extended period as can be seen from example 3. This

proves that in the process according to the invention the

regenerated catalyst shows a reduced loss of catalyst

-selectivity.
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Exanpl e 4 shows that by selecting the solvent and
tenperature according to the invention, the tinme on
stream of the regenerated catal yst in the epoxidation
WOg03000828ne can be consi derably prol onged befR{ITAEP2004/006304

anot her regeneration 10 treatnent beconmes necessary.

In exanple 4, the reaction tenperature had to be

rai sed by 3 K over a 270 h périod (0.011 K/'h) to
conpensate for the loss in catalyst activity, whereas
.n.exanple 3 the tenperature had tp be raised hy 8 K
ik WD AR esR SPHEA e (6 0952 KHRYSRE55Tng) Babng 2
sedeutdditys canf adatcalbestmaiitainyd ovketléi bRe whanttile

[ iLon .pracess i s operated accordin 0.th

t%ﬁlgj)égﬁt% ?télr]f% 'ﬁ%e rrag‘sslﬁdt ?Oalcso %%S\’/\??t? hggr bgaégllgggi ng
depetdolidon andhoudnpdramessl ateorgihging the pressure as
£oBVeRt ehoc Y Ut g3t Yot o0 1R02reel 1LY E¥aRRE process
l'ow | evel's of by-products methoxypropanol s an
CPNIrploppraNs egitpese dre N i@l &9 tleeasype the amount of
pi-egener ahi @heWtiil A pHyd dff MBhdeFd D8 Pbn 581 Bture,

t hout . _the need for addltlvesdr&ﬁéﬁ%mashlng sol vent
WHETHES FPEeBTORRSEPOK LErdo 170 26 GasEiiras such
measoneheatesot Adjust the PrRESSSaCESF dhithtfihheg a
Ciﬂgfnt'on a IOM/IeveIP%fagyiproducts i's maintained for

qR5L6HG BEPPGRafPBF &34l yst was regener at ed,
whereas - regeneration at a | ower tenperature |eads to
I ncreasi ng by- product |evels when the regenerated
catal yst is used over 30 an extended period as can be
seen fromexanple 3. This proves that in the process
according to the invention the regenerated catalyst
shows a reduced | oss of catalyst selectivity. WO
2005/ 000827 PCT/ EP2004/ 006304 15 Wth the process
according to the invention a high selectivity can

al so be maintained while the reaction tenperature is
rai sed to conpensate for catalyst
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deactivation wi thout the need for raising the pressure
as 5 for the process of EP-A 1 190 770. This
facilitates process control because there is_nho

WO2903W8&%r e the anpunt of propene in the |Iun€T‘{|§ﬁé@émO(3M

of the reaction m xture, whereas the process of EP-A
1 190 770 requires such neasugenent to adjust the
pressure for nmaintaining a 10 constant propene
concentration. WO 20057000827 PCT/ EP2004/ 006304 16
&laims 1. Process for the continuous epoxidation of
propene with hydrogen peroxide in the presence of a
%L%gniun1 2%I|callte cat al yst and a net hanol sol vent,
FEGTThd & E&%eaﬁ@}t%%U% 7 SEPEAPR) 1PBgSfe RHGRENG With
a h@ﬁm@gﬁﬁlpﬁroxﬂdﬂiﬂn/ﬁﬁ@hpﬁ@séhbb afmat kaRGni um

sol v aracterlz d in,that rat on of the )
coraner R AN 2 A heLRIERT Bhavrty hargin the
10@6tmﬂisﬂxna(hﬁnxndmaaliwrre@enéﬁaneﬁ ﬁﬁrap@@gﬂhhﬁﬁtlon

at S t teps 2. The
rglgg? %fq%éhl%%{l%%erg\eﬁﬁegg%g ga? Xefl carried
ouphﬁéﬁq@aﬂnﬁﬁﬁ<#nfmmwﬁsoo h to 8000 h between two

re t o &3S he? Byta ii? roge
cl g?%@%@f\ﬂaﬁg el n aftt er tg e?a?%o%éggieﬁegcatgﬂ g
f

t hECRRgERtoF e dfpatataast 0t®eangospeasi Hafhion | 15 carried

rapged foy @eR32dd BORY essad® 360MRePsRl8ahOtwo
cat al st ﬁl;%/actlv tion and nmaintain an essentially

coﬁ@g P8y ErSP&roxi de conversion. 20 4. The
process of any of the preceding clains, wherein the
2caTheyptrocessegenelatiad gt whdmwper epoxedfit96n106Cdaaried

: ZOQSEfQBF PE%EB@% gf.%i%>t%ﬂﬂ§ ho“rs%oﬁo The %g%%siyo

récedi ng <t al ns, er
thQGQQEE®at@bnep§ﬁP@ation bet ween t wo

3. The process of claim 1 or claim 2, wherein after
regeneration of the catalyst the reaction temperature
for the epoxidation is raised by 0.025 K/h or less to

‘compensate for catalyst deactivation and maintain an
essentially constant hydrogen peroxide éonversion.

4. The process of any of the preceding claims, wherein the
catalyst is regenerated at a temperature from 100°C to
200°C for a period of 0.5 to 48 hours. '

5. The process of any of the preceding claims, wherein the

ratio of the period of epoxidation between two
regeneration steps relative to the period of
. regeneration is at least 100.

6. The process of any of the precéding claims, wherein a
fized bed epoxidatidn catalyst is used and epoxidation
is performed by passing a mixture comprising propene,
hydrogen peroxide and methanol over the catalyst fixed
bed.
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25 regeneration steps relative to the period of
regeneration is at |east 100. 6. The process of any of
t he preceding clainms, wherein a fixed bed epoxidation

wEzseest7 i s used and epoxi dation is perfor neBChYEP2004/006304

passing a m xture conprising propene, 30 hydrogen

per oxi de and net hanol over thejcatal yst fixed bed. WO
2005/ 000827 PCT/ EP2004/ 006304 17 7. The process of
claim®6, wherein the catalyst is regenerated by

a n h t t
P §§Fygfgfg%%d%%ggl%ghaﬁgctiﬁéz Qﬁ UQEt%Eggtleast a
pa?—‘?g@ﬂeﬂ:%eﬁlebtfamsmwemtmwmn@hsspégseu sthreengthrough

th@hgahgkggpsElfqgegpqu§ reused for regenerating the
catal yst w thout prior purification. 8. The process of

clgpﬁfécéﬁréﬁﬁﬁnﬁﬂ th#drei n the nethanol solvent is
passedea¥er at pareatd M:i’de freegthied s@wl@x\m thtf haw passed

pro n f. clajns to 8, wherein
hEREPBRofRe! e CadsindiL e ViR T8 FRRAtAl Bed | n a
tr regkaethtingmote. challhet priodesst obrboy phirifigécation.
precedi ng cl ai s, mherein 15 t he catalyst IS

d.eER00PALEASY L BN A ST, SASHILR LA i thano1

e reac |on X ure o
epﬁﬂl@antomsr paasedn ovelr thee gqaresst ofiseg bédt he down-
precsfli Rgqel ai ms, wherein the nmethanol solvent that
mas used ?or regenerating the 20 catalyst is passed

process stage for working up the reaction
%n%far@raf:eﬁﬁeospésayd&tﬁ Slaid@kcty P 8, wherein the flow of

the methanol solvent is maintained in a trickle-flow

mode.

16. The process of any of the preceding claims, wherein
.the catalyst 1s regenerated with a methanol solvent
stream obtained from working up the reaction mixture of
the epoxidation reaction.

11. The process of aﬁy of the preceding claims, wherein
the methanol solvent that was used for regenerating the
catalyst is passed to a process stage for working up the
reaction mixture of the epoxidation reaction.



