; 3456e3ewndwk\ \ ] $2J_d6RdTdJa- 1 - 15 June 2004 CATALYST SUPPORT MATERI AL
AND US$ THEREOF The present invention relates to a process ~cr the
preparation of a catalyst support material. It is well knowwn in the art to
produce_ al kyl ene oxi des, such as propyl ene oxi de, by epoxidation of the 5
correspcndi ng ol efin using an active oxygen species such as ﬂyﬁ; 4
peroxi de or an organi c hydroperoxi de as The Source e. oxygen. For 1nstance,
a comonly known net had for manufacturing propyl ene oxide is the

co- production of propyl ene oxide and styrene starting from ethyl benzene. 10
I n general -such process involves the steps of (7.) reacting ethyl benzene

othyl benzene hydr oper okLGE-E RS BEP Al RO AL opr SEanE T i 4TRBF esence of “an
epoxi dation catalyst to yield propylene 15 oxide and 1-phenyl ethanol, and

(iii) dehydrating the 1-phenyl ethanol into styrene using a suitable_
dehydration catal ySks pPresemt heréndlitDrrprokeivy poopdasre xi ded s the

co-production of propylene pxide_and nethyl tart-butyl 2D ether (MI3E)

S et ing 1 om PSTBEE AN AN o ORBRL Y AP SR TR TSR 1 known | 0 the art
and i nvolves Simlgf is iU @P04in dhe IHACHORHANS a3 Whene
Styrene/ pr Qoyl cne Dxi de production proceS5 described 1:1 thé previous

par agr aph: | . | no¥h@ss eptiltlad § P R ekER 23X Ay I RREpslaRicde dis theact ed

wi th propene fornj r e ' . t-hutangl . Tert 5.butanol is
subsequsgnt |y e?%%?%’%bgflyn% o%“f@ q%%{]%réergenan%ﬁ%\‘ve% STy fggc‘ﬁalscgl Icé?
relates to thezepoxétiafdoroandal gsteanth Myse-dit pardicpdraxite sw ttakl e
support materials therefor. Titani umcontair_ing heterogeneous epoxidatien
10 catal ysts afeKFRWIF iFFEYIHe 1T B & Srerndat Anyyns Tge for

| nstance descr ffedul 0, S AR 7 AR AN ERA 0398856 plSifnd 36302
di scl oses the use of I'nor gani ¢ oxygen. conpounds ~of S|I|coﬁ i's chem cal
conposi tion wigterpyléemasixidid sy steigane ctzatiog deocor etbhyhpdnarnde of
titani§n1 Mhikf EP- A- 0,395 856 di scl oses %ﬁtitanic-%n-sicha het er ogeneous
catal ySt whi cht% SYH L RaI hF Qe griaiiiidsa B° StE8F 8énpound with a
stream of gasepus tdd@nidimdiaiacharde: tholkgwed by eakckpariben
and_hydrol ysis steps and optionally a 20 sLLyIation;steg. When such

titani um cont & HINF HEBTD JERECRS Iatidleystl§ 1ar £egs&dngothat argd—t he

epoxi dati on of, DI QNENG, deacd ' X 3 hat . at stags Lhey have
to be replaceém%§ fregT or réﬁ%ﬁg%gﬁggﬁﬁgﬁglégfg %Egﬂugggﬁsg'cgﬁarggt.nay
ei ther be di spumerss of my dyexiggdionatredaflystr eougéelHopevpylenae cannot

Limtlessly regenerate deactivated,catalysts. ,Onc sed cat al yst -cannot
be r eggner ate 'Cge g Sﬁp(ti’ﬁ@y es?’l%;lé‘dwg(ft ia\rh%t élﬁé\?eﬁf‘-ﬁﬁﬁtﬁ%aﬁ? di sposed

of . The presernt-gHamgt is@hatiols iatco3GtRrevieduB@ng husthernpappl ication for
used titanic-onsilica catalysts which would normally be disposed of.

Vari ous met hod$FGF atdgen SEEFAG tused titani c-on silica epoxidation

catal ysts. are kno -, =b-h \ i 2 i 58L 2EQ7 ; eration
process for this g%ﬂkepg %F%ggsaFegtggﬁgéggggl%gg%g&' %cﬁyggﬁg%%EQEQ g _
15 June 2004 contErediuggiche ofsedopaiahpseadiehaadpaethzlil tersabvepl at a
tenpegature of_ g Q.C. Ln 5,298 313 _a_regeneration nethod for
titan?%n}cont5?%?%QH§QF%$O§%ﬁég&§EOFgﬁph1%8%&?53e:a6§g%5f%ﬁ§3tgr?%s

di scl osed, whereigestshe sS5wedadkepexi dat the eptabydatihsoheas edimil o
tenperature of at least 7DO Cin the presence of oxygen. However, these

nmet hods aimat providing a re-activated catal yst by treating a deactivated
catalyst in a particular way. In contrast thereto, the present invention
does not aimat 10 re-activating the used catal yst, but rather ains at
converting the deactivated catalyst into a suitable support material which
can be freshly loaded with catalytically active netal (s). Accordingly, the
present invention relates to a 15 process conprising the steps of: (a)
subjecting a used titania-on-silica catalyst to a decoking treatnent, (b)
washi ng the decoked catal yst~with a washing |iquid selected froman agueous
solution of a mneral acid,- an 20 aqueous sol ution of an amonium salt and
conbi nations thereof, and (c) drying and cal ci ni ng the washed and decoked
catalyst to yield the catal yst support material. As stated herein before,
the used titania-on-silica 25 catalyst treated in step (a) of the present
process will normally be a catalyst which no | onger has the desired
activity for converting an olefir_.into an al kyl ene oxi de, usually propene
into propyl ene oxide. Wien the yield of ' propyl ene oxi de has becone
undesirably low, the catalyst 30 needs to be replaced and it is this
deactivated catal yst which is useful in the present process. The used

catal yst may be a catal yst which had previously been regenerated one or

o o I oy T o NN A



at least 200 C. Preferred calcination tenperatures are in the range of
from230 to 400 C, nore preferably 250 to 330 C. The calcination typically
takes place in an oxygen-containi ng at nosphere, for instance in a nitrogen
at nosphere. The pressure during drying and calcination is not critical and
typically will be atnospheric. However, any pressure betweemg%yke%@g4lo bar
could be applied. It is believed that the process as described above
results in a unique carrier material which has a chemical structure
different fromfresh silica carrier material. NMre in particular, wthout
wi shing to be boGfd“by°Any Ep2ciict htbrisensfPiep Hetieved deharodhetion
catal yst 15 Jpec299 dssepirdq nad %ﬂ@'ﬂ%ﬂu@%ﬂé-ﬂa%e&ﬂ ¢hoOf the
met hod descri bed aboxg conprises silica i'n combindtiom w'th titania, the

| argest part of WRPEHCFS PP et i criustigl 1hysk ariarmy idaat st heasteflavet bf
the carrier whilgréhiend ef@Aidey JodYRSANto.a%AMNPRQUS Litania, Mre
specifically , the catal yst support material 1 n accordance W th thé present
i nvention®was f oUmFIY dohpriRsE Wity igTRentilest ioroMTREi t ani a, of
which at |east 90 w%dasedeon ablychiciahi aRLe$eBL1hs PLegent L9 fhe form
of crystalline titania (i.e. rutile and/or "anatese) with the renmai nder up
to 100 w % bei nFHFESEHLEs CAMGLERGUS G FRArainvBratprelerabPysubtzblenst 95
W % of the titammdyreseniceirisiRetsuppept-.is present in crystalline form at
t he surface of the %upgont, the remainder up to 100 w % bei ng present as
anmor phous titani a. FREGUA CanbanEi8F fFt&RPESTBRPF e8BEYIEaT @I ght per cent

metal | icLaitani waapresentrinkhbeacahakyst 2suUpppLtoBBLerial il suitably
be in the range of f,’rom 0.1 tQ W% nore suitably Trom0.5 to 5 wt%

(correspondi ng WiltH-FESSeEEfvEPy BN2TEBCE106SEBH AR D. BS 1R B. 3 WtR2Ti 02) ,
based on total weikghP-afotBescasei enshaterial,32The; saf AlystoISURRY b .
material prepared in accordance with the present invention is very useful-
as support for A REFBPLGeRBHEST EPBRPURTT off cat bl § Forchkdmiert i ng an
olefin into itsceapvespoadingenl Kyl baesoxi des ARGl 36 4 Bishl bl
further1%§pect hhgv reggnt:inygntjon rel tes to a process conpr.ising the
steps of: (a) inp ég’ﬁh rn%*t%]e“%yt%’i‘ys‘th@lﬁ)p%ﬂﬁ'r%tﬁﬁ > G 5&Aed =By 2t he
process as desctibedifesets hisforte v idyendddaniadricat aimidag disnpr egnat i ng
agent; and (b) g@{cjgéng.tge,hgpre nated suppqr.t. 15 June 2004 - g _
The inpregnati o step (a) 15 Carri Bt out? dsidtg EF SamRmsrdotarnfng

i npregnati ng agetrsamobtgageddy) dierninpt egnatzeth ISHIRRY Fol3 owelsequent |y
cal cined. Cal ci lon dn step, ( i s . suitahly perforned at t< nperature
of ‘at 5 | east 3 %i‘ltf‘écnﬂdlrbpnre er‘gg%dymé & sn(?tt%‘%‘fcéélﬁi f@é@oé,alaﬁof‘e a
preferréd tenpesBkat yangee®.400 to 900 C. The inpregnating agent used in
step (a) may, be ei thel Jhgui.d_qr. a ur.. .1 f Liquid inpregnatjng agent
is used, an additiéﬁg%l%%ﬁhnﬁlgfgﬁuﬁhé%%g“ﬁﬁé 8d§8“8§?ﬁ§8ﬁ°i6 ?é%%y j and
(b) to renove tdee sulafemo ¢sa@liveet tdel mpredrating sdl ptbpane Exanpl es O
suitable I'iquidsdJmr; ing_.agents_ac ngwn_in the art. and_ includ

sol uti ons of t??%ﬁ?ﬁﬁ%?gkpa%éﬁgag,§§u5‘a§sgfi?gﬁiﬁﬁ??%t%%ﬁﬁl%ﬁf%é‘%?ﬁ
titani um tetraflaperic@d, bivnfaRsdr gar negetbrsdkdentradush. athal kseds (e. g.-
hexane)ss ar OMald=;09aROURYS <1 €n0: bE! HEBE) sed! EONOLS (G- 18- - IBLNANGI g

et hanol) or ethers. "O her "exanpl es 1 nclude organi c titani um conpl'exes such
as tetra(isoprdpyl Fervegnateveverr apachaeyhyttlimhatessly regenerate
tetrakis(trimetdaykskbykra20,thig0ate andsdi(agsto L3di (i ser gyl )
titanate, the latter being f%r ?ﬂg%anggg%eéc%|%ed@%ﬁg%¥%?ié%%%ggg§%3. Vet

i mpregnat i on nBERGHETAFBTaFRYTYET | tRNBIA dasized aetivndy irevsd di plse any
sui tabl e wet i:ApEeORaki 8Ha F Q fo) L+ £ . _af _such

t echni ques are disclgs:_d'iigggﬂéﬁ?ﬁ?%g%fB%$#§%%FBTOL 4%@51 gﬁd

WO- 98/ 50374. i RF9VhFeFer? et Enfodi 3t I caioimy 6ior tiesE dtidlapse ~sapport is
i npregnat ed Uskng: 8a 9aSEAUSs 44 LA ANt Al Njdfk 1NPRRONALING ageRt . A
gaseous titaniumtetrahalide and in particular gaseous titaniumtetra 30
chloride, optional Y3F19F 6 UIRAS e anidasestbatdme e@ad ditgasarpke nitrogen
or argon, is veryissedidxidediics J88G:s B ABLRQYUSINGggageoussLLt ani um
tetrachloride as jnpregnating agent, followed by cal cination, hydrolysis
and optional | y" ST %11 ot %Y FELGENed & FepenaT6 34, 8565285 Thtsthidcess
is veryssuitabiﬁpécvftduiap@@Q@SQSOﬁigch%ed,1§hggﬂecg99§isgg pr esent

i nvention. Accordingly, the present invention also relates to a process

conprising the subsequent steps of: (a) inpregnating the catal yst support
mat eri al prepared by the process as descri bed herein before with a stream
of gaseous titaniumtetrahalide, suitably titaniumtetrachloride, (b)
calcination, (c) hydrolysis, and (d) optionally silylation. Further details
regarding steps (a) to (d) of the above catal yst preparation nethod can be




15 June 2004 - 11 hydrogen peroxi de and organi c hydroperoxides |ike

et hyl benzene hydroperoxi de and tort-butyl hydroperoxide. The invention wll
be further illustrated by the foll ow ng exanples without Iimting the scope
of the 5 invention to these particul ar enbodi nents. Exanple 1 Used
titanic-on-silica catalyst spheres (2 ns: dianeter) were sugjseﬁ,hg%bp a
decoking treatnent at 950-500 C for approxtmately 5 hours. Subsequently 10
150 grams of the-dgcpked catakyst spheles: welten washed o0 =td e vairtch 25C0 i
of an aqueous 1.0 M ammbniumnitrate solution (i.e. liquid/solid ratio of
about 5/1) by addempetieusphef efrem 2hetandhi Ui min ) & JFBuiLén sand

gently stirring_the solution at_ ropmtenperature fcr. 9 1 v ~JLE
washed decokedggg?a?fli?l%%ﬁg‘rE‘go% %rt%ﬁa'ﬁw e?oé}f%q\g&%g%%t%ﬁg S Tes
with 200 nl di shikklgdexet eia0noR Buehnest § uielisdhiseqr otedeie ahawashi ng

wi th ammoni um nitrate ‘and water was_repeated once. The resulting spheres

were dried in HFRAaEPPRIATrieR TaeAHOUr S5 JRFHShIAY & (IFEPSSREHES Rer e
calcined in aiL,f u# 30D The. catal SUPRR Bt ehindls ot hus
obt ai ned was ang‘ll %Eé%l%@?(%yﬁl LT dscence spect?%}sgcopy to determ ne the
amount s of sodmathopetaisiatm poovidiegniaims Bk 2% as wWatte lgisé badi cated in
Table 1. Exanple 2_Exanple 1 was repeated except that the,washing w_th
amoni um ni traFEe%%Fgg%l‘g%%‘atW?he_ ?/ﬁatsaﬁ]iy tredt ﬁ@rﬁtj\ﬂlﬁlﬁfar"féyéq Bous

sul phuric aci desghpii€nKdrOed) - exldisr S0 ashivig tirgaldsrit norvakmed tt wo
times washing with the sul phuric acid solution at a liquid/sclid ratio of
2.5. The resul re-areivatizatehe iyperhlratalysthulite mddher fRBScAEal yst
support materi 0 j S - Va.C it fract i-pnspegtrosccpy to
35 determ ne t%%ng%%ﬁd%%c?ys aﬁ%e&acr%ag%‘rtgﬁgﬁgag f5 June 2004 - 1L
titania. |t wasuppornt mdeeriX] attidh tead aprivssitly; iloedsg iwh$ as nmetallic
Ti or 9.3 wt% as_Tj02), 98 wm % was present, as crystalline titanic (35.6 wts
anat ase and _629ﬁt§\i$ti?ﬁ‘}rhé)acaﬁd‘_eoﬁ%;a§' Cﬁ)$ was present as anorphous 5
titanic. Conparatiye-daminr, fRaplachianvepeancdegxeept tbhat no
washing treatnent at all vias perforned after the decoking treatnent. The
resul t¥° are | nBreas®s FHIFFedH N thD FRRshéddore, the catal yst support

raterial obtaiped a5 h;@rfigafa il ACk 198 SRECR] psEORY LO

determ ne the é I ne and anorphous titanic? Tt was found
that of all titandkinpressxrtniénts. 2.9 w$ as netallic Ti or 4.8 w as
Ti02), E8 wt$ 15 ~ present, a5.Crystalline tltania SIS s and 63
W's rutile) a\rﬂgfl"ﬁa%%f)%\gc}eprdeesceon edéfag%lyﬁﬁdﬁ§%§i a‘r'l"rf(‘l%.ﬁ‘ n%)g&g%‘lgve
Exanpl e 2 Exanptbedtadstr@peat edpexaepisdlitati dnhefwashingrtal eati®dpt ami t h
ammoni um nitrate was dispensed with and a,20 deni -water shi ng was
per f orafed: fi vBI¢EPeS SRILSIFR AT &”Frtfﬂlﬁ“bfsaé%?‘n?hﬁo’\fl‘géﬁ?tgo’éﬁe
indicated in epable-4. Exanple 3 The carrier prepared in Exanple 1 was
inpregnated 25 with a streamef gaseous titaniumtetrachloride in
accordance wi t he} M HschFhdicsdicesdad wheprvaspedogngdsgecoked. cayaingt
subsequent ste of 4 j C i i drol ysis and silylation.
An addi ti onal g ﬁﬁcgp{h%ga%ﬂ#lja%@v%s%u?g%% %%'Etgg%{ﬁé'cat al yst support, 30 so
that the total titzniamateehtentsiambeioee,5the weédd Thitsntatehysilwes used
in an oxi dation experinment carried out.in_a_continuous epoxigdation. ber:ch
scal e Ui t con-"f%trfl‘ﬁ)f%t 55 s 5 r‘iepajta&rr&fi Eﬁ\ﬁepﬁﬁﬁeﬁgl %ﬁ%%essscoﬁg} ni ng
respectively therdEBHR and prepenesteatishr aanionwd hightps esssweeunps, a
fi xed bed reactor, a 15 June 2004 - 13_ third punp for_ punping a recycle
stream over thRFFEERDEHERT S IRG FRaPh=TERelR Ecﬁﬁra%ﬁﬁ‘&‘?{?ﬁ%o‘gﬂﬁaat
tenperatures b@éd@ﬂg’ 80312046 A oShfiiRReE .t Bl ERRYE +haNi b0k bR
conponents |like prop="ne, a cooler and"a 5 vessel for receiving the
product. The proyRsrereadigied heite PERARSf dad=FareBlw lowsotlg i e DEY EBHP in
et hyl benzene) were supplied to the reagtor _via.the two, high. press punps
and m'l%@ed toge?%%?s b"eq[‘) e "eel?:léaﬁenga{’%egtrteécs:t %rﬁ?sTﬁ%aFelaE %Erdvxg/aagé% %t ed
liquid 10 ful lwialc48 darseiuledsura=apds8ar€C. pTheceat atystudmsdl dat4hest
reactor consisted of 5.0 grans of _E;?lg cgt al yst Erega%ed. A | arge reé:ycl e
stream was nuiTRAiTRed GRPERE FE4CtoR2oPRaY&ORELY NBRFRI U T O of t he
reactor bed. The MxXegdeed@sprepenaagndids we% EBERC-60vad Ot lpst

et hyl benzene was m xed with the recycle streamprior to introduction into
the reactor. conpositional analysis of the reaction m xture was carried out
by means of Super Critical Fluid Chromatography (SFC). 20 The foll ow ng
process conditions were maintained: throughput EBHP in EB . 15.25

grans/ hour throughput propene . 9.75 grans/hour propene/ EBHP nolar ratio .
6 recycle flow. 5 kg/hour 25 Fromthe SFC data the EB: P conversion and the
propyl ene oxide selectivity were determ ned. the results are indicated in



presence of oxygen. 3. Process as clained in claim1l or 2, wherein in 15
step (b) an aqueous solution of hydrochloric acid or sulphuric acid
is.used. 4. Process as clained in claiml or 2, wherein in step (h) an
aqueous solution of an amoniumsalt is used. 5. Process as clained in
claim4, wherein the ammoniumtO salt is ammoni um acet at e. 5]3 %%%ﬁ as
clained in any one of the preceding clains, wherein after sté LJE—‘) and
prior to step (c) an additional washing step pth water is carrled out. 7.
Process as clainmed in any one c= the preceding 25 clains, wherein the

cal ci nation tenpematds eidSrtsheR {L)-goes nat, eggceqd 500 C 8. Process as
clainmed in any one of the precedi n%OCI al ns, WHiCh pr ocegs cBnpr}F“ses”%e
subsequent stepsmof:""lo“férflgp\?@né G4 2Eed) tionpr eggahengtibs €24 8 ySic .
support material obtaheed, bRegtew(6 N ti_tani ium gont ai ni ng

i npregnating agent; and (E; “cal ci hi n)gie;yﬁ% %pr’éﬁﬁat ad- suﬁ)o‘r?ecl 579 tier ocess
as clained in cl BFREENTWREPELAZEREN lrtaamram:ooahal i agrhaps egnatd g aggnt
is a liquisd i npregsakihg agent,s10, . cess as clajned in claim9, wherein
the titani um cont a?nl ng |rrrpre n&fﬁg%ﬁen? is 5%y Js%‘b%sb‘f rﬁﬁ"egfna’t—l ng 1D
agent. 11. Pr oceé%h%t%ﬁa}%blylﬂolcpaehe}locxu\mchozpr RESS OTHAN, S@$et he
subsequent stepsa®tok{fd +FPLeQnALi DG st support terial

obtai ned in step (ch: wth a gaseous{{;lt|1%}<'t§11%|‘:}1%1é et T =@tad &¢, Tgc(ibfaf:a%?ﬁl ng
the i npregnat ed St t2Heershlby {vy teuairal yisiaw tie teal eirnedopat eri al
obt zi ned from stgp di¥inpnt (004 Qad | IyI tlggt roduct from step
(c). 12. (lgr ocess as cl algﬁed in cl aldm 1T, c%//ﬁ?srnell nart t& geggé’mzbs??tam um
tetrahalt%e used§5f P IASR RS iR tgdeistus thram*wnptm*bbaehbﬁrtde préNnt

I N/ NM NN/ N, i3/ oNQIY NN NG N AN, o/ N2 N 346<={ V] ca] ca] ca]
cal] ca] c”a] c”a] ca% ] ca] cal ca] éia] cal ca]'ca clg\gfca] ca E‘a]léaf T%&]‘% t'c‘%l] cal ca]
ca] ca] ca] cal] cafER+Y@P3Ires@birenita e EZ]Ccia]lca]d@a]:ca]:oa]:ca]sea] s:xaﬂapﬁdtc;a]g:ac]]-féa] ca
] ca] ca] ca] ca] caleakcalieahealeal-caheakcakeal galcalcal gal cal cal cal #$() MNef ~_A
>’>BC} xsni d_2Z] caPEq] €8] EQPcaﬁcaﬂ’c%]IcIaﬁ]fc%\l]aﬂal]scal]m] @aqma]oca]smarca] c]ead cal ca
] ca] ca] Qa] ca] ca egLsaLsa])ga],g U}D ;

1 G {vgkf [ U] c"aica] cra } ?%g? g%] %% BAPEU] A I BATEREE] G4VEdayca] ¢
a] ca] ca] ca] ca] caPtaféh éfa]%fa‘} chira] calbath =@H170 wt$ or more,

tviri i {vgl gblpd sfsadsa) cad cal L )]a] al cal C:A ¢ajcaJcalc
a] ca] ca] ca] ca] ca] ca] ca]%j}\a] cal ca]at%fg] cajca chl @99 5 ﬁ%ﬁ#ﬂﬁt’d%b %§$$$$$$$0/%

%8888BBRNMOKPS} i OF G e T o g o] wa] e cms]e@a]tda]aeza]aeahea] cajcalc

a] ca] ca] ca] ca] cal ciad< calca ) EX F** 44+,
6]] ]e ] —} u/ } /C%] Oﬁdoog:]oapt?slm d Z}%ﬁ%{% ca]tgg% c% ca]°c§ égfc'a]‘ﬁa] cal] calcalc
a] ca] cd ca] ca] CHEATATHC & I'tga]tc!@]ac‘;a‘]ec)a] Cafcahcat 60ddk 14

2222222283 3b&3>34@rﬁ4;t=4%§lé51va@§§@, 2ll organic mat e

6} xsni d_2] c] ] cal.ca] cal cg] ca] ca] caj ca] ca] ca] CCAT Cal'G5T EaT 2 aTEET ERT <3 cHi%a] ca
] ca] ca] ca] ca] caT ¢ &a] Galéal cé é"aPééﬁl GECOklng treatment, accordingly,

6r 66666, 7z7777magsaa&as&&a&s&a%@&&e%\/\% tvwalygb} xl.clcal cal ,jﬂ]d a] ca] ca]cajc
a] ca] ca] ca] ca] cg]ac%Lca! ca! cg ca! caj c’\a] ca] ca ca] caJ cal ca]caf ] cal ca] c’\a] ca
Jcal::6:7:;:< ~HPF! ours is preferred. Most

B( B[ BBBBSC{vql gbI-X]ablgatEa] ﬁaacsale e%@%@%&%l calcc%])%a&,% cal.cal ca] call ca
] cal] ca] ca] ca] ca] [oF:1 i caj ca] ca! 5Ch D|—|—|—|—|—|—|—|—|—|—|—|—|—|—|—
( FGGGHHHHI | {up Qé]ca] caf ’ch Jcallted Ja]'c"aﬁl"ce\'-"a]lclaﬁ]%]ucﬂa:]eca] caljca]calc
a] ca] ca] c"a] caéta@sral]eaica@n@z]@@}@a]s@] cad cadgadda 1SRV, fy]e%{l\lKgléKYLg LLNNN
NNNNNNNOO™ Ch Oy, d"Yd'%kMJ] cal ca ]c" cal ca] ca] cMaUl’ca] calUl ca] ca ca cal c”
al cal] ca] ca] ca ca'] ca]ca] caa“] cf‘?f] Jt:‘aa‘U] ca] ca]c”Ma] ca
ggy%mq&fgggpsmtep (b) the denfCOkeci c:a]cal] yst is subjec
xsni c’ cal cal ca] c”aJ ca] ca

cal ca]gcige] caj ca]Sc%la] caqu] l\é] L&] 5’%0] Cal% JE c’a]“'ca]fc’tzl}]”-éaw]aég

r UWWUWUVWWWWWW to remove the alkali metal and alkaline sar

VIAEVWAAAAXVWKOOOC XS XK f ca cal c”a] ca] ca] c*a] ca] cal ca] ca] ca] c™a
] ca] c”a] ca] ca] ca] cag?%g]lc"af afén P@LF@]&Fc‘ﬁ]jc&f-Ea;Eéf ]c}a]’iaﬂ]%:a] Tca Feal
ICJ]ZZZF[ ] {J] d[ f ][ h[”ijﬁEOEq[, uF}aﬁibf[:bb[ b\?.(ahﬂb5h\:\c\l}‘n}l\l¥}6]&8| ]@p X%]ki 1cald Uilc}as]ti:au] ca]U]ca
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10. IG%E&T()aSm@i}oﬁ decoked catalyst particles.

In acccrdance with the presen‘t inve_n-tion it was found
that a specific washing liguid should be used, namely a
washing liguid selected from an agueous solution cf a
minerzl acid, an agueocus solution of an ammonium salt and
30 combinations therecf. These wzshing liguids, namely, were
found to be particularly suitable for remeving the alkali
metal icns and alkaline earth metal ions frem the decoked
catalvst, while at the same time they could re-
hydroxylate the decoked catalyst’s surface. Suitable

35 mineral acids in this connection include hydrochloric
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solutions of hydreochloric acid or sulphuric acid. Other
washing liquids to be used in accordance with the present
invention ars aguecus solutions of an ammconium salt. Such
ammonium salts also include tetramethyl ammeonium szlis
Exezmples cof suitable ammonium salts, then, include
ammenium or tetramethyl ammonium hydroxide, nitrate,
acetate, citrate, carbonzte, chloride and sulphate. Of
these, ammonium acetate is particularly preferred.
Ceonecentrations of the minerasl zcids cor ammonium salts in
water are not particularly critical and will normally
range from 0.01 M to 5 M.

Directly after the washing step (b) and pricr to
drying and calcining step (c) an cpticnal additional.
washing step may be applied: washing with water,
preferably with distilled, deminerzlised or deionised
water. Such an additional washing step may be useful to
remove traces of the washing liguid containing alkali
and/or alkaline earth metal ions frem the catalyst
particles. I applied, the water wash step may be
repeated one or more times. Suitzbly, the water wash step
may be carried out one to six times. The liguid/solid
ratios are the same as those described zbove for washing
step (b}. Suitable ways of carrying ocut the water wash
step are kaown in the art and include immersing the

reated particles in water or passing water over a bed of
said particles (i.e. continuous washing treatment).

Before continuing with step {c¢) the wash step (b} and
optional subsequent water wash step may be repeated one
¢r nmere times, suitably cne to four times.

The drying and calcination in step (c¢) may also be
comdined in & single treatment, for instance by using a
drying/calcinztion device containing different

temperature zones. The washed decoked catalyst may then
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itania (expressed in weight percent metallic titanium)

t
present in the catelyst support material will sultaply be
a

-
-l -

the range of frem 0.1 to 7 wt%, more suitably Ffrem 9.5
W

tc 5 wt% (corresponding with respectively 0.2 o 11.6 w=%
20 and 0.8 to 6.3 wt% TiOjp), based cn total weight of the
carrier material.

The catalyst support material prepared in acccrdance
with the pressent invention is very useful as suppor:

& hetercgsneous epcoxidation catalyst for cenverting an
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- Accerdingly, in a still furthsr aspect the present
a

invention relates to

{2) impregnatirg the cztalyst support material prepared
oy the process as described herein before wizh a
30 titanium-centaining impregrating agent; and

(p) calcining the imgpregnatsd suppert.
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in step (b] is suitzbly performed zt a tempera-ure of at
least 300 °C and preferably does not exceed 1000 °C,
while a2 preferred temperature range is 400 to 500 °C.

The impregnating agent used in step (a) may_be either
a liquid or a vapour. If arliquid impregnating agernt is
used, an additional drying step may be included between
steps (a) and (b) to remove the sclvent used in the
impregnating soluticn. Examples of suitable liquid
impregnating agents are known in the art and include
solutions of titanium tétrahalide, such as titanium
tetrachloride or titanium tetrafluoride, in an organic
sclvent, such as zalkanes ({e.g. hexane), aromatic
compounds {e.g. toluene}, alcohols {e.g. methancl,
ethanol) or ethers. Other examples include organic
titanium complexes such as tetra(isopropyl) titanate,
tetra(n-butyl) titanate, tetrakis(:irimethylsilyl)}
titanate and ¢i(acetoacetyl)di{isopropyl) titanate, the
latter being for instance described in JP-2A-11/2285%3.
Wet impregnation methods are also well known in the art
and in principle any suitable wet impregnation technique
may be used. Examples of such techniques are disczlosad in
G2-1,332,527; EP-A-0,734,764 a2nd WO-98/50374.

In a preferred embodiment, however, the catalyst
support is impregnated using & gaseous titanium-
containing impregnating agent. A gasescus titanium
tetrahalide and in particular gaseous titanium tetra-
chioride, opticnally in conjunctien with an inert carrier
gas like nitrogen or argon, is very usaful irn this
respect. A method using gaseous titznium tetrachloride as
imgcregnating agant, followsd by cazlcination, hvdrolysis
and optionally silylation is described in EP~-A-0,345,856.

This process is very suitable for the purposs oI the
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=y lﬂpreg*atlng the cazalyst support meterial prepared
"5 by the process &s described herein before with a
stream of gasscus titanium tetrazhalide, suitably
titanium tetrachlcride,
(b) cezlcination,
{c) hydrelysis, and
10 (d) cpticonally silviztion
Further details regarding steps (&) to {d) of the zbove
catalyst preparaticn method can be found in
EP-A-(0,345,856, which is incorporated'by refersnce
" herein.
i5 Heterogensous cataTvsts obtzinable by the catalyst
prepzration process ‘as described in the previous two
paragrzphs comprises titania supported cn & catalyst
suppert material azs described hereinbefore. Suiteably,
frem C€.5 to 5 wi¥ titanium based on the weight of suzpor:z
20 materizl will be loaded onto the support material.
Censeguently, the catalys compesiticn may in total
comprise from about C.6 to about 12 wt$% of titanium kbased
on the total weight of the catalyst composition.
Firally, the heterogeneocus catalyst compesition
25 described Iin the previous parazgraph is particularly
useful In a preocess for preraring propylene cxide frem
propeng Using an active oxygen species. Suitable active
oxygen species in this connection are
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The iInvention will bs further illustrated by the
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following examples without limitirg the scope of the
5 lﬁVGPt’Oﬁ Lo these parti cular embodiments,
Exampie 1
Used titazniz-on-silica catalyst spheres (2 mm

diameter) were subjected to = decoking treaztment a=
450~-500 °C for aprroximately 5 hours. Subseguently

10 150 grams of the dscoked catalyst soneres wers washed two
times with 500 ml of zn agueous 1.0 M ammonium nitrate
solution {i.e. liquid/sclid ratio of about 5/1) by adding
the spheres to the ammonium nitrate solution and gently
stirring the solution at room temperature for 50 minutes.

15 Th2 washed decoked catalyst spheres were then filtered
and washed two times with 200 ml distilled water on a
Buchnex funnel. This procedure of wazshing with ammonium

itr

bu

4]

te and water was repeated once. The resulting
spheres were dried in air at 120 °C for two hours.
20

I]',

nally, the spheres were calcined in air fer twe hours
at 300 °C.

The catalyst support material thus cbtained was
analysed by X-ray fluorescence spectroscopy to determine
the amounts of sodium, potassium and titzrnium. Tre

25 results are indicated in Table 1.
Example 2

Example 1 was repeated except that the washing with
ammoniumn nitraterwas replaced with z washing treatment
with an agueous sulphuric acid scoluticn (1.0 M). Tris

30 washing treatment involved two times washing with the
sulphuric acid solution at a liguid/solid ratio of 2.5.

The results are indicated in Table 1.

Furthermore, the catalyst suppert material obtained

was analysed by X-ray diffraction sSpectroscopy to

L
n

determine thes amounts of Crystalline and amorphous
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€2.4 wt% rutile) znd only 2 wt% was present as amcrphous
5 titania.

Comparztive Example 1

Example 1 was repeated except that no washing
treatment at all wazs parformed a2fter the decoking
treatment. The results ars indicated in Table 1.

10 Furthermore, the catalyst support material obtained
was analysed by X-ray diffraction spectroscopy to
determine the amounts of crystalline and amorphous
titania. It was found that of all titania present {i.e.
2.9 wt% as metallic T or 4.8 wt-2 as TiOp}, EB wit% was

15 present as crystalline titania (25 wt% anatass znd 63 wts
rutile} and 12 wt% was present as amorphous titania.

Comparative Example 2

Example 1 was repeated except that the washing
 treatment with ammonium nitrate was dispensed with and a
20 demi-water washﬁnﬁ was performed: five times at
ligui d/SOlld ratio of 3.5. The results are indicated in
Table 1.
Example 3
Tne carrier prepared in Example 1 was impregnated
25 with a stream of gaseous titanium tetrachloride in
accordance with the method discloszed in EP-2-C, 345,856,
i.e. by the subssguent steps of impregnatiocn,
calcinaticn, hydrolysis and silylation. An additional
2.23 wt% titanium was loaded onto the catalyst support,
30 S© that the total titanium content amounted 5.16 wts.
This catalyst was used in an epoxidation experimsnt
carried out in a ccntinuous epoxidation bench sczle unit

containing two vessels on automztic welight balarnces

containing respectively the EBHP znd propene fead

ol il

35 streams, two high pressuvre pumps, & fixed bed reactor, a
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light boiling components like propene, a cooler and a
5 vessel for receiving the product.

The propene feed znd the EBHP feed (a 35 wt$ solution
of EEKE? in ethylbenzene) were supplied to the reactor via
the two high pressure pumps and mixed together before
entering the reactor. The reactor was cperated liguid

10 full at 48 bara pressurs and %0 °C. The'catalyst bed in
the reactor consisted of 5.0 grams cf the cztalyst
prepared. A large recycle stream was maintained over the
reactor to have isothermal operation of the reactor bed.
The mixezd feed of propene and 35 wt% EBHP solution in

15 ethylbenzene was mixed with the recycle stream prior to
introduction into the reactor. ‘

A compositicnal analysis of the reaction mixture was
carried out by means of Super Critical Fluid

Chromatography (SFC).

20 The follewing process cbnditions were maintained:
throughput EBHP in EB : 15.25 grams/hour
throughput propene : 9.75 grams/hour
propene/EBHP molar ratio H
recycle fiow . : 5 kg/hour.

25 From the SFC data the EBHP conversion and the

propylene oxide selectivity were determined. cthe results
are indicated in Table 1.
- Example 4
Example 3 wzs repeated, but with the catalvst support

terial of Example 2 in stead of the support material of

Ll
[w]
=]

4]

xample 1. The results are indicazted in Table 1.

[TJ

Comparative Exampls 3
Example 3 wzs repeated, but with the catalyst support

material of Comparztive Example 1 in stead of the suppor
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Example 3 was repeated, but with a fresh silica
5 support material in stead of the support material of

Exzmzle 1. The results are indicated in Tzble 1.
Furthermore, the catalyst usad in this Comparative
Example was anzlysed by X-ray diffra;ticn Spectrescopy to
determine the amounts of crystalline and amorphous
10 titania. It was fcund that of all titania present (i.e.

4.4 wt3 as metallic Ti or 7.3 wt% as Ti0p), 34 wt% was

present as crystalline titania (12 wt% anztese and 22 witk

rutile) and 66 wt% was present as amorphous titania.
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sodium than suppert materials prepared in other wavs

5 {Comparative Examples 1 and 2). Furthermore, the
epcoxidaticn catalysts based on the carrier materials of
the invention (Examples 3 and 4) exhibit a better
activity/selectivity combinaztion than both catalyst based
on unwashed support material (Comparaztive Example 3) and

10 fresh silica as support material (Comparative Example 4).
Furthermore, i1t can be seen from the X-ray
diffracticn data of Example 2 and Comparative EZxamples 1
and 4 that a titania-silicaz catalyst support materizl,
wherein at least S0 wt% of zll titaniz present is present
15l in the form of crystalline titania, was no:- zvailable

before.
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1. Prccess comprising ths staps of:
(2) subjecting & ussd titaniz-on-silica catalyst tec a
dzcoking trea:ment,

(b) washing the decoksd catalyst with z weshing liquid
5 selscted from an aqueaus soluticn of & mineral acid, an

agueous sclutiecn of an ammonium salt and combinations

thereef, z2nd

(c) drying and calcining the washed and decoksd catalyst

to vield the catalyst support material.

10 2. Process a3 claimed in claim 1, wherein the decoking
treztment comprisas subjecting the used titania-on-silica
catalyst to a temperature of from 300 to 700 °C in the
presence of cxygen.

3. Process as claimed in e¢laim 1 or 2, wherein in

13 step (b} an agueous solution of hydrochloric acid or

sulphuric acia is ussd.

4. Prdcess as claimed in claim 1 or 2, whzrszin in

step (b) an agueous solution of an zmmonium szlt is used.
5. 7Process &3 claim=ad in claim ¢, wﬁerein the ammondium

20 szlt is ammeonium acetzte.

6. Process as clzimed in any onz of the preceding
claims, wherein after step (b} and prior to step (c} an
additiconzal washing step with water is carrisd ocut.
7. Process as claimed in any ons oI the preceding

25 claims, wherein the calcination temperaturs in step (<)
does not exceed 500 °C, _

8. Procass as clzimed in any ens ¢f the preceding

claims, which process comprises thsz subssguent steps ol:
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