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Process for the epoxidation of propene The invention
is directed to an inproved process for the continuous

wepawsiodesz7f on of propene with hydrogen per oxi dePCWEPH®4/006304

presence of a titaniumsilicalite catalyst and a

met hanol sol vent, wherein the _catalyst is periodically

regenerated by washing with met hanol and t he

epoxi dation reaction is carried out for periods of

nore than 300 h between two regeneration_steps. Prior

Art The epBIeResonter PropePe<hiRhiA)dPEgRFOFERS i de

and a titaniumsilicalite catalyst is known fromEP-A

0 100 118 and fromM G derici et, al., Journal of

EREaLPEFRTLGHI 15158 1 SGLGEs 58T GTREPVA B e [oF the

abntéhselissepblddaiti dnhicf raagteren widthalhydicogen i pérgxide in
creases with ti .Qn _stre t:hat 1] Qﬂ%

gSFi Eﬁﬁistegcﬁm?ftbgnr%elgcgr%rug* %?%{/bdav\l&s | n%al%vl t éltg]o?r_\}%n?s

seirbehal abdventeastheoreimermier aiafee.y Buikalper sefyent Y

?Egeggkg%%@ Hy'd%gﬁfﬁq\ﬁyﬁhtﬂgghéﬁbﬂﬁéﬁh'Ehéh@poxidation

re I't s also s

ction. _ ated that, fresh and recovere
capgltyons ibage riind AutadiaiRSFIARP pHy diQ%g than 300 h

chemeeal tRORYJdRSatHWMe WIepd10 i nformation is given
on the deactivation behaviour of catalysts that were
regenerated by washing with solvents. JP-A 03- 114 536
descri bes the regeneration of a titaniumsilicalite
catal yst that was deactivated in an epoxidation

Pedetd &drtby washing with a solvent at a tenperature
that is 5 to 150 0C higher than the tenperature used

(B MpSRol o R e e g gtas gnc
dgdandam o ldicalite caltahydle by KRR nbT Wt Rerki RangP 118
aind’ & rand M. C1eNci doramtj aousngl veh catahgsis, Vol.
‘%33?'§§§éé“is9 to 167. M.G.Clerici et al. disclose that in
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.
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behavi our of catal ysts that were regenerated by
washing with solvents. EP-A 1 190 770 di scl oses a

worbismdof20r regenerating a titaniumsilicalitePChar2easoc3os

been used as an epoxidation catal yst by washing with a
sol vent containing a source of2 anmoni um and/ or al kali
nmetal ions at a tenperature of at |east 1500C . The
presence of ammoniumor al kali netal ions in the

Washi A0 190! e oﬂl a3 1. £ %sttﬂcl}?tfc!ﬁgle&?éﬁé?gtlng a

catal ysts reach gh epoxide selectivities nore .
&&.t@kulymaﬁlérlc@é&ﬁﬁréﬂ@etném HewhdiFALF DA HeRRYefation

%?tla'lzy@lft”@{y %ﬁhtirgj Ve tmxiin,eg;t)¢&a¢aﬁ@llbgh@vs,@ufce of
0] cat,al ysts at _were re erate SNl N
B (s st I, T 41 e SRR i B of at

aJelaaItl 1r$®t°ad ITores prleseritas dﬂweamimaaﬂumn@ag&lkhm metal ions
r e s from.t he | 0
art e e s di9T T ot B Rgbo egpnsrage
tO@é;@IiwttshacteaqH hprapeare s igle prd aff edl bhels there quickly
g%ac“et QR JHRET £ 15 Tl sedid 0 SOMensaterf ofot he

eacti vati on of e catalyst while a constant pressure
g fegmatdioted, s Wrt éﬁ’pé?haq skt or pehavieuy of

@%ecraqqi&s RHAORRIIE: é@@gi@?éﬁm lb’thasIhﬂn@rd@tth solvent.
p the oxi de ectivity constant t :
SPEL sinite Tl 10 1 SR G THECH SMBer St aFkaH sBetal
iHorsuc s nmme:rheasiztsadmarmaa;m whaxorst satopeopené the

r t Q 0 [.Qn
SRR Tl sl R R B R P PR R
dils‘fédamlrhtage that a constant product selectivity can
only be achieved if the reaction mxture is

pe-manentdy midiyed dinddhecnuopene $eeHERt. 1§'hépox1dlzed
i nventors of this ari?llc tion have jn (gstlgated th

JieFdgeter LRI LT 7 T e%ﬂ?ﬁ?%?% for
WMsﬂddEbﬂidHﬁﬂbnnﬁﬁiﬁhﬁ ddten lppoixiwiat l®na ofopsbpehepbygssure

q@?%bﬂ%tained, such temperature rise will lead to a
decrease in propene oxide selectivity. In order to keep the
propene oxide selectivity 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 epoxidation process disclosed in EP-A

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

mixture is permanently monitored for the propene content.

The inventors of this application have investigated the
methods of regénerating 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
propene 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



10

15

20

25

30

themw th a solvent and have investigated the use of
such regenerated catalysts in the continuous

wepasiodesei on of propene for extended peri ods oOPCUIERE104/006304

During these observations, they observed the hitherto
unknown effect that regenerategl catal ysts frequently
showed a nmuch faster loss of catalytic activity

conmpared with the freshlyprepared catal yst, although

% awe'a' %Jatgclﬁz Mt yalae}f!;ég?{ egid Virtu‘z’tﬁél mg&lﬁtg,hsnd
I es of the regenerate
@@tl@l%ﬁflérw ataq@fqlrleﬁ«ﬁ 6&%%83«@%@%@%@% pyopggties of

TaREe reyé%re@cfa&re@ ddere s neesl tPesMPEQYL1IYBE were
process r 8§$t|nuous epoxi dation of propene with
lﬁé’ DB a titaniumsilicalite catal yst
Mﬁth a catal yst regeneration by washing with a sol vent
iTh esnactio r& ,Weyhe tehata g hee mesgenes ateplrowd atlyst pranebe for

%%%%m% o | ! %{1%%59@{5 do@quwgn@%m?n gésgsasaabbeexme

steps 0O overco
mr@a@/aﬁt@g@ymmcrmahwmaﬂ:allwo wioh Supptalyst

bRy MR AN PP via DI RS L d aét%W@anYlﬁ sﬁeﬁeaswggr that
t he conti nuous "epoxi dation of propene wth

FEopedenaratRd Hasehed dfan 1$ t ARednt oFI ?c PPGgr period of
eald Yetwiih ardidianod i eol stents aher et nthbesamtakyse to

R T £ ARG Lot ERT e WRePEi R 1067 77

regenerat| on of the catalyst is carried out at a
tenperature of at |east 100 OC and epoxidation is
carried out for periods of at |east 300 h between two

[SEENRIAd ORI efisyedtidi@s been surprisingly found
that” the process of the invention not only permts to

operate the conti nuous oxi dation reactio

AR n it GoR &1 A LTS B | Srigt OPRES pEPF odnebhPRBEous
tdpaix ihlgh atat ystosateorivh tlyydB8ogen peroxide in the
presence of a titanium silicalite catalyst and a methanol
solvent, wherein the catalyst is periodically regenerated
in a regeneration step by washing with a methanol solvent
and wherein regeneration of the catalyst is carried out at
a temperature of at least 100°C and epoxidation is carried
out for periods of at least 300 h between two regeneration

steps.

It has been surprisingly found that the process of the
invention 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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achi eved shortly after the regeneration step w thout
the need to add sources for ammoni um or al kali et al

woams/aesd7t hat t he epoxi dati on process can be BOEmERR@®A/006304

at essentially constant hydrogen peroxi de conversion
and product selectivity by raiging the reaction
tenperature to conpensate for catal yst deactivation
wi t hout the need for adjusting the reaction

pressure. Detail ed Description of the Invention The
invention is directed to an i nproved process for the
conti nuous epoxi dation of propene with hydrogen
pegtox} Hed | Pe s preipk éeened bgeaIﬂV?aﬁﬂ@ﬁIS|llcallte
catal yst and a net hanol solvent, wherein the catal yst

i Bhdelhesheabhyis e@fﬁ@é@éadteyanﬁmp%v@dt RraRikandor the
and the e OX|datl§n reaction is carrle%rgg f or

;ﬁﬁnEﬁEP% S P e¥tHahteB0°h BEPREBR Fwdy grocst Higroxide in
stm@8pré@éne@oaﬁnactieaﬁonm bilisapiekecoedler and a

I nd I pr o, use ene nat in.a
forﬁﬁ% fa%gg %Ehnﬁ%%?élﬁx uFec%%g yﬁ%o&%ngeghafﬁafﬁéy
rgggecontaédsby vasiibngovithohephepade ankr gpenepessideeion

ff@aé&@n'iguegrfﬁe&\%htafowﬁgéﬁsags fFO T atnh%OO h

epoxi dat1on reaction per oxi e I's preferably
RNt FECf BrarRerakiaguebarssol ution with a
hydr ogen peroxide content of 1 to 90 w.% preferably

11@o:t~ Oe86ndhi & aBdspast i€ Uhar b)teﬁé@ﬁ:%ﬂakﬂoy: 30 tl@ldl&trlal
he h dro en gerox %P e.used int
|

S%% t?PafFPy aval %bPJéOPEPSb séd §o|%r| 0 Orﬂ‘l %t as a
SUe¢hmieahrmluherabwithepropqueouhahydsogemu@er@unﬂalns 1 to

P8 U%Pnf §EC§O aftt € ﬁ?éﬁéﬂ@dmbgr bet g%‘&tgy %U'lri@u%d as well

process ci ng ogen p
pR? ok d@a§@w§| 6A5m| hnh@t hBAokPRKiLeR tira é@taﬂtﬁ@@ -by
reacting hydrogen and oxygen in the presence of a

NoRd £o §&H ape £8k ab¥ St si prareehbagoliseal YNt heB¥ oS @ hein
aqgeous solution with a hydrogen peroxide content of 1 to
90 wt.%, preferably 10 to 80 wt.% and particularly
preferably 30 to 70 wt.%$. The hydrogen peroxide may be
used in the form of a commercially available, stabilised
solution. Also suitable are unstabilised, aqueous 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 presence 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(Si02)i1-x 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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Titaniumsilicalites are crystalline, titanium -
containing zeolites preferably of the conposition

wODD@APes2(Si O )i-x where x is fromO0.001 to 0. 86THRNOMG06304

a MFl or MEL crystalline structure. Such catal ysts nay
be produced for exanple according to the process
described in US-A 4,410,501. The titaniumsilicalite
catalyst is preferably enployed as a shaped catal yst

'd?mté?ﬁrf ar mpfo gy W'&%uﬁdééf L@Ptc,eérf’{efhﬁ%gr?%' eéll

For he form ng rocess t cat al St rraycon al n
@%dﬁr% %%@@r@e%mt@l%ﬂaﬁ é@@ﬂamg auurt%bhaetéaando not

(‘zﬁl{a{]dtﬁrwdllﬁi RSy diei &bﬂcﬂ@ﬁbfhﬁi‘@ﬁ Q@%néﬁoféfééi lﬁmder the
Wi ydr er oxi e _epoxi de. ynder the

B Ot s %%%éf%?rtm SRR T ORP

Mmﬁmm \MJIﬂ’h aa dicamedtesr of £ 11 tioo 55 nmm asiee ppeeceabbyy used

se i,xe ysts. The net hanol solvent used
% lgéeeépa%cg it of ﬁtg%‘:’u on preferably conprises nore

than 90 W . % net hanol and nore preferably nore than 97
wiheomadiieaeg] solieemetused| inctveresigaeienabbgcaion

p%‘éﬁ@fa%lyg &ﬁr&af@éé@r}%re atl%é%ll Vet St eﬁ@tlﬁ%@!%ﬁg more
in the waork -up of the epoxidation reaction m xture_or

a”ﬁﬁf;&qﬂkélyoﬁmd%ﬁ thal-%/d??)g'é?l perditiarol prbpeneehianphesolvent

HHWerSa{Bl\&erH teyhiecd Ntd e efetMdPol féa solvent stream
epoxi datl ctor as inde e dent feegs or one

L S O RO T W50 PRTB T At Foau6E PN
imimi:umae crnewctmmture oprieferred enbodi nent of the
invention an addi tional base, preferably ammonia, is

f ti t t e
Ry i f%g %ﬁéﬁéﬁ@ 2 QhQQRéEQan%D soévgnt may be

sél ect | VI The base
daFdeduasd gt rﬁ%oeﬁ"bx]ﬁfﬁ%tjo?n tﬁ%a‘a%‘éﬂ?/eafﬁ etadepgnepat

rRRdPor Wi addinid @ of thesdaseedBymde 8¢ BigeAShaNbr to
rate éﬁo‘é rnatlvtely t he batse may be added to one of

Y S S oF°FRESth an anount as to
mai nt ain a
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 separately or admixed to one of the above feeds to
the reactor. The addition of the base may be at a constant
rate. Alternatively, 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 hydrogen peroxide in order to
achieve a significant consumption of hydrogen peroxide, the
molar ratio of propene to hydrogen peroxide preferably
being chosen in the 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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constant pHin the feed streamthe base is added to.
In the epoxidation reaction propene is preferably

wenpisogesd7i n excess relative to the hydrogen peCofP2®4/006304

in order to achieve a significant consunption of

hydr ogen peroxi de, the nolar ratio of propene to

hydr ogen peroxi de preferably being chosen in the range
from1.1 to 30. The nethanol solvent is preferably

u he e OXI |n a wej t d ti..of 0.5 10
PEReFgRIVoTER AP APGGRT TSt okt g of T aEe o
Thecamsunhdefr ¢ababm@ﬂoqwﬁl@pmkudﬂtﬂﬁn\Mﬂaaxhwwt¢wmdltlon8-
wide limts and is preferably chosen so that a

gﬁgﬁﬁge?h@er?ékqga%q % %Qégs ‘%fﬂﬁﬁh the rﬁéctor is

erabyrmret 5% 1s achieved wthi
HisHaté vt ﬁlaSHﬁ@l}ﬂéiduﬁ&erOrﬁhéoer?pl%d@?ﬁﬁﬁ BRivnl > to
reaciipgn conditions . During the epoxidation the
pressure within the reactor is usually maintained at

pr ef er abl

I FRaRA S S ROy SHORRSE gt G AP bt | S B afuh 2t 2
ttenpetature off 30 tto BO0C, mwreffrmdidly att 4400 tioo 6008,
The epoxidation is preferably carried out in a fixed

Q%%roE%%E%%tgxupgiiﬁgghefﬁgﬁ%Pnﬁéf}& |§ﬁ@gl£f9p§ fed bed

en peroxid over e catalyst fiIxed
FeactThe b PedHaW rreddtdiuniss ISy RIRPPPRd IWEROIen

%@%&&%ﬁ%@ R GROl @FeM thea dawﬁ@oﬂx@@ pedi Uthe
he tenperature profile wthin this yreactor

Srees B5) TRAGHER et RAEIS ALY (8RS n@lmd?%ﬂ%mg means
b@ﬁp@b@&é&iwﬂtﬂf&iMﬂqﬁﬂdutdﬁ¥MﬁgImeédumeasme4ﬂ@ﬁpandture

t th j
LG TES USRS S A0, U Ll yo et S such
trdagh tr @@@t (suooJIJhneJ eFoki datteopersat torofi Khgreopsing means is
%rtefl% &R Bﬁd&%ssa%t & tnﬁﬁn C@ér@éé&s&t&ﬁ@' xh{‘th%ﬂthe

oW 1D preferably wit superficial velociiy from
Pattélm Ree IFored é’ferté‘tﬂ W50 B ePhpstd C

preferred 5
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, most preferred 5
to 30 m/h. The superficial velocity is defined as the ratio
of volume flow 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 nt.
It is particularly preferred to maintain the catalyst bed
in a trickle bed state during the epoxidation 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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to 30 mh. The superficial velocity is defined as the
ratio of volune flow rate/cross section of the

woav@lope27bed. Additionally it is preferred toPpasEe21mne06304

reaction m xture through the catalyst bed with a
l'iquid hourly space velocity (LHSV) from1l to 20 h"1,
preferably 1.3 to 15 h 1. It is particularly preferred
to mai ntain the catalyst bed in a trickle bed state

n he epoxi dat i on action. i tabl e condit, ons,
e DR S EF Bt TR PRFER] S bB8EaCdre G iy A5 Ln the
epokddatdercr thed i manaee. di scl osed in WD 02/ 085873 on
page 8 line 23 to page 9 line 15. In order to be able

tﬁhPPﬁéaﬁﬁet@§n€PﬁébgétbQEdQEQﬁﬁséfCQQSEQH%U%%% %%nlum

ch angi n [ or regener atin tron cata
twbl brahibke %wwac@é@@lﬁnyosﬁaeé;afcé&m@o ab?éthlty When

Oﬂﬁéaé@61Vﬂt@aéﬁ|tﬁé @éthmy§€rd@épbnbbﬂ%wb%ﬁ%r%e81red level
nner e.conti nuous, oxi dati on

escri bed. ma
ﬂ%& e%%o¥h%aY+?%nF%ﬁ?EF?gcéF|%Et@5F5P§§9 grewtrs 6@&?1Y5t is
catgenytratadtbyi wyshienwite achevhbyodf sbheepat altyst

L.th i dat, ti
Seascboton e S| 90,1 5Lt o SRARLAaNL RN o35 Aoy
Wﬁghfﬂgmaﬁthtaanb¢m9ﬁoatsoEvéanaﬂ0Q tengélaturtemwfa gteriod
| easg . $000C; g %@f@erﬁékengkéfegsgﬁpael ¥ oPerf %‘E‘%% %\tnd most

a tenperature from1 a period of
tRF%%eﬁ%%}% 4nbPelPriePersbly 2 to 24 hours and nost
preferably 4 to 10 hours. Wen a fixed bed catalyst is

ulsmh & hei adl albgcstcwapysfeigbhyeaegen@r abed vkl de
atlon reac{or W t 8uchean ngpeé fromth

reac %?a%yypﬁgg?%%r% Frow ot Sn&P°% %t AFGT
twitt battal yemovinedibefirolr eher abhygtbhebyephasing a flow of

%ﬁéﬂﬁﬁﬁoftégf@éh§ Pﬁféﬁ&htg QUQEFEE?R ? k%%tb%%d @Qeferably

| ow nod nost pre era OW rate
a%i?%sl‘t’l%h%o%a%%‘é%t aStEeeR| éSfp@wsrsﬁ tthéoelghart@g catalyst

hesd in down flow mode and most preferably the flow rate is
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 to 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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Suitabl e conditions for maintaining a trickle flow
node are disclosed in WO 02/ 085873 on page 8, |line 23

woaopages29, |ine 15. Regenerati on nay be perf oPOEaP2a104/806304

constant tenperature or using a tenperature program
Wien a fixed bed catalyst is gegenerated, passing the
nmet hanol sol vent over the fixed bed is preferably
started at the tenperature used for the epoxidation

reaction. The tenpperature is en raised t | east .
@@56@9aﬁﬂgﬁﬁ?ﬁ?ﬁgﬁgdwégkaat@ﬁ%EFEP&rEO et ﬁ%ﬁ%ﬁIQ%ﬁﬁure S
@ﬁaﬁ@teﬁheOtmatnﬁemﬁssaeymhgomapaytowﬁ redge mertataron, solvent
Thereafter, .th e u .S

Lonbrat Crat Goght o sy Esetsn M ER TR TIes, (L i,y cainee
&5 owhé sastoppedusr veheusppxiegatiren bivs everemaericed aRrt of

sharhbPahonf ssgveﬁepseew@u@m@%@n Perigdrde 4o thech as

reactor. In such a tenperature pfogram raising and
NoWEPPRY- of the tenperature is preferably perforned at
a rate of from5 K/'h to 30 K/ h.During regeneration
whéh a Hﬁkﬁanbéds@h\tamys&:h&sprr%@&w&aiﬁédidﬂwgtambjtm a
majptain t maj or . part t he hang]| vernd. jngt
WFEH?BOErﬁ?@YG% eSEESSEsg e g%b@e%%%ﬁiﬂf%&%%ﬁ%&xﬁgh’ at
aAsatheaaptoygendusheapolreprtesdarte ilsy passsst dtinggarthe

: I I t Qr p ' ' it
S e e
regehEpat BAThPupansing RUFLHARSH oFol Vidnta stiedaryred
Eﬁfyeagiﬂe?ﬁetoﬁa‘:ﬁéyihv@hi&%%n@eﬁ;,hteﬁﬁnét&@iilola spx;aﬂrﬁierglf biﬂepassed
sol ven at 1s passed.thro catal yst fixe e .
By oBenr Elisedets ylsgg%ﬁé‘regt :é%éi t“’l%hé)é{%l%s‘{s%{%ﬁ period
PEi BkofuPi Bi €at BONS bif aher efierr edeeirbindt esgerofr4 thison.
Lhvention, th hanal | vent i t.
SRSy B b e on et Lo ded ot S {0 By Fenrougn
2hes tetd0ystofixkd blede igsaptiomeadedenditr ixggeneration,
creating a closed loop for washing the catalyst with a
methanol solvent for the remainder of regeneration time. In
this embodiment of the invention the amount of methanol
needed for regenerating the catalyst is considerably

reduced.

The methanol solvent used for regenerating the catalyst
preferably comprises 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 mixture 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



10

15

20

25

30

35

Thereafter, all the nmethanol solvent that is passed
through the catalyst fixed bed is returned to the

woegsnesati on, creating a closed | oop for washPaGEPR®4/006304

catalyst with a nethanol solvent for the remai nder of
regeneration time. In this engodi nent of the invention
t he anount of nethanol needed for regenerating the
catal yst is considerably reduced. The net hanol sol vent

used for regenerating the.cat t bl
EEROrFeCebREF ISRy, s BRast Brtt o THE Pchanay, agneained
wat eheandxiore, pwetemabhw ok tledd 197 Wwy-prodgucts. The

Egkggﬂoérggﬁc£e§§o @ﬂe %%M@%g%ra¥q%nUQEhQQ&!5¥ﬂﬁﬁﬂgted to

I's pref a technica nmet hanol vent
st hydﬁpg@@é%pédstﬁpt ﬁéldvvé? ke hysirepensa ash et ioh

5885ELEBAMEXT N 818 18 1B bW @t@b RO lyivieh o IR @idLd

enbodi nent of .the invention reactlon xture fr
| Pﬁ@déﬁéxpeﬁt:%ﬁlp@a@ﬂr@n Péwgﬁké’& ap By é%i%eefoerably

GONREL SPn@leﬁhﬁﬁbﬂ_eSS‘&hﬁ_lsSIoW@r&Te%@ ooty mrgreﬁeztzmay used
ropene pr, separati_qn _whi e
gﬁe@§1xPﬁFgaPP§e pﬁ&e&g F%%Sﬁﬁngﬁfislqgit ozﬁﬁgf§§?

over head product conprising propene, propene oxi de and
ghei needpaethehofhsodwendnobtedmesl fadn Fhehes At e

@@9eﬁe?9&&96p%ﬂgu§%t%q E'%b@gb%h%d@@éﬁ'ﬂgﬂé éﬁoééﬁ% stage

hanol contal ne he m Xture, water and hig
BOFI MAEKBRIpFBdEEEs FefItd 156t PARERESd ot tfhforﬁﬂ%l%felon
gepatabhomol &etcb@@rs lﬂ:bﬂee@cie%(ﬂlamla dbyﬁfaigﬁlﬁtﬂmﬁrep When

ggd the _h dr gen IS suﬁﬁ_cted t .

§t PREAETORGSE o LT SORHIDG O ddlR reaction
adntairei odg Mheeepbaud%inﬂn redﬁtmmmraawﬂqnaﬁxh&dﬂ%nSﬁhe
g%r'ag%‘égﬁhgﬁggle :L-ghlu% Vertl?l%a?n&rh%ql%clt J LU e{}l’%’é Ywas used

€ net hanol vent or regenerating t
éaﬁfam?gﬁne?ﬁél@s}le@h@emé@dw%oIhﬁemrQﬁﬁJ%ﬁbrﬂéd HaoiRd elther

shepnef niegenenakiing haealal vty M Raasatto a

%&ggliiaiaggestep.

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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for working up the reaction m xture of the epoxidation
reaction to recover the nethanol contained therein.

wolrees/ o7 pref erred enbodi ment for working up PO®EP2004/006304

reaction m xture of the epoxidation reaction as

descri bed in the paragraph abave is used, the nethano
sol vent that was used for regenerating the catalyst is
preferably passed either to the hydrogenati on stage or

e e St I R Bl L, Bt o
Cc S as een rege | )
ﬁ@f‘% cﬂntséﬁﬂéjrﬂcﬂ%g CoHES mUBIRT X i BRF PBHABT CpREBEREON may

icslarr@@omyermamxlamk t\fmélol.gpm&iﬂt%%], i]§u’§3ﬁthé§3?@€brf Qill be
(A of _at, .l.east . urs befor e_nex
Rl e el AP s DT e or 6 SYapl Jhi Reder to
gpexitddni em iessrtriadl outorisramt peydodgeh Hepoxi88 to

r ; t4 e .
e DR e R QTS redubBt Rotrondh
MSSCtivatdoan| ywgasit i@ waneife s onsUs0as ot @Bperature or

RowsSurk)e Hadld & dfbd heyfddBePeripd UsedebPred embodiment of
oxi.dati on bet en two regeneration steps relative to

tHE e Tod Gte PIEHS A4 Stiepe i erpréfaEannyis

ate in¢asnetD @ carct amy ear edies alﬁ&a/%tfi&m d80pépaBRPe EBr the
. .egeneration steps the. epo i,on

sphween o sl S e SRR, s o

eogernisaltiey foanstahal ey rdegpert iparoiomeandmai statn &n

%%%%n%QQHQQMCdﬁ§%§HﬂEH§&& Fﬁggoifﬁétgﬁnygﬁgigg

at hydrogen peroxi de “conversion vari es by no nore
%gan 2 % at a given reactant feed. However, if reactant

Ed < OO VRS GERIRT ST Hi S tr ali g fidre rpredsicef ohhe

Haventhyper egen ey Aipe oty Sy NBYe GHANGL B¥tdachieved
b rger val ue tha&.% % .but %pereafter will be
i Egiﬁ§89ﬁ%ﬁﬂ° 5 of “YHE 48t val ue. In order to

mai ntain an essentially constant hydrogen peroxide
conversion while the catal yst | ooses activity through

Examples

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

H20; was used as a 60 wt-% solution that was prepared from
an aqueous solution obtained in the extraction step of an
anthraquinone process by evaporation of water without
further purification. The 60 wt-% H;0, 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 H0; selectivity was calculated as the ratio of
the amount of propene oxide formed relative to the amount
of H,0, converted.
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deactivation, reaction paraneters, such as tenperature

or pressure, have to be adjusted. In a preferred
wendoeent of the invention, the pressure dur POYEPH®4/006304

epoxi dation is maintained constant and the reaction

tenperature for the epoxidatildn is raised at a rate of

0.025 K/'h or less to conpensate for catal yst

deactivation and maintain an essentially constant

hydr ogen peroxi de conversion. The follow ng exanpl es

illustrate the process of the invention and the

I Nprove ver t rior _a achi eved by the process
%gf nﬁvéﬂ? rag&ggp?égmﬁi Aniumsilicalite was

used in the forn1of extrudates with 2 nm di anet er
E@mx&ﬁhww¢m sf |l prapsoé wssacbrnderd estdesatiipedusiy in a

E30pLe Do0f: BP- Ar 1345880901 HRED WaE URedAAS o O Wit and a

i'on was prepare om an aqueous t1on
bnainedf | 4 mhecexipaedi vhtBt apcoplandadaisiatu rTéWe reactor

PLOCLSB1 by ﬁygﬂoéaEi@QnQﬁm“@E@EcﬁﬂEE%UEaEwﬁygﬁ'1n the form
purification. The 60 - % H2O2 m% th 1100
%%n?dﬁﬁnﬁ?%ﬁ?@aﬁeﬁFW%@e4w5tBePoFé Fgédﬁﬁé %F % ggcording
&ﬁoéx&irﬂ%l@% ﬁfl ¥alnes wege3pRasThed réaichtoxr glaasoperated in
e W t hout corr cti Reaction.pr. t re

Sty LEa7 Lobb Rt LaRohaaS . A, SERA RN IR
demprn$aédoﬁythedexf56drabnbalnEMe eatapypspsHIoxr the liquid
§f£ff ﬁXt@@%gﬁ?ogHbagegﬁgﬁlﬁh%agag'gdyéﬁﬂﬂﬁz¥g§§gl for

ropene oxi r med tive'to amount™ of
cohvert tdg ExhfpreastieBnPparhtirfe BRAGHHLON LHSFRIRAGTWE was

@énefspfas scger:ﬁnselagt aﬁoatqb@'ég@S'c)bdlﬁhrﬁ tiHddfh the
reactor of n% h %er of 10 nn1and a
F%ﬂb%%goﬁaﬁkﬁF guf MeH ﬁnFHO a Feﬁﬁﬁr € “ie
c@ﬁttOIlmasbylhleﬂenmbbtattlRaacmwmspnasﬂuﬁ&awaﬁzﬂqpﬁ at

épStﬁgafgﬁgblute with nitrogen gas and a pressure
controller. The feed containers were charged with methanol,
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 Hz0, conversion was

96 % at a catalyst Hy0; selectivity of 88 %. During 2500 h
running time of the epoxidation process the coolant
temperature was increased to 50°C to maintain the Hy0»
conversion constant at 95 %. After 2500 h of operation the
catalyst Hp;0; 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.-% aqueous hydrogen peroxide solution in down-flow
mode for a period of 4 h at a temperature of 50°C.
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of 2 mmextrudates made wth a silica sol binder

according to exanple 5 of EP-A 1 138 387. The reactor
woasosgpezat ed i n down- fl ow operation node. TheCT/EP2004/006304

equi pnent furthernore conprised of three feed

contai ners and punps for the fpquid starting materials

and a liquid - gas separating vessel for collecting

the reaction m xture. Reaction tenperature was

Q%Eokkgdr@%e &%EFQE!SQ:QQ%e S0 (¥g%&”Wa§h£$g9€a%hanged

e (ofe]0] g ac ant tenper ature S i
é@nfth@l Fegchyora fHetHESt stes Radadbranes ane Wag Repridation

@tro%e%sl\/aesab,%@lltqtnee\a s Ridd 098 Jasdpdl @D eS8ULRitial
controller. The feed containers were char
? % reactlon

FECAEREI JaF#@tGGe\}&Per%tFE”GZ Yoldt ion &
mrlmeerwle Mass édmﬁléz?ev%ee% ny BUH’ﬁSaV\as}:adjygﬁt agloz
to.result ReN ee entration of 43.w
AEER TG S oot a4, it Moty
Qeédnmdﬁ%entfr atetdwwfpﬁprhnmls %rai - ¥ atal-% | bwopropylene
gl T j e
%%%?Pg|ﬁgt£dﬁﬁégﬁﬁh{ggh1 In|t I iﬁé%&gg%@%rgﬁ%%emas
96 % at a catal yst H2QO2 select|V|ty of 88 % . During

2500 h running tinme of the epoxidation process the
cool ant tenperature was increased to 500C to nmaintain

ERemdd@ 2c qrieaicsi et icensS:adiiplag) 95 % . After 2500 h of
operation the catal yst H2Q2 selectivity had dropped to

r.oduct n1xture C n
AR BRI ORIOTS G S TR M- et Y | 38 Thfyaped 4o
wixemprlesgdect to the annunt of propene oxide. After
2500 h the reaction feed was stopped and the catal yst

wWas Jregeney af et dRadidiy 484 head %;‘S’f{ec@ 3Rd kgﬁ@ 8ftalyst
alw. - % aqueous hydrjgﬁg peroxi de so

HAIN DIISRFEFES &S ARGEIREDIIY P G Y%Qrp%? %\t lay efgpding
$Q0EheAfrierictidie IEegENAT atiltarodurocelir en tdewih-eellowasode for a

g%gflﬁ c g%%d&lta%é he trenapcetrla nurrg nglrfS(glecc,pri bed above

After the regeneration procedure the epoxidation process
was continued as described in example 1. After 48 h
reaction time the H,0, conversion was 95,2 % at a catalyst
H>0, selectivity of 87 %. The product mixture contained
2.6 mol-% of methoxypropanols and 2.1 mol-% 1l.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.
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process was conti nued as descri bed above with an
initial cooling jacket tenperature of 41C. After 48 h

woeastoioes27t i ne the H2O2 conversi on was 95,5 % atCT&P2004/006304

catal yst H2O2 selectivity of 87 % The product m xture
contai ned 2.6 nol- % of nethogépropanols and 1.9 nol -
% 1. 2- propyl ene glycol with respect to the anount of
propene oxi de. Exanple 2 (conparative exanple) The
epoxi dati on of propene was carried out as described in

Ehp regnaTIGOM PIdeedesaet Fon feedidasisnoppegess

ant tdutGah Al Hs Wass E LOeer ah edlkabp Uest! | Redei-n 4BPHA

0 79Q .075 b%1f di to the reactor 10 _N/h nitrogen

FEETH o |47 @8 FBRYEERePPotast 994 o pits & catalyst
tiefpesateceivi t 250£0€9. $Af Tee pheduegenmdtsatiren contained

ret e ' ' e s,conti pued,as

Lo bed 1 RO AR P BT B0 B ¥, P “Ergpyiene
RO o midis ings et 950 2this aameunhat af ysropRme oxide.
selectivity of 87 % . The product m xture contai ned

A& dPltire BlfeBrNOXNPT OPARO! 8h&NELE1 dn B0t emp&ature had to
. 2-propyl eneg glycol with respect to the_anmpunt of )

S ot e, LR OUEY COnbar sRRver e khphefoTReIntain 2

e:pms‘ulieatﬂloﬁgf@fc@ﬁggggeﬁmsancahéi egoamgaago&ewddw I mfter

e 1. ter t reaction.feed was _stoppe

2 e S AT Yy iCratan by S eBarRS o he 2t 2

reedetlorst0.139: kge heptiteihgt bdn8B RBn @benprbldowtmde: thore

SR Pl & A2 5@@&&@&%&8&3&1@@ ahbt 8r7t 812

regeneration procedure the epoXidation process was

clo??ﬂnﬁ%wle@%&wq%dﬂm ex@Fppet 1to peepmapgng of propene

regcid on time the HZO2 conversion was 93,8 % at a

catal yst H2O2 selectivity of 89 % . The product

m xture contained 2.2 nol- % of nethoxypropanols and
1.0 mol - % 1. 2-propyl ene

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
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 the epoxidation procesé
was continued as described in example 1. After 58 h
reaction time the Hy0, conversion was 95,8 % at a catalyst
H202; selectivity of 90 %. The product mixture contained
2.1 mol-% of methoxypropanols and 0.2 mol-% 1l.2-propylene
glycol with respect to the amount of propene oxide.

After the regeneration step, the coolant temperature had to
be increased to 44°C over a period of 328 h to maintain a
constant H;O2 conversion in the epoxidation process. After

328 h reaction time the H;0, conversion was 94,9 % at a
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glycol with respect to the amount of propene oxide.
After the regeneration step, the cool ant tenperature

waadstooosae | ncreased to 49C over a period of 2PATHEPR®4/006304

mai ntain a constant H2OQ2 conversion in the epoxidation
process. After 271 h reactionqtjnme the HO2 conversion
was 93,9 %at a catalyst H2Q2 selectivity of 88 % The

product m xture contai ned 2 5 nmol - @6of I
h %0, co
T Ry 5 e R B 991 e ARt Rt i e

Teentepoxédiat i Hrmol- broﬁemetnaxypaopaedlsuandsl 0 mol-%

d?&fL%E%ﬁ&%éhgnggégl1w1€£ ?éméégg Qotgﬁerg%%hh%n %epropene

and e catalys S regenerate
@M%y to the reactor 0.35 kg/h pure nmethanol in
dovvn flow node for a period of 4 h at a tenperature
of 150 OC . After the regeneration procedure the
epoxidation process was continued as described in

ter 58 reactjon tine the 2
TS oh HeTesRat, BY S80I §aT chece bLarat: AR y
cﬁemﬁbﬁétuﬂéeaQCQddnmgntdtuhe tonéathed, 2theﬁmﬁmf %n?%tream
% ne gl yco
Wi t h regfé;(€§§§£§¥§e %‘%%%% oflnr%%%nggom ég%lﬂfﬂt %Pﬁé’pene
reajerks aﬁqw@@é@bly herebonged befpeeatnpehkad regeberation
|ﬁ¥€é¥ﬁ%ﬁktEbéé@éé°N§&e§sQ§§'oﬂnoéx§§§lg 40 FRENtALR 3 on

constant H2Q2 conversion | n the epoxi dafi on process.

AR EREIE (hadt ForPei FRitRe PP KoRVEEsPoR /Rag 9grdod

% @0 e R’ Aty Sto Fe&d pees£€é | FotyrRE 98s§0 lnTaataltLg@tact
contalne 1.9 nmo ano

AU RRLIES 1) Samiteod| tUFL horbRhab i Ro R fo be

amtﬁrﬂql dfy o8 dfeie @xshert&ExadPl eh dpshbod t(IaO3ByK/h ,

SRS Ne SOLYEM PYLs 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
H20; selectivity and low levels of by-products
methoxypropanols and 1.2-propylene glycol are reached after
the regeneration within a short time period of 58 h without
the need for additives in the washing solvent as described
in EP-A 1 190 770.

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.



tenperature according to the invention, the tine on

stream of the regenerated catalyst in the epoxidation
wofhogroogeene can be consi derably prol onged bef oPET/EP2004/006304

anot her regeneration treatnment beconmes necessary. In

exanpl e 4, the reaction tenpeigture had to be raised

by 3 Kover a 270 h period (0011 K/ h) to conpensate

for the loss in catalyst activity, whereas in exanple

3.the tenperature had to be raised by 8 Kin a shorter
Y360 ther PE@CEES03S RMLNG Fdl ¢S rig et edl B oER of

saflakystiagt icknt Y1@webel ¥l nMemddarrepoxitad | 8faction
Erocess |s oper at ed %%%prdln to the nventi on. The

EURFEE T8 S0 18 &F SEfat- Dy Y St tand
deapenaaMnenawamh@mmgtm@1nmed|ﬁumnnamslngtﬂmﬁ1pressure as
gat-alys! P08 sel okl % qu | Aoy

y pro nethoxypropanols an propy ehe g?
§pétﬁf@éch@@aalf81eerthtelﬂr@ nég@mmadortqmmemsmee s’ctmtam@mt of
9%;}@%%&%@ Wi @t pm%en%%d Y fé’éjéﬂlé%?smi}gtﬁf@

sol vent as descri bed in EP-A 190

E%&&ﬁﬁﬁé khgepgrsesst €8 &had iln 1% 7p7r(bcre%<§uamrw%

méabheem@mentboﬁdgubQWtEQV@réﬁédﬁéFﬂdﬁ“ﬂaﬁhﬁéhnlng a
naln%a ned ter the catal yst was

af
rege 8P§t8§°pﬁﬁgr88§ F%’ 3?é¥ﬁon at a | ower
tenperature | eads to increasing by product |evels when
the regenerated catalyst is used over an extended
period as can be seen fromexanple 3 . This proves
that in the process according to the invention the
regenerated catal yst shows a reduced | oss of catal yst
selectivity.Wth the process according to the
invention a high selectivity can al so be mai ntai ned
while the reaction tenperature is raised to conpensate
for catal yst deactivation without the need for raising
the pressure as

teslprocess
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for the process of EP-A 1 190 770. This facilitates
process control because there is no need to neasure

woOhersaweant of propene in the [iquid phase of POEEP2004/006304

reaction m xture, whereas the process of EP-A 1 190
770 requires such neasurenent 10 adj ust the pressure
for maintaining a constant propene
concentration.Clains 1. Process for the continuous

oxi dation of propene with hydrogen peroxide in the
g&é?@ﬁ%e of atitaniumsilicalite catalyst and a

nmet hanol sol vent, wherein the catalyst is periodically
ﬂegénecasedfbm aheegenedatiows s@emﬂaﬁﬂMnﬂﬂdﬁszdﬂbﬁb with
I aracteri z d in that eration
8% tagl égggxéagaﬁ?i tet oé)t “ECTES éerpear a r]Craé”dfm at
Iea§@llG@lQCEaﬁétééwﬁtdanﬁoﬁ ime thmmdledoduterfior wherein the

per bQG§l9Eth_§.s| E@%Eoé@gaﬁl?e?@%@h dLae artég%}%eratlon

ste process_of ereln epoxi
gE?PlQﬁ BaFhipe PaEhods Methenem 550 Meto 8000 h

betmnamabw@rnggan@hath@ﬂ st eps. 3 . The process of

claiml or er ein_af regenerati on of t he
cat5F9§Pe5ﬁ§1P8a8i Bﬁhtgﬁﬁéﬁgﬁ r &5 SR TEHE%RFEN &t i%n
i s tempedabyr6. 625ak/ heast! 99 °Co aceiegrsdidatfiein is carried

CorBhyskofleRe iyl gR aRG URLA! Agh AN KRARI Ay

const ant rogen peroxi dé conversi on” 4" “fie process
of ﬁﬁgeﬁﬁrﬁhéopré§éﬁﬁng cl ai ms, wherein the catal yst
IS regenerated at a tenperature from 100 OC to 200 OC

ﬁﬁfTﬁeppfb@ngfo@ 5159m4§ hQHé%el% epE&ﬁd%&gQﬁﬁiéﬂbarrled
wherein the rati o of

per?%g % g%ggg Flgﬁ BEPWeéHOtﬁotPeégﬁ@rgthﬁﬁW§F€p§W°

rel aégegretratibe peeped of

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 conversion.

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 preceding claims, wherein a
fixed bed epoxidation 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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regeneration is at |east 100. 6. The process of any of
the preceding clains, wherein a fixed bed epoxidation

woav@logpe27i s used and epoxidation is perfor medPOY/EP2004/006304

passing a m xture conprising propene, hydrogen

per oxi de and net hanol over the-catalyst fixed bed.?7.

The process of claim®6, wherein the catalyst is

regener ated by passing a nethanol solvent stream

t-hr taky xed atact that

I Teaotdte gl Gt it 8 RRSr Ll VAR Saraliinge 9
pas%%@e@%ﬁl)‘&@% bPhiePeasangse mexbdnpeéd sios veadsed fasm through

reg@@@rgétggyébefggéélMgg Wi t hout prior purification.
. EhJa$rocess of ,claim6 or claim7, wherein the
rret%%

Ckefivent 1% pa&Sed over the catal yst fixed bed

| n giowbeast | @vpapteof 9thdhpephaeess sefl vany thaﬂﬂ eﬂa@ dassed
OMIOf th t.hanol sol ve

ei.n the f
o PR PR oS LPE E LS PR RE mEbSethd ot ocess
of amgemérahen@rEhedcagaéyatnw;thbetepmlbhepuﬂuﬂgcﬁtlon.
is regenerated with a nethanol solvent stream obtai ned

%V0ﬁ&%@§£&8&s§po£h81£§ﬂ0%'%EeghéEMVQ 0 P%Q%ln thﬁqmethanol

epoxi Ion reaction roces$ o

pr eRHY Pt cl2i PaSSafeP¥en £he ﬁéﬂ:ﬁ&ﬁél‘: §ép<\¢@nﬂoqqnatn down-
wasf usednd®& . regenerating the catalyst is passed to a
process stage for working up the reaction m xture of

5her§§°§£93£é§no£e§§§'o§ claims 6 to 8, wherein the flow of

the methanol solvent is maintained in a trickle-flow
mode.

10. The process of any of the preceding claims, wherein
the catalyst is regenerated with a methanol solvent
stream obtained from working up the reaction mixture of

the epoxidation reaction.

11. The process of any 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.



