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; pge3eKZH "B6TZ385* G00002* - 1 - 19 Septenber 2002PROCESS FOR ACTI VATI NG AN
EPCMIDﬂWMMMM@mMWMNETThe present invention relates to a process

foracti oxi dation catal yst, nore specifically,to a process for
activating«godet erogeneous titani um contai ning catal yst 195&hteMbepRyes t
propene i nto5propyl ene oxi de. A commonly known nmet hod for manufacturing
propyl eneoxi de is the coproduction of propylene oxi de andstyrene starting
from et hyl benzene. | i QYO e )
reacting ethylbenzeneC%aﬁﬁiq%%§3%%P%€£§?$Gt%Nf%§§$£ %@FégngéggiY%&

hydr operoxi de, (ii) reacting the ethyl benzene hydroperoxi de thusobt ai ned
with propene in th esence _of .an i dat.i atalyst to yiel ropyl ene
oxi de and 1-pheny|e%$%a§5 ,Sﬁg PVE Qgéhvg%%gﬁéstﬁg f—ﬁﬁ&%ﬁs%n dnol into
styrenel5by dehydtatraohngsiangeposiidhazliloa detpdyati omorat alpesii Anadliey,

met hod for producing gro§¥le%§ oxi_de i%.thecogr%duction of pr.opyl ene oxide
and methyl tertSBuT yPEPREP 5 NPBERCELAREIRY fr OR CEGISTARE Sarkd o

Thi sprocess is wehtaknowg tatkhgsar usedd tonvehves tsipFdpan20rieacd i on steps
as the s%yrene%gro %Lene oxi deproducti on process described in the previous
paragraph.In t r%g £08t PEA%€tep tert-butyl hydroperoxide isreacted with

propene form ng prp&y&&mﬁoﬁzgdﬁnaaﬂ hethobUtarOhanhegbbtRHidPlpdchylene
subsequently etherified i nto25MIBE. The present invention concerns the

epoxi dati onst epP*b#@ #br ENPNCPRFPAEALAPTL RE BEBRIVAENFOR*dalcalanst used
therein. As indicatedehsreipihgf eremt Beapoxidathan &hegemalnwehe the
epoxi dation reaction | AA~1~9~~~| - 2 - 19 Septenber 2002 of propene with
et hyl benzene hyRFopesdxitaeclres phepyrens 6%i dé)amgaciphen@thetitherglersr t he

epoxi daifhon re Lon opene ;W - e i t i el d
propyle%% oxidggg%g ?gﬁgggu?gn§ﬁ$‘%Eekgﬁésggbygbgﬁg%ﬁgi%%aﬁqﬁe%ég ur't her
di scussed herei hidh thacbasgstbf ehbydperidatei bydsppprioxige thus

styrene/ propyl e i C o] i o] S iLl, ch ver, .be . .
under st ood thalgfﬁgfﬁggeﬁﬁpénggékeggugﬁl;gguPE%%Fycﬁebgp%$F§?qﬁ%4%ﬁ§°n
epoxi dati on st epabélast MEBEYpeddypenpydrndeok@deopnddiepihen yir etessiol ,

Ti tani um cont ai ni ng, het er ogenegus_epoxi dation catalysts . ar.e _known in the
art. Exanples of"%u hltgt539¥?§ afé ?ﬁ? ?ngggﬁg 8§§8P96eéqﬁ? styrene
US- A- 9, 857, 392 lapdd&Rydc 8t 34h, 856ngUs- Aud£3BTe34Rhghzeldses dahalyse .of 15
oL 9R S CKyOer, CoIREURGR BhiShbLE8Y RPoRIEThE bropfRERES G 1 Lt
EP- A- 0, 345, 856 dbpebasesiant bfapruplsehecaxhdtenngenechylcatealtysiutyl
According to EP-A-0, 345 this _catalyst iis _pbtainable by 20 inpregnating
a silicon conpotih eﬁﬁf%nggtPEaﬁF6P995¥88U§SPgP;ﬁPﬁnPPQtP&ﬂﬂ%ﬁ%dé’ | oved
by cal cination ppdcbydr okysesiskapanand epei apal bydaisivbihals einglien. Wen
such titani um containing heterggeneous catal ysts aﬁe used to catal yse the

[

epoxi dat? on of DB3pFbpRnetengatfi VAR SHYSERE/ BXOWWLABE: O¥hepr event i ve

neasures a titagiyaneenbai progesat ab¥etibvhi €A tBeCPREFIGLRG Walrh @apiy.eam
cont ai ni ng propene and et hyl benzene hydroperoxi de fromthe precedi ng

oxi dation step, I FhehapexadptiPpedtrPr EBFAEPHEYSr BYPE ORI A& e 130 to be

repl aced due to.dgackivattRNprbPefBMIBLALAL BREPILEAR deacld Wald @R Qf- the
catal yst is counteracted by operating at an Increased reaction tenperature.

However, a too PiganalredetroRutenpeér afupebsegpently etherified into
25 MTBE.

The present invention concerns the epoxidation
step, and more in particular the epoxidation catalyst
used therein. As indicated herein before the

epoxidation step may involve the epoxidation reaction
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y 3 _ 19 Septenber 2002 instance above 140 C, cannot be afforded, as the
reaction selectivity to propyl ene oxide deteriorates at such high reaction
tenperatures. Furthernore, high reaction tenperatures favour the formation

of 5 byproducts, such as nethyl phenyl ketane (deconposify t8 Hobhoof
et hyl benzene hydr oper oxi de), propi onal dehyde (|soner|sat|dﬁﬂ%r§@%ctb%

propylene oxi de)e gy Cétr{lf/ fy 45 |8 VB 8n 0 erﬂgakﬁggr%d% liilgudi ng

propyl ene gl ycol Consequent erature 10 becones
unaccept abl y hpg@PMﬂﬂE&uﬂ&ﬂ@@tamﬁslchﬁeyieptaeedlbprathees@am1datlon

r egener at ed cag%gg%n tﬁ%%é?ﬁg iehogggngfgkllRm%EOrea%%?%%heq ifetime

t enper at ur es, pract|c and Cre
of the catalysynmid(@tﬂ@jﬁﬁdﬁﬂﬁﬁl@eaandasert hotokdolesThie presemtgher and

nore cost effectl roduc. [ e o bt owoul d f rth rmare
reduce ?he cosgé %tq 3‘3& J1 %%ﬂgﬁ%%tﬁgﬁgg%gggh SEEme &ﬁb S1s
i nvol ved in rebdadmmge@bxﬂuauxnnnsmep b% V) Ehetpreaemprbpye@hbonxnm@vides a

f t t t | t t ed, t
[l Lant um cont aFAAIG WSROI 288 A1 Yot Vby{ roRPHGVace BF Sndbraseed

titani um conpoghet the AMGeRS &fcedtli éguadlyhsupeabept benvgpliiend rgsul ts
in 25 an increased lifetine of the catal yst an hence in a nore cost

effective and pPEdEEONEF iR esEeRARDr Y n%T?E PREPY-&58nC*i/A%ent i on

relategoto a prRgeRUR iR MAiddlg. an at | east partly deactivated
het er ogeneous titani um containing catalyst for the 30 epoxi dation of

propene into propyTét@nddmtEonia dh R} o] resapePryssenadiiAgtaoni t ani um

conpound to thealiquisd f e8¢ afnAfh epoxigiatep, ' B3gh5R05™ ofetarg this feed
is contacted with the heterogeneous catalyst insid

11" j'':~ . catalysts are for instgncg desyrlb@g Sapﬂénﬁeﬂ 3602 34dact or
wherein the solubj IHgly Qf e etaéa%mcsn@@wn%gnggggﬁpgggeegfee%g' Sf

hi gher than the amount of tit'ani um conpouhd adde
het er ogéneous um@a@w@nxt@nmmganrqpmp@@@@%tOﬁaylSlbenamy sbhehicatlal yst known

S inthe art Lo RRapdial arcalaiyslon ohes gockionsRebyeen ag akerin and
an organi c per oXi into Y he correspondr ng ene axrde and aﬁc ol®.
Accordi ngly, thedeatdldestes diisdrased, iwhibe bafkﬁﬂ,gpécBﬁﬁcduscmsses a

US- A- 4, 367, 342 and 10 _EP-.A-.0, 345, 856 dISC ssed_above ma i nstance, be
applied. It has*'f Pt Hﬁgﬁ:h%ﬁﬁﬁp%ﬁﬁ?lcuI%?€§9555an¥55853%n90 Jse the
titaniunislI|cana&®d8m6t85ﬁnﬁhxhsﬂﬁtshwstnlEPbbte;BéBlSSByfor t he purpose
of the %resent i nvention. Wen these cat al s used very 15 good

activaticon resdtfPESIRR H& % éhi BVeE O HeORR R 8f SEhE2Fe&d to the

epoxi dation i ogaseous titanium tetrachlorlde followed by calcination
and hydrolysis steps and optionally a silylation step.
When such titanium-containing heterogeneous
catalysts are used to catalyse the epoxidation of
25 propene, deactivation occurs. Without any preventive
measures a titanium-containing catalyst, which is
contacted with a stream containing propene and
ethylbenzene hydroperoxide from the preceding oxidation
step, will have a limited lifetime before it will have
30 to be replaced due to deactivation. In commercial
operation deactivation of the catalyst is counteracted
by operating at an increased reaction temperature.

However, a too high a reaction temperature, for



reacta~ is not critical for the process of the present invention in the
sense that it may have any conposition which is comon in comerci al
operation. Accordingly, 20 in case of a styrene/propyl ene oxide
coproduction pr ocess |t corrprl ses at |east sone ethyl bq@zgé}ﬁeﬁ%@rggggoxi de

(EBHP) and nqrnally 40etJB/I bceéngne E??]é)etffnﬁe%lf'hglﬁtfh added to the

reactor as a separa ream’or 25 cont ai ni ng
f eed streanrnmamtﬁdn(HEk@Cﬂﬂuxxyrub(nmnpymﬁnenbxﬁﬁﬁndﬁteﬂimréﬁﬁﬂ amy al so

contain sone neth he keto e and/ or h et hanol fornmed in the
precedi ng oxiS#) gﬂf@‘e ﬁyao% Frp rraetc“eﬁﬁgefné%‘o SRR G r or or
cont ai ned i nrearcmmi G:é‘ip’diﬂ!ﬁun%ﬁ%atwncadhé erextnsirrmmdp the epoxidation
reactor, which irst in line aft recedi oxr atlon ste
corrprlsses 154 ’Rﬁc %Ps%’ﬁ\ﬂe%@f q'b%h\%leﬁ%? tone «f %CQmF?QSLt R
i f'n I ~E- rde&ﬂNof\éthylbeﬁ%enéfhﬁﬁﬁﬁﬁﬁﬁﬁﬂ 002 NEIH&HQ&@”G -
wt % 1- phenyItEthanoI and 0-5 wt % net hyl phenyl ketonéﬁg?ﬁﬁz total” of 100

Wo. In a MBESHTEHRHETE BXiRFO WS GfuRTWRY [ vsi dele Frd P EReE he
epoxi dati on H%&qt&rtlmrdﬁ%ﬁ:ﬁylé?étoﬁ% lﬁ'l.élq{&lr‘m’jt fé@’?ét?é)er oxi de

(TBHP) in a tert-butanol solvent. Simlar as 1 n the styr propyl ene oxi de
coproductlongﬁm66é5§n4NRﬂkﬁﬂiﬁssQQHSﬂﬂuQﬂﬁkx}tkftﬂhﬁr&ﬁmnewatgre.separate

feed $tream @, 1t Pgﬁwt qﬁg gam prior to

entry | nto t% ?@ esgom at'l on r ag}l In a%o%r@gctlf styr ene/ propyl ene

oxi de copr oduepilew s dn}esas ﬂmtsehr @germmgrmcalqasmmeiats onis

typically carrl ed .react o i nternedi ate
19%% le%%?&é%éh%Sﬁ% ﬁﬁﬁ Q

cool i ng. Thi 0 era |on i's 0 sui 591 the pur pose
of the pr eseptrarcrt\z.emtlr]qn be'meeanrﬁcﬂ tarahsl Ander. whi ch t he epoxr dation

reaction is carried.out_ are t nvent. onal pli e

epoxi dati on r eacti oﬁ&%%aﬁ%@ggi%ﬁ/&lc%%%aﬁé d:r?eg aﬁ] osnr]cs %&nge 20

t enparsat ur es bef Pethefd cli¥ ,Casuit alduyld rdmik25 Ca aidyHE e S afor t0 80
bar wi'th the reaction nedi um bej nq_tl n the liquid phase. The anmount in which

the titani umcESp&ffESts ViadsPIE SR TPRYIGIE d day VarkPhkd ween
broad |im ts.f2%Hdintibe QeRitfcd &mear&veﬁs afgedd ade fHfed nust be | ess

consumption and the time and costs involved in
reloading of the reactors.

20 The present invention provides a process for
activating an at least partly deactivated,
heterogeneous, titanium-containing epoxidation catalyst
by making use of a soluble titanium compound. The
process according to the present invention results in

25 an increased lifetime of the catalyst and hence in a
more cost effective and productive process.

Accordingly, the present invention relates to a
process for activating an at least partly deactivated
heterogeneous titanium-containing catalyst for the

30 epoxidation of propene into propylene oxide, which
process comprises adding a titanium compound to the
liquid feed of an epoxidation reactex before this feed

is contacted with the heterogeneous catalyst inside the

AMENDED mip st
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. than the solubility of the titaniumconpound in that feed, so that the
conpound is conpletely dissolved in the feed. The anount added shoul d be
such that at |east sone activation effect can be noticed, while on the 30

ot her hahd t he anbunt added should not be too high for ¢ ﬁgﬁﬁ? nd
econom c reasons. Accordingh%,ﬁkt has been found racti§g¥s%g a dﬁ%ga
u

titani um conpbBRAAEPA SHRAT et AALUPRELEYt QRi tRfcEAE@RtYnas netal ) in

the - 19 Sepbgpbehd20A2theedigntaricpdqt he gpgxLdath C hg in the
range of from1l ?g 100 ppnw, p%gferably fron158to 5% §§n§ﬁgbégééh§n t ot al
feed. Most prefetabpyluRecamponndaddegd| resthast feedange of from5 to 20

ppmu The S abbr oyhath ofle: BoBNEoLE! Bf BahPuRBLLSLREh ! LEOD100:3RYT LS BY

wei ght basis. Suitable titahi um conpounds are those taniu conpognds
whi ch are solbglenynsuhe tetdlyall kapunnidi tkel #etd ta bhesnéaebilen nixture

inside the re o] e I i j C nd. s grganic
titaniun1conpg§%d£aE§P¥E£gélggg %?aégﬁaélégg%ggﬁi%Hngggfﬂn?§§n58unds, t he
or gani ¢ titanouganke deecorpdenilstor theganrcesptadahgsadkelensat optdker ably

applied. 15 One,class, of syitabl.e titan um co unds i,s formed by the
titanasi| sesqdi®x ﬁ o%%Lpdﬁﬁagrﬁ?ggi3SehHFnc?£€£¥§€?2ﬂ3ﬁﬁg°iﬁ oigingly,
sui tabl e titapheinpsoapousgsci 0ichbeonsr pose-9f 36hp3ppeggat i nvention

i nclude titanasi] sesqui oxane conpoungs of the general formula TiLR7Si ~012
(1) 28%her ei FETATS 3PP af K1 A1 EGRFBEAKGPOVRIrHR YL KGPE APRYBBFGL, PAI koxy,

aryl oxy, sil oxyplasddorernfydrRswbveroupedndr&uh8 Basy¥stopgpiyl . cycl ohexyl
or cycl oheptyl group. Preferred titanasilsesqui oxane conpounds are those
conpounds of ¥PHEARPIIRCYHr Bl BSewWRBReF Rt RN YMSSiLheachasrdnfphehssys

i sopropoxy, hengylosddi Metiylaid oxysandsdispt fiyd BHEg9sandswbgeein Ris
cycl opentyl or cyclohexyl. A nmuch preferred titani um conpound is titanium

i sopropoxy hep¥eazset obeyeptrien} sékgni bhare. cabhal viskscanesusedsuvesll e
titanigm conp S, LsS; o) S . general formula - 19
Septe%ger 2003 |(%$§3§QE{?§H§E%§%F% %?Rrggs%€%%%£§dfron1triaIkylsiIyI,

cycl oal kyl, aryl ate/| cemgb sl kiydn hali tige 1feed Stecarwnepooidatsontably 2 to 4

carbon atons. Fge%gngd gggpoypgf 2 efépo€§ ofrtgg gbg etgornula pherein
R is trineth?? 5 S|Iy7, cycfopenfy , CycC o%eay?, benzyl ?s%ﬁ?%%? ,
n-butyl, isobidydnoroR- et hyhdexghse Micht piefreay edaté t any usorepopbunds are

otrall sonrong et £ ok ioh ohg Akt L1y UL BB ol hccorainaiy,

20 in case of a styrene/propylene oxide coproduction
process, it comprises at least some ethylbenzene
hydroperoxide (EBHP) and normally also some
ethylbenzene. Propene is either added to the reactor as
a separate feed stream or may be added to the EBHP-

25 containing feed stream prior to entry into the
epoxidation reactor. The feed may also contain some
methyl phenyl ketone and/or l-phenyl ethanol formed in
the preceding oxidation section or in a preceding
epoxidation reactor or contained in a recycle stream. A

30 typical feed stream to the epoxidation reactor, which
is first in line after the preceding oxidation step,

comprises 15-25 wt% EBHP, 30-50 wt% ethylbenzene,

Frred23-02-2507



10 Yet another class of suitable titanium conpounds are titanate chel ates
of the general formula X Y1 RO 1" O (IIl) ORY X wherein Xis a
functional group containing oxygen or nitrogen which fornms the chel ating
bond with titanium Y represents a carbon ghain of two ¢y Sebtegbérczdon 15
atonms whi ch may or may not contain a double bond and/ or , a methyl or ethyl

branchi ng and resent s hydr ogen or, Cl C3 al kyl . Pref abI i
car bonyl groupcontgl ni @%l ¥ ’Y8| a chal ﬁ)ho1n et %r%ﬁm"‘ftﬁ‘

met hyl side chan@tﬂvphdpldehplthetoaébompl aglt@ltplzcbfarld)d'«"wu%s hydr ogen.
Preferred exanpl es of t?}g’ﬁél tanate._chel ates, are acet\gll acetonate titanate

chel ate (wherein th E{DTPRYERBE B iBA-ELEES Ut I AT OGS ddkt at e

titanate chel atﬁeéa\hecs et Ret BBoXidat&Bhi kitalcSor cothprik®sSept et 20
CZHSOC( ')en%‘ﬂ and the ammonium salt of lactic acid titanate chel ate

(wher ei n t he X—‘"‘rer £yl BYRFgReropere) (ERREIR)D andeRtiRutgnolrhese three

conpounds are s&bpydyr DUEoRt 1 4RdgE aheth@sgwﬂeﬁ%ﬁp’ﬁﬂ@lmsoxB@@r S GBA,
Tyzor DC and Tyzor LA (Tyzor is a trademark). A further suitable titanate

chelate is a mSeRFRIGFLERRI BFRSCSE) JPURRERS HE LLAdE MARder st the by

DuPont, which n&é&&{@rcggpé@@ aeatleeaétedoe%r@%mriemaw%\@ d¥€ to
structural formula ' CH2CH2p CH2CH20 Ti OC3H~ CHO2 2 10 The |nvent|on

is further illushe aT@élP'b?OtlhéllflanO\ﬁﬁﬁé é%é@}@ﬂb@r\motrhm argsty iigtinghehe
scope o{ the iny %&iQntPgégtég?Ci fic enbodi nents. The experinents were
carried out |n cont 1 nuous epoxi dati on bench scale unit containing two
vessel s on 15 aut onfrt iz eengdtchbal astgseoerpaipyigneespdcts vel y t he

coproduction process heterogeneously catalysed
epoxidation is typically carried out in a series of
fixed bed reactors with intermediate cooling. This mode

15 of operation is also suitably applied for the purpose
of the present invention. The conditions under which
the epoxidation reaction is carried out are those
conventionally applied in propene epoxidation reactions
with EBHP. Typical reaction conditions include

20 temperatures of 50 to 140 °C, suitably 75 to 125 °C,
and pressures up to 80 bar with the reaction medium
being in the liquid phase.

The amount in which the titanium compound is added

to the epoxidation feed may vary between broad limits.

25 In any event the amount added to the feed must be less
than the solubility of the titanium compound in that
feed, so that the compound is completely dissolved in
the feed. The amount added should be such that at least
some activation effect can be noticed, while on the

30 other hand the amount added should not be too high for
environmental and economic reasons. Accordingly, it has
been found practical to add the titanium compound in

such amount that the titanium content (as metal) in the



EBHP and propene feed streans, two high pressure punps, a fixed bed
reactor, a third punp for punping a recycle streamover the reactor, neans
to maintain the reactor continuously at tenperatures between 60 and 120 C,

a 20 stripper to renove |ight boiling conmnents |ike pgiByRemBef2002r and
a vessel for receiving the product. The feeds were supplied to the reactor

via the two hi r u 1 0 JB%E for. ri 5 the
reactor. The rgg%?ogﬁagggggeEgﬁe%Qg?ﬁﬁ%ﬁgfﬁﬁ?ﬁgt dpgﬁfégbﬁgggu%%ﬁh | ar ge
recycl e streanvfaérami at &onédOopemw, he nedggtadrl v f toav e i tsot Ferpmhw oper at i on

of the reactor e.f f. _pro BHP sol uti LN
et hyl benzene m%.%s%‘ldxég \t/:\no?ﬁ'd"t %ge%éc%{% ?’r}%fge‘%%fg geh%t ear’rnboel%méﬁes#ream
prior to introduesi dn khtortheger edctfaom A conmdsigdgronalTrenal ysis of the

reacti m xt ur vvas.cgr.rieq out,,b¥: ans .of Super Critical. Fluid

Chr omatdgr aphy?PREEY 12519Re PB o ﬁﬁﬁ?oé‘@s? RS oMs werd Rt it ai ned

during all expsattenby: wkhgbuobpgt sEBHP sol ution . 30 grans/ hour throughput

propene . 18 grans/hourbigcxcle flow . 2.5 kg/hour 10 tenperature . 110 C.
S

(The EBHP sol uti on°Bsk8 335153 CRBRe 56 GNP S& A iR hAEhe. ) The

sol ubl e ti tanié’@&x%@ﬁﬁébndh%ﬁ addedcanba €0.105 tMed fHleRr arsP| pdriph i n dry
et hyl benzene to the_15 reaction m xture prior to introduction into the

reactor. The~ret§ePeve éBntREs IERSE 1K 8d ¥uae tifeide the reactor.

propengd EBHP/ ep hykbepgepe £gedtRiihal ukO cofplodfdCtionn M ddig reactor. In
all experinents the titani umconpound was dosed in such anount that the
titani um 20 | evktanpfumheomeapndonCfi ther €1a¢s B Hodhwkdd cuigarsd as

metallic T and; b2aedn0BohBbahakeathOBALKIW &1 cTha IR used 1N the
reactor was a partly Jeact vateg titanium'silica catalyst obtained fromthe
epoxi dati on secetmpauofisaoconmgreiial tstpnete/sprapy Imerse 26 edbe mbdb lgopr oduct i on
process. The aﬁééyigx of the catalyst is expressed as "K85" indicating the
reaction rate stanf in kg2 of liquid per kg of catalyst per nole per
hour (¥®2/ (kg*nol edhg) chasavbifsediarb8s Ciassuimimgaripatunsescdred furmresd
reaction 30 k'Q§t£ﬁ3 ggggxasilsesquioxane compounds disclosed in
WO-A-97/24344. Accordingly, suitable titanium compounds
for the purpose of the present invention include

titanasilsesquioxane compounds of the general formula
TiLR7S8170712 (1)

20 wherein L is an alkyl, cycloalkyl, arylalkyl,
alkylaryl, alkoxy, aryloxy, siloxy, amido or hydroxyl
group and R is a cyclopentyl, cyclohexyl or cycloheptyl
group. Preferred titanasilsesquioxane compounds are
those compounds of the above formula, wherein L is

25 chosen from phenoxy, isopropoxy, benzyl, trimethyl-
siloxy and dimethyl amido and wherein R is cyclopentyl
or cyclohexyl. A much preferred titanium compound is
titanium isopropoxy heptacyclopentyl silsesquioxane.

Another class of suitable titanium compounds is

30 formed by compounds of the general formula



Exanple 1 After starting up the continuous epoxidation bench scale unit,
the unit was operated under the conditions - 10 - 19 Septenber 2002

i ndi cated and without titaniumdosing until a certain conversion |evel was
reached at which the reaction rate renained at a const apg Sepirhbérazoobout
50 hours (approximtely fromrunhour 100 to runhour 150). The 5 reaction
rate expressed as K85 was about 3.0 kg2/(kg*nole*h). Then, after

approxi mately 150 run hours, the dosing of titaniumisopropoxy

hept acycl opentyl silsesquiioxsre gt a dosing level of 10 pgmy Ti in the feed
was 10 started. The increase in activity of the titaniumsilica catalyst is
indicated in Table I. K85 is expressed in kg2/(kg*nole*h). TABLE I

Activation with .t i i SOPL OPOX ge cyclo tyl.silsesquioxane
Runhour 1501701%%1’%%%%0&88%3%%%9%? 6?%@@66.%?%;&%?%?%515(: éﬁﬁﬁéyf "as
conpound used rewylanikgheadnd idboylunhatiey theoK85chabofioatbfdshours. 20 The
results a repeatquagﬁc t_that the tit nign1§as tetrakis tringthylsilyl)
titanate dosing WasRtard &P at FIHRSUr 2128 bebh® EBREEANEORPOYNgS are
kg2/ (kg*mol e* h)tHaese relf ceiechbovdabbembla, TABeEeih ACt iyatiomewhih -
>
tetraki S5(t r rmtshly]!fll ,l yclycfépggrll’ltgt/le, cyclohexyl, benzyl, isopropyl,
n-butyl, isobutyl or 2-ethylhexyl. Much preferred
titanium compounds are tetra(isopropyl) titanate,
tetra(n-butyl) titanate and tetrakis(trimethylsilyl)
titanate.
10 Yet another class of suitable titanium compounds

are titanate chelates of the general formula
X ———Y
RO\\\\\\l //;,//’g
/Tj\ (111)
o) t OR
A
wherein X is a functional group containing oxygen or
nitrogen which forms the chelating bond with titanium;
Y represents a carbon chain of two or three carbon
15 atoms which may or may not contain a double bond and/or
a methyl or ethyl branching and R” represents hydrogen
or Cl-C3 alkyl. Preferably, X is a carbonyl group-
containing moiety, Y is a chain of two carbon atoms
with a methyl side chain bonded to the carbonyl group
20 and R” is hydrogen.
Preferred examples of the titanate chelates are
acetylacetonate titanate chelate (wherein the X-Y-

entity is CH3C(O)-CH=C(CH3)-), ethyl acetoacetate

titanate chelate (wherein the X-Y- entity is
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Exanpl e 3 Exanple 1 was repeated, except that the titani um conpound used
now was tetra(isopropyl) titanate and that titanium dosing was started at
runhour 110 after 5 the K85 had been consgant at approxi amBer20

kg2/ (kg*nmol e*h) for 50 hours. The results are I ndicated in Table III TABLE

[l Activation w i i
Runhour1101201%‘155%0127‘g %’é@%gg ?yg) ééd 958@@%&% 58 15 fp1 54 can be
seen that the dosi a soluble ti taB| um, ca%ﬁ yst to the feedstream
which is 10 td t%t’&"t”é%l GRehahepay ?§eiﬂﬁa Pvared Féteriogeredife

titani um based (POX|dat|on catalyst, results kn a remarkable re-activation

of the catal yst® icr)t) E2 R %%3153 2RE BCt #9i fy - of NERE thrﬁleysqoniﬁﬁiﬁtﬁ%tt%’w
and | ovel Led o aY Eoneeanttasr: b1E, 2aRPEkeive Tkl T aan 2
the actdvity (ﬁBA,heTynmtlI;rcdaemdtTyabedLeat(ayystr is & -trlaZienﬂa‘}lSe.ptenber
2002 C L Al NIS:% E)£¥§§§ é&{tgﬁiévéﬁLQQaQQ %Ee& e 1%agjﬁﬁxture of
chelates sold under the trade name Tyzor TE by DuPont,
which mixture comprises at least one component having

the structural formula

CHZCHzo
/
N CH_CH,0 TiOC.H
2772 377 (IV)
\ /
CH CH O
2 2
10 The invention is further illustrated by the

following examples without restricting the scope of the
invention to these specific embodiments.
The experiments were carried out in a continuous
epoxidation bench scale unit containing two vessels on
15 automatic weight balances containing respectively the
EBHP and propene feed streams, two high pressure pumps,
a fixed bed reactor, a third pump for pumping a recycle
stream over the reactor, means to maintain the reactor
continuously at temperatures between 60 and 120 °C, a
20 stripper to remove light boiling components like
propene, a cooler and a vessel for receiving the
product.
The feeds were supplied to the reactor via the two
high pressure pumps and mixed together before entering
25 the reactor. The reactor was operated liquid full at
50 bara pressure. A large recycle stream was maintained
over the reactor to have isothermal operation of the
reactor bed. The feed of propene and a 35 wt% EBHP

solution in ethylbenzene was mixed with the recycle



deacti vat ed heterogeneous titani umcontaining catalyst for the epoxidation
of propene into propyl ene oxide, which process conprises adding an titanium
conmpound to 5 the liquid feed of an epoxidation reacte~ before this feed is
contacted with the heterogeneous catalyst gnside the repgSepterber 2002 t he
solubility of the titaniumconpound in the liquid feed is higher than the
anount of titanium_conpaund added to,this feed. 10 2. Process according to
claiml, wherePh*tRE R&EE odeh Y U TOR? aF AEngeRGaEaFyst s a

titani un silicaohpsed tdainally Hinaldss iRy aePShaces dt DentRigtaLa dadr 2,
wherein the titaniymconpound is added in such arr_ouni that the 15 titani um

content (as mefCAEFIER O PoedSNTrhUBR: poxtHatt ofitvedctor is in the

range of fron1th&@m§Qggﬂpry[Mgﬁsyably from5 to 50 ppnw, based on tota
feed. 9. Process accor in% to any one of clains 1-3, wherein 20 the

titani um conpound F8%afOiltlonEdid ERRATKARNDEL L PReS gente anaipEained

Ti LR-Si ~012, wharengy hiiis ApAimdntesycloal kyl, arylal kyl, alkylaryl
al koxy, aryloxy, siloxy, amdo or hydroxyl group and Ris a cyclopentyl,

cycl ohexyl or cycl 6hEptighryitoBBHR25 B utitess radfodiang /housl ai m 4,
wherein the titani g%gggﬂgtégggg?&}tér;eam um i sopr:o;i@x?llgﬁgt/%%}ﬁ? opent yl

si |l sesqui oxane. 6. Proceés ng to any one of al ns wherein the

titani um conpound kscacdenpgdwmd of the general :~2l.A~kgthoug~~'='-'~ 1, ~ |

c~y ~at 0 [T % s ==L~ - 13 - Sept enber 2002 fornul a

Ti (R 12 wherein &EH‘PgSEP‘é‘& ed fromtrimethylsiTyl, cycloal kyl and al kyl

having 1 to 9 carbdffhet B8P BolRrtdeoemssisactoval g 1D wthiEBHP sdkbueiont he

titanium5 conpound i%t%sa%%ggsoprqpyl) titanate, tetra(n-butyl) titanate
STyl [ 1

or tetrakis(trinet ﬁ)r/ll titandte.

The soluble titanium compound was added as a

0.05 wt% stock solution in dry ethylbenzene to the

15 reaction mixture prior to introduction into the
reactor. The recycle stream was also mixed with the
propene/EBHP/ethylbenzene feed prior to introduction
into the reactor. In all experiments the titanium
compound was dosed in such amount that the titanium

20 level in the reaction mixture was 10 ppmw calculated as
metallic Ti and based on total reaction mixture.

The catalyst used in the reactor was a partly
deactivated titanium/silica catalyst obtained from the
epoxidation section of a commercial styrene/propylene

25 oxide coproduction process.

The activity of the catalyst is expressed as “K85”
indicating the reaction rate constant in kg2 of liquid

per kg of catalyst per mole per hour (kg2/(kg*mole*h))
normalised at 85 °C assuming that second order reaction
30 kinetics apply.
Example 1
After starting up the continuous epoxidation bench

scale unit, the unit was operated under the conditions



8. Process according to any one of clainms 1-3, wherein the titanium
conpound is a titanate chelate of the general fornmula XY I RO 1/ 0 (I111)
OR Y X 10 wherein X is a functional group co nitrogen which fornms the
chelating Y represents a carbon chain of {yo_atons whi chgongyptempBRLoDSt
contain a nethyl or ethyl branchlng and R" 15 or C1-C3 aIkyI nt ai ni ng

oxygen or bond w.th titani t hr ge carbon a doubl e bond and/ or
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Example 2
15 Example 1 was repeated, except that the titanium

compound used now was tetrakis(trimethylsilyl) titanate

and that titanium dosing was started at runhour 140

after the K85 had been constant at 3.0 kg2/(kg*mole*h)

for 50 hours.

20 The results are indicated in Table II.
TABLE II Activation with tetrakis(trimethylsilyl)
titanate
Runhour 140 150 160 170 190 220

K85 3.0 4.2 4.6 6.0 6.0 6.0
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Example 1 was repeated,

10 >'

t10% & ()-y

y#10%8&' () - 3

except that the titanium

compound used now was tetra(isopropyl) titanate and

that titanium dosing was started at runhour 110 after

the K85 had been constant at approximately

3.2 kg2/(kg*mole*h) for 50 hours.

The results are indicated in Table III.

10 >'

TABLE III Activation with tetra({isopropyl) titanate
Runhour 110 120 130 150 170 190
K85 3.2 4.9 6.3 6.1 5.9 5.9

From the Examples it can be seen that the dosing of

a soluble titanium catalyst to the feedstream,

which is

to be contacted with a partly deactivated heterogeneous

titanium-based epoxidation catalyst, results in a

remarkable re-activation of the catalyst.

the activity of the catalyst immediately started to

increase when dosing of the soluble titanium compound
started and levelled off at a constant activity which

was about twice as high as the activity of the partly

deactivated catalyst.

In all cases
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4. Process according to any one of claims 1-3, wherein

20 the titanium compound is a titanasilsesquioxane of the
general formula TiLR9S5i90312, wherein L is an alkyl,
cycloalkyl, arylalkyl, alkylaryl, alkoxy, aryloxy,
siloxy, amido or hydroxyl group and R is a cyclopentyl,
cyclohexyl or cycloheptyl group.

25 5. Process according to claim 4, wherein the titanium
compound is titanium isopropoxy heptacyclopentyl
silsesquioxane.

6. Process according to any one of claims 1-3, wherein

the titanium compound is a compound of the general

AMENDED SH=T
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10 wherein X is a functional group containing oxygen or
nitrogen which forms the chelating bond with titanium;
Y represents a carbon chain of two or three carbon
atoms which may or may not contain a double bond and/or
a methyl or ethyl branching and R” represents hydrogen

15 or Cl-C3 alkyl.



