; noe3eKNH X6TN3A*. . - 1 - 19 Septenber 2002 PROCESS FOR ACTI VATI NG AN
EPOXI DATI ON CATALYST The present invention relates to a process for
activating an epoxidation catal yst, nere-speeifically, t19 Septaroees2¢@?2
activating a heterogeneous titaniunctontaining catalyst used to convert
propene into 5 propyl ene oxide. A commonly known nethod for manufacturing
propyl ene oxi de i s PR@CESHr BORCROMI WHT IN® BN eDrOXXDAR Iamd cHpxENETSt arti ng
from et hyi benzene. In general such process involves the steps of (i)
reacting ethyl benzene 10 with oxygen or air to form ethyl benzene

hydr oper oxi de, (iitheeackigat henedhyl bgnzengtbydegpar gxides Lhugebt ai ned

wi th propene.in the presence of an_epoxidation catalyst to yield propylene
oxi de and 1-phe@jivathagolan &rPiidafiednveEelngtr h@crphrmpgtifihandly,into
styrene 15 by hydgat.i ' Syt a e [ I Anot her
met hod for progﬁcgng‘gfggffghgg&ﬁfH%ﬁ%§P%ﬁegcg%?%gég%?§%ﬁ% %? %9%5%@ oxi de
and net hyl tertebteyhieghen t@IREE) sta@dt togecbnoearics phrureTee ahkt pr opene

This process is melé known .in the art and involves simlar 20 reaction
steps as the skyPBNefpPofyA? oxi de production process described in the
previ ous paragrapha tBmhb®16PRHSET it Isé@PEdOr haRUERL thirdriopes oxp Jeehe
reacted with propene form ng propyl ene oxide and tertbutanol. Tort-butanol

i s subsequent |§%®8Ret Ff tE@ CHRF I WFER? ThePHPRYELAP S RE§ otn@oncerns t he

epoxi dation st 8AE GREE tlim Paride W @iy ihen 2epgl dahi ysheysed
therein. As ihﬁ?%gted %gfefﬁ égfore t he %pox?dation stg%ﬁﬁgéiré% @e t he

epoxi dati on reRe®tens invelvero thepteiary D021 bf rprepéng Wity boéyteerzene
hydr opes oxi de i BLogkhers -Llfgﬁ@%%p@‘?ﬁ ibsﬁggﬂgg L/ i gpoxpdat t on

reacti'on of propeéne tent - hydr opef oX1 de propy gne bxi de
and tent-butanblii) Theaprésgntthe iehhgntbeneewe | hberbperbaddd sthussed herein

the bas=s of th idation step | t / | ide .
copr oduct 1 on pPRLESEESI FLGA PRSI AT TR HHEF SEO0AOThAL (RO PB

can equally sutded]ysbetappliead iprdhel epoxdcide oanst eppblerdil ethanol,
MIBE/ pr opyl ene oxi de 10 coproducti onh process. T'tan'un}ﬁontaining

het.er ogeneous ¥poxiHiti ofCRYEHYAS Hi% i Yn EhR23PE. BEGIeEResuch

catal ys§ s are $Qrainslianee odesEinked gLt 9, 86y892rane ERt10;s395, 856.
US- A-9, 367, 342 di scl oses the use of 15 inprganic oxygen conpounds of
silicon in chem cabneBRAPESMELHRWTAT RTIVHSID RBOBYL GBRgIRX I diF ddde or

hydroxi de of titapbufteWBh! @ FER AR 1R 8561 dik seh@seer Ayt kanidwliiiyd ca
het erogeneous catal yst. According to EP-A-0, 345,856 thi§ catal yst I's

obt ai nabl e by @Eherpi¥FAEY i A2 t3iNg dorPTe orRitkR IR i and Brogemef Tdesous
titani umtet raghlorLges (olkauednycaleinal | an algh hyALgh ¥ais Stans, and
optionally a siTylration step: en such titani um contal ni ng hetérogeneous
catal Y1 s are msadtioncatabgsest ltéeeroni nite (wr ey PEner opéde, deactivation
occurs. Wthout any preventive neasures itani,umcontaining_catalyst,
which is cont &%%ﬁgﬁffﬁnap§ﬂ:§arﬁ &ﬁcélr??en% Bt otp]'genep gﬁ}ﬁlgfﬁy Séﬁfer%%'
hydr oper oxi de i orhé heppreaeadiing @tetatdicart -Hepyl vibydr bpee or ildemiitsed
lifetime before it mﬁl? have 30 to be repl aced dqf to deacgtivatjion. In

comerci al opeteR FoRd deAED PEOPER Soff AT HaRl SRYL §2° cotntier sofedert-

butanol. Tert-butanol is subsequently etherified into
25 MTRE.
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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by operating at an increased reaction tenperature. However, a too high a
‘reaction tenperature, for - 3 19 Septenher 2002 instance above 140 C,
cannot be afforded, as the reaction selectivity to propyl8nkemgmper 2002
deteriorates at such high reaction tenperatures. Furthernore, high reaction
t enper at ures fafopropheef oritdt i ophpylbsnpemeodusinopesuckide dmitlyl phenyl

ket one (deconposition_praoduct of ethy n oper gxide), . .
pr opi onal dehyd%r?ng n% soziﬁ%en %I?%dﬁc{:Rggglgr (;eép{/}?/acejrgl o%rdg)qeaﬁgodﬁ%?tlon
derivatives of rprepybenefoxirdaémel wilt hg tprapydienel ghydobpand iy ads.
Consequently, if ge tenperature 18 becar‘r&g g_ng%cce tably_high, the catalyst
has to be repl 4tEd by ~aFM-ESIF d1*1+@GeniBFat-&d “C: Hh37eL - t hig 8F&SS™My to
operates at | oweRvEQaEbhOR iQMSY af WF €8e rPHAGILGHd Y Wet ¥ean o0 taRd pi2d: £
An increase of the lifetime of the catalyst would 15 be beneficial, as it
woul d result i dfathPgRePXdf@tione £8P &Pf ctSiE ProdRErPBhedt Prdmsd ene
oxi de. It woul u Laqre ]_%gﬂ_g the,.casts dye., talys tion
and the tine a%%fb‘ééé g“lglr%\?olp\r/e T fe Ba@?%%'o?‘%t”f]ée)"%hc %rép(&%%%#&%d
present inventtbatptbei devexntpratessnfeqguadtiyvaiingelahy abel eppil ipar tiry
deactivated, heterogeneaqus,. titani um contaj,nl epoxidation catal yst by
nmeki ng use of Bhéoﬁﬁﬁf‘égﬁrﬁ&ﬁi Wrpoufl. M%ﬁgg/ﬁ"goc%%ge%%ﬁfasﬁg to the
presentQi nvent¢oprbasdkbisni B rockhs N increased lifetine of the catal yst and
hence in a nore cost effective and rédllpmti ve process. Accordingly, the
Jdbg‘s

( y
present invention feFaPe¥Mr&oRYH BFeZeERrRAYTy SRP%REAFBASE part 1y

deactivated hetgf9965e8us rial L@l CONERENERE .CabalnSle S 05 £t BE-RO ,
epoxi dati on of propene into propyl ene oxide, which process conprises addi ng

a titani um conpebadyssst REe faruins farasofearrd det | P RedeBBdn 34 ore
this feed is ¢ agbed_Ww t et epe t-al yist .4 nsSi de e

| ~tf~, ~~i ~i y~ %Ezri gi:ﬁ W,bQ)?,l'@E:s@ :@gg_ﬁ. .E]' gg;(ig%??"d’fécii%§é9 &égsgs’tee fer

- 2002 r¥actor, isherganithexyglembiddnyowtdsheit istddiaom conpouemicalt he |i quid-

need is higher_than nt. of,_ tq LU Q ng. . d.to_this.f.eed._ The
het er ogeneous ?%?gﬂfﬁigr?’(?%g?’ ith ﬁagt c%%%]t'/sp]' ?rﬁgggluﬁ‘%lﬁ"ﬂ?s%%ha%a?ﬁf‘??t Fnown
in the art to bhedsokidbl eff @i teatialysiwigilBeEPedetl, @t HedS&edianlokeki a and
an organi c peroxjde.into.the c&rres ondi nﬁ al kyl.ene oxide and. al cohol.
Accordingly, thEteRiaR)sidigAs QTP I ERBS paEft ¥ecitTTEFdRE t°

US- A- 4, 367, 342z prgl- 803 KB, 856, I35 Bath Spsssed abaeinmle fioy instance, be
applied. It has, however, been found particul %HJ advant ageous to use the
titanidfn silicE'BREGAZEANEl Pst5d 1di G SRBPPHREPVALR AR Rt he purpose

of the presentgioygpti 00« WeM tase: &3t 8kYaLs fane diaf by eky1dPnoe9dn |
activation results can be achieved. The conposition of the feed to the

epoxi dati on redrdi bdrelned scistaRmIaNdrOPReOpRédes R Bfl e hiementep.
invention in the sgnse Lhah ltﬁé:{%%’. CoBPY i AOABOH QD JUH &Shd s common i n

comrer ci al operation. Accordin In case of a styrene/ propyl ene oxide
coproducti on pratedgstst acenmsiestst atcdvadysseombeeteprisiassion hyfir oper oxi de

(EBHP),and nornally _al sq_sane_ethyl be n Py, i i ther added to the
react o gas a s%ﬁ%?gPa’fggacgf'P’@a D(ﬁ %%“ %'agggg‘%?% tsaﬁ.gl é%%’%dgjtgﬁt ai ni ng
feed stream pri@sstgesntr yiteind urhecapoxidahyoraredstisay, wHiccH eesl may al so
contain some net hgl Ehgnw, ket one and/ or l-ghen | ethanol forped in the
precedi ng oxi daPPBACEREL MR iSTEEFR cRUF RGP FRARSIE rdftt or or

fggg ?ioPedWihincﬁefﬁﬁYBéﬁzéhéew_@dr%é@ré:yﬂhéafrBﬁe@_h%t RV e sen@xt dahi on
’ 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



is first inline after the preceding oxidation step, conprises 15-25 w%
"EBHP, 30-50 wt % et hyi benzene, r~.y-: r=,3.+ .. . _f ..1" . r.. -,. 1~ ~ ..
v1l. ....G:'". - -.rte .. 'c - 5 - 19 Septenber 200218Getiembi @00Bene,
0-5 wt % 1- phenyt a gthagsbvand 4@ 5wt %amidy | bphenyb - kelong,s tthad : . oral of
1C0 wt% In a MIBE/ propyl ene oxi de coproduction process the feed to the
epoxi dati on ¥eactbPcERPEFSEY LAY |TCaRN T RYEeHe t X dBUER eMidoes Dx3 He

(TBHP) 102 450k Bubanakaselyatemddid -85, | Aulbie shyteneipigpyl ene oxide
coproducti on procesS, propene Is el'ther added to the reactor a a separate
feed streammzaomyobetandedatorese fEBIR comai fivrmztded stfream prior to
entry.into the 10 ecoxidation_reactaor., In a commercial styrene/propylene
oXi de5 copr odﬁ\é‘ﬁ%ﬁ“%?aéeggcﬁefaesr bt et%’eyolusl'?‘ye%T a}fﬁlé@aeeé%ﬁvﬁ?gﬁ%ﬁp"ﬁ"sgn
typically casfo®dcoubfi athyibeneend Hydwsbdeski@ar] opsopibhaldearyesi at e
cooling. This node 15 of operation is also suitably applied for the purpose
of the presentSPMGEhERBACNTRECEHSEH 1950 RE IR NS £hde heddFoRitd®S on
reaction is £arfyedi opk gEepthasa Lonvantdonaldy,appli sdob0 RrQpene

epoxi dati on react?ojﬁs Wi th EBH%?QTypi cal react%%"ﬁ %E%dﬁt Pg%%%in(négl ude 20 ~

t enper at ur egfc®b 2pd1901grlsui Capiseqimnl 25 £, thmdt pmpesarteseup to 80
bar with th LoNn I ing. it i ol S T unt i n which
t he ]\th t ani u?ﬁ%%%ﬁp%%nﬁn?gggégégﬁko t e ’eB%‘xAT dé'jﬁutjiaglrkp%elgaﬁaggvgg bet ween
broad |imtse@fadedaby avénetshheramegeneaddest taatdibyseedthust be | ess
than the solubility of the titanium.conpound in that feed, so that the
conpound i s ed’b‘?‘}bjrle‘%/‘él éod?ggﬁF\%gdaitn lt%’?rf &f SR dnttRETabHEGSehoul d be
such t hat atpﬁﬁ;\ﬁsic§pny petivgahi o0 ehfeatzcar be noticed, while on the 30
ot her hand the anount added should not be too high f or environnmental and

econoni ¢ reasons®h ALRGFER A 9L Fhenadd fededme Rind i akatehystovalddihe

Li oy um commoushd £ sy, aguat Lialid haddianinm aonieot Lag fetal) in
the - - 19 Septenber 2002 feed entering the epoxidatioh reactor is in the
range of framsit tef 190t ppewprphetsisyl v moaiy tensoppdsy, baswdudd t ot al
feed. Most h n d |d j ‘?i]? of from5 to 20
ppmw. The 5%‘%%% fongegggr#\/'tcpgf g:‘r%gsttéoed?)'\aér'?Csot rp}%r"rm %Con on a parts by
wei ght basi scrSuinpblent ébdnthen coameoamds carsg & higs Ivednimm conpounds
which are sqQluble.in th d r in dissolved in the reaction mxture
i nside the S:ee;ic?ao?%nﬁoogr‘téggr ﬁgggtc’?%g titani um conpound is an organic
tita@&l um conpourthe Gfrédentl| issent isol phicyidegarm Erddes uhoconpounds, the
organi c titanium oxjde conpounds or._organic, titanates, are nost preferably
appl i ed. 15393 Js’%go?nrsTgthﬁFégt Ptaéﬁladmdf@r%dﬂ’rﬁfseq's formed by the
titanasi| seqpixenEORPPUPUSa dii aol-eoed aiim 1\WG AT iHEIHWon Acs0aly 8gl Y,
suitabl e titani um conpounds _for thengrpo_se of the presept invention

i ncl ude titaadiERGurDRafe RBoRBoHRAS & taRe U r@mROY Y mul e Ti LR7Si 7012 ~

tl) 20 whergippdeds 2cstdvhg e¥ctaal kylesedrylidvieHticH kdaivds ah koxy,
aryl oxy, siloxy, am do or_ hydroxyl group and Ris a c%cl opentyl, cyciohexyl

or @kl oheptynt igroise sl et bEeRaME| PandbRl Ses@diverar@d fifptimdsn & e t hose
compounds ofpddie deeff)é%ge 4HEr BBl chd w25 SER0RRA [ om phenoxy,

i sopropoxy, benzyl, trinet Il oxy an i met hy am go and wherein Ris
cycl opentyl or AotohdkydlyA phiehppeekotr édveintdmnumedatEeurtb i titani um

{1 tani um SoRBRURERS | S50 ¥ bt FRHTBY BBnBoURTE Y ARG Jens A Y B a
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 reaction. before this feed

is contacted with the heterogeneous catalyst inside the

A.!P‘FE:VDEﬁ ."“‘_:.-_-(..E....

= e LIt



_ 19 Septenber 2002 Ti(OR)q (I1) wherein R is selected from

trial kyl.silyl, cycloal kyl, arylal kyl anrddakkyl having 1 to 9 carbon atons,
suitably 2 to 4 carbon atons. Preferred conpounds are thdSsSeptentier 002
formula, whergiznRy i SiHdidBl hyhaSsshliyh1ieycherentylsa; hexyl, benzyl,
I sopropyl, n-rbt?tyl ,I i sobutﬂg}fa'g or % g?%y%é%&& lo%u?ﬁ'%rteﬁtg%/rrﬂe‘%“t I tani um
conpounds ar ecmgtata(@ sopropyl Jigiidnaeed tet haghebuthHan tihanameuand

tetrakis(trinethylsil.yl) tit te. .yet _anpther. cl ass of suitable

titani um conp ugég%ﬁégﬁi éﬁéﬁﬁb%h@%grgé“Sf“ he §&F&ral formula X Y I Ro~1
~ 0 (I11) 0 ? ORTheYh¥tembgsmisuX tStaniunctbanali ngm@ue Lot @d hi pg,0xygen
or nitrogen which forns the chelating bond with titanium Y represents a

carbor® chai n°8f 3 Wo SHCT idk? taf bohnasn at BnkRRhRER F&y Bt switaliecontain a

doubl e bond 3R/ @fata1d MU RO -8y oR BBENERY aRd e F18PrE5§M s hydrogen
or Cl-C3 alkyl. Preferably, X is a carbonyl groupcontaining noiety, Yis a
chai n of twoocgebds Pegesxida hrtoreths| cefdesphadanigorddy tena hexde bonyl

o hoetyl acahgnat s SR ke SHE R LT R PR ERRE SR NG £vel At es
CHE°>C§ 0) - G":C(lﬁbl?nba)l:enet &%ﬂe@Cﬁ %%izécbrai eu%J&A?ncl)aBegEglz?ta?Bcg vvn)erei 3 Eﬂe X- Y-
enti i's - g.- ept_enber - . -) an e
anﬂnéﬁiun1sa ?'6F0P363P§5 i §QQ%ﬁﬁéng%%?dPéy(wﬁ@FeFﬁﬁﬂﬁ?@@ﬁﬁb%nnity i s
NHg+ - OC( O - GppEhidl-. ard H's,i hddevdhese it £6u£ANRAURES ARG 150! d by DuPOnt

under the respective trade names Tyzor 5 GBA, Tyzor DC and TyZor LA (Tyzor
i s a trademafRy2nhaggPtiert sHIRb%e thitant enénelice bssgdricataly sofs

chel ates sol g ypgggebing nl ERda ARy Jyzsy AL biynDUBABbosphieh et ure

conpri ses at feast one conponent having the structu rmula " CH 2CH 2 p
N CH2CH20 \ FEkeespt (hvenCHdooH (Jherp these catalysts are used, very

15 good activation results can be achieved.

The composition of the feed to the epoxidation
reaction is not critical for the ﬁrocess of the present
invention in the sense that it may have any composition-
which is common in commercial operation. Accordingly,

20 in case of a styrene/propylene oxide coproduction
process, it comprises at least some éthylbenzene
hydropercxide (EBHP) and normally aléo 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 rezctor or contzined 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,

AMENDED me o
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10 The invention is further illustrated.by the foll ow ng exanpl es w thout
‘restricting the scope of the inven~ion to these specific enbodi nents. The
experinments were carried out in a contindous epoxi dati onl heaBierakeN 00 t
containing two vessels on 15 automatic wei ght bal ances cont ai ni ng
respectively tBO-EBHRtandbpsppese Deddwtitr daipherdi D 8tBAnRPNESHH €QP3INpsg a
fi xed bed reactothQ third Egg for punping a regggle stream over the
reactor, means™8& e ROETH L@38r o Ccénti 2% 40t Bkper at ures bet ween

60 and 120 C, a 2071$t ki PPEIE 19 68DERel bGP N COFPRRERLS dd KE the
propene, a cooler and a vessél for receiving the product. The feeds were
suppl i ed to théer€adortha Rl dabihngkescEdsureonRmbse and tnilbeast tooes her
before enterin 5_ e LLaact ek S .qQpe d.liguid full at 50
bar a prgssure.QX%Fa%§§y?é?ﬁ%%%?%%?éﬁ%?%aé‘ﬁ%l téﬁﬁé%a%géF Fﬂ§=P€ ctor to
have i sot her nabodpendt.i @imflaheaseaot ohebedyrBre feecbplepeoparieiecand a 35
wto EBF: P solution in gnglbenzene was_mxed with Igﬁ recgqle _ % 19
Sept enber 2002°8PFESHCHHIGE R*PT e F odBECPERS Mo G FEattigrd A0 the
conposi tional agakysirs a@f 4 gLt &0feBuXrR MM D €34 | eHe0HHARY MRANS of
Super Critical Fluid Chromatography (SFCL. 5 The foll ow ng process

condi ti ons merEhﬁaFﬁﬁgrﬁﬂfﬁﬁkﬁ%ﬁﬂaiiegxﬁéFﬁﬁﬁhE§FQ?w%@gﬁbgFYEBHPQyﬂhﬁion

. 30 gfgrns/ hoypotLhraughput. Jyapepe . 18 grarns/hour recycle flow . 2.5
kg/ hour 10 tenpé?ature : 1fb C. 15 20 25 30 (The EBHP sol ution used was a

35 wta EBHP sol uti dn Encemmetdssira kepeyyeTpaépsobyBleas igxaimdem conpound was

added 25 20,05k 25,800k, SUAMIED hocdk gLRA SR 10,1 0g Teact] on

m xture prior to introddction 1nhto rea recyc eam was al so
m xed with theeporpenelBBHR/setthyph beakbnecteedepr ioart tim iatsediesi off i nto

amount that { HE-EF EaRF SRS T ThE"  DAEET BRCRPYEUE SR 0. ppry Rode

cal cul pped as gEt8pkiratIonand basesl onitebal epedlicen FBxttke. pdhgosat al yst
used in the reactor was a partly deactivated titaniunisilica cat al yst

Ly
obt ai ned from Phet8BoRF§&ET6n WEEEP ohPRf &P EoRRBFEITACTST AR prBpFlene
oxi de coproduct h@neBrOsBSS iothe-afdt Voh Vi of chheiedt JsStads Eexps&ssed as
"K85" indicating the reaction rate constant in kg2 of liquid per kg of
cat al yst per n®PBVEBEIRABE 1Yk PRI G0t R*RYPPRJLMEPICIFE a1 ®s TeastuanAg
that second orgdeg,r gaghi o k3neli Cse 200! ¥n EXaRPLE ochAfilRIy d@rting up the
conti nuous epoxi dation bench scale unit, the unit was operated under the
condi t2dns - temperatures of 50 to 140 °C, suitably 75 to 125 °C,

and pressures up to 80 bar with the reaction medium
being in the liguid 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



- 10 - 19 Septenber 2002 indicated.-and w thout titaniumdosing until a
certain conversion | evel was reached at which the reaction rate remained at
a constant |evel for about 50 hours (appro%:Tmately fronﬂ?éﬁﬁ@ﬁmbfggoag
runhour 150?. The 5 reaction rate expressed as K85 was about 3.0

kg2/ (kg* nol e* feedrrenteai hgr tappremdiatad o 50e & aholowss it hehelosimge of
titani um i soprqQpoxy heptacy pentyl silsesqui oxape at .a dosi | evel of 10
pprnw Ti in tﬁgof%%%f“vés"iogb@alptp ! 'H‘Feeﬁ"%? 2<etFRMact WA ?ﬁﬂ]g?prf“ﬁe
titaniunlsili eaxad adystotali Adiegat bt chadf €riblkkBbhieS 2endirasS S&dkiéd

kg2/ (kg*nol e*h). TABLE | ActivationQMtr1titan£8n1isopropoxy

hept acycl opentiyli=Si1ckP@i 53AA€ ©f from 5 to ppmw. The
RUNOUE150170L90210730250KB53 0% 762486 60, = Exanple £:'113%,Bxapl e 1 was

conpound used now and that titaniumafter the K85 had for 5 ours. 20 The
results a. repéattetl bexeepghthhestlse titani umwas tetrakis(trinmethylsilyl)

titanate dosing S ed our hee n . ,.3..0Q

kg2/ (kg* nol e* h) \rl\?“}lné | c%? eaf%ﬁwilgb Leé"ﬂ%%ﬁ Ea%% i%?l%at%itl&r?%"{nh
tetrakis(tri metmpsirdygs )whithnate soluble in the feed and remain

Runhour 14015016017 1%%§ZOK853.09.24.66.06”06.0 - 11 - 13 Sept enber 2002
Exanpl e 3 ExaPrfiS®iV @it ? epREt £62 4O M IrHHTE nERF 1 EEnthH CEATHIT used
now wag tetrapire@yyly, tthanatesandrshkaimgddusd ~i yr andesiyRgwas started at

runhour 110 after 5 the K85 had been constant at approxi mately
titanium compound. Of the class of soluble organic

titanium compounds, the organic titanium oxide
compounds or organic titanates are most preferably
gpplied.

15 One class of suiteable titanium compounds is formed
by the titanasilsesqguioxane compounds disclosed in
WO-A~97/24344. Accordingly, suitazble titanium compounds
for the purpose of the present invention include

titanasilsesguioxane compounds of the general formula
TiLR7Si70712 : {I)

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 titanasilsesguioxane 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 Zormula



3.2 kg2/ (kg*rnole*h) f or 50 hours. The results are indicated in Table I1]
TAELE 111 Activation with tetra(isopropyl) titanate
Runhour110120130150170190K653. 29. 95. 35. 15. 95-9 Fron1the19£&ﬁﬁﬁﬁgﬁﬁzqggn be
seen that the dosing of a soluble titaniumcatalyst to the feedstream
which is 10 to be contacted with a partly deactivated heterogeneous
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Y
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/ox
a methyl or ethyl branching and R” represents hydrogen
or Cl-C3 alkyl. Preferzbly, 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(0)-CH=C(CH3)-), ethyl acetoacetate

titanate chelate (wherein the X-Y- entity is
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trimethylsilyl, cycloal kyl a-~d alkyl having 1 to 9 carbon Mons. 7.
Process according to claim5, wherein thegitani umb5 conp®8sptember 2002
tetra(isopropyl) titanate, tetra(n-butyl) titanate or
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clains 1-3, whérein rtaniu npoun S ééﬁltanate chielHt & B Cttie
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a] ca] ca] ca] ca] ca] ga]ca] cal ca] ca] cal cal cal - s .
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ca] ca] ca] ca] caheakealscalaia] aal€at ceheatridzopaime Tydo¥ Y& by DuPont,
which mixture comprises at least one component having

the structural formula

CHZCHZO
/ \
N CH i
\ 2CH20/ TlOC3H7 (IV)
CHCH O
2 2
10 The invention is further illustrated by the

foliowing 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 xrecycle
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 coocler 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% EBEP

sclution in ethylbenzene was mixed with the recycle
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Chromatography (SEC).

5

The following process conditions were maintained

during all experiments:

10

throughput EBHP solution : 30 grams/hour
throughput propene : 18 grams/hour
recycle flow : 2.5 kg/hour
temperature : 110 °cC.

(The EBHP solution used was a 35 wt% EBHP solution
in ethylbenzene.)

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 & comm2rcial 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 (kgz/(kg*mole*h))

normalised at 85 °C assuming that second order reaction

30 kinetics apply.

Example 1

After starting uvp the continuous epoxidation bench

scale unit, the unit was operated under the conditions
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TABLE I Activation with titanium isopropoxy hepta-

cyclopentyl silseséuioxane

Runhour 150 170 190 210 230 250

K85 3.0 4.7 6.0 6.6 6.6 6.6

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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The results are indicated in Table III.

TABLE III Activation with tetra(isopropyl) titanate
Runhour 110 120 130 150 170 180
K85 3.2 4.9 6.3 6.1 5.9 5.8

From the Examples it can be seen that the dosing of
a soluble titanium catalyst to the feedstream, which is
10 to be contacted with a partly deactivated heterogeneous
titanium-based epoxidation catalyst, results in a
remarkable re-activation of the catalyst. In all cases
the activity of the catalyst immediately started to
increase when dosing of the soluble titanium compound
15 " started and levelled ‘off at a constant activity which
was about twice as high as the activity of the partly

deactivated catalyst.
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'\Llo/ql&'()deactivated heterogeneous titaznium-containing catalyst
for the epoxidation of propene into propylene cxide,
which process comprises adding an titanium compound to

5 the liguid feed of an epoxidation reaction before this
feed is contacted with the heterogeneous catalyst
inside the reactor, wherein the solubility of the
titanium compound in the liguid feed is higher than the
amount of titanium compound added to this feed.

10 2. Process according to claim 1, wherein the
heterogeneous titanium-containing catealyst is a
titanium/silica based catalyst.

3. Process according to claim 1 or 2, wherein the
titanium compound is added in such amount that the

15 titanium content (as metal) in the feed entering the
epoxidation reactor is in the range of from 1 to

100 ppmw, preferably from 5 to 50 ppmw, based on totzl

feed.
4. Process according to a2ny one of claims 1-3, wherein
20 the titanium compound is a titanasilsesquioxane of the

general formula TiLR98i70j2, wherein L is an alkyl,
cycloalkyl, arylalkyl, alkylaryl, alkoxy, aryloxy,
siloxy, amido or hydroxyl group and R is a cyclopentyl,
cyclohexyl or cyclohepryl group.

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

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

the titanium compound is a compound of the general

AMENDED ST



2 10%| & ()-Yiciiiiii W< LT &y 20%K'()-S! &$10%/ v & ()- 104| 104

104| V{ 7. 10%| & () - ! L@! 10%b& ()- @ 10%@E ()-W;;;;<<aB}[<

1 1&I0% ()-'KY 10%& ()-Y 10%&' ()-, 10%&R'1(d -- 19 September 2002
109 () - &10%& () - <==i =q=u=y=zX6} [ < 11 109%& ()-[! 109%& ()-[! 10%& ()-['

10 1 TS e IR s D e T ) -
(o v () ISR SO (7 Fie () v{%&»o I

{{, #1090 %& ()- Vv V& O, #1098 & () -
{A #10%3 10%%p;>nvagom@% U& ()-V>3 109 %& ()-V {110% U ()

LO10% %&' A # 222,21 29 1 A % v35
1090 9 ()- Vb3 h0% SEP LS SSoT R )T A0 O S SR S
10% %3 109 Y& opyeRd10%) YRt M>s’bdzﬂ9@)%ﬁd (hiveBatey %&t(*)a M?ébutyl

10%) %&' () - V>3 10% %& v—'>>'>'> ?[ 2e?gF >3.10% % {L 10% & () -

{1(§%/$& 8 10)%6%@&6%3/% EG%I t\)lsw%tg’éb@é@ﬁ@@é[ alﬂasi? 260"

10%6& () W{L@O%&réée% lac&%&v{a tzo {ady 1O00& 6%- él{aﬁian‘Vﬁ&:(,) ‘widlein
1098& ( ?F >3 1090 1098& ()-W o%s& Qi W 1098& ()-

10988’ () \/\9 1cﬁv 13 L 9D L vpug@MPRUNEaEEaRIIN. Fa B2 ewaee)&tm oﬁ)omg() V@
1096& ()-W 1 %% &gﬁggﬁg ()-VeWint  @agad A BaM F - GB10% ${ & () - W NL(
109$& ()-u9 1 - M "$9 109%& ()-V 109%$&' ()- W BBBBBCCICCUT3G
Y109%(S& ()- 10%5(S& ()- ° S10%(B&~—wi'3( 10%& () 10{ J#{ 10{ J#{ 10{ I#{
G$10% J#{ & () - CCD" EREr EFF%D uTSG : 3109 %6& () - d, : $10%& ()- ~10%(S& ()-

$10%"s& ()- L1 $10% & $1 04t OFCFF&GGH H|[ uT3G y1g10%(s& ()-
P) #10% & () -3 P)#10% & () - @ 6(s& ()- Z,:$10%" & ()

U : $10%t& () - HHHHHHHHIVU46 () @10% & & () 1178d(s10s(s10s(s
Y=, 10%(s& ()- Yy; @0% (i 109%6(38&%) -1 U 11J33I[[OvUAG | Y$L10%& () -

e{ Y$10%&' ()- Y$10%95& () - Y$10 V& () - Y$10% & & () -

Y$10% 1#j & () - IKVKK]| | 9vU4§3 I Y$L0%&K' ()- e{ Y$10%& ()- Y$109%B95& () -

Slo% & & ()- x:10% & & ()- L:10%& ()- Nornal" "Heading 13]c" "Heading

23] c" 1CHead| ng~}‘3§1}® n' :Heaeh agTa&]c(t'loﬂaéacbmgipsac}mﬂtélrbadgngx@@]eci' oxHeadi ng

73] c" "Heading 83 d| g A 'Def.aul t, Par , . o
Font v 96 , 27A RRpg BB o Ta 950G with titaniom
Gl%"%ii*Y %Wsents a carbon chaln of two or three carbon
<y===>?°/<?=’>e’> BCF, H JKABCDEFCHJKLMNCPORSTUWKYZ] ) def ghi j 6Ti nes
New RonmanAri al $ eYPREW RaRoGE Bt WG SBE ARt N 8bip1 278855 and/or
PRV () *+,- .d GeB8dvB 788 ethyl branchl c? and R” represents hydrogen

<= >’>@\BCDEFGHI JKL QRST Z[\]"_" abcdefghijklm

or Cl1-C3 alkyl.



