; e3ep&m' " #43$d0%Br &6&T&L\ 5a | CATALYST SUPPORT MATERI AL AND USE THEREOF The
présent invention relates to a specific catalyst support naterial and to
its‘use 'in a heterogeneous catalyst suitable for catalyzing the epoxidation

of olefins into al kyl ene oxides. Mirre specifically, the 5 pr i i on
relates to a process for the preparation of a catalyst suppom‘mmu\mmmm to
a catal yst support obtainable by this process,- to a process tor plgt?(ﬁgri ng a
het er ogeneous epoxi dation catalyst fromsaid support material, to The

epoxi dation catal yst obtainable 10 by this process and finally to the use
of this epoxidation catatyERLYFT tHEE FARIp MATERGALOANRI KL ePHERBGRIes from
olefins. It is well known in the art to produce al kyl ene oxi des, such as

propyl ene oxi de, by epoxidation of the 15 corresponding ol efin using an
active oxygen speci 5% RIS hyidiV§dds operexptiesoro an Wepidiic Inpdrdpetoxi de

as the source of s@pygen nd@sridIStanNceo atSongRNky know MRfhad for
manuf act uri ng pro%/I ene oxide is the co-production of propylene oxide and

styrene starting3rohy Tt MibeiRléndonaralyehesarhe eprpicsddss Phvol ves the

steps of (i) reasiéfithetintdbermaanens lriaxugenoes dhdcin £anM, ethyl benzene
hydr oper gxi de, (|11r]%s react i 293'1 t he et hyl benzene hydroperoxi de thus obtai ned
with pro%éne i n R PlesEhe oiPtaf Sdgs#Sdhei BnPEaEaF§ stonr ¢hwi el d propyl ene

“nto Styrene Using a sur Labl & GanvararLon ol yo e e et
i sty usi sui . y [ yst.

produci ng pr opylse"ﬁoeoooseﬁ d’é’ati?"ta%gecg’yplt&ﬂﬁcw%e%?' prO Gy IPEREESR] 48T and _
met hyl tgrt-bht mraﬁ@dege[a (lMEBEt )Dgstga_btzlsn?pékﬂmtﬁf}btﬂﬁﬁﬁﬁgdfﬁbﬁpfﬁlﬁd Thi's
process is we ar nd_jnvolves sinmlar - reaction
steps as the styéﬁ%g)\é%c}!r gnﬁﬁ%grnlealdx%(?etb?oﬁﬂ%’f+%?1tb9rbc°@§§lc¥é§cPPB@H“?W? he
pr ev![ ogs’topﬂ]agr dnh.this e cepexiadat ifdmaisl_ggtcb eufrge ::)lﬁe%llot;fh%tdﬁ@r)er_cl)_xi Sle5i s
reacted w pr r.m_ng._Rr et i de_and tent - a er

butanol is subse Edgﬁ't a;./Cletnhg:raiQF?%ki Eﬁogﬁ)ﬁ'ﬁe%at&roé‘s@#t a?ﬁ‘v’%ﬁ?%on

sp_e;:i 1;): cally reltcaii@?ﬂ.gfrltmtogpdigdati on catal yst ?n_d nor ehi n particular to
sui tabl e support mat&ri; e s Ti i um cont ai ni n er ogeneous
epoxi dation 10 cat all$stl§ zlreé k%gwﬁﬁi ﬁgt%lggaarﬁrf Ct@(é)r?ﬁdé‘lggo E%ﬁi{:ﬁ Tat al ysts
are for instancexd€ssri lse¢hi RSUSrAPY]186T, Sdiieand ERpAxAd3450856f the

US- A-4, 367, 392 dicstle@sendifg B3eroh LoORGAN G axyge oupds; idd con
in chem cal conposi tei %n wiltﬁ at | east Oggé}ty %ﬁgh?xggggnggg?ﬁ% osfﬁél
hydroxi de of ti BEnhYRF ORI @SEPXAJS, 3853 B AN dwedorerpPraft a2 dnthd | i ca

het er ogeneous caloalryst ofhioglges . Obbal NRAGEendw, IITHEHRALLNYNEwS] hd G
conpound with a stream graggaseous titapiumtetrachl oridée foll owed by

cal ci nation and SFdPERY LrEp9 BROPYPEIOMRIIAR 452608 ForREPapcsidp.odmen

such titani um cenbpiylieng beterogriestsr&d &l neattS naf Eremedtholcai Adnse the
epoxi da%'bon of E ene geact' vation occuroil1 so that at one_stage they have
(

to be réplaced ;?‘O FESR3Sr SPEGeREY AT 2 PHA¥R thehatgradot

i) reacting ethylbenzene with oxygen or air to form
ethylbenzene hydroperoxide, (ii) reacting the ethyl-
benzene hydroperoxide thus obtained with propene in the
presence of an epoxidation catalyst to yield propylene

25 oxide and l-phenyl ethanol, and (iii) dehydrating the
l-phenyl ethanol into styrene using a suitable
dehydration catalyst.

Another method for producing propylene oxide is the
co-production of propylene oxide and methyl tert-butyl

30 ether (MTBE) starting from isobutane and propene. This

process is well known i1n the art and involves similar

AR
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25 catal yst may either be disposed of or may be regenerated for re-use.
However, one cannot limtlessly regenerate deactivated catalysts. Once a
used catal yst cannot be regenerated anynore to the desired activity |evel
it is usually disposed of. The present invention ains at 30 providing a
further application for used titania-onsilica catalysts which would
normal | y be di sposed of. Various nethods f-orZregenerating used titania-on
silica epoxidation catalysts are known in the art. For instance, in WO

98/ 28072 a regene@attmbnpsoepSSaiOthéF&ﬁyﬁﬁhébﬁﬁbgyieh%t@&18&8pk§dﬁ&§£&@56d,
whi ch conpri ses tactln t he_used catal yst with ap artlcular

solvent at a tenﬁé?ﬁ?ﬁ?e ?cﬂ'% At P UG IUF BET5 7GRNz 18Rt
regenerati on net h@dxﬁdattonaﬂtem}tm-ebmuyﬂg H}&t:e:rp@gem&@us iel ekkbted with

epoxi dati on cat al LS cl ose erein t epoxidatiq cat al yst
is heated at a t§¥%§r§3 u?ghg 'lli p“ld%pa%vﬁ] SHodes natnﬁie ﬁrésgﬁéﬁ 81&

However, these nmlhedslanm aluquf@mrmlrbg et recifdteidvaned CABEL yst by treati ng
a deactivated catal ysfei 0 2 BaF L A AL diReodd 10001 05L L OELE! 00 e

present invention does n P53 m at e-activatin e used cafaly but
rather ains at cepesidlhfonr heatikott \artcdnoomt alny:ptarltﬁut:ularsumalbitahskqoport

mat eri al whi ch cggFEgrgrﬁ§@éylgp§d§pe %J} catalytically active netal (s).
a

Accordi ngly, the present invention re es to a 15 process for the
preparation of a catdiyariwyppovtaimditar ikgtegogpreshagephaidaepsn of 1 (a)

subj ecting a used,tLio0la- O Sildif AL eV%trttOEﬁgﬂgge ip@ Lggatment, (b)

washi ng the decoked catalyst wth a washing |1 qui ected from an
aqueous sol uti oncafFadyainersd H dosdrraquesssrdbidt ianUsfAah, Arhwoifidum sal t

and combi nati ons h8eEeoh-0 advb (696 .drug-20 sand7Galei Rk 981 bhes washead ang
decoked catal yst to yield the catal yst supp ort material. 25 As stated

herein before, thBORERWLE| PEIFSN GRMBUNES O4t AE}4EOPr éAt 8lePIcat ep (a) of
the present processp¥éltid@rwiedd )éter%sQatoah%SbyV\’QbE hBOok ongesx has drhe
desired %%'EIVIty fg onve%fteln an olefin.into an gl ene oxide, usually
propene imto pr opyFERE Ok Ye Whtded SFA38 Bf‘ p%én@%&%%é‘s
beconme undesi rabtyté@m drives iCait yzs‘ette&@@d&eb@sbeat@pyaeedhﬁm id is this
deacti vat ed cat aI h |s useful in the present rocess "flefgl used

a

catal yst may be % E%Jt%ﬁ‘ Bahi ™8P 56 98 38 6‘u§ll 1688n ?‘@@‘é‘ﬁ%‘? éhe or
nore tines, but sayeahsef b;aasaeodsactmt\aaﬁa& ct:attahyalorlgle mmma@ti vat ed

for thefirst tine, and. hence preV|o be dtoa
regeneration trea?lcnfat e aenfg% ssrlo&ﬁls"‘gecoﬁp af’&eﬁ?ﬁ‘é i FUsed in the
present &Ppli cat sbhylafirs stepany treatnent for renoving 5 organic residues

present on a catal yschké})’ é&@ﬁ%ﬂfan(l%ﬁb%fo @E&ﬁkéé{ ﬁQ@LS&&)e% Q?atéa‘in Sts

Accordi ngly, the decoking treatnent of e used~titani c=on- ica catal yst
can be attained ®ye ansedeihed tedows ftﬁet geoAidatden oxf dPEPPRPSOr burning of f

organi c material 4f5om ysedbnl @ hel-ar agenaaus acabAbyst Sqe Fofe § N vURROSR Of
the present invention it has been found particularly effective to apply a

decoki ng t r eat neRePIHFeh RbfFiEisde§TsaBPeeeragetheatdbusti tHm Ashil silica
catal yst 250 a tesPefBidl a3 @388 HEsEBe o 2Ngr Phe) sl oy dricamt4l0 to

550 C, in the 1. ?O resence %fow%)\% enonremggnggétﬂorlnytigssfe presence of air,
' y regenerate
deactivated catalysts. Once a used catalyst cannot be
regenerated anymore to the desired activity level it is
usually disposed of. The present invention aims at
30 providing a further application for used titania-on-
silica catalysts which would normally be disposed of.
Various methods for regenerating used titania-on-
silica epoxidation catalysts are known in the art. For
instance, in WO 98/28072 a regeneration process for this

35 type of catalysts is disclosed, which comprises



for sufficient tinme to burn off 70 wt% or nore, preferably 80 w% or nore
and nost preferably 90 wt % of all organic resi dues present on the used
titanic-onsilica catalyst. Preferably, the used catalyst is 20 subjected to
t he decoking treatnent for sufficient tine to renove essentially all
organic material present on the used catakyst. A typical decOking
treatnent, accordingly, may take from 10 mnutes up to 48 hours, although a

shorter period . ur i referred, . Most _25. suj tably the decoking
treatment will C%ﬁE%Eﬁ%%{i}&f ouss)leoCl ﬁcoaﬁrag.y%%hglagcgﬁﬁﬁtJff/‘%#%ﬁlT%//l“fe £l ace
under at nospheri teppesstuees dUutfiam @gdnewak 0anyCpr 2asus €5 pedsve®I3 & 1 and 10
bar may be appl.ied., S decoked catal yst is subjected to a 30
washi ng treat néﬁ??nﬁ'#u%tlrr%ﬁ?ﬁn%@@%%rhﬁégﬁﬁé i%&"#%é?h‘é%t TEITPTFERRe the
al kali netal andeélikaéporeidmridn nettallyisass ipr désnlosed anchere ihectdecoked
catal yst. by ion C e id ] vi.ng, ac | at ed_on the catalyst
surface 5and in i é %)g?}glsd%%%nngéaﬁ:{%%se}gl ﬁggggfw?gn‘? FHP ST Wichi o]
treatnent is cehsldesed’@® T&-iydhhexprasentheof oxPgemedikes amt alheste s
surface, which_j My a I 0, appl i ed
| at eron. The mﬂ%gf]ﬁgyﬁﬁe@%ﬁ“{:@#lﬁ kéng aégkgggggg {?A‘%agﬁ%sgt E&hod known
the art to be tapablegol dsmapivafeslichitelyat toneaparbitween wricatla yst
particles and UBREAQ: | e dld.0 S W8 B LACRYLAL Poh O X GGy TUS,
sui tabl e nethods include I mrersing the decoked catal yst particles in the
washi ngtq i qui pl,repa§§%“@t%fllﬂa S HSRY IcRgaldsbvebul Fakker bedgnopfatdecoked
catal yst partigbgsePfi N@StHNGdNa i4ReQKed 101 gat al¥ss padli s as a noving
bed. The latter washi ng  method nmay i nvol ve novi ng the catal yst particles

Y

continuously oFBPPArSEreRT ! rBtisty fgnt PaySrefbblighoadsdshiy appar at us.

It will be undershopdiddpty stodi veashicRd (kfeat ment may 15 be repeated one or
nore times. Nornal| shing treatnent will be carried out fromone to

L . |
ten tines, sui tabl@g??]bqﬁ it &N PIESRBE. 1FKRNT R BP9 tatd o, i . e.
vol ume rati 0 obrvashs Nfot i the brhcpasalidnnaieki ahthDybe ashes may vary
wWthin wde limts ang sui tably ish20 froml'to 15 nore suitably 2 to 10,
even more suit 3BFFTHF OB L 519 §t5RSaPférnati ve enbodi ment  of the

present inventiian shiejs@sindg naedaltieahakeoptacki condd triopsi o i tably by
passing a stream of, the. washierﬁngC | i %ui d continuously over 25 a bed of

decoked catal yst pafT?etd. =4 5

c&ordance with the present invention it was
found that a spb¢i fashivashibeg deapkied shoalgsbewilskda wmstelrnyy al wpsiid ng
liquid | ected fr ol ut.i of i neral acid, an aguepus

sol uti ozzdeof an am%%}%%%a%rfpoﬁ %G%S%an ?ggég?h%r eof reagLe évl\:als i ng

| i quids, nanely, weneadwerus toelheipar tifcahartyosiimadbd ket faxd r enmovi ng t he

al kali metal ions apg,al de Iletg,fr,reragh ions fromthe decoked catal yst,
while at the sane tine they cou rehydroxyl ate the decoked catal yst's
surface. Suitabke 8svyhianend dididing thieswashadcenandeerkedtieccanalrowthl oric

- 6 acid, sulphurig acity Q@mrliy%taehggegg kBeekike, Particularly

preferred washing |iquids are aqueous sol utions of hydrochloric acid or
sul phurd® aci d. O Aerswase MeIgiquitddors . behaseaednt hexwraeres W% t he

present catalyst treated in step (a) of the present process will
normally be a catalyst which no longer has the desired
activity for converting an olefin into an alkylene oxide,
usually propene into propylene oxide. When the yield of
30 propylene oxide has become undesirably low, the catalyst
needs to be replaced and it is this deactivated catalyst
which is useful in the present process. The used catalyst
may be a catalyst which had previously been regenerated

one or more times, but may also be a deactivated catalyst



5 invention are aqueous solutions of an ammoni um salt. Such amoni um salts
al'so include tetranethyl amonium salts. Exanples of suitable amoni um
salts, then, include amoni um or tetranethyl ammoni um hydroxide, nitrate,
acetate, citrate, carbonate, chloride and sul phate. O 10 these, ammoni um
‘acetate is particularly preferred. Concentrations of the mneral acids or
ammonium salts in water are not particularky4critical and will normally
range from0.01 Mto 5 M Directly after the washing step (b) and prior to
15 drying and cah@iitihn@estepvierdafiogpthenal raddi imOnald Washienga 8t g8 My be
applied: washing with water referably with distilled, dem neralised or

dei oni sed wat er . PEFH &t é{da?gf‘oﬁa jﬁﬁgﬁfinbos‘?ef)e?ﬁifrlfé:lt?é’eftﬁleafzﬁe?‘énove
tracles of t]tle vvasEi nghli lqujpdeegmbﬁi Piﬂégoa%k@l t:lré_’&drﬁtd/ﬁobsablsahi ﬂﬁhﬁlﬁ’ét h
metal ions fromthe catalyst.particles,. If applie the water wash step may
be repeated one 8FST5F #H&égagﬁf’{‘aﬁ?%r?h’égmﬁ%rﬁme&tegoﬁa?’eﬂ%wc% ried

out one ta six torganitheekiqued/ spksdnt abh 08 adta iy d3nMmeaast bose

descri bed above f,or shin 5 ste Sui tabl e s of,.carryi out the
Nater vash step APEPRIBMRRREERESTRIEbRY PRATTAS mbreRRatRne  Flar oo
particles in wat decokipgssragtmaterobvelie anbed toftSdiadopastiicbescitakyst

cont i nuous washi ng tgga%gggtr)]edlabefore contkiln i]p W t.h %tnepagrg)ft he wash

step (b) and 30 opf’i onal “su seque}ﬂtar\}\%tnel?tmolash swenp lrrﬁay Be repe%fed one or

nore tines, suitabliyiehsgtorfburningesftf Tdwegahic mgterdadalfcbmatsen in step
(c) may also be [ i I e for._instangce, by usi a
dryi ng/ c%ozi nat i g%gggggggég%%t %%ﬁig% S%%f%ﬁﬁ“%ﬁr@ﬁ%%r g?u?tégz%ﬁ%s. he
washed decoked candkpsiomaytthen begubkeunditreshientlarly effebeive0o2 - 7
enter such devi ce bRy a,t 8ODEE ALY £ 200G DAUIILA éo%ggﬁrsagugebﬁgcm?g dind ng
t enperature range nﬁ may subsequently %e passed, optionally via one or
nmor e i nternedi at BSgBnEAtapk? 20eTS Bt 1 Fh eI YRS ttenpettamprsstuse| af ot gem
cal ci nation zonexype IS H R cahgi fatd on enperafure
range. Such corrbiBPrjl,nggr?/?ﬁg‘;&g%%?#a}{ei%glréﬁlga{f%gﬁt gbgng@d%%?]ctgéng?eekﬁom
in the atS. | n speps¢nyeodt tdwygrmcessrd el viatlad ipathiecbessanee dof el xand
cal cined. Dryi ngegRYsLakecplace e CONMRNL] anal 740,4gys kg in the art
and for the purpose of the present invention it was oundhgarfl cul agqlﬁl
suitable to perfprafenebdy y3hgith e mggandawsa prejeaehdspherets tably
air, at a tenperaiurg ofn{k o ids Jsé%s.%nmrﬁ 34 4,aBhy+i£QM 9040 130 C.
e

Alternatively, the drying may take 1 ace in an atnosphere other than
air, e.g. in a nfitdgencatabspherre kélt}bsédl?ehﬁseéaFégﬁéWBnl%tep i's

sui t abl y zper f or nedbhycced] €StEHY dden i £ d Radrehke$ot 0sar Eespart At Whi ch
does not exceed 500 C and suitably is at. | east 200 C. Preferred cal cination
t enper at ures ar eF20 FRCYhie® 3 Y DL romh 2FF A 4B TS Adr BT pT et erdbl ¥ 250
to 330 C. The cahsédataonl y3pi caldppiaKeddpatag i rantnxygenacontdinging

at nosphere, suitably_air,_but er at,nosphere,

15y

for instance in B2 R %@%ﬁg{%%;rﬁg’epﬁjgggﬁpéﬂagp?% ¥Y9hG and 25
cal cination is nshortetimadiahduypacad hotidd) He atebephedi cModfovever, any
D ocess 28 desor PRbIAbOVE'S RSN o SAITRIE 4P BPXRathrTal i ch has a
chemical 30 strut® ureuxs f fBrentedakimd rtagh csillliycdagasr pbacemtreidnl .
atmospheric pressure, but in general any pressure between
0.1 and 10 bar may be applied.
In step (b) the decoked catalyst is subjected to a
30 washing treatment. The main aim of this washing treatment
is to remove the alkali metal and alkaline earth metal
ions present in and on the decoked catalyst by ion
exchange, said ions having accumulated on the catalyst
surface and in its pores during its use. In addition, the

35 washing treatment is considered to re-hydroxylate the



More in particular, wthout wishing to be bound by any specific theory, it
is believed that the cat al yst Substitute sheet - 9 October 2002 ~ .
support material obtained after step (c) of the a nethod described above
conprises silica in conbination with titanic, the |largest part of which is
present as crystalline titanic at the surface of the carrier while 5 the
remai nder is present as anorphous titanic.- lre specifically, the catalyst
support material in accordance with the present invention was found to

conmprise silica cﬂ@c@)@é@lcﬁwﬁamﬁlﬁ hsud flaaa, C,thEhWﬂbCQdaEmL_&?@&usgofdM %rRased
on alltltanlc presgﬁ resent m%}ﬁgformof 10 cryst ne titanic

(i.e. rutile an BFt Wt%etﬁﬁé:or aﬁé’&ﬂ'eﬁplﬁﬁe{% W05 D& HY- 5 esent
as am)r phoushtl t'@.ﬂéé}tméiblf et eﬁ‘aeteatgilxa,ceabyl ;a?@t waéhM%) ﬁétl’%&'@ ﬁﬂdfh&ﬂlt(hef ]
present in the s ort is present sta ine format the surface of the
support, the ren%f‘ﬁd‘é? X ‘F \ﬁtf‘?/ Eéinﬁ’gSBE«S%%ﬁF“BSC%iﬁaﬁ“ﬁeﬁ’am c.
The t ot al 5an0untca)tfa1y$‘arpefrt(ze:<lmseameld Malshwaigglnﬁqﬁeﬁceatertmjxaé ldrc titani um
present in the Cé"‘cté"‘dt yst, sy ){chmaterl wil | &fg/f % E}é n th ange of
from0.1 to 7 WO, hore sw a’rnrgom 55 0°8t ¥ %‘%orftﬂ dlvmth
respectively 0. 2inmeddi 6 th% Zl}:cmk@dOCatednyS &pwt?/a&"l@ﬂ):,n batese dvaceh itngt al
wei ght ofthecrr e S UpRo er. r red in
. aj[ dé pr’ef?@entéfﬂr%/ £ w%%%é 'ilauEB 5 Paé fu&d e ?P%fe

accordance with ention 1S por t
het er ogeneous eptedalsad mﬁf@dt}eﬂty@tarfcelcleenwer Waaglagt 12159 oiaa:fqmad nto its

cor respopgi ng a'é%’éa%] 5 e?aqet 1 AGGOLd len)ﬁmh B‘eé“t é&ezr v%%?ﬁ?xtg the

present invention a process conpr ps of
i npregnat i ng t henatdhed ymy sipyedve rmtverlgathprepaabﬁsbypaltte-qir@cess as

described herei n. haf Qreith #e30a t'steeagg%%ogt,@t@mg i pnyeqnating agent;

and (b) calcining the inpregnated support regnation step
(a) is carried dtﬁsh}sfl%gapéatﬁattalﬁl umcontaining i rrpregnatl ng agent. In step

(b) the inpregnated 1URRANt HesS usdBeedHBA! EXa£akclnegasiGH L idtakicpRnNmslep
(b) is suitably perfornmed at a tenperature of at 5 | east 300 C and

preferably does Bfotr SBEEEE 19960 OF, PRRFI Eimepr eF eFPRHLY erfpetestdg range i s

900 to 900 C ThedduMeagnatilngbageatriis@dohd st6R &id TR taideBer a
liquid or a vapour,. |If aogg uid inpre nattng agent S useﬂs& an addi.ti onal

drying step may B 53R Y é’tn\‘/?/ee XSEEPES ¢ &) et I 450 HEd #EPhe
sol vent used in ihe wmnﬁ@n&taltﬁg 86l uhsnmngExa@@i@St@fsmd ablterliaguicd
i npregnating agents are known i

d t f . tit
tetrahal i de, sudtt &&H1%%aM3Wm taé'tyr %ﬁﬁbt’l'ﬁggﬁrfﬁf‘fﬁ%l%ﬁ?ﬁsu ¢ tﬁ?ﬂlg’o isldean: ﬁm

an organke 15 scﬂ:v:erntt 1311(1!5 amoalekaueSabEy 7. theXxanegveramarat isaicebpgunds
(e. g. toluene),.alcohal g 5. methanol, ethanol) or ethers. O her

exanpl es i nclude organic t| tanl um conpl exes such as tetra(isopropyl)
titanate, tetra(n-bdinylap eiltgnapsiveeerbkidsnent nef mktesmz;els)enzomweahape and

di (acet oacetyl) difd SRy S}naé\/etaggat@ake lé@etgén@teﬁtﬂﬂlgl?f, s'&EEQBE? by

described in JP-A-11/2285 npregnati on nethods are~al so wel | “known
in the art and iBRSFiingcidpls&raa i tAbl vaseing nb*@glrfétqmltnel@ﬁﬁllé{u@vﬁﬁy be

used. Exagples of paich# eehbikauesadsey st Sghpeeshdd,
In accordance with the present invention it was found

that a specific washing liquid should be used, namely a
washing liquid selected from an agqueous solution of a
mineral acid, an agueous solution of an ammonium salt and

30 combinations thereof. These washing liquids, namely, were
found to be particularly suitable for removing the alkali
metal ions and alkaline earth metal ions from the decoked
catalyst, while at the same time they could re-
hydroxylate the decoked catalyst’s surface. Suitable

35 mineral acids in this connection include hydrochloric



25 GB-1,332,527; EP-A-0,734,764 and WO-98/50374. In a preferred enbodi nent,
however, the catal yst support is inpregnated using a gaseous

titani uncontaining inpregnating agent. A gaseous titaniumtetrahalide and
in particular gaseous titaniumtetra 30 chloride, optionally in conjunction
with an inert carrier gas |ike nitrogen or argon, is very useful in this
respect. A nmethod using gaseous titaniumtetgachl oride as inpregnating
agent, followed by calcination, hydrolysis and optionally silylation is

described in EP-A4-Q4343u:8pRur32 dBig, RERS 1S enLY suigt ahlef t he
pur pose of the §ubs_ti€u?eusheet - 9p§Octo _eor 20_032%- t%o - Srégg%f
i nvention. Accor RAGEFUlEREY pPESERY Teh Vet gD dlisniids| ates agseaupr ocess

conprising the subse@usAt skeRFaLbchPIri i eanald NG 1LRecat akyst sUpoPrt
material prepared 5 by the process as described herein before with a stream

of gaseous titanWashiBor Aharide, teUPe dbisA tin afanndpacearhlthr the, pYejent

cal cinatign, (c)iRydnelysi sreangudOud Honptignaldsy a8l LhdhiaR sEUEt hekch
details regarding steps (a).to (d) of the above catal yst preparati on nethod

can be found in EPFARHUBAS2EES dldt cHFudhdGtgemetsd by rerekEntel herein. -

15 Het er ogeneousegaipl¥st 6f 0bh 2t A0 endyord ign GahaAlsySEhRAGPRRBL LS process
as described in the previous two paragraphs conprises titania supported on
a catal yst suppo?fmﬂgf‘érf‘i af %%t’baé'gectﬂﬁe(f’q%%é’ﬁ’é%?‘léﬁitﬁ’bF??t?'r omO0.5
to 5 W% titani uacbased, ofit et aei ghibgafatsypponicriQenaher sakpnaté . ber | oaded

onto the ort terial. Consequently, the catalyst co sition may in
t ot al cor@lrjgoge ngﬁfab:ﬁffm?f.’JGm?oa uetﬁ)atftgff \ﬁcas}'tdfutl%f:élﬁi nggﬁléélﬁgon t%eI

total weight of theceataiysén<ospatid indmerzilnaldiyis bbheahmbei agesebis in
catal yst conpositicn_ 25 described .in . th reviqQus.paragraph is icularly
useful in a pr oc"éggefo?r%rré%%r?a OLJpcru&paﬁel nE T GE L ?831 ‘ﬁ?’g eﬂ%mﬁ% an
active oxygen speengs. fSumt@ille Mdta \le Moxygen species in this connection

are - 11 hydrogen i de rganj_c.hydroperoxi de i ke. et benzene
hydr oper oxi de and te??%)%{w %@%&o%@%oﬁa%g%‘?hgefﬁv@fi %%évﬁ’r"’b% urt her
illustraftéd by tdeyiodlaowi noplexdanpliestept Hout ahi pptiogat haddtopenadf the 5

invention to thegespagdi Ul A, AMQAIIRNGLS . . BX3THRLE dith water,
preferably with distilled, demineralised or deionised
water. Such an additional washing step may be useful to
remove traces of the washing liguid containing alkali
20 and/or alkaline earth metal ions from the catalyst
particles. If applied, the water wash step may be
repeated one or more times. Suitably, the water wash step
may be carried out one to six times. The liguid/solid
ratios are the same as those described above for washing
25 step (b). Suitable ways of carrying out the water wash
step are known in the art and include immersing the
treated particles in water or passing water over a bed of
said particles (i.e. continuous washing treatment).
Before continuing with step (¢) the wash step (b) and
30 optional subseguent water wash step may be repeated one
or more times, suitably one to four times.
The drying and calcination in step (c) may also be
combined in a single treatment, for instance by using a
drying/calcination device containing different

35 temperature zones. The washed decoked catalyst may then



Used titania-on-silica catalyst spheres (2 mmdianeter) were subjected to a
decoking treatnent at 450-500 C for approxinmately 5 hours. Subsequently 10
150 grans of the decoked catal yst spheres were washed two tines with 500 m
of an aqueous 1.0 M anmoni um nitrate sol uti ong(bstitutel shagit dOOttober 2002 of
about 5/1) by adding the spheres to the amoniumnitrate sol ution and
gently stirring the solution at roomtenperature for 90 m nutes.. 15 The
washed decoked catal yst spheres were then filtered and vvashed two tines
with 200 nl distilled watger«om a Bychner fupnel .o mfﬁ ure of washi ng
wi th ammoni um ni trate and wat er  was repeat ed once. e resu tlng spheres
were dried in ai tempei20u fior ko dﬁd@ﬂg LompEraalfs , rage ¢pheres were
calcined in alr (Q5sLWOAO HAkAALC oT0C A1 A1 Uola URPRL! pgpLeral thus
obt ai ned was analysed by X-day fluorescence spectroscopy to detérmine the
amount s of sodi udmtporadsdimmzangst icPgnrtad Thel DHrgassiylat $eaperehdieat ed in
Table 1. Example;g.Sxanmpl fdtaoo 6BRE! G LXCORE e LG 0ashI g w4
anmoniumnitrate was replaced wth a washing treatnment with an agueous

sul phuric acid s@ﬁhﬂ@ﬁt{qn FemperEhibse 302 0@ hi THEh ceabdBRe favbiyed two

tines washing wi &Qléhﬁa%rpwaa%m@ﬁkg sebudpn-ad Ad iuild/ sel ik r@:tﬂ o of
2.5. The results are indicated in Table 1. Furthernore, the catal yst

support naterial obt& nEEAS afdl YERIPHYCIET é)}"edlwrafspﬁétPéﬁt%@e?ﬁ rAd€copy to

35 determ ne thegapountsy ofa1&iystal bwen@r}@la@r&ru%h%qace ini onddd@imy It
was found that of all titania ﬁresent i.e oas netallic Ti or 4.3

W% as Tilf2), 98" % MRRPrEsERe a5t Ryt |tn”§ tﬂutrﬁﬁrsé P55t RES STt ase

and 62.4 wt % ruti&@én@r& arl Wa2 Wwhie Masa P RSENr 185 salREBNeUSs Sod i A C.
Conpar ative Exanple 1 nple 1 was repeated except that no washi ng

treatnent at allt}i}\%sdﬁ)\@rrfgorlﬁednaﬂ‘é?e‘fﬁ%orbl?d&&“ﬁgaﬁ“@é?ﬁ"éﬁ? eI ESul t s

are indicated in,fable L LQ-EULENRSE NDF &5 die CRlahyst °§UF?rF2ﬁre sﬁ&ftgmgl
obt ai ned was anal ysed by X-ray diffraction spectroscopy to determ ne

anounts of crystgddm ré® a:mdlaﬂnf@hdlﬂs:etnntaamwelyltth\asdn‘smurgjntalyaltadaé all
titanic Eresentaéi.e. 2.9 WM % as geta c Ti 8 W% as, Ti 02),, 88 w %
was 15 présent Ty staldi AsTPPPART T ?%W%%agngtléSe ahd B3 0 FGEE e)
and 12 wt % was presetheas .afhepbobsedudranical c@aapapat svep Bxanplieabllkxanpl e
1 was repeated exce t t hat the washin O(sg treat e mmnl umnitrate was

di spensed with dtF 225 dB¥i SHBY B - RS Hity dwé?gpg?f:%f' f9ve tinmes a:

l'iquid/solid rati@nffra3uge ThHEchegtkd snf %xlclé@ldcabﬁd"(l mnﬁaah@tiblﬁxml e 3
The carrier prepared in Exanple 1 was inpregnated 25 with a stream of

gaseous titani umtt gteremch 2R ge. |Eir%f@c@pdaﬁ@bCWQWQmetermterx@dudﬁsc@o%ed in
EP-A-0, 3 856, i.e. by _the subse u te of .i natlon ation,
hydr ol ys?g and sif j:]h |r8ﬁgeAﬁgagﬁ?qu onal H?Q %r}? g%@d ont o
the catalyst supporisg 8. sphd hﬁatlctﬂa@ttlehaty;si&aamylmaqmt %ﬂ%c@”@h‘n&ﬁd 5.16
W % This catalyst was used in an epoxi dation experinent carried out in a

conti nuous epoxiakadiedn cheRehnsehl FRAFRNeESnt AHAFARLY wdl Vedddl agnaddPomati c
wei ght bal ances (Gout i1RLRY: h €SREEEd v &l thdshe e EBHPr g d: s onane ifeed

nitrogen atmosphere. The pressure during drying and
25 calcination is not critical and typically will be
atmospheric. However, any pressure between 0.1 and 10 bar
could be applied.
It is believed that the process as described above
results in a unigue carrier material which has a chemical
30 structure different from fresh silica carrier material.
More in particular, without wishing to be bound by

any specific theory, it is believed that the catalyst



35 streans, two high pressure punps, a fixed bed reactor, a - 13 third
punp for punping a recycle streamover the reactor, neans to naintain the
reactor -continuously at tenperatures between 60 and 120 C, a stripper to
remove |ight boiling conponents |ike propene, Sgpbsip@e®heafdoD&ob&sae02 f or
receiving the product. The propene feed and the EBHP feed (a 35 wt %
solution of EBHP in ethyl benzene) were supplied to the reactor via the two
hi gh pressure punps and m xed toget her befofe enteri ng the reactor. The
reactor was operated liquid 10 full at 48 barn pressure and 90 C. The
catal yst bed in EHEPP&acTBECEDHsi RiGd 6 BIGegr R8P of Ck R ddsampshiod

prepared. A Iarg@eeegygés ésds\e@remlwsntsaweg Qf{e&orﬁttherart%%t% tho have
i sothermal operation of the reactor bed. The m xed feed of propene and 35

W % EBHP sol uti ofiifAn18. et hg| bariaste PRES RiExBELGR thS theeseedy &lse stream

prior to introdugti,@naintQe the: £r82CHRT £hHA QQETPQéétéPr@-le %@W%‘rswﬁiléhe
reaction mxture was carried out by neans of Super Critical

Chr onat ogriaphy ( SHE) TeRRLTRRE fig] IFGWRISHE CpRSc BB iRt tﬂwl\ﬂeréﬂoﬁﬁl nt ai ned:

t hroughput EBHP kpeEBricdbi@d ’Q{ea%%/tEQgrstt Bﬁ@?@f‘@%atﬁr@ﬁann a8cdPdance
grans/ hour propene/ EBHP nol ar ratio . flow . 5 kg/ hour, 25 From

rec
the SFC data t hevEREP: BorRes St LTaTEREN pF BBy T Qe gl GRTSaraet Fik19% ver o
det erm geg t he f.]ﬁsilduﬁ&raar@dmdmtat edchnidabbe aqlﬁ?rmlleaéfaamte 3 vvgs f
repeated, but with t cat t. support 30 terial of Exanple_ 2 in stead o
t he support nat ep?%\?go?” @iﬁ%l&“fl?hgr%gﬁgajss I ¢at &4 ﬁ?’r’ﬁb‘?g 1
Conpar at inge Exanpfps&ﬂmltaténwas tepeateth 1dWn & laeaeat alyst support

mat eri al of Corrparatj stead of the suppor th - 19
material of ExanpfB*i! eI’:hé“lpr |1338 ‘éiFé PRUNE RERPSY @ amorphous

titania. More preferably, at least 95 wt% of the titania
present in the support is present in crystalline form at
the surface of the support, the remainder up to 100 wt%
15 being present as amorphous titania. The total amount of
titania (expressed in weight percent metallic titanium)
present in the catalyst support material will suitably be
in the range of from 0.1 to 7 wt%, more suitably from 0.5
to 5 wt% (corresponding with respectively 0.2 to 11.6 wt%
20 and 0.8 to 8.3 wt% TiOp), based on total weight of the
carrier material.
The catalyst support material prepared in accordance
with the present invention is very useful as support for
a heterogeneous epcxidation catalyst for converting an
25 olefin into its corresponding alkylene oxide.
Accordingly, in a still further aspect the present
invention relates to a process comprising the steps of:
(a) impregnating the catalyst support material prepared
by the process as described herein before with a
30 titanium-containing impregnating agent; and

(b) calcining the impregnated support.



Tabl e 1. Conparative Exanple 9 Exanple 3 was repeated, but with a fresh
silica 5 support material in stead of the support material of Exanple 1.
The results are indicated in Table |I. Furthernore, the catal yst used in
this Conparative Exanple was anal ysed by X-ray diffraction spectroscopy to
determ ne the anmounts of crystalline and anorphous 10 titania. It was found
that of all titanic present (i.e. 4.4 wt%-a9 mwetallic Ti or 7.3 wm % as

Ti 02), 34 wt% was present as crystalline titanic (12 wt % anatase and 22 wt %

rutile) and 66 w % VaSe PIeSaIYnaS cAMBkRBOYS )t EkaBheried TOD! e diResul ts Ti
(Wmts)Na (wt $)K (wt$gEBHP conversi on .(s) PO sel,ectivit¥ ($) Exanple 12 . 9
-~ ~F, 0 .1n .ty DI RER IS Ng gipTegnating ggeqt. - pynptekarill 2. 9
~, $~, 0.40. 02- - Conpr &eaid € dippott; 1@80s4bs8quekXa8YPL8lcined. Calcination
35. 20. 1n. d. 89. 993. 9Exanp].e 99. 90..1n (rjj[ 89. 292. GCong Exan%)l e

34. 90. 4n. d. 85. 794 5ToTH Blarfpl & USRI YIPRTHO5HC A8t 62 NoTERETALULE @T fifans
not detectabl e; deieetimm °ci ghtl poerkris P.Mes/no®. OZtihfon Mo, it is
0.07 wt$ +/- 0.05 wt% 2. Ti, Na and K in weight percent (w$) refer to the
amount s of respeétileldy rRiafeNired tesoeyatund panassisnd(h thPWat’al yst

support material ( | .2 a tive e d_ 2 Lin
the actual catalyst ( zi'%%esg%%qéng gggﬁg ggnga%étfgé?%gng?és%% gnéh%)r.

- 16 From Tabl e2 11iquihrphe yeeeurhalft Ael sappdr impreend birng moepdr é¢ in
accordance wi th ey Praseniq:itwaay! Q@gﬁﬁéaﬁéﬁfméﬁaﬂg e RN AIHR tween

significantly | ess sodiumthan support nmaterials prepared in other ways 5
( Conpar attPve Exatipfs (@)arfd@D)(P)FiPt KERABE ethe haobpoXt detqhri cdh&l yst s

based on the carfjgf.dmiBrals31ekibhe ;tgyﬁ?iégnoéEg@ﬂMﬁse %.iﬁ\j;ﬂdg) exhi bi t
a better activity/selectivity conbination than both catal yst based on
unwashed suppor tIPRESFIEAINECEIFRS BYE ERANDI &1 3fhamFa Y ddiF 1898 ca as

support naterialsdGoiaAtldrve iksaiphetdiralaiifel ien 44 tGaklemseen from
the X-ray diffraction data o 2 an arative Exanples 1 and 4

that a titania-st3i%af r%%?i?%%%%ﬁéﬂ%?%?%ﬁ,u e9%i a2 &398786 wt % of
all titanka pressdlivdri ,prsee®ntslalkantbe (& o mpdxLiyst alddmae itd t ani a, was
not available compounds (e.g. toluene), alcohols (e.g. methanol,

ethanol) or ethers. Other examples include organic

titanium complexes such as tetra({isopropyl) titanate,

tetra(n-butyl) titanate, tetrakis{(trimethylsilyl)

20 titanate and di(acetoacetyl)di (isopropyl) titanate, the
latter being for instance described in JP-A-11/228553.
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 disclosed in

25 GB-1,332,527; EP-A-0,734,764 and WO-58/50374.

In a preferred embodiment, however, the catalyst
support is impregnated using a gaseous titanium-
containing impregnating agent. & gaseous titanium
tetrahalide and in particular gaseous titanium tetra-

30 chloride, optionally in conjunction with an inert carrier
gas like nitrogen or argon, is very useful in this
respect. A method using gaseous titanium tetrachloride as
impregnating agent, followed by calcination, hydrolysis
and optionally silylation is described in EP-A-0,345,856.

35 This process is very suitable for the purpose of the



bef ore. - 17 CL AI MS 1. Process for the preparation of a catal yst
support material conprising the steps of: (a) subjecting a used
titanic-on-silica catalyst to a decoking treatnent, 5 (b) washing the
decoked catalyst with a washing liquid sel ect@ghdiifiagsheepq9Ooicbeard0d2i on of
a mneral acid, an aqueous solution of an amonium salt and conbi nations
thereof, and (c) drying and cal ci ning the washed and decoked catal yst 10 to
yield the catal yst support material. 2. Process as clainmed in claiml,

wherei n t he decok| I e t. .cO LSES:; |, €Gly S .
titanic-on-silic L%%?%T y’?%@g'g%f ggr%%?é?h?i%’f C%Hreg%r%g%n?oﬂzﬁn T™h the
presence of oxygehso 1B IRteE §eegsPasces ai p¥P Y irf iclcaithel sobs@quemersiaps n
step (b) an aquegps sol ution of hydrochloric acid or sulphuric acid is
used. 4. Process as clainmed in claiml or 2, wherein in step (b) an aqueous
sol ution of an afbnitEReSARCING GRedC2 DL Bt FUPPEsS 5}§t@1¢ai1£remf€mﬁrcﬁdai m 9,

wherein tRe ammoni Upsalle b3 oREENENLEMMALEL IR nRrePhOBEBS @S, Llaigred in any
one of the preceding clains, wherein after step (b) and prior to step (c)

an addi tional washi rigf&8a&p oW GRSHRLert AT itedraneligs, sukaldass as

clainmed in any one af;{h8 uRr ecedifg &+ aidrs, wherein the cal cination
tenperature in step (c) does not exceed 500 C. 8. Catal yst support materi al

obt ai nabl e by an{Plorfél6ingRécRtaims 1-7. 30 9. Catal yst support material as
claimed in claim$8 eRmi1ssng, skhdca and titanic in an anount of fromO.1
to -1 ~7w%(as titaniun) based on total weight of support material.
10. Catall§st supﬁértoPﬁ'&loé‘PiléV 351G IR in claim8 or 9, wherein at |east

90 wt % of the tigatnerPresenlsi feddr@iing steps (a) to (d) of the above
catalyst preparation method can be found in
EP-A-0, 345,856, which is incorporated by reference
herein.

15 Heterogeneous catalysts obtainable by the catalyst
preparation process as described in the previous two
paragraphs comprises titania supported on a catalyst
support material as described hereinbefore. Suitably,
from 0.5 to 5 wt% titanium based on the weight of support

20 material will be loaded onto the support material.
Consequently, the catalyst composition may in total
comprise from about 0.6 to about 12 wt% of titanium based
on the total weight of the catalyst composition.

Finally, the heterogeneous catalyst composition

25 described in the previous paragraph is particularly
useful in a process for preparing propylene oxide from
propene using an active oxygen species. Suitable active

oxygen species in this connection are



5 support material consists of crystalline titanic. 11. Process for the
preparation of a heterogeneous catalyst suitable for the epoxidation of
olefins into al kyl ene oxi des, which process conprises the steps of: (a)

i npregnating the catal yst support material as clainmed 10 in any one of
clains 8-10 with a titaniumcontaining inpregnating agent; and (b)
calcining the inpregnated support. 12. Procegs.as clainmed in claiml1,
wherein the titaniuncontaining inpregnating agent is a liquid inpregnating

15 agent. . 13. L858, 35 LLAPLAN GGl by WORLELD AN 15 o
tltanluntontalnlﬁé I npredgnati ng agent 1s a gaseous™ I npregnating agent. 14.
Process as cl ai nethy¥bizanm 1y,dndrasioxidecesd 26rtonprykdsydrmpeswisdguent
steps of: (a) inpregnating, lySt, .S i i a. gaseous
titaniumtetrahali de, (5) é%ﬁ?fﬁ?ﬁ%%?h%ei%g?géﬁégg%féig%%¥%$23%§§?a|, (c)
hydr ol ysi ng t he &l kéwiew rfatamnilals obittdiondd 1imonieg shepsqdpe cdndhed)

optional Iy silylglidg {he & edicle Ha0Mi8L80 (EnodPredyoCESS as clained in

claim9, wherein the gaseous titaniumtetrahalide used in step (a) is
‘gaseous titani urB¥amleen ori de. 30 16. Heterogeneous catal yst conprising

titanic supported onyfCalialnal-SWRRANE cHBREREL B s 8Ss Al &ideq o frany one of
clainms 8-10. 17. Process for the_ preparation of  an al kyl ene oxi de by

reacting an ol efd¥PRGRSF )aved iSVEIGF§En tepaciesoking Hereatmentgatyr esence

of a heterogeneatsn-CALAIYSIEAS a@lpRickBaaiB1G! 81 Abdbs. IR RpPeassyas cl ai med
inclaiml7, wherein the active oxy%in species i s an organi c hydroper oxi de.
CALL A n&Qy. ALLZ A GTA™SE Of FRRL SGCR¥EAASITADYAEOSRETE S MR CARGS IR LAP. Aa,

3-./JKuv[\ times with 500 ml of an aqueous 1.0 M ammonium nitrate
UM ur e’ ¥ cal cal el sal caleal cal eal sgleal gal cal sal galcaledl gl gal caloalcal
the spheres to the ammonium nitrate solution and gently
stirring the solution at room temperature for 90 minutes.
15 The washed decoked catalyst spheres were then filtered
and washed two times with 200 ml distilled water on a
Buchner funnel. This procedure of washing with ammonium
nitrate and water was repeated once. The resulting
spheres were dried in air at 120 °C for two hours.
20 Finally, the spheres were calcined in air for two hours
at 300 °cC.

The catalyst support material thus obtained was
analysed by X-yay fluorescence spectroscopy to determine
the amounts of sodium, potassium and titanium. The

25 results are indicated in Table 1.
Example 2

Example 1 was repeated except that the washing with
ammonium nitrate was replaced with a washing treatment
with an aqueous sulphuric acid solution (1.0 M). This

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

The results are indicated in Table 1.

Furthermore, the catalyst support material obtained
was analysed by X-ray diffraction spectroscopy to

35 determine the amounts of crystalline and amorphous
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dﬁe % was repeated except that the washing
treatment with ammonium nitrate was dispensed with and a
20 demi-water washing was performed: five times at
liguid/solid ratio of 3.5. The results are indicated in
Table 1.
Example 3
The carrier prepared in Example 1 was impregnated
25 with a stream of gaseous titanium tetrachloride in
accordance with the method disclosed in EP-A-0,345,856,
i.e. by the subseqguent steps of impregnation,
calcination, hydrolysis and silylation. An additional
2.23 wt% titanium was loaded onto the catalyst support,
30 so that the total titanium content amounted 5.16 wt%.
This catalyst was used in an epoxidation experiment
carried out in a continuous epoxidation bench scale unit
containing two vessels on automatic weight balances
containing respectively the EBHP and propene feed

35 streams, two high pressure pumps, a fixed bed reactor, a
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he propene feed and the EBHP feed (a 35 wt% solution

of EBHP in ethylbenzene) were supplied to the reactor via
the two high pressure pumps and mixed together before
entering the reactor. The reactor was operated ligquid

10 full at 48 bara pressure and 90 °C. The catalyst bed in
the reactor consisted of 5.0 grams of the catalyst
prepared. A large recycle stream was maintained over the
reactor to have isothermal operation of the reactor bed.
The mixed feed of propene and 35 wt% EBHP solution in

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

A compositional analysis of the reaction mixture was

carried out by means of Super Critical Fluid

Chromatography (SFC).

20 The following process conditions were maintained:
throughput EBHP in EB : 15.25 grams/hour
throughput propene : 9.75 grams/hour
propene/EBHP molar ratio : 6
recycle flow : 5 kg/hour.

25 From the SFC data the EBHP conversion and the

propylene oxide selectivity were determined. the results

are indicated in Table 1.

Example 4
Example 3 was repeated, but with the catalyst support

30 material of Example 2 in stead of the support material of
Example 1. The results are indicated in Table 1.

Comparative Example 3

Example 3 was repeated, but with the catalyst support

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

5 support material in stead of the support material of
Example 1. The results are indicated in Table 1.
Furthermore, the catalyst used in this Comparative
Example was analysed by X-ray diffraction spectroscopy to
determine the amounts of crystalline and amorphous
10 titania. It was found that of all titania present (i.e.

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

present as crystalline titania (12 wt% anatase and 22 wt%

rutile) and 66 wt% was present as amorphous titania.
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5 (Comparative Examples 1 and 2). Furthermore, the
epoxidation catalysts based on the carrier materials of
the invention (Examples 3 and 4) exhibit a better
activity/selectivity combination than both catalyst based
on unwashed support material (Comparative Example 3) and
10 fresh silica as support material (Comparative Example 4).
Furthermore, it can be seen from the X-ray
diffraction data of Example 2 and Comparative Examples 1
and 4 that a titania-silica catalyst support material,
wherein at least 90 wt®% of all titania present is present

15. in the form of crystalline titania, was not available

before.
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CLAIMS

1. Process for the preparation of a catalyst support

material comprising the steps of:

(2) subjecting a used titania-on-silica catalyst to a
decoking treatment,

5 (b) washing the decoked catalyst with a washing ligquid
selected from an aqueous solution of a mineral acid,
an aqueous solution of an ammonium salt and
combinations thereof, and

(c) drying and calcining the washed and decoked catalyst

10 to yield the catalyst support material.

2. Process as claimed in claim 1, wherein the decoking
treatment comprises subjecting the used titania-on-silica
catalyst to a temperature of from 300 to 700 °C in the
presence of oxygen.

15 3. Process as claimed in claim 1 or 2, wherein in
step (b) an aquecus solution of hydrochloric acid or
sulphuric acid is used.

4. Process as claimed in claim 1 or 2, wherein in
step (b) an aqueous soclution of an ammonium salt is used.

20 5. Process as claimed in claim 4, wherein the ammonium
salt is ammonium acetate.
€. Process as claimed in any one of the preceding
claims, wherein after step (b) and prior to step (c) an
additional washing step with water is carried out.

25 7. Process as claimed in any one of the preceding
claims, wherein the calcination temperature in step (c)
does not exceed 500 °C.

8. Catalyst support material obtainable by any one of
the claims 1-7.
30 9. Catalyst support material as claimed in claim 8

comprising silica and titania in an amount of from 0.1 to
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12. Process as claimed in claim 11, wherein the titanium-
containing impregnating agent is a liquid impregnating

15 agent.
13. Process as claimed in claim 11, wherein the titanium-
containing impregnating agent is a gaseous impregnating
agent.
14. Process as claimed in claim 13, which process

20 comprises the subseguent steps of:
(a) impregnating the catalyst support material with a

gaseous titanium tetrahalide,

{b) calcining the impregnated support material,
{c) hydreclysing the calcined material obtained from

25 step (b), and
(d) optionally silylating the product from step (c).
15. Process as claimed in claim 9, wherein the gaseous
titanium tetrahalide used in step (a) is gaseous titanium
tetrachloride.

30 16. Heterogeneous catalyst comprising titania supported
on a catalyst support material as claimed in any one of
claims 8-10.
17. Process for the preparation of an alkylene oxide by

reacting an olefin with an active oxygen species in the
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18. Process as claimed in claim 17, wherein the active

oxygen species is an organic hydroperoxide.



