; e3eXM[ XVWWY. JYZ6 [ TA[.cj A20 August 2004 - 1- CATALYST COWVPGCSI Tl ON, PROCESS
.FCR | TS PREPARATI ON AND USE THERECF The present i nventions concerns an -
epoxi dati on catal yst conposition for the epoxidation of olefins into
al kyl ene oxides. The invention also concerns a process for the preparation

of such catal yst conposition and the 5 use of the catal ysh%gwng%sib
Cat al yst conpositions based on the titanium containing co 8 %ported

on inorganic siliceous solid carriers for use in the epOX|dat|on of ol efins

into al kyl eng .oxjides-aF &, yett E&”O‘é’ﬁc'cgl:stsh%@{ AITA@?(’% g ?;I Epﬁiﬁgﬁggsa

catal ysts are; for instance, escrl be

US- A-4, 367, 342 di scl oses the use of THRERFAEH c oxygen conpounds of silicon
in cheni cal conposition with at |east 0.1% by wei ght of an oxide or ‘
hydroxi de of titanium while EP-A-345856 15 discloses a titanic-on-silica

het er ogeneous %ﬂgak;eam \9@5 ChhSh oPLaknabLe by & ey e@ﬁ@&iegogﬁ' l'i con

conpound with a st gaseous titaniumtetrachl oride | owed by
caIC|natlooatahﬁshydm@pﬂsrt:ﬁmxﬁoandhepbponﬂdgﬁxp$l¢§Iaﬁeénmﬂeﬂntamre
recently, titanic-on-si|iceous sJA&?ort t pe cat al ysts have al so been

descri bed #h<YSERSECFLEEE2: L Hp- %ﬁ?’éﬁ afd SAL-SRNEDE6B63 PRESE F%f er ences
also l1st pblanlepsbueeris, supporiciutatnals s Rl fo: sbh! Q%FCHH@' ning

refractory oxi as silica-alumna an | i ca-magnesi a, hi ghl
crgstal | i neseabér thbscamariyas: composition.

Catalyst compositions based on the titanium-
contalining compounds supported on inorgahic siliceous
solid carriers for use in the epoxidation of olefins into
alkylene oxides are well known in the art. Examples of

10 | such catalysts are, for instance, described in
US-A-4,367,342 and EP-A-345856. US-A-4,367,342 discloses
the use of inorganic oxygen cgmpounds of silicon in
chemical compesition with at least 0.1% by weight of an
oxide or hydroxide of titanium, while EP-A-345856

15 discloses a titania-on-silica hneterogenesous catalyst
which is obtainable by impregnating a silicon compound
with a stream of gaseous titanium tetrachloride followed
by calcinations and hydrolysis steps and optionally a
silylation step.

More recently, titaniz-on-siliceous support type
catalysts have also been described in US-2-6,011,162;
EP-A-734764 and NL-A-1008686. These references also list
suitable silicecus support materials including silica-
containing refractory oxides such as silica-alumina and
silica-magnesia, highly crystalline materials such as
high silica-zeolites, silica-containing meolecular sieves
and amorphous silica. All these support materizls have in

common that they have a porous structure.



“high silica-zeolites, silica-containing nolecular sieves and anDrphous

"~ silica. All these support materials have i.n common that they have a porous '

structure. 20 August 2004 2 For instance, EP-A-734764 nentions silicates
and silica, the latter preferably being synthetic porous silica conposed of
anmor phous silica particles coagul ated or bound to one anoﬁ@gp usPPB64 fiC
exanpl es nentioned are 5 silica gel,_ precipitated silica, si ?ca powder s

l'i ke funmed pyrogenic silicas and seV%raI crystalline alum nosilicates. In
NL-A- 1008686 symbhetiics poheus BpLaCasq9RuOSed dlo-AMiphaYS S Lhga particles
coagul ated or _bound to one another is nentioned. Specific exanples 10
descri bed afélicri-cdlyel laptesi predesabdyl bednd wysdhpyicgearousilicas and
crystal |l i negpokus Sl sueh i Si_Li C at.zeolites.a

el 11 o0 By o Faat §48 e G R PhhsC by i ey BRLE TR B8 par STy BTe

mat eri al MM 4bousdrdt i onedaasthesui Bpbkd fiet exiaablesNméhtUSnédd62041, 162
synthetic porous_sili,cas consi sti of ,particles.of anorphous,silica
floégulate %$lﬁﬁn@§}%cﬁﬁﬁﬁ%?léﬁggﬂaFlﬁﬁgﬁ'f3F§FF§IB?VQEF§ ﬁ%%@e,

cl ose- packefumedspyraafenleseilbeds asnguskablrali Beygeni tisk| ATRAVSo-
naterials.§§ﬂﬁéific exa&yles.nentioned are silica gel and 20 precipitated
silica. Al .ﬁffﬁﬁed FLYRThe P8 6| FyRbhpbigersrewnsFitiey of particles
of anor phousofibbsea U0 Atiedhd Ns OPERs Pagked 88T £92G faté\@'ﬁf A
exenplified by fumed pyrogenic silicas. Another class of suitable nmaterials
ment i oned iFPERAALE, OFE HPOFREF hes ZBert hesedt Fpeehfiorgxables such

si ljicca- al UG r S EHC Silicasz] | d [ rt her nore,
siliceous nDIecﬁlgfas?gﬁggﬁf%igéN%i%ﬁi?zﬁéﬁfggggﬁg i%qgcé?éﬁﬁ%%¥ioned.
However, aPrIdgerirefsdridmas ahdousysthlhitbep8fops esd birsapasagh aph
eventual |l y [ L S : ferred su rt terial. This is,
for inst angft}@?l €%%?th gcgjrg%rftaez%%%@%%a?si%x‘ﬁlifg%r% %yexarrpl es given in
t hese ref ersdncesabitel.i @d geltlis nmetcmgstdb]l Las rmetedmler isleve 20 August
2004 3 In general., - Sl gel s contain three-di nensi.onal networ ks_ of

aggr egat,edg“sai ?Ejaaf)a#lk:#%%els ot “&%P?‘o‘? Ht n%n%ﬁlbﬁéblﬁd“%%“t% cHtly
préapared bysxca<bfging 182 anHeiest SOP MBS | 4 LB €a$ U Dot ity HPH of | ess

than 11 5 tl)#lad?(’:onbj'rni ng#t with a strong mneral acid, The acidification
causes t he FEgr et + oR FRRFENAYS 153 1Ra E¥ereappd ahikdnkast yeri zes

into parti elrfetthdn kbt emal 19id0x@en | idlagnee B diidsr Nalo sl Ianole gr oups.
At a certain pH the polyner particles aggregate,” thereby 10 formng chains
and ulti @S FEEWSESSTiggd @ swidrdekt rinorgrniemiddsanss pH and

the additi gpQfrcopgul Qfste%i%fifce(étxagf@ﬂéléqgnérﬁ%dﬁé@ @1 19%s ge1 and
characteristics such as density, strength, hardness,; suﬁTace éﬁea and pore
voRlme. Themassinitagerysiddaia . 2159 wmesHadbiedary seinddiatdloytsdsliakri ed and
activated. JThgdryi I t.S 1t I r erj.sti¢cs.' Once the
dried silita ge %a‘?"tg?g %s%qgl%%ﬁl 5?‘%&3:%%icgfs%@{)%h?’? 3By thetr

di mensi onsfédaroniated dodopect-ipackerpermnegattesatwidnth a2@ Al t hough the
silica gel (Gl re.a |l lent materi.al. to be_used as.suppor

mat eri al fgg%?ﬁlglniﬁfs:?%ng i Ir%iu%l)aé%ggggﬁ% Y a3y gﬂ’ic’li%e}'ro&]nafs&f s

i npr ovenentuniKiakslte ahatétiadisl meatdenauarin desa-camdt, 192 skaped i nto any

degi_:)red foETas%noef .azlcfls¥ra%:itloir%*aloxg.%lespa}srutcihclspi iagae—alumina, silica-
magnesia, silica-zirconia and the like. Furthermore,
siliceous molecular sieves like MCM-41, MCM-48 and M41S
are mentioned.
However, all three references discussed in the
30 prévious paragraph eventually appoint silica gel as the
preferred support material. This is, for instance,
illustrated by the fact that in all working examples
given in these references a silica gel is used as the

carrier material.



- 25 spherical, e:.g. obtained by spray-drying the gel or by spraying the gel
‘into an imiscible liquid (emul sion pol yrmerization). -Alternatively,
granul ar gel particles are used or, if being too large, are crushed into
smal l er granules. If such gel particles are packed into a bed, 30 they
consequently do not have an opti num shape to mnimse the @Aﬁ§@#5ﬁo rop
across the catalyst bed when the bed;is in operation. Esp%C|a y W th snal
gel particles the pressure drop poses a problem On the other hand, snall

catal yst particlms gegetaypusablicaageld tbatadd vAYetheiwbfgcthye diffusion
| engt h can be decreased and 4 20 August 2004, thus nore active sites can

parti ci pat e BT RHEKT @t t FEATCORELELF 1288 PRRYLFheF coificedl tebfdbnce ti nes
of the feedq;®ieets Shost grar gskdenpecki 1% bfegﬁ@&r@g'&féi%ﬁi o0 | ess
c

secondary reactions and hence_an’1nproved 5 selectivity. In pr I'ce,
therefore, AWECHEesSedieBughiirateespdubliongaio parplcod béze beamedh a high
nunbegr of agt, 14 n . AR cep 0 ross the catal yst
bed. A furtE’é’r \é%%:rrg%n% t a‘glé ﬁpgr%?g Ig%pllgzé EESI!I':‘J!‘ejl‘?rgﬁloél)'rreafc)ﬁ'?ani cal strength.
Al t hough t hecdtidhigtat bdn t hegeepathecfesmasiacoeptminesilicisigenetal |y

i nsufficientt | aw r e-use of . spent_catal yst rticles., Therefore, an

i ncreased nég%gr??@aﬁ ’st‘&’a“hg hp%ﬁﬁgarb%e%eﬁ%aﬁ%étﬁl?%dfjc% etPHeFRth
before the RONExSdICt UlEa A dRqSHk{£CR. char | Sid &5 Of gel
particles are dgt_erm' ned in the ge?}ﬁt ng a%nzg'dlﬁ% @{5&%‘2&_ ;%Iogequently,-

t he charact pr§eies i thelrpelvper particles aggreqate f dthedebwhi ch t hese
parihcl es agg I ;“H?rg [ j e, I er_he nodified.
20 I't has ngwr@gélﬁafdoryuanl [ ha &tﬁie{%r?%‘élégi ! ellor?eed%g%rg%i'c%glnlgcsabﬁ usi ng
silica gel,cparentires iam catehysta supporgt reaideritad achdi tiesrowef come by usi ng

a silica ex e as s or.t rial.. Nanely,_.an.extrudate can be nmade in
any desi redééﬁggg;ansos taﬁoafecﬁ g?%%o% i R ta@%glﬁkael &l yst particles

havi ng a sheperahitelriogtiomldwych esdichmdite prsessig]r o tdidss,at the sane
tinme maxi msing the nunber of active sites availahle. Furthermore, -

ext r.udat es ﬁ‘éﬁg?ﬁﬁ NIt Iﬁ%rvﬁéﬂﬁni@ﬁl I&TEtgY tWAFogal gt ticl es.
Firedly, theapned 3Qewl I tdura-arsh e 2GR ichiahaet aldiStiate 0l Bid i ca
extrudates can, be effectjvely steered by the extrusion procedure and

“auxi | i ari esSE¥eAIt REPSST LG AR 19e a0l shgaasitisrd sttd afodidnEe he
intrinsic prppeatses Qfiatl (‘g&@f‘ﬂ' I Il TURE] ichis
used as 35 the starti (r%g lnnrtfaqu al fagﬂrﬁréa%sg\gﬁ;ehgﬂé%tl?flga%zlsegwggﬁpﬁjgust
2004 - -5 Uss AfExgdganth theddr idiesens icamsalopst ohdy ek regiugiedy byacet at e
mononer, whi Gh,cat alyat +GQRkalAs. pal | adium gold and al kali acetate as
catal ytically "active conponents on a support of silicon dioxide,

al &lbsilicate chlhhanohi Ghes sdliide gsill peatislesedrenanhextedieat tabl ets

(see Conpargliye; Exagyl %ez_ w3 Q% %‘u%%%%%gﬁa@@gi%_ 26291483k a—on- '

silica catalysts, there is still room for improvement.

First of all, silica gel particles cannot be shaped into
any desired form. Generally, silical gel particles are

25 spherical, e.g. obtained by spray-drying the gel or by
spraying the gel into an immiscible liquid (emulsion
polymerization). Alternatively, granular gel particles
are used or, if being too large, are crushed into smaller
granules. If such gel particles'are packed into a'bed,

30 they conseguently do not have an optimum shape to
minimise the pressure drop across the catalyst bed when
the bed is in operation. Especially with small gel
particles the preésure drop poses a problem. On the other
hand, small catalyst particles are favourable as in that

35 way the effective diffusion length can be decreased and



Mul ding silica powder into tablets is a discontinuous, relatively _
conplicated preparation route. US-A-6, 008,389 di scloses oxidation catalysts
based or. 10 titaniumsilicate extrudates having a zeolite structure, to
whi ch support subsequently is applied fromO0.01 to 300 by wei ght of one or

nore noble netals selected fromthe group consisting of r ni hodi um
pal | adium osmium iridium platinu rhenium gold and sﬁgg uslf%g&{:mt rary

to the cataly f e nt_.i.nvention, :these catalys are hot_obtained
froma sili caé{suusg%ér’ll]e tag('rt\e;ﬁi‘fecﬁlécu ssecc?ﬁ]eﬁalrytlt??%ﬁ?ﬁn%%ss:iﬁerﬁe@éﬁ%%onded.
Accordi ngly, themeHy nsdswddpert irhecpiesentrdgw@ehtontinkat @F tthdfeed.

epoxi dati on tal yst conposition conmprising 20 titanium chem cally bonded
to a silica g’adﬁglorst%%ctrﬁ?irﬁs SRCENLPEE &t r’%ﬁj‘é?‘ér%lf’igi BiSca tp&Redts by
i npregnat i ng ltdis @ddditRiry Heatithiond ReWIMendd hag {hbaBkee containing

I mpregnating agent. The silica powler used can originate fromdifferent 25
silica sourc&§1eqtidoiivd, FoPPRéigRee thss sd@reed fhaknngred ssisdughtor

silicalite Sul ke JrOWRMCHerkhe1sl Lica BUMIRC %2 0 PEACHRLERLEY 5111 ca
powder or a silica gel grinded into a powder. Such grinding can be
performed by 2&kyveuisiasise 2gdi adi aAgcaphrblenpaessutdednep. atmogandtad , 30

the silica powden.Rartj.gl es wll have an average particle size of 1 to 10D
~xm al t hough Iaré’%r lEg)a(rat'i cles could al so be used. The silica powder

preferably contaRnfuathesaptroblem with gel particles is their
10 mechanical strength. Although the strength of these
| particles is acceptable, it is generally insufficient to
allow re-use of spent catalyst particles. Therefore, an
increased mechanical strength would be desirable. |
As indicated herein before the pore structure and

15 surface characteristics of the gel particles are
determined in the gelling and drying stage. Consequently,
the characteristics of a dried gel carticle, i.e. the
form in which these particles are normally commercially'
available, can no longer be modified.

20 It has now been found that the aforementioned
shortcomings of using silica gel particles as catalyst
suppoit material can be overcome by using a silica
extrudate as support material. Namely, an extrudate can
be made in any desired shape, so that it is possible to

25 use catalyst particles having a shape which optimally
reduces the pressure drop while at-the same time
maximising the number of active sites available.
Furthermore, extrudates generally have a higher
mechanical strength than gel particles. Finally, the pore

30 structure and surface characteristics of silica
extrudates can be effectively steered by the extrusion
procedure and auxiliaries used therein. Consequently, it
is possible to modify the intrinsic properties of the
commercially available silica powder, which is used as

35 the starting material for making the extrudates.




20 August 2004 99 wt% of silica. More preferably, the silica powder :
" - consists of silica. Precipitated silica powler is conposed of aggregates of
silica particles of colloidal size that have not 5 becone linked in a

massi ve gel network during the preparation, but instead have coagul at ed

into distinct solid particles. Precipitated silica is typ&@gl | ‘Pared by
HadsiePas,

precipitation froma solution wwth a high sodiumsilicate tion
under certain specific pH 10 conditions and using certain specific

coagul ants. Alternatively, precipitated silica can be prepared by addi ng
aqueous amitfiimd h§dBotidde descatifnds si ¢zt eyFR dPEORAKING Genedal ,
ultimate and aggregate particle size in precipitated sili.ca,prepare rom
an aqueous asfc?d?%Tﬁl%OQPF‘leEaté’ GRS aR- b%gi}g?ilgg B e L(‘)Ipteﬁgqm and
control of suspension RHe:LeBEPRLAle 1and sal § ycantent cHIRSEnOROcedyr es
are known in the art. Suitable precipitated siTica powders consist for at

| east 90 we%sypmdetr abfysfoican Héastidds v beandlhbreter eierabipindur20 98

w$ or nore of siljcivmdioxide. The powders preferably have a specific
surface ar é’é(l(cﬁ'T)ébfl??oﬁ?ZHéegolélO(ifeﬁ/ r<a{?1dognE \%gségsea(psaeﬁi cle size of
| to 100 Wi rphiGhs POVEEE Sa@h 8o COMERKCIDH - Fo/@3 § abl entir om-gevzgpd584ppRl i ers
| i ke Degussa and Crossfield. 25 The titanium present in the catalyst

conposi t i oMoefl ctiited | nivkht & oposderabnyEd & §rlafent 15 nat Ré SEORIGTUE S ani um

oxi de or titanium hydroxid nore suitably .t oxide. It is believed
that the tF?Zﬁ‘it&rﬁ? yb%%%gi%éegngfep\%&%rl%iﬁg%‘y%ygen atoms to

respectively ope,-A-wpo 368 053¢ hd £€c SbbbeoR AT Wi chttorsrparta ofdthe
silica network. This is, for instance, described in EP-A-345856. The anount
ol Ot it ani ubitasing &1} tcate apkUAPIRFEE BeritdlT y2 beePhifRe SEaNGe©FSfrom
0.1 to 10% by i ght, suilably y .weight+ . bas not gtaly et ght of
the 35 cat%?ygﬂg‘ re%déféja%‘f?,é%?%%%‘?ﬁie%g é'\g?ia n]ilu%@cg?r%gu%? Z%E%ggust
2004 such 8§ aesat: Of ashoxddemotrs hbblenke tnelisal s @beld oedmétraim compound

present. The catal yst conposition is suitably aobtained g i mpregnat i ng t he
ext rudat esIBPUBI IGOEE LFovided o t AU ERSDE FRanFiRTddiftai 9F h ZFlﬂ'rﬁr:g‘e;gnati ng '
agent. It . f.oun ticul ayly: advantageous, t ¢ sal cine theserextrudates
at a tenpera ﬁpgl’i %I'?'ﬁ:{eldrng'ngf? o%/lr??ﬁéh] 400 to iogJO C, preferably 450 to 8GG
QG and nor eCcprieferablty 30 taatZly S, efi bhet prigeenimpiwgpation, Eo=tdter

details of the 10 preparation proces f the catal yst conposition.af .t he
present i riahttEA R BT D scé%sasjerbe‘ieigﬁijﬁ‘ 8f tsé'rl.l%/anesﬁ’%gféek?rl‘fé]étce% of
silica powdegssehugntliiRe exddridat ess Wih éhiake 13Ctualdad bei ng i npregnat ed,

suitably have a'surface area (as determ ned by BET nethod 15 150 9277:
1995(E)) in t hacrangéneflyir dm BOF 105 L ODOPABFg EhEr EFESR Yy FRBARTE3CT 0 700

ng/ d f | 0 .50 e, .m:ned b
Tor cury | ATBESR) TPn SR By roront 2o PO R T SR PR B RREE B

20 m/g anck a0fempeibariaily 0. rided to a silica support comprising
a shaped extrudate of siiica powder by impregnating the
extrudate of silica powder with a titanium-containing
Impregnating agent.

The silica powder used can originate from different

25 silica sources. It could, for instance, be derived from
fumed silica or silicalite. Suitably, however, the silica
powder is a precipitated silica powder or a silica gel
grinded into a powder. Such grinding can be performed by
anv suitable grinding means known in the art. In general,

30 the silica powder particles will have an average particle
size of 1 to 100 um, although larger particles could zlso

be used. The silica powder preferably contains at least



20 1.5 mM/g, and.a pore dianeter as determ ned by nercury intrusion in.the
range of from3 to 40 nm preferably 4 to 30 nmand nore preferably 4 to 20 -
nm One of the advantages of using extrudates is that their shape can -
easily be varied. For instance, the shape 25 of the extrudate of

precipitated silica powder can suitably be selected from
trilobe, a quadrul obe, a ring, a maséive cylinder and a hg??ga/ﬁ%?f)?ﬁder and
the averagepartigcle_size. of the extrudate ranges fromO0.5 to 10 nm when
using a sphé& i&"éﬁy"%habgacéo e REel erfel et thet sibibe® payddn st

spher oni sedclom A Sttis t @bl gi 3ph@r.oni si ng devi ce before cal ci nati on. The way
in which the particle size is defined varies with the actual shape of the
particle, but th&FefHligated péfldoa mevdrr sisecompomed i ohsgmremmteys used.
For instancgg f5qry 5 e i sjze rnefers to the

di aneter %g E\g&ulgﬁ% %%ﬁfgﬁl%ﬁe@é%@%f%ir%%% Jf%att HESUESE di aneter of
the Ping. FBrceys dderkediinraf masstioe hps Himeeverk ofutiey ehecul ar

Cross-secti i r.and for .tri- and guadrul obes to the distance
bet ween theﬁf@g%%gr?t@%’ t}\l';/\kgESl%BpS?l é‘qvoeoe%qagﬁf?a:ta%cg B ALeitdretshapes
having a | englhdcgaporierites t hErbengthadicimesieridati® wdilcanokmal Iy be in

the range o to 5 .However, shapes other than those nentioned and sizes
out si de the‘g’féﬁage’l%a%aﬁlé%f:mﬁga}%Bnbé&i%(ﬁ SR ddddna hdphet the

present invesdiomn sallalesd cen®ERELET e Ui PN AL %gfeﬁfi‘c pH
(0}

het gr ogeneous éggal st suitable for the epoxidation of o Ins In

al ene ox7ofR ANDATENG oFPEL S e e asfagudaptext ruding silica
powder i nt e exbEydalie, hayvide: 81 43+ 8ql &gt €l LNing the
extrudate; (c¢),inpr egnate'{i nggyt he Ig'}(t r udat% v]\iq%ﬁsre}aa?\l tbaen?)tfﬁg%%ia%)gi ng

i mpr egnat i AP GHRA 2IHSPUS )aransn Hen ahddrakdide e teftdyilnpidhoatediext r udat e.
20 In step {Bdoh8e .Sk G Rovwder i ded Jnt trudate, This can be
per fornmed by c%nver)t i.onglz‘Ja extru’si1%‘))‘r§1t§r7112=§1 k%%dggéfn%gt er%%r?i%)éuggr '?186\/% Fh*the
art, such as! e¥ecdbitrdssl sinlitfa /pB6PaLBd Fypicalnl wgavcext sasian N xture

P AR S PR 5 SR BBEREY 8000 )
~dough and aseirglt bFssuspgmsintio g tehpedarurenaaddssioncéerdde, silica
pouer 2 Diile THLERLALLIY U8 e, ST RS TR IR s 1 b
silica- al upiressipi tabedhssiliicea pewds s ecoadi stheowehght e @t i 9 ofr i nder to
ot esent || nERAHADHE SPF BY oA 1S Whft aBfyReRe; BERERAROUOBS |
adaot i onal 98i ne® dRiLEEE! orHewaMET i fd¥seddel t The poPadll August 2004
preferably have a specific surface area (BET) of from 200
to BOO m2/g and an average particle size of 1 to 100 pum.
Such powders are commercially available from several
suppliers like Degussé and Crossfield.
25 The titanium present in the catalyst composition of
the invention suitably is present in the form of titanium
oxide or titanium hydroxide, more suitably titanium |
oxide. It is believed that the titanium is bonded via
one, two or three oxygen atoms to respectively one, two
30 or three silicon atoms which form part of the silica
network. This is, for instance, described in EP-~A-345856.
The amount of titanium (as metallic titanium) will
normally be in the range of from 0.1 to 10%'by weight,
suitably 1 to 5% by weight, based on total weight of the
35 catalyst. Preferably, titanium or a titanium compound,



preferred to use the binder material in a weight ratio of binder to silica
powder material of froem 10:90 to 50:50. Beside the silica powder, optional
bi nder and water the extrusion paste will normally al so conprise extrusion
5 aids to inprove the flow properties. Extrusion aids are known in the art
and may include flocculation agents,7ywhich normally are pghxghgitohesytes.
Further extrusion aids include, for instance, ammonia and a ni a-rel easi ng
conpounds | iRechn@dnkumaiydcoxisde, oxldphats cchromly0 medrboxyld /o mci ds,

pol yvi nyl pyri.dipe f Qxani sul foni um phosphoni um and i odoni um
conpounds, ﬁi‘g&}gt %aﬁgrgg?rla ipgg%(:so%rlrlp@unds, acyclic nonocarboxylic acids,
fatty acids, sulTlhaatetadyeiatdomeonpoimdsts acialaell ysubtatiaed efyher al cohol

sul fates, sulfated fats and oils, 1 hosphonic, acid salts, pol yoxyethyl ene
a1 kyl phonol STERTYBRbLORy FFe SHEFIHE LS Ao n REsSes, gith s

nonost hanol ajfi e i uipebyaxreniyiee et dot M Ne agp@l. y OxY ey leehsia

al kyl am des, pol yacryl am des, polyacryl am nes, polyols, polyvinyl

al cohol s, a®&H it §EycBOY 2 agRPWT dishited.cimsr ﬁbéﬁenﬁ?‘&rpﬁiﬁé‘reﬁayﬂtal so be

used to increasAnideaPAEESELY t8k thedd Ma! B Udat € Egapples of burnout
materials are polyet hyl ene oxi de, mnethyl cell ul ose, ethglcellulose, | at ex,

starch, nut PRedeBaklyf £60r top8oFet 1y ladise mareapyeserehe ypdlyneoi c
m cr osphere i S h r.at.i_qQn a 2.dough.fromt he
pheres b <4, pELBIAXS th %@%@gﬁg o mg;érehéb B@@'taglg. Wgh .4

solids (silica powd optiona , and extrusi on ards can
be pErf or neprspatwseonephodesknovdn tie dacadivstf compoepaibngoéxthadabl e

~doughs, suc f 30, ] cance.di,s¢l osed in ERP-A-309048... Such dough
typically h sr%zseﬁlgétzé&'igﬁgk§5pgég%nc%§. CiIJ‘tsc’lusSs dt Fﬁei’ﬂea%?ﬁal skills of
t hose skilled i THehefEmalt exoptidatee bife sdilticagpkhéad) ng.proerdure and. to

sel ect the appropriate extrysion equiprent, to select th ppropriate
anount s of §%%[rﬁzg{a[%eg§ e‘aﬁéﬁ sath 8‘%[ &iaﬁ'iéfnb&%*ﬁua’alarﬁglaagaﬁ; Fngégé'e‘!t 20
August 2004nthe td sugrateaddeng (ke dedeirtisecdngyeBE®NhStANE t 0 sel ect the
nost appropriate extrusion conditions. Typically, the extrudabl e dough wll
havkSa sol i 3§ @RAEht bPI2IEEDY by tivei ghngesoift dbby 270t bo5500BymS /gei ght .

The extrusion aids are typically used in 2n ampunt of fromO0.5 to 2D% by
wei ght , - sui Péﬁ%ﬁr?h 15568y vki Rt 708nT¢RE BBHANOLD| PERILEAPLKL 26f t he

nmixture. The r i nder_up_t )0% wei,ght .is water., After_extrusion the‘

extrudat es g?e%@ gllgtﬁ}e &k ﬁﬂégt gﬁg%ﬁl)e. (%gl gF%?ﬁ%Iﬁe?sty%?%ﬁny effected
at a tenperahtiresdforf) aim 46Ret pahBB0ofE, fpoaf 6r bty 2 ronmép®, to 800 C, nore
preferably from 500 to 700 C. cination.time nmay var ithip wide Iimts
and may ranﬁge%]re&ﬁ%f‘s“' nghgt'ﬁg %b4§T28u?§¢‘ @8??6\%%/?/%,/8{%%{“@[5 cgl EPnati on
tineow |1 be_Bemlgey lamddadpbodr diatbeceaksi AatéoRindy be peeegded by a
separate drﬁ}gg step, but _this is, naqt 'red.4¢1f applied, such drying

|

step will t HedPThel s FRet EAGE 8 té%% lrjét Pt U ho BERTErahbY e sui t abl y

up to 250 GeoTBe ped i fesr&ryregemay1¢04vapy20 AWt W Il usually up to 5
hours, nore suitably from30 mnutes to_3 hours. The drying may be
i ntegrated w t hOffe SRR RAT2REREFAAPT OWSHRY BXtiuA RS obF Hekdke, be

conpletely gdhgpensetpl than Thescal choedagxtaudate s 0bL 2i 1gd SBY¥pe
subsequently 25 be treated with water or steambefore it is inpregnated in
step? (c). Shéhthpdedtimidate caf nienechnjtated phtiemagwisworar a pore
| npregnati og,§ ke iPHe WA MR ET £¥nSQakiAG Q! 4 MBI Sl the cal cined
extrudate in vvaterlgtp;r steaj?rleng t he extrudgt efr e.g. V\/llts%g?'ow pressure steam
of gquadrulobe, a ring, a massive cylinder and a hollow -
cylinder and the average particle size of the extrudate
ranges from 0.5 to 10 mm. When using a spherically shaped
30 - extrudate, the wet extrudate is first sphercnised in a
suitable spheronising device before calcination. The way
in which the particle size is defined varies with the.
actual shape of the particle, but the size given refers

to the size definitions normally used. Foxr instance, for

35 spheres the average particle size refers to the diameter




‘30 .120-180 C. . Alternatively, the hydrolysis treatment may conprise a
“washi ng treatnment using an aqueous solution of a mineral acid, an aqueous
solution of an anmmoni um salt or a conbination thereof. Wthout w shing to
be bound by any particular theory it is believed that the hydrolysis 35
treatnment is beneficial for re-hyroxylating the silica 56 a&sﬁ%gg t 2004
surface, i.e. restoring any sil~nol sgroups on the surface o# Be<SiTica
extrudat e which may have been destroyed in the preceding cal cination step.
Sil anol groups Gheinhezare fiorparingst thortheheutidmniiametatrabi ke

i mpregnati ng ,5 a0€ i th.t iLlica suyrface so that it is
chemcal ly bongg ?%E%g?gsﬂgéggkdg%gggg%ﬁﬁi%ﬁ ﬁgﬁﬁdﬁ?@??tﬁfeagnﬁﬁﬁ is used
the conditi ofs-raulwin cirasisi-settéanmedit the eglinekoWndByoyatyi-Apaf er
soaki ng step i rnmal |y, carried,out at 10, anbient tenperature, while a
steamng ste %FE@%Q%E§¥§Seté? gﬁQ%BPSEeéEtW§e§uFi | yAREPREBdCEU Wa

t enpebat ur es opipats itgpiledkky [ﬁngasér@51égEERElESQHaﬁﬁ%iHQb§§%eQ1 the

hydr ol ysi s n§§ al.so involve a washing treatment using an aqueous sol ution
of a m neral TTB9AG §OmRI ERbeobiBesbERE T BAdORIER camEm T Aen ¥BLl Dormally

conbi nati on bhesaotheSetuhabl ermingpay acids in this connection include
hydrochl oric acid, sul phuric acid, phosphoric acid and the [ike.
Particul arly preferPE8TwashzPRS | PEieTisthae blyoseumesdigiahsand sizes

hydrochl ori co80s29Ld+ QL §Hﬁ§@“{ﬁ 1 8ci gy ﬁ%?ﬁé%ggfggngﬁ%i&yids whi ch can be

used i nclude aqueous sol utidns of an ammo ammoni um sal ts
al sot@ ncl ude t et Fanet Agtordmspent stid sor Exanp| Bavehtiitit akd e BeEORLUM

~salts, then,i e i etramethyl a ni um hydr oxi de,_nitrate,
25 acet at e, %#??é%g,fgarggégg%gg%iﬁ%ﬁ?%éo nd %%F%ﬁagéﬂ U e 1 ¥fFoni um
acetate is pamitablarfyrptied espextiddinneendt abi@npsnef e ENgfeénaci ds or

ammoni um sal ts. ibn_water are not particularly critical and will normally
range from 0‘5%31%/??’0 %%C%@%Q??gbﬁﬁgmgﬂ-%?s tHe h$EEBEY 9% t r eat nent

i nvol ves wasbta hgexi tind ndri ielridda giwille30 Ui O nel OF 1@k tAMRR WY SRl t

sol ytd on, an opti anal %gditioqal washing step may be applied: washing with
wat er, pref.erabI@e THe i§QQHq'ed, demi neral i sed or deionised water. |f
applied, thi&maiflcining the extrudate;

{c) impregnating the extrudate with a titanium-containing
impregnating agent; and
(d) drying and calcining the impregnated extrudate.

20 _ In step (a) the silica powder is extruded into an
extrudate. This can be performed by conventional
extrusion methods and techniques known in the art, such
as e.g. disclosed in EP-A-309048. Typically an extrusion
mixture is prepared from the solids {silica powder and

25 optionally binder), water and extrusion aids by mixing
and kneading the ingredients into a shapable dough and
passing this dough into the extruder.

In addition to the silica powder a binder material
may be used. Suitable binder materials include indrganic

30 oxides like silica, magnesia, titania, alumina, zirconia
and silica-alumina, of which silica is preferred. The
weight ratio of binder to silica powder material may vary
from 0:100 to 80:10. For the purpose of the present
invention the silica powder is suitably extruded without

35 additional binder material. However, if used, it is



20 August 2004 12 wash step may be repeated one or nore tines. Suitably,
the -water wash step may be carried out one to six times. The optional ,
hydrol ysis step may be followed by a drying step. Drying nay take place in
conventional ways 5 known in the art and for the purpose of the present
invention it was found particularly_suitable to performt i jnoan
oxygen-contai ni ng at nosphere, suita%ly air, at a_tenperat%@éﬂé¥h?@8%17o to
400 C, nore spbtabkyaftomddDio 30046, Abternati vel Yo Jdegidf Vidg; Jayst ake
I D place in an atnosphere other than air, e.g. in a nitrogen atnosphere.
Drying tinme WRfehoreesilicr prydrematerialt e frems IHE te S&tED. (c)
the cal ci ned andg9pi 4o Vs 4 RVSYTIR aq%% ] - r te is d egnat ed
with a titaniuml5 cont gﬁé nsglwfrrgpa?e%nat |]§1'g g%%ﬁgahisﬁé#%aﬁ%e%s‘faﬁ he

i npr egnat ed the adysrusionrpaet e thlwdmezl 1 Fheldoyicogpni st egxi{xl)simy be
carrigd out j same way .as described above in_relati.on to drying of a
hydr ol ysed eé?dr‘%(r:}g?ej.‘m%cf% ntg}e? oﬁ?% Ry 1) SPs Eﬁﬁ%ﬂ{‘bc’llfrbear]fcgsr at a 20
t enper at ur e ko abn 4fHe tar 1 GHH Grapriafeledd v 20010 280QrCaRari 4,

cal cination tiqﬁan%?vqu Wi t hin brq@d limts and_the sanme ranges apply as
i ndi cated heFs o i AR IF et P Bn FRAEPSF SR fdate in
step (b). 2%ie ingnewatidy 30atndisetidbbi £Pahe) albrig Sidihelsiad i quid
or a vapour. If a liquid inpregnating agent is used, an additional drying
step may be FIRRIRRIF PetifeaTordpd hydrntdiqen 2biPBAbYE MRESsOl vent used
In tie | npreghaidng S0ladidy). JoRies Yy-StHidb! eahhauld £3Q JRegnati ng
agents are known i'n the art and i"ncl ude "sol utions of titaniumtetrahalide,
such as tit &WldAniem achlosobeaiom Eindadiadanietn atbuppidds i aldkylategshi c

solvent, su I Al bﬁ}gagg) i o] (e.._gQ.
t ol uene), al%tc}oho t?'é((?&%.og?rrlgtsﬁar?o , e %ﬁ%ﬁg¥§ggﬁe§§iﬁ& hgraqé:yarrpl es
i ncl ude or gavigs, 2hlAegadted?@d4ombdict idcapicumaspébeebodushlistes,

tetra(isopraopyl).  ti.tanate. tetra_(n-bytyl) fitanate, .tetrakis

(trimethyi s%%‘)e)rt iatlé%g‘t%é SH&% itﬁgdetsgggéttﬁcg c#'_’( %o?)?%pw Stitanate, the

| at tl&r bei ngphic@phamicared ddeadrtishe@olyokRoAhhtl 228 568ky bpWéhollgpr egnat i on
met hods are _al.so wel.l known leLn iﬁhg are.and i.n principle _any suitable wet

i npr egnat i o LR STTY BeCqsedS . &%ﬁn@ BTRh'Felhni ques are

di scl osed i moEBeth33215A1neFP- Aol34%§éth IerQS/ H0RYPamnbedS- 6, 011,162, 'In a
preferred enbodi nent howeveik i ggseous 1Q titanj um contai ning

i npr egnat | ng CAYEKYStEYLERE. aAkYA8EHHESy | PRHYRRTELIBRHAEF dePRAYIFHYL
particul ar gaseelss polgaldm Heliashkor kdeonentd onaddyyisneengupebiagn with
an inert carrier gas |ike nltro%en or argon, is very useful in"this
respéct . A RPEhEF2RIiLG - gBYEBaETt MekAT dmifemay wElehikr i @sedstpnpregnati ng
agent, . fol jegwed Ry ¢akcCi ' diealy $i; n [ I | j i's
described in EP-A- 3458%6?8'?'%29% ggeqs:ggi gl\%lea?'y%s%% e f%?:rx%f[rr e%tpéu?%ose of
t he present boppent satentadrdrrgl polypthplesentoxidentnebhylso relates to a
20 process LaiiLhg0renanatonplogehel shagenequs opl Alyst (fopgshLi on for
t he epoxidation of ofefins I'nto al yl enie oxi’ des, I'’ch procéss conprises in
addi tion tofdveps ealyvedbhydneeari engdolietbienpeflyrerie)mbydosplskag t he
cal gighed m%grh&lcrggta%ged fromstep 25 (d), and :

The preparation of a shapable dough from the solids

{silica powder and optionally binder), water and
extrusion aids can be performed by those methods known in
the art for preparing extrudable doughs, such as for

30 instance disclosed in EP-A-302048. Such dough typically
has a paste~like appearance. It is within the normal
skills of those skilled in the art to optimise the
mixing/kneading procedure and to select the appropriate
extrusion equipment, to select the appropriate amounts of

_35 the ingredients to obtain an extrudable dough, to select



- (f) optionally silylating the product: fromstep (e). Further details
‘regardi ng steps .(c) through (f) for gas phase inpregnation can be found in"
EP- A- 345856, which is incorporated herein by reference. For instance, gas
phase 30 inpregnation may be carried out using an inert carrier gas at
tenperatures which suitably are higher than 130 C, nore s I ween
150 and 250 C 20 AugusY2004 - 13a0 Hydrolysis step (e)%gg%%zggjfri ed
out by ways_known in the art and exanples of suitable hydrolysis treatnments
are descri bEdehdrEinyeiof eaffing &iovanioyer bhgzedgerhe and4@0 August

O, ot udgbe B! S LfiPst DipBROLA e (O OEEDLLR) cohBIEKSs Whon Bf Cam i s

applied tenperature conditions typi are sonmewhat nore Severe than in
t he opti onaFYBafFRildy hylr®l 93t sudedd ehatovern wikbshéhe ansb)ids '

Accordingly rola/sis_ e) l.s,suitably .effected w steamat a

t enper at ur ec?ﬁttg%‘g ?)aﬁ/nzéso?é?%% %’ﬁ&%h§'4osgl@a%i¥yﬁt?%\rﬁgi%}&a’ (f) can be
carriPed outwbyghays Theovextrshenastids errd nstrpineel by €oad aat iaxg t he
product of asteﬁn%eéfwifth a @u%tgblﬁ silylating agent at a 10 tenperature
bet ween 100*HRG"300*C* St &bP e8i KPvati¥ng’ 5 FhEFIREY of féndsi® Bes

li ke tetra-sabghtt ubed Sid apesa Wi 5B1CHCEIMABC B HYEhS UDSHIIENTSe A Very
sui tabl e Si:'ﬁ%rlpat i ggga ent. i s_hexanet hyl di sil azane. Exanples of suitable

silylating AOBEEIN IR Y1 K P hgbys Wedelts i &vate%- i nstance, described in

US- A- 3, 829, 392. ARHle ¥SeditI33 843 MALCRALe J=8f8r rad t@alhﬁn T Anb, 011, 162,
and,in EP-A-734764. It is well known in the art to produce alll?yl ene oxi des,
suchPas propygRNEPbxi §8lFhnatpbxn dasi sypdtcailey EEfsmtresbpdndi ng ol ef i n

usi ng an actd¥e.PX¥HeR e S 0o | onggni ¢
hydr oper oxi deny‘fl% the sour cghgc?n oilggeﬁg E)g(réoi n@a%%%ﬁ%&%of%% I%%gwn

met hod for frRMAQCtGri MeTe aeEarabiydérion BI0E do FOdFELi on of propyl ene

oxi de and [ene ti fr et hyl benzene. 25 In_.general .,such process
i nvol ves tﬁ;teé/lst ep%é%éh( it)q'gnreeal%o%} n‘éQ}é{%’hV %glﬁ?er‘fé'c\ﬁ ?ﬁ%ﬁ%?g@ﬁ‘dopagi r to form
et hyl benzenmrgeiripemotiSdeniniitids react Bnjoults . etshitldaénaenenbydr oper oxi de

Vi ST pr opye A0 DR R GE i M- ohdRy! DEEHERGI L 47 (1 MOPrdengafating t he
1-phenyl etdsmoinaini onsingrene yntdgededUbiall 8egahrdcatirgingakabyst .
Anot her nethaqd for_ producing propyl ene_oxide_ is the co-production of
_propyl ene qﬂé-'haﬂrﬁl hit Rt g‘&‘-‘m‘%’b%?‘gr 35 gpRétedmrBErhsfaviragsteBm
i sobutane aAd prope€alll be effected at a temperature up to 300 °C,
| more suitably up to 250 °C. The period for drying may
- 20 vary, but will usually up to 5 hours, more suitably from
30 minutes to 3 hours. The drying may be integrated with
the subsequent calcination or, as indicated before, be |
completely dispensed with. |
The calcined extrudate thus obtained may subsequently
25 be treated with water or steam before it is impregnated
in step (c}. Such hydrolysis treatment may, for instance,
involve a pore impregnation treatment with water by
soaking or immersing the calcined extrudate in water or
steaming the extrudate, e.g. with low pressure steam of
30 120-180 °cC. Alternatively; the hydrolysis treatment may
comprise a washing treatment using an agueous solution of
a mineral acid, an aqueous solution of an ammonium salt
or a combination thereof. Without wishing to be bound by
any particular theory it is believed that the hydrolysis

35 treatment is beneficial for re-hyroxylating the silica



20 August 2004 15 process is well known in the art and involves simlar ‘
reaction steps as the styrene/ propyl ene oxide production process described
in the previous paragraph. In the epoxidation step tert-butyl hydroperoxide
is reacted with 5 propene form ng propyl ene oxide and tert-butanol.
Tertbutanol is subsequently etherified into MIBE. The het

catal yst conposition of the first adpect of the present ig@gﬁgggﬁmgﬁd as

obt ai nabl e Ry,;tAe- process fi;n : t of the present invention is
10 very suitable aeg’ a%'%bo%e at %olzjegggiqgf ﬁﬁ%%?fpgﬁ%?gnﬂ’&ﬁjee éd’lﬁfadéﬁi on
of . al kenes Pit ¢hichestbirespardiutztal kytiette ny deavécisessli g ttoad af hird
aspect the S Lhyention.relates to.a process for the preparation of an
al kyl ene ox%‘% g’;}}?%%% ?%ggg%c&n&qlr?nl§ﬁ§'h %R:?fv%r eftadlfddires in
the presenceref ifipohtset ofercalts cdtanisim-afortei fin$timsReeatahd he

present invention. Suitably, 't&% ctive ,oxygen species is an organic
hydrgperoxi agend &P LRkt v It%ﬁyc‘?ﬂ-gﬁé’taoﬁ%f%ﬁj 1 BAedtedis

hydr oper oxi daemtike:1 8§ tI85nB8HNEHEQeRef erred for the purpose of the present
invention. It was surprisingly found that the heterogeneous catal yst of the

present inventi8f IR® PR A CExBERreAt spsofyleart@enti de sekdctheity,
i.e. the nokgnRSKGHHAAE- %hP&Hp%\f}Egt RAL S $heG nzﬁgsr c%%ﬂi%%oogqﬁgg‘él ene 25

t
oxi de, and/or excellent activity n conpar e a heterog ¢ catal yst
based on a $#f¥ecafgelatean rseakifpestepditi oosmaider osrizdkdt betepoxi dation

reagpion is ed se entiignal .y applied.i ropene

epoxi dat i ona@g%%??ons iﬁ%}%‘%}ggf b‘é’ﬁ;g%e%ﬁ%ﬁfﬂﬁ;ﬁge g:f'ipdé:t %Bchﬁagﬁacti on
condi ti ons ¢fctbde premEersatis esubtablyt cat4feqd outti taablkympbrieutds C, and
pressures t 0 har with the reaction nediumbeing in the Iiquid phase.
20 August E@bﬁglgl’?ﬁ&%%rﬁ?fbﬁei r@ﬂr?‘ﬁ@rtpl L48t rated by the fol | ow ng
exanpl es Wi t hous sl i BidicRG dde sgo : khyept i t articul ar
enbodi nment s. In'?he e>%arrp| es the Pgif(?%e\ni?gllhnféggd:ag%?sgg{rrgf‘z%e . 5 HP321 .
particul at ¥aFhiRg peRadmendt Gioind i ah daSnPERKATOS0tlopacfi suhatersl|ica

povider ex DRguU$SaahSLEERMAL ISoPul{ 3UEIRT ) ammonium salt or a

: combination thereof. Suitable mineral acids in this
connection include hydrochloric.acid, sulphuric acid,
phosphoric acid and the like. Particularly preferred
washing liquids are aqueous solutions of'hydrochloric

20 acid or sulphuric acid. Other washing liquids which can
be used include aqueous solutions of an ammonium salt.
Such ammonium salts also include tetramethyl ammonium
salts. Examples of éuitable ammonium salts, then, include
ammonium or tetramethyl ammonium hydroxide, nitrate,

25 acetate, citrate, carbonate, chloride and sulphate. Of
these, ammonium acetate is particularly preferred.
Concentrations of the mineral acids or ammonium salts in
water are not particularly critical and will normally

.~ range from 0.01M to 5M. | .

30 Particularly if the hydrolysis treatment involves
washing with a mineral acid solution and/or an ammonium
salt solution, an optional additional washing step may be
applied: washing with water, preferably with distilled,

demineralised or deionised water. If applied, this water



MEOQA . nono-ethanol am ne 10 SUPERFLOC N100-. floccul ati on agent (SUPERFLOC

is-a trademark) NALCO 7879 . flocculation agent (NALCO is a trademark) PVA
- . polyvinylal cohol 15 Exanple 7. ' In this exanple silica extrudates are
prepared and these extrudates are subsequently used to prepare catal yst

particles. The ingredients used in their respective anoun rg.
SI PERNAT 50 (g) 2867 NALCO 7879 (g) ;400 MEQA (g) 125 Wat e?éf%)?u%ggé?

Addi ti onal Water (g) 250 25 All silica powder was charged into a

m xer/ mul | er vasdt tsheprimandgeandpertadi pgewas Floartd admeAf 1 eduirabpyte a

sol ution of j r.,was added. After 35, 50 and 60 m nutes.

respecti vel yw% SWISIr}ae\rrIJ\%%e?& Gr&rs AN dPPs CEFARE Do PUd @RS difal Skt Bimaere
added. After 90 Mheubetithel3Gyleseuhat EQ@paﬁﬁgt BRAEED 1R/ dded.
After 95 mnytes_the m xing and kneadi ng stopped. The resulting plastic

pi eces were SUBSBJUELER, LEMifdelay takeapdase 2p0fomvenisiarnl ookypl ace in

a 2.25 inch Beswat iexthedartPaavi ded %éhpafgbse' atee ol g;éeé’érpﬁe“)”i | obe.

The screw speed in the extruder was 20 rpm (totations per mnu . The
extrudates thO¥e8htarndd Wese fgenddpasticuhanly Suitable €amesidsequent!y

the tenperatgkg MWRS;ihHal $8d 410 . [i f hours, .at i ch
tenperature the ex? %ﬁgat% gsa\%jveﬁJ 89%%§:n€é§%%gn$§? ggﬁ@&pg}arﬁﬂ e?'rulg-tﬁ}?\,\f)ﬁg t he
extrudate stzingsaweretbmpkeatand sfefesnresutsdi agoi pct rabobes uditlibhia,

di anet er ofvé#B m&and a Iengésh/di ameter 10 ratio of about 3. The

ext rudat es mshbleBedt Py Goddde nne tigtediy of drhel dmwdngfhéyetedeand dried
for 12 hours 420 & a4h ies.,of the extrudates are listed in Table
1. 75 grans O atﬁelex?rugglpéggﬁm%%% 1%)Iélealédtt}ll'-’ln ocn quarfz &8 5 BTt ube
and heated tarmespiBnadePraingtriogenwil bwmafmdBl Nibb. bdareext r udat es, wer e

kept at 260 f u reafter the extrudates were cooled to 195 C
and . 15 gralrc%; Ig%%%%%% %Il??a%ﬁﬁﬁlfsétrachl oride (Tidq) was passed through

the bed of extr ubiatelsepvee) atlperdaidiafed Gintd dﬂﬁt’éﬁly\?iﬁﬁdgomi\é@r&gen flow
.. After termnation of the TiUq

of. 5 Nl/h S i, nt ai.ped_as | |

distillati oﬁ&’b‘?ﬁdﬁ?? g%’ﬁgﬁ}é‘ivaeﬁ%&%mpﬁ%@%ﬁw AP Bitanfgnrs at 195 C.
andlat a rateorfafnMdg hindPeghdBiey SiWHiC% Was dhen heptegsd n a
nitrogen atnosphere to 600 C (at a 25 ~ rate of 50 C/h)" and calcined for 6
hours at 6. GFFEeFHA; e @Rty i dndadmnd galginred waBhe odredngo 1305 C,

while the nistegery iy e daigriaas el Anl All/dund el i cagLuas sadded to
the nitrogen circul ating over the catal yst. Steamtreatnment was fhuS
carri ed outaﬁfﬁﬁﬂ%ﬂrﬁf atlpn to drying of a hydrolysed extrudate.

Calcination in step (d) is suitably performed at a

20 temperature of from 400 to 1000 °C, preferably 500 to
800 °C. Again, calcination time may vary wifhin broad
limits and the same ranges apply as indicated
hereinbefore in respect of calcination time of the
extrudate in step (b).

25. The impregnating agent used in step ({c) ﬁay be either
a ligquid or a vapour. If a liguid impregnating agent is
used, an additional drying step may be included between
steps (c) and (d) to remove the solvent used in the
impregnating solution. Examples of suitable liguid

30 impregnating agents are known in the art and include
solutions of titanium tetrahélide, such as titanium
tetrachloride or titanium tetrafluoride, in an organic
solvent, such as alkanes {e.g. hexane)}, aromatic
compounds {e.g. toluene}, alcohols (e.g. methanol,

35 ethanol) or ethers. Other examples include organic



30 steam over the catalyst bed at ‘a rate of 4 g/h for two hours at 325 C
‘The reactor was subsequently cooled to 20D Cin a streamof -dry nitrogen.
Hexamet hyl di si |l azane was then passed over the catalyst bed at a rate of 18
g/h for two hours using dry nitrogen as a carrier gas (at a 35 rate of 5
Nl /h). An exothermof 30 C was observed, 20 August 2004 Bﬁli" u ti%b@hcati ng
a reaction of hexanethyl disilazane wi th hydroxyl groups i% Ehad al'yst.
Excess of hexanet hyl di sil azane was —styrj pped with nitrogen (75 N1/ h). The
catal yst particles thus obtained are further r ef erreﬁ)[to.as Cat al yst 1.

9
Exanpl e 2 Exdrft e WaSPrEp&at &t Txcept “Ehaf le?@%ﬁ% rEHE?E% passed
into a spherom S?ﬁ—&ﬁ%giﬁ% iz L oughra; 058 (@Iﬂija/éﬁwﬁ% ydieplate. In

t he spheroni ser sphere aving a dianeter of nmwere forned. These
spher es werie midrsequent Hy (drieeda ol ¢l néd [ 1 sapregndtled: i dhagasedirss Ti C q,
hydrol ysed and sily|l ated as described in Exanple 1 t Exanpl e 3
15 The i ngrddisontE {REd PR ﬂﬁéitranr‘?e“spfé%%?%bgﬁoaﬁt éﬁ%ﬁi;g?égﬁﬁe silica
exd r udat egrerie: o HR321: (g), 169 NALCQ 78791 £8) w51 SURERRKOC N1OQe( gk ed. 5 20
QA (9) epv,&?npSJ?ﬁ&tvvgtger 3) 61 Water (Q) 356 All silica poa/der “was
charged i aha! dmipeerdanil er aagd sthie: ab k¢ nge Bndmpreadiaigi avast sthntigaie Aft er

3 m nutes 25 SUPERFLOC S agged %Pd after 13 mnutes. a ﬁgiution f .VEOA
and PVA i AWt Wﬁs’fla YPAPSe 4(?%‘71&‘?%% of X g “artd kne8dfhg *the
powdery k) _ghanged; 4Nt oz A Ai% 3@9R% Stid\d ®f sphast kadpigres, @and, teot hese

pl astic pieces NALCO was added. After 44 m nutes an extrudable m xture 30
was di schargedn a preferred embodiment, however, a gaseous
10 titanium-containing impregnating agent is used. A gaseous
titanium tetrahalide and in particular gasecus titanium
tetrachloride, bptionally in conjunction with an inert
" carrier gas like nitregen or argon, is very useful in
this respect. A method using gaseous_titanium tetra-

15 chloride as'impregnéting agent,.folewed by caléination,
hydrolysis and opticonally silyation is described in
EP-A-345856. This process is very suitable for the
purpose of the present invention.

Accordiﬁgly, the present invention also relates to a
20 process for the preparation of a heterogeneous catalyst
composition for the epoxidation of olefins into alkylene
oxides, which process comprises in addition to steps (a)
to {(d) mentioned hereinbeforé:
{(e) hydrolysing the calcined material obtained from step

25 (d}, and
(f) opticnally silylating the product from step (e).
Further details regarding stepé {c) through (f) for gas
phase impregnation can be found in EP-A-345856, which is
incorporated herein by reference. For instance, gas phase

30 impregnation may be carried out using an inert carrier
gas at temperatures which suitably are higher than

130 °C, more suitably between 150 and 250 °C.



Extrusi on took place in a 1 inch Bonnot extruder provided with a dieplate
-of .a 0.8 mmtrilobe. The screw speed in the extruder was 30 rpm- The
extrudates thus obtained were dried for 2 hours 35 at 120 C and
subsequently the tenperature was raised to 19 20 August 2004 550 C over a
period of 2 hours, at which tenperature the extrudates we i hped for
2 hours. After cooling the extrudate strings were broken §ﬁ§@§P§$§QH
resulting intrilobes with a dianmeter_of 0.8 mmand a | ength/dianeter 5
rati o of about 3. The extrudates mEré3§uﬁsequently soaked in water for 1
hour, filter EdH?Bgoqyisﬁg fsQrerplq dour sy atel 28 reicthef aperibes ahduhe
extrudates are listed in Table 1. The extrudates thus obtai ned were

i mpr egnat etnwehh 20tgascogxaTizGlag dydeolysedeandyidlyaiddtasadasertished in
Example | resulting.in titani.ason-silica catalys rt.i.cl al yst_ 3).
Tabl e 1 Ex??%dg?écgrlbﬁgr PES 1BGT° 1§aﬁ%ﬁ8t§€xtna%aﬁ ehigﬁ;ffg%-& %?étge%‘%e
Strength* (N cm 555871BET surface** (nR/g)245231364Hg surface area

(nR/ g) 263257411Pore vol ume*** (m/g)1.271.211.06 " HI'1'M1J-41 / y ** BET
met hod | SO 9277: 1995(E) *** nercury intrusion Exanple 4 Catal yst 1,

Catal yst 2 and Catalyst 3 were used as 15 catal yst in epoxidation
experinments to convert ethyl benzene hydroperoxide with propene i.nto

propyl ene oxi de and 1-phenyl ethanol. The epoxidati on experinents were
carried out in a continuous epoxidation bench scale unit containing tw 20
vessel s on automatic. wei ght bal ances contai ning respectively the EBHP and
al kene feed streans, two high pressure punps, a fixed bed reactor, a third
punp for. 20 20 August 2004 punping a recycle streamover the reactor,
means to nmaintain the reactor continuously at tenperatures between 60 and
120 C, a stripper to renove light boiling conponents |ike propene, a cooler
and a vessel for :



5 receiving the.product. The feeds were supplied to the reactor.via the two
~ high pressure punps and ni xed toget her before entering the reactor. The -
reactor was operated liquid full at 40 bara pressure. A large recycle

stream was mai ntai ned 10 over the reactor to have isothermal operation of

the reactor bed and to ensure that the catalyst to be rea%iA 1§
contacted with epoxidation reactioniproduct. The feed of propéne and a 35
wt$ EBHP solution in ethyl benzene was m xed with the recycle stream prior

to 25 int rpd@%ﬁ@mdaih@oaim rsdagt ofh) Anccbrm?sjsxt ima&t@pal(ytlgi.lsélﬂ@‘wf&&,
reaction mx r t nmeans .o uper Critica LUl

Chr onat ogr apmﬂﬁge?%ﬁh# %%pﬁgﬁé;éewggﬂ%ﬁ%qqg%o%r EYRACRdihed: 20
t hroughput EBHR sodmgiwloat .mi@. greans/eh@lant RrOUghDWpHr OR8N eq 8 &4 ans/ hour
recycl e flowh: .5 Kk /hoqir. Th activité of the catalyst_is expressed as
"K85" indi cat |Yncgtcfi']ﬂéé5r%asc SPoRSEFESTC ShsPant (Bin agh 63) 1 | Rererdsnsdy kg of

catal gst per hyelmIpesi haied a2/ Glegsuekath)) HemBldF66 ah §§e§ma%]sé”%<”9 .
that first order reaction kinetics apply in EBHP and in propene. The K85 is
det er mi ned adFRETAHH KR dher raogeholr Srom dPér & APA°®O C. 30 The

selectivity of t tal.yst _Ls.calculated as_the mean selectivity to
propene over a pgfﬁlﬁf}-a%f‘%oBlC%Bu?S?aPaﬁoge CPhe1res Qs LY eWaNEi KBCa® in .
TCatal yst 2Catalyer 36  (koal (ko oml orbysis 000 0o Soa oy ar pors!
alys alys g * ex . . .9Sel ectivity :
(Wt 0) 95. 095. 5%?}% (&3 myarRt Pvﬁugghggesifgéﬁ'bp@ RIRRE Pdpenrit ed except tha
the 281 rusi OBepgllrawaengbrhashi edookla 506! aad sibe GHRES it 3 Hayger ci al
abe.” The

silicagel (G7 ex Grace) was |oaded into the quartz reactor
resul ting caRakpss wasludedonganpsthaxésialiba tatabysubkaccoretiadg to t he

S i R T R LA
suitable silylating agent is hexamethyldisilazane.
Examples of suitable silylating methods and silylating

'_15 : agents are, for instance, described i_n US-A-3,829,392 and
.US8-3,923,843 which are referred to inr Us-2-6,011,162, and
in EP-A-734764. | - '

It is well known in the art to produce alkylene
oxides, such as propylene oxide, by epoxidation of the

20 corresponding olefin using a_n' active oxygen species such
as hydrogen peroxide or an organic hydroperoxide as the
source of 6xygen. For instance, a 'commonly known method
for manufacturing propylene oxide is the co-preduction of
propylene oxide and styrene sta.fting from ethylbenzene.

25 In general such process involves the stéps of
(1) reacting ethylbenzene with oxygen or air 'to' form
ethylbenzene hydroperoxide, (ii) reacting the ethyl-
benzene hydroperozgide thus cobtained with propene in the
presence of an epoxidation catalyst to yield propylene

30 oxide and l-phenyl ethanol, and (iii) dehydrating the
l-phenyl ethanol inteo styrene uéing a suitable
dehydration catalyst. |

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

35 ether (MTBE} starting from isobutane and pﬁopene. This




CLAIMS 1. Process for the preparation of an al kyl ene oxi de by reacting an
ol.efin with an organi c hydroperoxi de in the presence of a heterogeneous .
catal yst composition conprising titaniumchem cally bonded to a shaped 5
extrudate of silica powder which catal yst conposition is obtained by a

process conprising the steps of: (a) extruding silica po J
extrudate having a sel ected shape; {¢) calcining the extr%gé#g%h%gg?c)

i npregnating the extrudate with a titani um containing inpregnating agent;
and (d) dryi pgogedscalscwalhgkhbeni ijr egeaked exld Udsd&lves BLRCEsS
according to %Ia%i m_1 iE whi ch 1L.Ee egtrudate has a surface area in the range
of from 100 £6°T606PnEFGPS 1852 B6r BCYBFRREPFAPYHE I AMIEL@® PFOgigtiono 2.5

n/g and an average peserdhaseigrtRs ﬁ?é@iﬂh@eﬂa%g{ﬂpﬁ{{r yxﬁn{iﬁgSi on in the
range of from3 ta 40 nm 3. Process according to clarm1 or 'n which the
shape of the®BREIUBELBROFEEP| PRI POVt he¥dsePescsd da drs ar@ctetievitha
trilobe, a qpagdpuhebeorsikd 89S ¥e: G¥! Lpde _bqﬂﬁ%l, w gyljnder and
t he average Ear%icle,siz% %pﬂ%%%yextru a%%gr%ﬁgegegﬁgn1 ; %%'1@;5#1 4,
Process as cPaFaReli #s asbrauentky o tiseniBiedhéndion MIREr step (b) and

prior to step ( | ned. e_is _hydral yse . Process as
claimed in any g?\%églﬁeﬁ%}aﬁs 1-% ﬁ%%%?%t%%ﬁ?f%&ﬁﬁ & té?‘?li%bmt
i pregnat i nga3igeet ¢ the ippaskitmiegnatioy agenhs ob2AAAHUGUSy 2AD4 6.

Process as 9’ o one of.clains 1-4, wherein the

titani umco a(lst%g%g cipfrrpr Syt Y RS £8P BESSPRbr dgiiRn HePmgbht . 7.
Prock®s as creryeshitaliiy anernfepddidm o, cabhths? BoICess Iy d ses the

addi ti onal steps of:. ., hydrol ysing the calcined material. obtained from
step (d), an?%f%%’b%é%ﬁﬂ‘flf ‘ialqueé’t‘?%gmc% thedeerresppnstiag (e).

/ @?/ALE/S %gﬁb%nﬁp/ﬁlﬁé\h A N O NN TR REPRCTo/38 N b/ e na/ o
'/NHIKLCNV%DQfesent inventlion relates to a process for the
preparation of an alkylene oxide by reacting an olefin
15 " with an active oxygen species in the_preéence of the
'heterogeneous catalyst of the first aspect of the present
invention. Suitably, the active oxXygen species is an
organic hydroperoxide, such as tert-butyl hydroperoxide
and ethylbenzene hydroperoxide, the latter being
20 preferred for the purpose of the present invention.

It was surprisingly found that the heterogeneous
catalyst of the present invention resulted in an
excellent propylene oxide selectivity, i.e. the mole
percentage of propene that is converted into propylene

25 oxide, and/or excellent activity when compared to a
heterogeneous catalyst based on a silica gel carrier.

The conditions under which the epoxidation reaction
is carried out are those conventionally applied in
propene epoxidation reactions with ethylbenzene

30 hydroperoxide. Typical reaction conditions include
temperatures of 50 to 140 °C, suitably 75 to 125 °C, and
pressures up to 80 bar with the reaction medium being in

the liquid phase.
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respectlve amounts were:

20 SIPERNAT 50 (g) 2867
| NALCO 7879 (g) 100
MEOR (g) 125
Water (g) - 55350

Additional Water (g) 250 _

25 All silica powder was charged into a mixer/muller and
the mixing and kneading was started. After 1 minute a
solution of MEOA in water was added. After 35, 50 and
60 minﬁtes respectively 125 grams, 50 grams and 75 grams
of additional water were added. After 50 minutes the

30 flocculation agent NALCO 7872 was added. After 95 minutes

o the mixing and kneading stopped. The resulting plastlc

pieces were subsequently extruded.
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trilobes with a diameter of 1.3 mm and a length/diameter
ratio of about 3.

The extrudates were subsegquently soazked in water for
1 hour, filtered and dried for 2 hours at 120 °C. The

'properties of the extrudates are listed in Table 1.

75 grams of the extrudates were loaded into a quartz <—

reactor tube and heated to 260 °C under a nitrogen flow
of 73 Nl/h. The extrudates were kept at 260 °C for 2 °
hours. Hereafter the extrudates were cooled to 195 °C and

15 grams gaseous titanium tetrachloride (TiCly) was

passed through the bed of extrudates over a period of
70 minutes while a nitrogen flow of 5 Nl/h was maintained

as well. After termination of the TiCly distillation, dry

nitrogen was led over the silica bed for 2 hours at

195 °C and at a rate of 5 Nl/h. The impregnated silica
was then heated in a nitrogen atmosphere to 600 °C (at a
rate of 50 °C/h) and calcined for 6 hours at 600 °C. The
calcined silica/titania catalyst was cooled to 325 °C,
while the nitrogen flow was. increased to 10 Ni/h. Then
steam was added to the nitrogen circulating over the
catalyst. Steam treatment was thus carried out by passing
steam over the catalyst bed at a rate of 4 g/h for two
hours at 325 °C. The reactor was subseguently cooled to
200 °C in a stream of dry nitrogen. Hexamethyldisilazane
was thén passed over the catalyst bed at a rate of 18 g/h
for two hours using dry nitrogen as a carrier gas (at a
rate of 5 N1l/h). An exotherm of 30 °C was observed,



Z 10098 ()-VIOW®R& ()- 10 10 S
- 1094 0%&: 8 S5 x940%°202& () - SSINKK* LaLLL} "<~_=0! |\ CBYL0%&! ()-310%)&-()-_! 10%
b& ()-woA0% & () -y ! GSWILOYN&! () -y ! GnPAOUTOR: () -y LMNNOOCPWX9~_=0! 13-

T00& ()-zy/ ) 1009% ()-1] C p#L0%AR () - 1 GC* pHI0YE () -

| XCBYA0%08: () -3! 06%0%~&: ()~ 3PUP_ | -

Q Q' Q#CBQCER{ Y70! | hi CYA0%8& () - 6! CY40UGEE () - 6! 10%& ()- 1975 £ 0% +
1099 () )1 x3-980%08 ()~ ERRSSSLT) URVA{Y70! | 0% () - 6! CHL0% () -6 0%

6 BHCYL09 40% | ROYALQ%
V\& XaXbXc Xr %ﬁ)%%% 581;,1%:9 %‘%/égbé&2 ﬁg%gﬁa%&ﬁ(}%gl%hs:lf&zane with e 10%me,
10CY40%: () - BVCTHEQpy By ERLES :ﬁiyt@éi@-%&a(l)ysﬁi/\l)(@ﬂﬁﬁfba (o8 Hlomdie ey b’ 10% 0
2?3] ]A';L:P 105%&161%]‘ %(%#ﬁoi/ %pdéldpwn.:lt%mr( geAh P{?S Nl/h()
10! P** 109%& () - 4! PHel0%4t & (3t 4Rt L0UE Q:}m?:,; IR £ L& ) #irther  S40! 3"

: oR 10ww_NH! 10%w&'
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Examgle 2

Example 1 was repeated except that the wet extrudate
was passed into a spheroniser after passing through a
0.8 mm cylindrical dieplate. In the SpheroniSer spheres
10 having a diameter of 1.4 mm were formed. These spheres
were subsequently dried, calcined, impregnated with

gaseous TiCly, hydrolysed and silylated as described in
Example 1 {(Catalyst 2).
Example 3 |

15 The :Lngredlents used in their respectlve amounts to

prepare the silica extrudates were:

HP321 (g) 169
NALCO 7879 {(q) 5
SUPERFLOC N100 (g) 4.5
20 MEOA (g) 6
| PVA, 5% in water (g) 61
Water (g) 256

All silica powder was charged into a mixer/muller and
the mixing and kneading was started. After 3 minutes
25 SUPERFLOC was added and after 13 minutes a solution of
MEOA and PVA in water was added. After 40 minutes of
mixing and kneading the powdery mix changed into a mix
consisting of plastic pieces and to these plastic pieces
NALCO was added. After 44 minutes an extrudable mixture
30 was discharged.

Extrusion took place in a 1 inch Bonnot extruder
provided with a dieplate of a 0.8 mm trilobe. The screw
speed in the extruder was 30 rpn.

The extrudates thus obtained were dried for 2 hours

35 at 120 °C and subsequently the temperature was raised to
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5 ratio of about 3.
The extrudates were subsequently soaked in water for
1 hour, filtered and dried for 16 hours at 120 °C. The
properties of the extrudates are listed in Table 1.
The extrudates thus obtained were impregnated with
10 gaseous TiCl,, hydrolysed and silylated as described in
Example - 1 resulting in titania-on-silica catalyst

‘particles {Catalyst 3).

Table 1 Extrudate Properties _ _
| Example 1| Example 2| Example
h 3
Flat Plate Strength™ (N/cm) 55 58 71
BET surface** (m2/g) 245 231 364
Hg surface area (mZ/g) ‘ 263 237 411
Pore volume™™* (ml/g) p 127 1.21 - 1.06

*  ASTM D-4170
** BET method ISO 9277: 1995 (E)

*** mercury intrusion

Example 4 _
Catalyst 1, Catalyst 2 and Catalyst 3 were used as

15 catalyst in epoxidation experiments to convert ethyl-
benzene hydroperoxz.de with propene into propylene oxide
and 1-phenyl ethanol.

The epoxidatiocn experiments were carried out in a
continuous epoxidation bench scale unit containing two

20 vessels on automatic weight balances containing

respectively the EBHP and alkene feed streams, two high

pressure pumps, a fixed bed reactor, a third pump for
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5 receiving the product. ,

The feeds were supplied to the reactor via the two
high pressure pumps and mixed together before entering
the reactor. The reactor was operated iiquid full at
40 bara pressure. A large recycle stream was maintained

10 - over the reactor to have isothermal operation of the
reactor bed and to ensure that the catalyst to be re-
activated is contacted.with epoxidation reaction product.
The feed of propene and a 35 wt% EBHP solution in
ethylbenzene was mixed with the recycle stréam prior to

15 introduction into the reactor.

A compositional analysis of the reaction mixture was
carried out by means of Super Critical Fluid
Chromatography (SFC) .

The following process conditions were maintained:

20 throughput EBHP scolution : 30 grams/hour
throughput propene : 18 grams/hour
recycle flow : 2.5 kg/hour.

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

25 per kg of catalyst per mole'per hour (kgz/(kg*mole*h))

normalised at 85 °C assuming that first order reaction
~ kinetics apply in EBHP and in propene. The K85 is _

determined as the mean K85 over 300 hours of operation at
S0 °cC.

30 ‘The selectivity of the catalyst is calculated as the
mean selectivity to propene over a period of 300 hours at
80 °C.

The results are indicated in Table 2.
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Comparative Example 1

Example 1 was repeated except that the extrusion part
was not carried out. Instead, 75 grams of a commercial
silicagel (G57 ex Grace) was loaded into the quartz

5 reactor tube. The resulting catalyst was used as an
epoxidation catalyst according to the procedure described
in example 4, giving a K85 of 14.0 kgz/kg*mole*h and a
selectivity of 90.4 wt%. '
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CLAIMS

1. Process for the preparation of an alkylene oxide by
reacting an olefin with an organic hydropercxide in the
presence of.a heterogensous catalyst composition
comprising titanium chemically bonded to a shaped

5 extrudate of silica powder which cétalyst composition is
obtained by a process comprising the stéps of:
(a) extruding silica powder inte an extrudate having a
selected shape;
(b} calecining the extrudate;

10 (c) impregnating the extrudate with a titanium-containing

| impregnating agent; and

{d}) drying and calcining the impregnated extrudate.

2. Process according to claim 1 in which the extrudate

has a surface area in the range of from 100 to 1000 m2/qg,
15 a pore volume in the range of froem 0.5 to 2.5 ml/g and an
average pore diameter as determined by mexcury intrusion
in the range of from 3 to 40 nm.
3. Process according to claim 1 or 2 in which the shape
of the extrudate of silica powder is selected from a
20 sphere, a trilobe, a quadrulobe, a ring, a massive
cylinder and a hollow cylinder and the average particle
size of the extrudate ranges from 0.5 to 10 mm.
4. Process as claimed in any one of claims 1-3, wherein
after step {b) and prior to step {c) the calcined
25 extrudate is hydrolysed.
5. Process as claimed iﬁ‘any one of claims 1-4, wherein
the titanium-centaining impregnating agent is a liquid

impregnating agent.
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the titanium-containing impregnating agent 1s \Mggegjs

impregnating agent.

7. Pracess as claimed in any ones of claims 1-6, which
5 process comprises the additional steps of:

(e} hydrolysing the caléined material .obtained from

step (d), and

(£) optioﬁally silylating the product from step (e).
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