. 10%e3eP[ PTTUW X [6V[T[} 2 7 SEP 2002 5 Production of a shaped bodé 71§’EP%[]2
2 2930 TRANSLATI ON OF THE PCT- APPLI CATI ON AS ORI GI NALLY FI LED BAS
Akt i éngesel | schaft Septenber 26, 2000 NAE19980088PC I BI Ri / At/ mh/ ns The

present invention relates to a process for produci ng a shaped body
conprising at |east one porous oxidic material and at |east one netal

oxi de, the shaped body per se and its use as catalyst in reactions of
organi ¢ conpounds, in particular for the epoxidation of organic conmpounds
having at | east one C-C doubl e bond. Shaped bodi es which conpri se porous
oxi di ¢ mat er TRANSLATION |QOF nuFdEouBC EICATION: s A& . OREGINAKEYSI t at es
a productiongﬁiﬁﬁass which allows industrially relevant quantities of
shaped bodi e pe produced i nexpensively. To produce shaped bodies, the
porous oxidic material is generally adm xed with a binder, an organic

vi scosity-increasing substance and a liquid for making the m xture into a
paste and is densified in a kneader or pan mill. The reSuptémbey 2652000 S
subsequent |y _shaped by neans of a ram extruder_ qQr. screw extruder and the
shaped bodi e3 engesslischaft ed and cal ci ned NAE 988RESPCIBREAURE/NShaped
bodi es whiich are al so suitable for producing very reactive products, it is
necessary”to use chemcally inert binders which prevent further reaction of
t hese products. 2 Suitable binders are a series of netal oxides.
Exanpl es which may be mentioned are oxides of silicon, of alum num of
titaniumor of zirconium Silicon dioxide as binder is disclosed, for
exanple, in . ; ; " . f ; t ent
of alkali netal and al kaline earth nmetal ions should be as | ow as possi bl e,
which is why it is necessary t ' r which are lowin or free
of alkali netals and al kaline gg%ﬁﬁnﬁg?gﬁgyﬁﬁéigﬁgbuce t he abovenenti oned
nmet al oxilde binders, it is possible to use 1 o correspondi ng netal oxide
sol s as starts f - f n —
exanpl e, the abovenentioned silicon dioxide binders which are lowin or
free of The present invention relates to a process for producing a shaped body comprising

at least one porous oxidic material and at least one metal oxide, the shaped body
per se and its use as catalyst in reactions of organic compounds, in particular for

15  the epoxidation of organic compounds having at least one C-C double bond.

Shaped bodies which comprise porous oxidic materials are used in numerous
chemical processes. This necessitates a production process which allows
industrially relevant quantities of shaped bodies to be produced inexpensively.
20

To produce shaped bodies, the porous oxidic material is generally admixed with a
binder, an organic viscosity-increasing substance and a liquid for making the
mixture into a paste and is densified in a kneader or pan mill. The resulting mass is
subsequently shaped by means of a ram extruder or screw extruder and the shaped

25  bodies obtained are dried and calcined.

In order to produce shaped bodies which are also suitable for producing very
reactive products, it is necessary to use chemically inert binders which prevent

further reaction of these products.
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al kali metals and al kaline earth netals, silica sol which is lowin gr e
oft aWaIi netal and al kaline earth netals is enpl oyed as bi nder sourzg.ggfﬁm
In the preparation of silica sols, it is possible to start from al kal i

metal silicates, but this generally | ead® to undesirably high contents of

al kal i metal SupsleibindeRearéia degias 8DMmetal loRides. leOWhith HidChe HichiiGRdsol s i
descri bed, for exanple, in "Ulmnn's Encycl opedi a of |ndustri al

Cheni stry", ard exidestof2Biqon9ef33ipminum,af4itgtem o2 ©f zirconiai. SidiBor didxitlesas| oses

the preparation of silic ol by  hyd j ysil.anes by neans of
amoni a in t:}'?ép%ﬁF 5@??5:‘53&%5”9&@% %Mgbii&iﬁaﬁgégs%ﬂgssi lica sols

obt ai ned contain up to 10% by wei ght of silicon dioxide. JP-A-05 085 714
describes the acid deconposition of al koxysilanes, |ikewi se in 25 al coholic
nmedi um  Thi s I@kwchshinddrs, dhe S6ttént b vikall radthll edralichliay esteh firetdl otsshehldieom 1 to
10% by wei ght. A disadvantage of the processes for preparing silica sols

di scl osed i nas lav hpassible, whighuib wWhydt is daeespary taese| bindes soureesrwhiclsiedewcont ent
whi ch can be.achieved.in. the, silica,.30 sqls. This nakes the process
unecononi cal "é?rr%%e?fllj%]ﬁ{f”gﬁtﬁgﬁnfiﬂ aling et MePlS. oy cess water both in sol
production and in further processing. r. U3 It is an object of the

present invention to provide an industrially usable process for producing
shaped bodi eJowpraduchahe abovemersimmee nnetal axlideabinders; &t ianpbssiblealte neseeart h

metal ions and can he used]t as, catﬁl és;ts,. pr ef er%glirgi nafixedb df 5 W
have founf t feFFesPARdIng gpetel oxide soffi &, Siarting matsrialse Iy the, Preprighar iokgfoych
shaped bodi e 1l LitoSn ARAELe Lt I i lnfand/ or
net al oxi de ?’rﬁ%pl?}l 'Brh'se'?‘l @g?@%&%@n?%%ﬁ'ﬁ%cess’e' %%%dgieénrgtlgﬁﬁ%%?(%@ sogl and
the nmetal oxhlkelianethlshad allalineeartio peeald, silfcaabkahichrielew imor frat lofiblkakk eart h
metal ions. o The present inventjign accordingly provides a process for
produci ng a iR and pkalineearrmetalsds emplogedsas BInder sewees oxi dic material and
at | east one netal oxide, which conprises the following step (i): (i)

m xi ng the porous oxidic material or materials with at | east one netal

oxi de solis whiicthelpaepatationwicilizh eols, i0is pskiblei to BRttArora alkal Inkaadlisilcates) bud et al
ions 15 and/or at |east one netal oxide which has a |ow content of alkali

met al dand al Kt ereralby leadmior endepizabdy hiphecopteatieott alkely mstal dons inktbosilisa
and has- . contonte Srepsrithiot 088 s Jo 5 W freBha, PF AR, B “Giinds P 0°°S

Encyclopedia of Industrial Chemistry”, volume A 23 (1993), pp. 614-629.

20 JP-A-07 048 117 discloses the preparation of silica sol by hydrolysis of
alkoxysilanes by means of ammonia in the presence of a large excess of alcohol;

the silica sols obtained contain up to 10% by weight of silicon dioxide.

JP-A-05 085 714 describes the acid decomposition of alkoxysilanes, likewise in
25  alcoholic medium. This gives silica sols having silicon dioxide contents of from

1 to 10% by weight.

A disadvantage of the processes for preparing silica sols disclosed in the latter two
publications is the low silicon dioxide content which can be achieved in the silica
30  sols. This makes the process uneconomical since plant capacity is wasted by excess

water both in sol production and in further processing.



20 mefal ions of preferably Iess than 700 ppm particularly preferably; kel
t han 600 ppmand in particular |ess than 500 ppm In a preferred enbodi nent
of the process of the present invention, the netal oxide sol is prepared by
hydrol ysis of at |east one netallic acid3ester 25 The present invention

therefore al 30isREQbjREST ﬁaerp’rss@ﬁﬁ%v@ﬁmﬂ&s ?fd\/@wlarﬁihﬁﬁﬁnmy Whabkprbéids et al
oxi de sol is prepared by hydrolysis of at |east one netallic acid ester. 30

The netal | i ¢ paodutingsshaped baqhbmy\énbhf havetdhtovh gantentyst alkalamedbal qoudr alkalingd pri or

to the hydrolysjs sui .t abl e t hods, are c i vabl,e here. Preference is
G ven 1072 7 Chnistahiens SBM SFREE PG o REASE TF R e “to a
distillation prior to the hydrolysis. ~ 2 7 S EP 202 4 For the

hydrol ysis of the netallic acid ester, all possible nethods can be used in

principl es HoMeheve found thae this @bjeasls@éhle%d inragsredtss Fot\rodiciiy suchehdpedr ol ysi s
is preferably carried out in aqueous nmedium This gives the advantage that,

conpared to Ibpdiesby susing povausioxishe materipl with metal exide sel andénm@alqum iap

07,048, 117 or JP 05,085, 714, S ,0 cohol, is | oyed,

o gni 11 cant | ¢ TRESer LR Blocssss wheeithe fiol Prife SoTn the Rt gaids e Ve an be

catal yzed by aqgg'cbhﬁﬂt&falﬁlﬂ%&aﬁind%kﬂfnee&ﬂpﬁ{eﬁﬁ‘gﬁ@ Preference is given to
IC 1

basi ¢ or acidic substance can be renoved o calcination wthout
| eaving a residue. Particular preference is given to using substances

el ected fromthe gro con ting, of a ni a, al ne ol.am ne

aryl amind8 AgeHs 1“.15 OB ARG RO ARICRPUOL BIRUFRE 2 sarsed oy
icular

particul ar %Hng&;agflﬁg atilehs d;ﬁ@sﬁa?o%s o&kd‘i@ﬁﬁ&@i’%ﬁ&?@atqgﬁt bR Pﬂ% okﬁeaﬁhﬂﬁ are

used. 15 The ters used In e process o e present

i nvention ar eompﬁéﬁr‘thé)fqlloe\&ﬁgastep @): orthosilicic acid. In the process of the
present invention, the hydrolysis of the netal]l]ic acid esters is carried
out at from 20 tomisBeE thfpp@pefi adic matenial op magerabsovith atdleast oge mqtaépxwpom 4 20

to 10 preferabl y iy R fed ShouPAidt W ailak BEE! SN Al mb ) fong T

nmol ar rati o of cata ctlve su ance i C aC| 'S

general | ysfrom 0. Qﬁmr hﬂe&tbihe n&t&ﬁ)ﬁfd@bﬂﬁcﬁ ¥ Iéno&ﬁxzexﬁafﬁlk@ﬂnww an@
particular from0.0005 to 0.008. 25 In the process of the present

i nvention, the hyakslipepasthynglekionst al oxi de sots, preferably silica sols,
whi ch have a content of alkali netal and al kaline earth metal ions of |ess
t han 800 ppm preferably | ess than 600 ppm nore preferably |ess than 400

ppm nore pr ghepakkit ine&fionakewiRGrovbes aEHaped bedewhlthycah @2 prédired 590 ppm
30 particularly preferably Iess than 50 ppm nore particul arly preferably
| ess t han the above-described process and has a content of alkali metal and alkaline earth

20 metal ions of preferably less than 700 ppm, particularly preferably less than

600 ppm and in particular less than 500 ppm.

In a preferred embodiment of the process of the present invention, the metal oxide
sol is prepared by hydrolysis of at least one metallic acid ester.

25
The present invention therefore also provides a process as described above in
which the metal oxide sol is prepared by hydrolysis of at least one metallic acid

ester.

30  The metallic acid esters employed for the hydrolysis can be purified prior to the
hydrolysis. All suitable methods are conceivable here. Preference is given to

subjecting the metallic acid esters to a distillation prior to the hydrolysis.



10 ppy in particular less than 5 ppm 2 7 SAP 2002 5 The present 27 SEP 7002
I ivention accordingly provides a netal oxide sol having a content of alkali
netal and al kaline earth nmetal ions of |ess than 800 ppm which can be
prepared by hydrolysis of at |east one etallic acid ester. 5 The netal
oxi de cont enForothe thy@rolRisabf thei ri@aliotasidoestgrnale possilsle makthest cantbecused és ent
invention is generally up to 5C% by weight, preferably from 10 to 40% by
wei ght. The piinciple] Howener) inrthe rpgoeessiraf| the i present drventian,| thedhydrolysieds of f i n
t he process of tqg Qres nt Jj nventi on. .Hovxﬁ\éer, sr@ll anounts of al cohol can
remain in t hBrefragbiy cared eptin agypousnqdingg. Huis gives thsqdwantagsihat sempared f ect
the further st Sih@f 13 rese ' [.O age for
the industri g’l ﬁgcgrgﬁfg?sl Fﬁ%‘%ne %ﬁ %@( [ lé%gglgfg’s?ogr g’%ﬁ@%%@o&dﬁ’?@?%ﬁé
present invelR 05,085,314, hiat whivhy afli expéssyofhalcbksldiznemploged,osiphifichritly fgeci fic
15 precautionary nmeasures for preventing gel formation are thus
super f | uous. algphol has w9 beglistifledsdf. s prepared according to the present
i nvention can be stored for a nunber of weeks, which nmakes coordination of
the tine at which they are prepared with further processing steps
unpr obl emat i TR hyd@lysis (e B eRFZed byt REIRGE SN badi® VNhiaR sebstEnddsure
conprising at |east ‘one porous oXidic material and at | east one netal oxide
i s prepared Pefarepca iseginen dri bisicsor aoidip anbsianzss ddsich idar dbealberaevedsbyret al
oxi de source. .I.n principle, there are no restricti.ons in respect of the
met hod of0 pr SUKIRHRD HHREOHS Ieavine 1 desifiahAsticulat, PROfRIeRteo e S4B 10, HENGr esent
i nvent i on, - PGALERERCSeloSied! Y8 Lifle S BAGRS! REndietilyS RENSinHbnk2 TRl sat | east
one porous oxidic material and nmetal oxide sol.” Here, the anpdnt of porous
oxi di ¢ mat er alkdngbamines)tarylamires, canlsqatisiaoids; mitrixuldié¢ ahd thydidohloricraekdt In ct i ons
as long as the processability, of the suspension, during preparation and
spraying is eAticHa ammoaia,alkylamines ?K@EB@F%E@ CRLPY Cﬁﬁ‘fléﬁli'ed*lsego t he
netal oxide of the nmetal oxide sol is preferably from10 to 0.1,
particularly preferably from8 to 1. 6

15 The metallic acid esters used in the process of the present invention are preferably

esters of orthosilicic acid.

In the process of the present invention, the hydrolysis of the metallic acid esters is
carried out at from 20 to 100°C, preferably from 60 to 95°C, and at a pH of from 4
20 to 10, preferably from 5 to 9, particularly preferably from 7 to 9.

The molar ratio of catalytically active substance/metallic acid ester is generally
from 0.0001 to 0.11, preferably from 0.0002 to 0.01 and in particular from 0.0005
to 0.008.
25
In the process of the present invention, the hydrolysis gives metal oxide sols,
preferably silica sols, which have a content of alkali metal and alkaline earth metal
ions of less than 800 ppm, preferably less than 600 ppm, more preferably less than
400 ppm, more preferably less than 200 ppm, more preferably less than 100 ppm,
30  particularly preferably less than 50 ppm, more particularly preferably less than
10 ppm, in particular less than 5 ppm.



'The mai n constituents of the suspension are generally porous oxidic 27 SEP00?
naterial, nmetal oxide sol and water. The suspension can additionally

contain residual traces of organic conpounds. These can originate, for
exanple, fromthe preparation of 5 the Porous oxidic material. Likew se
concei vabl e Hreeprasent mviestiovhacthrdingly provides & metahexidyg dobhyvdng aebntent ef | i c

acid esters or substances which are added as_descri bed above to pronote the

hydrol ysi s cikakiemgtal jand ;alkalingseasthsmetab iensdeh lgss thann 80¢ppm  Whish ccen thent
wanted in the mxjure far further processin drying can follow Here, all
concei vabl emﬁﬁffj@'@ &BQSQ%HWEE'?“BF lr?gf%@fesﬁ\ﬁe mxture is preferably
carried out sinultaneously with spraying in a spray drying step. The spray
dryers are preferably operated using inert gases, particularly preferably
ni trogen sor HEregnetal dXidé\sontempaofdle mietal pride sslsrepired asbrlingiosthetprasbnican be
used in the process of the pr esent i nyention faor produci ng shaped bodi es,
there are ndbymationasgenerallyaipto s0vodiysveight, prstprably from K0 o055 by weight.pr oduce
shaped bodi es as descri bed herein fromthese nmaterials and as | ong as these
materi al s have the necessary catalytic activity. 20 The porous oxidic
material is Theefl@habfdrmad 4 tHel Hy@rolysdisidefiérally istiRed 6fF il B rocdss wsitrl | i ne

al um nosilicates having ordered channel and cage structures and containing
m cropar es. present hweptionyddewevst, snradl pmewnts tofjalcobnt camremain indhenmetal

"m cropores” corresponds to the def,initiop in "Pure | . em" 57 (1985),
o 605, abo. oifF AL DR it cbCnd] B0y Bt dne s bRt BESBerrst 5o
The 25 framgyoplesél ifiéatiog ol ites is built up of Si04 and Al04 tetrahedra

whi ch are connected via shared oxygen atons. An overvi ew of the known
structures may be found, for exanple, in WM Meier, D.H dson and Ch.

Baerl ocher in "Atlas qQf Zeqlte, Strucftyre Types", Elsevier, 4th, Edition,
Condon. 1606 Arsadvaiiee Tor e qndistiaburs phthepsi oadé 6o RIGRBTSd: w4PTINA Wnd |
which the Si i il E i i I 2 tani um
2 T1(1vy. T Brosklt Rndi i B ) Wil S0 RN 1d D, REPCSRNAE )
structurie ofprédaatiddary tnyqasuresifor presentingegelafpamationaré thk® sdpétflupuse Fhei ng t hem
are described, for, _exanple, in EP-A 0 311 983 and . ~. EP-A 0 405 978.
Apart from dnatalc@ride sefs iprensrad arcoriingtonthe diresepnyvention sanks stesdpior de
addi ti onal luFrfB‘E i . Zik [ C O b Dz bl Loh|
cobal t, ni c(l?e , ggﬁ;é%k%nihwggpgl{n&ggr %%F%ﬁ@n@t}h%{sﬂng%{ ?’Fntfgrt? ea_xr@ 'p?éﬁh}éﬁ‘

with further processing steps unproblematical.

20 In the process of the present invention, a mixture comprising at least one porous
oxidic material and at least one metal oxide is prepared using a metal oxide sol

prepared as described above as metal oxide source.

In principle, there are no restrictions in respect of the method of producing the
25  mixture. However, in the process of the present invention, preference is given to
spraying a suspension comprising at least one porous oxidic material and metal

oxide sol.

Here, the amount of porous oxidic material present in the suspension is subject to

30  no restrictions as long as the processability of the suspension during preparation
and spraying is ensured. The weight ratio of porous oxidic material to the metal
oxide of the metal oxide sol is preferably from 10 to 0.1, particularly preferably
from 8 to 1.



5.1n the zeolites described, the titaniumcan be partially or conpletd %SEP 2002
repl aced by vanadi um zirconium chromum niobiumor iron or by a mxture

of two or nore thereof. The nolar ratio of titanium and/or vanadi um
zirconium chrom um niobiumor iron toé6the sumof silicon and titanium

and/ or vanadi um zirconium chromum niobiumor iron is generally in the
range from0.01:1 to 0.1:1. 10 Titanium zeolites having an MFl structure

are known f okhebmiaingcenstituents pk thed suspersiand atey genseally poross exidi¢ quatenalx- r ay

e on BERE 18, B0 B A S bR SR TG |
metal Ui anajsSg e ESHARH! Dfesd it SABRRRONS KaidhIDRIAP e epERadPEeNCE 19

given to using Titaniu vanadi um ¢ m um I uamor zirconium zeolites,
mor e pr efser ah¢ porous exidionmatesibl, Likewdsectonceipablé arewdlehols whioh dre forhednl i t es.
Specific exanples are titanjum  vanadi um_ chrom ug& ni obi um and zj r.coni um

20 zeolites thabydrglysispdfrmetsllic asichesters os substangess Which ase added dsadeserbed; ypes

assigned by X-ray ¢ odr . ta the. , TON, MW FER, M-I, MEL,
CHA, ERI, R ?V‘ﬁa&f?’sééia‘hmﬁ@g%P?ﬁE&ﬁh%ﬁ? e%, DDR, MIT, RUT, RTH, LTL,
MAZ, GVE, NES, OFF, SGI, EUO M-S, MAWor M-I/MEL structure and also I TQ 4.

Zeolites of this type are described, for exanple, in the abovenentioned 25
ref erence byDepsnding on tht moisture enmtant iwaatedenftbe miswre fortfusherrproesssingf t he

present invention are titaniuntcontainin eplites hayin he UTD-..1, CIT-1
or 01 T- 50 /g a0 tallgvy ridere: 41 coneeiatls Arethors cgn P8 smmleed, PRAPRSE 8, o i ng
the ZSM 48 qQhix&edh t b { : ri@ggjﬁ d,sj' AHger alia,
in US-A 5 4%%“000 Iiéﬁe?%mgM 294cf10§"?t sv‘i%hﬂgis%érégggrll é’ﬁtﬂlsﬁ{g.glggﬁﬁiang to this

subj ect ar e stapl |'Thei spray pdryers eate pyrefeedblyr @permatedntising Heerprgasesntpasoquldrtyat i on.
In the process %& theegresent i nvention, particular 2 7 S E P 2002

pref erence iPEClgrablynIiraeen orA&8M%: t es having an MFI, MEL or MFI/MEL structure.
2 7 SEIi'" 20a2 8 Further preference is given to, specifically, the
Ti-containing zeolite catal ysts which are generally referred to as "TS-1",
"TS- 2", 15TS-A% regardd thé porolis oxkidit imateridiawhivh canfbean@doinkihe tprouekd bE the

i sonor phous with ~3-zeolite. 5 The present invention accordingly provides a
process for DsessaiLiEveRjion fon prdycisgshappd bpdiasy theeajarg movRArti¢lgTHesHCHORS por ous
oxi di ¢ mat era% %nQOES it i§ §8£§it§1§ to ﬁodﬁgé‘&?aﬁgg 'dei'e$ 2848RriBOS @éx@l bR tﬁ&%

m xtures of Two or nore poroustoxidic erirals, rn partrcul ar those

nmenti oned ahaaterials and &ddong achese Mitetidle hiveathie hécebsary Catslptic adtivityhe _
abovenentioned titanium zirconium chromum niobium iron and vanadi um
zeolites are usually prepared by reacting an aqueous m xture of a netal

oxi de. S0y CeneDLELE! Aflite HhudHad s YUERBly 8 Sbofhel 2Bl Bre 7hd EOTR,

chrom um’ nio
crystalline aluminosilicates having ordered channel and cage structures and

‘ containing micropores. For the purposes of the present invention, the term
“micropores” corresponds to the definition in “Pure Appl. Chem.” 57 (1985), p.

603-619, and refers to pores having a pore diameter of less than 2 nm. The

25  framework of such zeolites is built up of SiO, and AlO, tetrahedra which are
connected via shared oxygen atoms. An overview of the known structures may be

found, for example, in W.M. Meier, D.H. Olson and Ch. Baerlocher in “Atlas of

Zeolite Structure Types”, Elsevier, 4th Edition, London 1996.

30  There are also zeolites which contain no aluminum and in which the Si(IV) in the
silicate lattice is partially replaced by titanium as Ti(IV). The titanium zeolites, in
particular those having a crystal structure of the MFI type, and possible ways of
preparing them are described, for example, in EP-A0311983 and



15 irpn or vanadi um source, e.g. titaniumoxide or an appropriate vardadbEfi00
oxi de, zirconium al koxi de, chrom um oxi de, ni obi um oxide or iron oxide, and
a nitrogencontaining organic base as tenplate, e.g. tetrapropyl ammoni um
hydroxide, if desired with fiuther addi¥ion of basic conpounds, in a
pressure vesElA G405078 anpatt tfeomesiidonr end aitardumy sbelt nedterbudsircan ofurtherf ew days
to give a crystalline product. This 20 is filtered off, washed, dried and
cal ci ned at comprise additionpleelaments sueh a8 raduwinume zincgrinme tin, tiropgaiobiuge. | n

t he powder obha’li r}gﬂﬁ'ﬁn hhi S MQ/ at |.east eo of. the titaniumor the

zi rconi um  Q9PRltAmigKeL gl horon qf smat gnygun é’ﬁ]&‘f’ﬂﬁ?l s present within the
zeolite franmework in varying proportions with 4-, 5- or 6- coordination. To
i nprove the catalytic properties, this can be followed by repeated washing
w th 25 Bydriaghe zeslitexdeberibed, uhé titanim darf be paniatli o8 ebinpletely aeplated iyt er
which the titaniumor zirconium chronm um niobium iron andl or vanadi um
zeol i te powdéRadiim, gisconium, chremirp Heumrdronen by a mixturg oo or mere

zi rconi um } | ORI um. | V, i e e red in
this way is(igésrgég' i”i;}ﬁet eo(?%r iéugllgsgfo e %rlagogege.ﬂalaﬁ%én |°8§&\§g éhrgx%ﬁr%%nent of
t he above- dafighiimest Hois RL AR Qitn oBGilicon RAd tikmiltr rand/oh & afddds N EirdoReRt | on
therefore provides a process as described above in which the porous oxidic
mat eri al or obeemiumnéobivn or kred isgenprally in thagsangefrommB0411 to 021:¥. * SEP 2~~~ 9
oxi de sol, wherein the porous oxidic material or materials is prepared by a
process Whi ch conprises one or nore of the followng steps (a) to (f): (a)
prepar at i on [lanfurRr £bREeS Dhatifit 4R OMFI Mt e o8 I@bwheRRt bGRE BRI 8 1RxI de

source, preferably an SI Oz source, and a further netal soufce, for exanple
a 5 titani unyertifred dyimeans ofi e paitieniar Ximapidiffractiongpattern andredsti byrmeansraf@, ( b)

crystallization of, the m xture fro L0 a.pressyre sel; wi addi tion
ofyat | east 1ptHEe Yabration g;aeérfﬁo@ﬁd’f‘g)ﬂggé@g?rr%ﬂgwa? FF%QHH;&E&SW lo?"’érﬁl“’ért her
basi ¢ conpo . rY 3 i ra?rﬂi:‘?ﬁ I L the
suspensi on ﬁgﬁ?éﬁ%ﬂf%gq?g@ ﬁt?ﬁ‘ag%?%?}gk%%i y Ey spi a"&’g (}‘r??? ngbggd) _

cal ci natison of the dried product from(c), (e) comm nution of the calcined

product from(d), for exanple by mlling, to give particles having particle
si zes of | edyelerpage sogiven tml,lsm%t@ewabwemdégg, GOFMIUSD QIS OF ZITCQINR, | v

f bl | . f i: | : 0 at o f th
oy atey 28tk Hdte ictentb tdu Aotites SO AR cul FRERRGH RANLLS OF L N0

regard to the pore structure of the porous oxidic materials, too, there are

no particular restrictions, i..e, the mgterial can have m cropores,
mesopor es, RPeRbiSr GEmles, are tiapgh c@naMySHENIRNEYS nighiumoard @icempum

macr opor.gs, m )

macr oporde, APaPERkle AP ARF AR Gtel, B LARARTR. RS AAAER Xy o o

li kewl se corcrasdlegdshyt @ tHaBEA) MOR, AQN VW] CER] MEL, eVELs €HA, ERUre Appl .
Chem " and relates to poxes having a dianeter of from> 2 nmto about 50 nm

and of > abdHO5EIHNMBOLe Y EVEN HEUSKEL ivVér DDRs MET R, BRIt lbEln t o

Fur ther or ehgrPer Bridttront: sy T ARC P SCROve SPMITAPEL SR 38" (e

30 porous OXTdL£ P&l éf this tyPet L& idescribed, forek@mble, $i €l Gboverdehtiod | east
one netal oxide which has a |ow content of alkali netal and al kaline earth
netal i s. referenge YyeMpiepgoal Alse cenreivgbleoios uskinithe precessiodlthe raseited with

two or nore.netal oxides,. it is.pgssibl.e to mx,t oy O xi dj terial
or materi al énvﬁ“?‘ﬁ“o"’r{sqﬁ%%‘w%%%@“&?g tes, Hving WFQG?ﬁéf’ §§{I?t?rnsﬁf:ﬁg§t ure
with a furthegchRd durtét $anith-cd8GiniRd zedlfésSardl thbs Baas th ZSMragrgrxed with
a further netal oxide. Likewise, it is also possible to mx the 5 porous
oxi di ¢ nmat er4SM- i sthuctureri xt ure of two or nore netal oxides. The al kali

nmetal and al kaline earth nmetal content of this netal oxide or the m xture
of two or nore netal oxides is generally |less than 800 ppm preferably |ess
than 6000ppraychaseolited! &€ | desBrilieniAbY Ylid, S USLAR 430000 PaREWOi94/29308,1 cul ar

| ess than 10 200 ppm Such nmetal oxides having a | ow content of al kal i

met al and alwadse wenteatstfertaiing to tissubjeet afeofullyineomparated yoyogfengnse atoal

oxi des, for exanple pyragenic silica. t 5 course, jt is also.possible to
use conventitg‘haﬂre?ﬁ‘é‘f a%l’ﬁ%ttf’@s nthen 8195F%5c @ stthPrteﬁ@tp‘tné’grg}ﬂn’im%‘? on, with

the provi so dri@lentlel EiveNChtzedfcBltiah AELAYL Pk B KARIMELCAAkchuaret

ions is appropriate ow, as I ndicate




I.t is.also possible, in the case of one or nore conventional netal oxjgsp 200?
whi ch have 20 a content of alkali nmetal and al kaline earth netal ions which
is higher than that specified above, to | ower the content of alkali netal
and al kaline earth nmetal ions by washin®, extraction or other suitable
measur es, | iFuethers preferemoealsl givey ta, spscifically; the Ti-containing remlite satalysts| e
measures, to.sych an extent that the netal oxides can be used in the
process of tYcharesgenerally zeferted o 255 g J%’oﬁsr%e aﬁ‘gaai’t?r 1 ggofteSyed for

n
be. mecossar S 10E e gHneNoE KERsys TEMRroRAN AN Bt Ge or oxides o
appropriate after-treatnent. For exanple, if the content of alkali netal

and al kaline earth netal ions of a conventional netal oxide is reduced by
30 washi sig, Tht presestamedritiveaccerdinglyoprovides al psocessefor prodecing arshhpedetiody oxi de

after washing before it iis nmxed with the porous.oxidic material or

materi al s. as Qenggqcﬁaqug nbwg}sé&e Perophext é’é%?ﬁﬁilmmlit%n, it is naturally
al so possible to mx the mxture resulting from m xi ng the porous oxidic
material or materials with the metal oxide with at | east one netal oxide
sol whi ch h@f eureyicdnaBot paskibid ke aké miktuads andwal dratore pordus hoxidital i ons.
As regards the preparation of this mxture, 5 there are in_ principle no
restricti ongategals, int pastieate these mentioned abave, o e preeessi &f thee psensor ous
oxi di c Rt em\,%lnﬁgtpd metal oxide sol, as described above. However,
preference i's grvén to spraying a suspension conprising the m xture of the
porous oxidic material or materials and the netal oxide or oxides and the
nmet al oxide sol or sols. As regards the amount of porous oxidic nmaterial
present in {Thegbeemeationashtitanium, zireordumy chromivmestiobiom, inos and vageddums, as
descri bed al rqad above theagqro essagi lity of the.suspggsi on is .«ansured.
Fur t her nor e 291{ey &re ustally, prgpatgds By seactipg |a aqugoys mixjprs gk a metal REidE: osent

i nvention, §Quld hréferiblit il §i0,S8ck] 44 d i@, % Bohidih, Lmﬁﬂmﬁp oBfahfuS
oxidic material wth at 15 | éast one netal oxide sol "wth at | east one
met al ox$ deimhiartvahadium $omvees ergt ditaniwh oxlideadr amepprbprate vahaditmnexideqar t h
netal ions. Here, mxin V\t'Ft h.the tal ., oxi de _or oxides car(11 i nmedi ately
fol l ow the RreRsaRmaikoids; crrpmivm oxideenighiumexide, priren eXide; and ARIEPEH or
materials a ; s OxLde S : =i bed
above, dryi ggﬂ%lgﬁ]r%ggfssgr ?é%f ?Szgér{lﬂgteb%té%atreg%?ghﬂo? tﬁglnﬁm tuor)g&gfcﬁt he
por ous oxi ddesif2d witlt furthet additiomb£basikd sompahntibiein repressurexvedeel wplelevatedol s, it

is also possible to mx the netal oxid ith the dried m xture after
drying. In fwe&%r&ég]%a BHm ﬁeofﬂwésse%aﬁ% § to@ive perystallingargdud. Hyssi bl e to

m x t he,por b di (=" I I i | east
one net zzaﬁp o%?%%&é%ﬁkgrﬁ\gsgg%{ S@Ie?gg(si{@ féﬁ%hrardét% }ﬁ%{ggit%i‘z&&%ﬁgé#%r{ﬂ&g%o%t ai ned
after one obrgahie mtrogen baschi thedpendes dibraimddsinothist ey, aiviesst isomei of tHensi fi ed
in a further, stage of the process of the present inventigon. In this

densi fi cat i BIRNBYM ORARs AcamwR, chromiya, nighiug), Fpn ul/erayanadiuny ésspregsat pe

| ntroduced %@thﬁﬁa@%&itﬁﬂﬁaﬂlemﬁ ﬁ?v i %%@%?ﬁ&ﬂv@ign 22'-‘??%% Q?ﬁo%ﬂéﬁ as metal
oxi de source. I'S processi ng step aﬁ carriea out In a Sul é]bl e
appar at usesToadinptove ghe éanslatepopernias thislcas be folkied bae peatsdewashirigewitied.  For

industrial use of the process of the present 2 7 SAP 7007 invention,
parti cubfr Brdrpgsncpseexifle soiutjemacidifigd with sulfpeis acigy after whichzthgtitanpiger 12 | f |

according t : i i rih oye,. a
i ture of  SreuBErasotRh, Wobl i Bhde el 2ESRE o BRCKERE S o e
i's prepareddfiéd aid ediéinéd bgaifll Ricifi@niush 8€Fisdonivdsl chbsniied, Hiokiimdgog et havi ng

a low content of alkali L ) i
vanadium zeolite powder prepared in this way is used in the process of the present

invention as a component of the above-described suspension.
30
In particular, the present invention therefore provides a process as described above

in which the porous oxidic material or materials is mixed with at least one metal



‘5, nmetal and alkaline earth netal ions is additionally added in, the 27 SEP 200
densification step, then, in a preferred enbodi nent of the present
invention, from20 to 80% by wei ght of porous oxidic naterial, from10 to
60% by wei ght of netal oxide and from 59 o0 30% by wei ght of netal oxide sol
are used. Paxidecsdl avhdreialthe ?ﬂ@&s o%id{p meweridlorusitagals fsoprepided by 4 @86chys wei ght
of porous oxidic material, from 15 to 30% by 1o wei ght of netal oxide and
from 10 to 2¥uiskhgomptissstonebr merenf thx fallowdrg steps{akte (%ercent ages by wei ght
are in each case based on.the shaped bod roduc in the end, ,as, descri bed
bel ow. Pr ef dfbnd¥cRazatinn, gf g Rf@f?r% a8y ﬂg'\xgﬁg xdtoteast: one metaloxideai ni ng
material and sild S H R T Bkbal I of the
present inventi oégﬁéfhggeﬁﬁr%(iﬁ%éﬂg?o{ ﬁ{e&%gragﬁs oxl dic n%Iog#cP’:fopggﬁﬁn@?eari al s
with thesmetal akatiemogireoniwechieniung niobium iemndranahaditmablrkj | netal and
al kaline earth netal ions is carried out during the densjfication step.
Accor di ngl y,(0) t arystallizatignad theomistene drang (aXiin a prassyse vessel with additienofati al or
materials, the I i ' it . . metal 20
oxi de. soi i n 't havHib PPl sOpasR. 1 e bk akiborls » Rithe Yiics

possi bl e to add ®Rafpoahd,ore viscosity-increasing substances as materials
for making the m xture into a paste; these substances may serve, inter

alia, to indeeashyingefthetsystaliige produ¢tpresentinshmsuspensigrergsulting froms(b25

descri bed bel ow. thgﬁ#hw ur%glse, it is possible to use all suitable

subst anc¥s knowdTf % eSFE?X %%rt. In the process of the present

i nvention, V(ta; ercaf¥indtiok ot r{lﬁp‘P@&LﬁfﬁWnt(E‘),one or nore organic substances,
a e'wt

provi ded th they are m sci wat er’, are used for nmaking the m xture
into a past ge) Themminatiomlo$ thesexdcifed prodkctinfyomhd), nfiox exareple iyomillipgstoe can be
removed again during the |ater calcinatign of the 30 shaped body.
Preference is giSienParticles hayingparislecsizes ot %ﬁstﬂil@tfooormﬁyﬂlegﬁﬂll}’ fQ?S $¥8ani c,

pol ymers such as,gel.lul os el |yl j { ves, for exanple

net hyl cel | ul ose_,%O@t"’rw’lpﬂﬁ%@@ée%réfﬁe%%WTB or hexyl cel | ul ose,

pol yvi nylspyreeol ijfl Qfeired EPEtted WaBKihP) GICthé! edrBsinufed BRAIUEN fidh (&) @sthof two
or nore thereof. Particular preference is given to using nethylcellulose. 5
As further addi tsubsesuenttdrying pabedltingtiano add ammoni um ani nes or amine-1i ke
conpounds such as tetraal kyl ammoni um conpounds or am noal koxi des. Such
further additives are described in EP-A O 389 041, EP-A 0 200 260 and WO
95119222, why@h rbghrd b the! (510 8 hctireDffthd parolif 6RIGRAEARR s Dol LRI fB@8 | NtO

the present application. to Instead of basic additives, it is also possible
to use aci dipartaaithirt irestrictions,efier ethee material vean thaver guierioporgs,i dnesopempounds

whi ch c% be burned out 3’% cal ﬁi nation after the sha ing Steﬁls Parti cul ar
pref er erfde iTC2GIRPET T ORPIS AP i BERPPTES, mkc‘%"“f??e“&ﬂﬁﬁ‘ﬁ’@ 85t JpEE@pores
auxiliaries ghg nﬁc?&;ﬁrﬁ-]é&tﬂr}fnif:fdﬁﬁ}e& ﬁa@so]a@%k B¥d Wk Bres,p‘ﬁﬁérkﬂiﬂ&%ﬁidﬁrcﬁ‘f erably

from2 to 7% by wei'ght, in each case based on the shaped body produced in
the end, as thesemisbtmesopores’ afid Tmddroporest hkeoyisr tomespohds ke thdtaipethebody
such as transport pore, vol une, B 29 _transpo re . di aneter and, transport
pore di stri BRPYGRENtioped 5@%@&%&1 i oPrs ARRY {:El‘?‘gﬁéndsrﬁg’&sa‘ﬁc%?s pRéR&Aabl y
organi ¢ ConpRURdsy of arg | I ' . additives

whi ch can al so |§ﬁ?fufgor§i§e itﬁgqéagoplgg ?ﬁﬁ% ﬁ?%oo%g’olfselkﬁcggaySuch
additives include al gi nates, polyvinylpyrrolidones, starch, cellul ose,

pol yet hers, pol yestersg, polyanides, polyamn nes, polyj.m nes, polyal kenes, 25
pol ystyr ene,PP%‘Y‘%)/’FénBrci%ﬁgiey%egg?n g8l VREoRerouy & t%%&???aﬁ“@%,asf atty
aci ds such ag.st&aii&asi d, hi gh nol ecul ar wei ght pol yal kyl ene glycols such
as pol yet hyl ene glycof, pol ypropyl ene gl ycol or polybutylene glycol, or

m xtures of two or nore thereof. The total anount of these materials, based
on the shaped bqdy produced in the end, as descrjhed below, is preferably
from 0.5 to novduthenarefarred smbpdisrang of yhe prosesst e His) preseng ipvengign, &f’by

wei ght. _JThe ens; 4 .]10 rdi.ngl.y.al rav] f of

pol yal ky3;5ene(B é?q%c%{u,hciqﬁ&ggélt {)}cﬁ %rla%olpgié%ﬁ@luzgtgfgg@y%gﬁ%iI%J‘c'% hggf# oducti on
of shaped bagideswisiohhis $10vgconteht 6f SkEi nidta? @Palkdlirel dafthimetaliddsi cal i t e,
particularly those which are used as catal ysts for selective oxidation. In
a preferred enbodi nent, the process of the present invention is used to
produce 5 shaped bodi es which are essentially mcroporous but can
additionally have nmesopores and/ or macropores. The pore volune of the
mesopores and nmacropores in the shaped body of the present invention,
determ ned in accordance with DIN 66133 by nmercury porosinetry, is greater
than 0.1 m /g, preferably greater than 0.2 n /g, particularly preferably
greater than 0.3 m /g, in particular greater 1 o than 0.5 nl/g. The order
of addition of the above-described additives to the m xture which has been

I o Y L, L,



"Prior.to the densification, the generally still pulverulent mxture ahSEP iR
desired, be honogeni zed in the kneader or extruder for from10 to |80
mnutes. This is 20 generally carried out at a tenperature in the range

from about 10C to the boiling point of tOhe material for making the m xture
into a past &f thegordus dikidis placsrialisphixed with too & Im@d imetal DnfRk At Osuskiblei C
pressure. The mixture is kneaded until an extrudable mass has been forned.

25 The conptsimikdhe pprous opxidic materiablor aatestals mawh engemetahexite fusti and tot ep and

is now ready .for shapi ng has, i.n the process 0 resent i.nvention, a
ot Aot do it he PR g s ity OSHIR Resta pade, Mo fesbiety (s, mEHEEEnS B9 by
wei ght, party r I 00.:Ry R I [ ar at
oot Bobe b iniRed R §'eifthor ibual GA3E. LARCIRY, i Y poskIOR b Cifell

usi ng ti sanipyrous @Ridid thategiahwith @peiktures oBfivooorimers mdtdloxidesposi ti on produced

in the process of the present invention |eads to no problens caused by
t hi xotropic properties in the subsequent shaping step. 2 7 SEP 20U2 15 In

pri nci pl e, adi haping .can i,e i e tional
kneadi ng anmgﬁgﬁﬁﬂﬁggpqﬂﬁp@gﬂw%m%%g@% ‘i°?ﬁ%§§‘§%3ﬁeﬁ’ﬁéhvﬁqﬁfw t he
prior art agdtwbdr hibrk3Rdtgl 6:88esPik QeHETRIN less Hanc80V TN, préferddpdlegatimhy st
bodies. 5 Preference is given to using nethods in which shaping is carried
out by extr 680 ppmi rpatticsiiastyapreferahly Uessr than 390 ppruand dn tpartioudatuless thanr udat es
havi ng a _di §3§t er of usually fromabout 1 to about 10 mm in particular
from abdft FV8PPR about 5 nmm Such extrusion equi pnment is described, for
exanple, in "UIlmanns Enzykl op~di e der Techni schen Chem e", 4th edition,
vol. 2 ( 1972), p. 295 ff. Apart fromthe use of a screw extruder,
preference iSach imetali sxddegi hawingt ©lavs icogent ofaatkali metalland alkaliné eath seetaif a

| arge-scal e, industrial applicati,on of the process, particular preference is
gi ven to usiH§ 3% ferexamy %@m@m%@%%‘iﬁﬂéf?é?%@Wch é‘s%uded rods or
honeyconbs. The honeyconbs can have 15 any desired shape. They can be, for
exanpl e, round extrudates, hollow extrudates or star-shaped extrudates. The
honeyconbs Ofivoatsst kalso pargibll @Be eonvehtional nictalxides v fie prockss bethdi anmet er
are general ly decided, by process engineerjing requirenents which are

det er ni ned BiEseMdnpsioas withthomroviso that teiroatepbal alkal metalandealkaling. 20
Bef ore, duri r I i . tals in the form of

sui tabl e noﬁ%}g] Rrrlgpaic}ngcl)sg Eg@gﬁ&%ﬁé%ﬁdﬁ@&%@v ‘he form of water-soluble
salts, can be applied to the material. Such a process is preferably

enpl oyed to_produce oxidation catal ysts based on titaniumsilicates or
vanadi um si [tiig alse possable.ig the case pf ene @anere couveptienal mea! oyides whighshayee t o
obtain taly I Q infr 0.01.t % i ght. n nor e
nobl e mg? al & °§éF°8§?£§n?ﬁo‘ﬁ1&? fnaém%?lg%nec%% Iglf: t%ngng%(vlﬁgl% %’ehllgg%ﬁ 81ra'ﬁélgg]alrtum

pal | adi um  gpdifisd above JioUvePihadtdonitet of AlR4li Hittal @Ad dikalise edrtiv@etal fmgh

catal ysts are described, for exanple, in DE-A 196 23 609.6 which is hereby,
in respect &7 washiegt axtyastion ders othenesnitabler seasures,| likewise mapwallyt & By

reference 3q into.the.present application. In m cases, .h ver,.it is
most | expedi SREDTRUSSF WE0E TerBI e IE meatendn Rt o $eh AR o1 e
only after bhRlesb@bdihbed ifihe fRedetd Sftth@ple¥eMi@enfiodli gh 2 7 SEP 2007 16
tenperature treatnent of the catal yst conprising noble netals) is

undesi r @bl e. The nobl e netal conponents can, in particular, be applied to
th h d d ' h j ti i g on. | i,cat i
can b carr CoriNe bEMHEHERGER FooloSP B1ENesRe B BRI bR meffapt one "or
supercriti cgikaBhaeath el iBas, 3t fRAYRRMERAHIR. su ¥t%t Hecdvehtihal metal

above-described nethods enabl'es a wi de vari'ety of catal ysts conprising
nobl e met al sxide opexisies thugpmtopridteafterdraayment of orcxampld, ifdhatoment ofnlkph

roduced b rayi.n he noble netal solution onto the shaped, bodies. The
o thi oknex Bl i kel Y Brtactods of SV FRICR] Mol B AFEueEa Y be
signi 16t Lisshiflg! RASCCARAiMAPHERRN 81 drihd Eofventibifal GRSEI kideOMmexChange

the catal yst particles
washing before it is mixed with the porous oxidic material or materials.




are essentially uniforny |oaded with noble netal across the entire c#dSEP 2002
séction of the shaped body. t s After extrusion by neans of a ram extruder

or a screw extruder, the shaped bodi es obtained are dried for fromabout 1
to 20 hours at generally from50 to 250G preferably from80 to 250C, at
pressures ofinGROGR&esy of HThRséht 1h€bn’éoﬁah1 1sR{a9Ir§1'l}aﬁisM ZﬁorsﬁBleOtooﬁ'ui ¢hel. 5 bar.

20 The subsequent calcination is carried out at from 250 to C

preferably fmixtnr85esulting5 G0, myring ithe. paroug qxuchéenalbﬁgl o‘rrma\ueﬂﬁ)l@ with §680C. The

pressure range enployed is simlar to that fo eneral t he
cal ci nat i on metalcgde 3ty at legst pre é&“‘}ﬁ‘e‘?ﬁlaﬁ)ﬁ?law cﬂdy gnt afii alleali; he

by vol ure, - g ] Sk 5k 2, 8T §fe§%f§‘§*?°ﬂ“ra?@x9“f§et° o

present 'anQHéerfélh%ciphéﬁb kgﬁvtﬁ@sa@m%@@@%fmpreﬁ@m o¥thé hamgek bodi es,
as descri bed above, "which conprises the follow ng steps (i) to (v): (i)

m xi ng the mﬁrpmeusonxdmmaﬁctmt iandl moetalnaxidei sol,sasvdederibed labave. Howeveet al 30
oxi de sol a.low content of alkali netal nd al kal Hl'te?f earth netal

i ons and/ or pé‘fthTeéﬁ%’ts FH OSPIAYING @ SHSPERFIQH ComRrsing e, mixhyre PAIPYS,|
metal and aldedib %té??ﬂ w@%ajs dnffRe metat ofidekR oxbdd? add gfe fnbtaf G5k }aa' ng the

m xture fromstep ( sired wth addition of net oxl de so (i)
shapi ng t he ocsulpoAs tdgardsfthoameint pf poiops oxidic) matesialyeseheinghissaspensidnes from
Step(lll) (v) calcining the dried, shaped bodies fromstep (iv)..In a
speci fi do enﬁ]éﬁiF AESHRO TSFLricHenS ag Jeng asofs, d deserabedealrepdiaboNe 6Pqu§SSaH’él8’o° to the

suspensi on %éﬁis Sﬂ:lc}cm?ma&ﬂéad step (b) described further above, the

resul ting suspen roni's ed, preferably by spray drying, and the
resulting powder is calcined. The dried and cal ci ned product can then be
further processed as per step (iii). O course, the extrudates obtained can
be further m&b@mg it iymEtyralinelse pessible inthearpesss of e pé@éam:intéeqigwnctousm ng

{1 eat mont o Bk 3 B RREreSRhg Froof il W B2 07 pottls Bafiic WAL RED [oce

preferenge lléasgbh@ﬂﬂeiap oi@iﬂ@ QHICWiTl) aOlead! Wne el dxidePWhidh Haf§ 16w RBAfehicdfe

dianeter of fromO.1t mm in particular fromO0.5 to 2 mm These

granul es or a&%llpgetabawbhlkahrse saw&p@gtabmnSeéiem aeiyngawithy tbmmetﬂétOXK&yorcont ain
virtually no_fj ner art I« c{? those tctaw art cl eddl anet er
of about 20 ¢ ?ggep(grfa 'PRE 8‘!%’88&%‘%‘6 ?ISHS &H%r oduced

according t Qnétét?al ok ?&@éﬂalé ﬂi@t‘h& 'n%%al(‘cﬁtﬁ'debﬁlﬁggls aShoufd, ak ¥Ek&ly dedcritdt | cul ar
for catalytic conversion, especially
above, drying be necessary after the preparation of the mixture of the porous oxidic
20 material or materials and the metal oxide sol or sols, it is also possible to mix the

meta)] oxide with the dried mixture after drying.

In the process of the present invention, it is likewise possible to mix the porous
oxidic material or materials simultaneously with at least one metal oxide sol and at

25  least one metal oxide.

The mixture obtained after one of the above-described embodiments of the
invention is densified in a further stage of the process of the present invention. In
this densification or shaping step, further metal oxide can, if desired, be introduced
30  using a metal oxide sol prepared as described above as metal oxide source. This
processing step can be carried out in all suitable apparatuses, although kneaders,
pan mills or extruders are preferred. For industrial use of the process of the present

invention, particular preference.is given to using a pan mill.



for the oxidation of organic nolecul es. Exanples of possible reactions 228 §EP 2007
25 the epoxidation of olefins, e.g, the preparation of propene oxide from
propene and H202 or from propene and m xtures which yield HZOZ in situ;
hydr oxyl ati ons such as the hydroxyl atiorl2of nonocyclic, bicyclic or

pol ycyclic 30 aromatics to give nonosubstituted, disubstituted or

hi gher -substituted hydroxyaromatics, for exanple the reaction of phenol and
H202 or of pHEotording toriax embedinvant whichihas dlreqiybeemdesctibed abayeyaemixture

hydr oqui none; 7 S E P 200,18 the, conyersi on of alkanes into gl cohols,

o Genyces andf 2t eadt ong RoruSaRidic malstial Al RIdERS RS mefel CRiSk Js BEoRER fOF 1207
or m xtures s Yrh Sdnth : ' 5o iﬁg\gq ' Hﬁl ) .0r
exanpl e the \[I)ngelgg]rsa% One'é%@én%@e&f%ﬁ}dér)?gﬁgr?g oxXl| !rglaér m ?:%+o ei%ﬁg}lkg;il

| somer i zatsi onngteloaid akeling Watth atetdllioncigradditiohally sdded 0 thel@smsifith@orbigghy des;
and al so further reactions described in the literature as being catal yzed
by such 1 o $hemhda dpeaferzed embedimentcof the present tiavension, froms 20 e &0% by

Synthest s of TSGR PN e HOMe}0 tasP A yiffien & feliigfide Fndyg
Amst er dam (1983 5 10 B0% by Reight T hdlalRXidd solbRIust® rpa&fbﬁﬁr%cc;ftmgfﬁéﬂa e

reactions as described by B” Notari in Stud. Surf. Sci. (1987),
pp. 413-425, towusing fru 40 ¢@J0VanbyCartight/ef porovobxiditimatégaldfoincl S 3% by
(1996), pp. 2S3-334. The present. i nyenti her ef or rqvi des for.the use
of one oflgt havelgid dn%]d?’gge ﬁ?‘g(@%‘bmgé% 23%"5E¥ W&é‘té’gé‘gﬂéﬁo‘?’“‘g‘* SRl dBEE of two
or nore ther : gt ESthiki sively
di scussed abg;eiéc:egtr%g@spgﬁvlﬁ(’géfgrﬁlé%g%f?%ésgﬁ%égm t eh@p%g)t}% ggtplp %ﬁfagfﬁaﬁ%enes.
The present ientcastdeseriteed detolv. (Ryéfereats s hprogivere so asipg poreas okidic titanjuar-i ng at
| east one al kene, ¢oxi de, which conprises the following step (I111): 25 (I11)
reaction of &entaiing matsgakandsilicagpl h hydr ogen peroxi de over a catal yst

which is a shaped body produced by a process as descri bed above or a shaped
body as descri bed above. Al kenes which are possibilities for such

functionaki zah adurther eaftdimédtiof theaprocest of thdgpreseaniiventiod e Bixiny optee,
1-butene, 2-butene, isobutene, butadiene, pentenes, piperylene, hexenes,
hexadi enes, Bepusrixidic gaateripd or nepterialy withribe matal axide opexidembaving adons,

dodecene, tri .f a- [ trl.- . [ apronene. polybuta

i mes, pol yi SoRERoRnalelioBsel fuf fRRRE A sl ARG SRl GEFE el e

acet ate, densification step. Accordingly, it is likewise possible to mix the porous oxidic
material or materials, the metal oxide or oxides and additionally at least one metal

20 oxide sol in the densification step.

In this shaping step it is also possible to add one or more viscosity-increasing
substances as materials for making the mixture into a paste; these substances may
serve, inter alia, to increase the stability of the uncalcined shaped body, as
25  described below. For this purpose, it is possible to use all suitable substances
known from the prior art. In the process of the present invention, water or mixtures
of water with one or more organic substances, provided that they are miscible with
water, are used for making the mixture into a paste. The materials used for making
the mixture into a paste can be removed again during the later calcination of the

30  shaped body.

Preference is given to using organic, in particular hydrophilic organic, polymers

such as cellulose, cellulose derivatives, for example methylcellulose, ethylcellulose



'27 SEP10~12 19 net hyl enecycl opropane, cycl opentene, cycl ohexene, 27 SEP 2007
nor bor nene, cycl ohept ene, vinyl cycl ohexane, vinyl oxirane, vinylcycl ohexene,
styrene, cycl ooctene, cycl ooctadi ene, vinylnorbornene, indene,

t et rahydroi ndene, nethyl styrene, dicyclppentadi ene, divinyl benzene,

cycl ododeceng, C i Byrd . Henmehie i ftamn

A beta-carg?éh§§m§?ﬁ§?§ﬂgﬁgb§$uorigg%ﬁglIylgﬁgﬁiggggy%ﬁgggg’Eﬂﬁgryge,

met hal | yl chhixturde, ofditwh| or ahoree therecd] |Rarticularo preferemaet sl diven a6 cudiog |

but enol s, butenedi gl s, cycl opentenediols, pentenols, octadienols,
tridecenol s, meth¥leellaseed” st er oi ds, et hoxyet hene, isoeugenol, anethol e,

unsat urated carboxylic acids such as acrylic acid, nmethacrylic acid,

crotonic acid, malefic acid, vinylacetic acid, 1 o unsaturated fatty acids
such as o ei s FaiHer hddigVe&] Gt 3¢ ipdssitie! 16 hdd aRfmhéhiufataliAds! ¥r AGfind-like'9 fats
and oils. The zeolites which have been extensively di scussed above are
parti cul ar | ycompouadd such fasrtetréedkydammonianm compburdsk enemitmlkoxidesr Smel2 to 8

carrcuar etV e Y aeteBed cupoRfiand 385 the HRAIB00 St ol ngi
the present \Wieyesyiopn, RagM ﬁﬁggss E&P%L?ra&é eilyAincofpofatdd By &'éferegée {6 tphaped

body descri bed herein as cata t prepari ng propene oxide starting from
20 propene gwesenyappligatiorper oxi de or from propene and m xtures which yield
H202 in situ. In a specific enbodi mrent of the process, the al kene to be
epoxi di zZ¥d i s prepared by dehydrogenation of the corresponding al kane. 25
Accordingly, i ng,i. I : i a: [ ki bed
bove uni ch 185AE BE SRR pABUEN b iPHIsp PORaBl S Bl dlRS, MSeRgREly |

al kene or a%%_ﬁeﬂﬁﬁ) orgasit efidié) cohpdurids Whiclbyartl o dined e by @alcifatioh afiggst one
al kane. 30 i s dehydrogenation can, in principle, be carried out by all

met hods knowihe shaping siep. Partivulas prefereneets given drlearbexyligagidei bed, inter alia,
in EP-A 0 850 936 which in this respect is fully incorporated by reference
into the present application. Z ~ s~~ 2~~2 20 In a preferred enbodi nent

of the prsoceHs houndof eSS Bilidriey @ brefeably ARBnY &Y HB@’D?'\WHiéH?, pati@fapr ated in
t he dehydrogenati on of the al kane or al kanes is used for preparing the

hydr ogen permsfetiblyiftom white 7% by weighheinoeach| tese dasgsk onube dhaped: hedys
dehydrogenation ig.rgacted in ste I1). Accordingly, the present
Sised i BN 15 oA pE!

i nvention al¥8 %Yescri bed above which conprises the
followng step (I11): (11) reaction of the hydrogen fornmed in step (1) to
gi ve hydrogen peroxide, 1 o where the hydrogen peroxide is used for the
reaction i n Bt apfldnce )profitréiep rof sthat shiapeds by rsuals casr ttamspbst pérsov@mmej des an

(%) o (8RR Ry BRrE il sRrah pam DR o Pl r Rord B T
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further additives which can also influence the shapeability of the composition.

Such additives include alginates, polyvinylpyrrolidones, starch, cellulose,

polyethers, polyesters, polyamides, polyamines, polyimines, polyalkenes,

25  polystyrene, styrene copolymers, polyacrylates, polymethacrylates, fatty acids such

as stearic acid, high molecular weight polyalkylene glycols such as polyethylene

glycol, polypropylene glycol or polybutylene glycol, or mixtures of two or more

thereof. The total amount of these materials, based on the shaped body produced in

the end, as described below, is preferably from 0.5 to 10% by weight, particularly

30 preferably from 1 to 6% by weight.

The present invention accordingly also provides for the use of polyalkylene glycol,

in particular polyethylene glycol, in the production of shaped bodies comprising



(O reaction of the hydrogen peroxide from(B) with the al kene from (AR % $EP 2007
gi've the al kene oxi de using a shaped body according to the present

i nvention. The reaction of the hydrogen to give hydrogen peroxi de can be
carried out by all 20 nethods which are Idnown fromthe prior art. In
particul ar, tthanitmdsibigalite,c partibelariye abdse dwhich hareatsed wsacatalystg efor tselegtivee
hydrogen peroxide. It is |ikew se conceivable to prepare hydrogen peroxide
usi ng the hyddpiens rom step (A) by neans of the anthraqui none process. In
both cases, it may be necessary to purify the hydrogen fromstep (A) before
further use. Preference is, however, given to 2s using the anthraqui none
process. Thi gpi | i e o ; i none
ompound o g T o B s e ) BB et
reaction of tshapedwbbticoxwhieh dre déssentially dmiqyeporpes byt dan andtitioradle qhevet

i sol ati on of the hydrogen peroxide_ forned by extraction. The catal ysis
cycle is cl odBgsopgres éwga? BEERReIES T hsrPore, ¥olame ot Sha MAPETEs GAP SRASEOPRFASCH i s

bt ai ned ) , . Biely e
ant hr aqui nondd o Bebl bofir B8 pleiet IHAE0n. ALY i BeBirckl wit
Chemi stry", 9dIN 661381 ©N meyY&iry PBrobimetBR e grebfer then 4:36ml/g, %’referé‘blﬁ%r&te‘r, ~ 21

When usi ng one or nore shaped bodi es produced accordin o the present

i nvention as than 812yml/g, partculany preferably stpater thandt-3 mdigedn pedicnlaymeatest ed by
a process intié\mﬁg t.,he regeneration is carried out by targeted burning-off
of the defositd Y §Iﬂ}/cﬁ1$i ble for deactivation. This is preferably carried
out in an inert gas 5 atnosphere containing precisely defined anounts of

substances which act as an oxygen source. This regeneration process is
descri bed i n The-oxdaroaf aRlitderooBthetabove-déseribed additivasrto thé mvikiued which Kasl | y

i ncorporated by reference intp. th resent .appligcation. .1 n addition,

t he present iqq%%ﬁgfa&‘?%i ?rfesotﬁggta%a ?%%eglﬁ}b‘?‘ﬁéﬁtmb%@?"g 13 gAuall¥e yse
of a netal oxj : J : L f cing a
haped body Tout g i FSR8RE BRuP RuEs ctal SIQNRY € nib DR sRbecRictly 10
f ol | owi ngsexahgvissositylinsieasihge sitiseances amd then. thd Substarps edidhix arfjuercelthe
Preparation of a m croporous oxidic materjal 20 910 g f tetraethyl

ort hosi | i cat &raRERQst Bropeissi andor rthe shapsaRility o€ the gengi ?ngPW?SIB% ol4og of
tetrai soprop 1 e added from a dropping funnel over a
period of SOXW%@%?’@&%% ng (250 rpm blade stirrer). A colorless,

cl ear m xtur @rivaso therdeasificattd)tig geherall? 6l ptilveruidon nliytureecaph if desired, be
t et rapr opyl anmoni um hydr oxi de solution (al kali metal content < 10 ppm) were
subsequent | y hamogeniged ipahe kaeades o rextfdey forjfroraglG & 18Asminutes.1 Thisus.  The

shoohe T RARCTRRSP ol 5 BUILERFE 18 o i 1o ALY 11

90- 100C. rwere a 'y "Opaque s

transferred tpoim dfltheapaetihly fotmikihg gh@ whiRtlra \ifto e @astofandt & athesphegiceel . 30
The cl osed autocl ave (anchor stirrer, 200 rpm_was, brought to a reaction
t enper at ure @ressumsEraylightly supsrafgnosphesicopressayeni The nrixiure d5 dneaded\wnsil @Bnpl et e

after 92 houre§gu%'%ze§§%®gv%§%%g@ m xture (white suspension) was

centrifuged an e€d a nunber of times with water until
neutral. The solid obtained 2 7 SAP 2~'J~ 22 was dried at 110C for 24
hours {weight: 298 g). The tenplate remaining in the ]
25~ The composition which has been obtained from the densification step and is now
ready for shaping has, in the process of the present invention, a metal oxide content
of at least 10% by weight, preferably at least 15% by weight, particularly
preferably at least 20% by weight, in particular at least 30% by weight, based on
the total composition. Particularly when using titanium-containing microporous
30  oxides, the composition produced in the process of the present invention leads to

no problems caused by thixotropic properties in the subsequent shaping step.



zeolite was subsequently burned off in air at 550C for 5 hours (cal ci Qaytgﬁnmz
| oss: 14% by weight). 5 The pure white product had, according to wet

chem cal analysis, a Ti content of 1.5% by weight and a residual alkali

metal content of |ess than 100 ppm Thelyield based on silicon dioxide used
was 97% Thelncpyindiple] kasadimgl and Shapingfcafirenclridd dup intd altneanventidmal pr oduct

di spl ayed a typical band at about 960 cms in the IR spectrum 10 Exanple

2: Prepar at i loteadingand ishaping eayipment o mashasds whickeang|veallekhawn fomothe prior - neck
flask provide jth stirrer, thernometer gnd.refl ux,condenser. The pH of

the solutio gajswiqbéﬂfqrgrogpgng 055’5451683’ shapsd %@%sgg?‘ﬁ?ﬁgth amoni a. The
wat er was subsequently heated to 50C and 1300 g of tetraethyl orthosilicate
wer e added from a dropping funnel. The m xture of water and tetraethyl

ort hosi | iscatRrefeaenceds$ giverdo tising Seltmds 3n whidtusiapimg id 3dréied oaf by extrastdmy |
orthosilicate were then added via a dropping funnel. 20 After refluxing for
anot her 2 holfireiistomazy egtudars, fgr example ta grodyse extrdates having,a diameteref f or a

of - The 361505 b o8 #1t8s Fa0 RO A0 RTEh pRFochiE Rony Bhd 5 i MR B ce
content of ahiehtextsidd%qlipnvdt Ghdesariblkdd f610eMagiple, 3h “Bllliiinhs FRbpkiopsds Of

| ess t han 3£pm Exanple 3: Preparation of a silica sol 188.6 g of water
an

wer e pl aced den Tecluscheh Ghemie néthieditians vob 2o\ PHdp\A9SHE. Apart em the use

t her nonet er d reflux gondenser. .T H of. the sol ution s .adjusted to 9
using 0. % g T3 S0y Eutlgh Rrelvras 8 IkeRie EiYer B AR ARERY AR ca ¢ o
50C and 111.&3e 8f QflaroBistAL Gkl AppIRALiOE BF the\fRb&sE uldrQifeRralc®RPI Ng
funnel . 2 7 SEP T0Z 23 The m xture of water ‘and tetraethyl orthosilicate
was ref | uxedgivar toising ecew éxtfudetsher 11 | .65 g of tetraethyl orthosilicate

were then added via a dropping funnel. After refluxing for another 2 hours,
the resulting silica sol/water m xture was refluxed for another 12 hours.

50 of wat t
hydrol ysi s wak § t‘g‘ﬁi&%?g‘?ﬁ@%’%@@%ﬁ‘éqﬁ%ﬁ%@@bgiﬁ‘?g’(ghg’gﬁ%ﬁ%ﬁé% inthis
way had B sidnyadesired shapdeTleyrdaaibe, fof ealple, B eyxtrudites)holom extradatesent  of
al kali nmetal ions of |less than 5 ppm Exapple 4: Spraying of titanium
silicalite 200Stgr-gapad |exBydaes angﬁs89negF@ﬁg$éan a?ésoclgw ARe dliametes ahis e 1,

fi t f] ] t ALt i < : ded
' 2000 g oriard el g’ e ARGk Sif et pcigalBy Wil npliERR TPO0CE

content of 184niksmened ghich 4p¢ eqameidedlby & slesss ibedichrth&xlped dodies Wy €
subsequently mxed in. Wile stirring continually, the suspension was
punped by neab§used.-a peristaltic

20

Before, during or after the shaping step, noble metals in the form of suitable noble
metal components, for example in the form of water-soluble salts, can be applied
to the material. Such a process is preferably employed to produce oxidation
catalysts based on titanium silicates or vanadium silicates having a zeolite
25  structure, making it possible to obtain catalysts which contain from 0.01 to 30% by
weight of one or more noble metals selected from the group consisting of
ruthenium, rhodium, palladium, osmium, iridium, platinum, rhenium, gold and
silver. Such catalysts are described, for example, in DE-A 196 23 609.6 which is
hereby, in respect of the catalysts described therein, fully incorporated by reference

30  into the present application,

In many cases, however, it is most expedient to apply the noble metal components

to the shaped bodies only after the shaping step, particularly when a high-



punp into a | aboratory spray dryer nade of glass (dianmeter: 200 mm h@i7o8gp 7007
of the cylindrical section: 500 nm and atom zed by neans of a two-fluid
nozzle 20 (diameter of the liquid feed Iine: 2.5 mm adm ssion pressure of
gas to nozzle: 3 bar). In the spray dryl&, the suspension was dried by
neans of t haeglpdatiie tagment 6f 186 eatalystvosipgizfgtiobRimbtgl($).is undediralile iy at ur e:
210C, outlet tenperature: 100C) to give a fine, intimately m xed powder

whi ch was t moblesmptal somgonents can, in particulas hel appiied #5 thehshapedebatlynbys 10 %
Exanple 5: Spraying.of titaniumsiljcalit 6.1 kg of catglyst, prepared as
descri bed i fX { dnpregpation pr rSE&ay’élgzﬂnse‘flgP][Wl%gmB&ei arEed, Aualoing | | and

then finely m/lJl 0 .Q i |& ﬁ:’@% 300, ~ L: I e
br eaker. %g(ﬂ%u%ﬁ_g@fuﬁe po e?’lo\g/\?e{lgtlé{l%b%re%n@gﬁp pgalzﬂlsa%%gn)ggh ésn 1601
of wat er sw tdarbpididtioen of 16 kg of aqueous silica sol having a silicon

di oxi de content of 20% by wei ght, prepared as described in Exanple 2, and
pl aced in an open stirred vessel. Wile stirring continually, the

i t ak ff.b f I i st.al ti dri ed
suspenst on e LR b e RRR oAt BL 9P, LA R el S01od,
The suspensigmoRmeaidHIE 284145 BY pRoHuBERMTHRY a $ekof\bdabedCiAt Calitbrhes

(rotational speed: 17,000 rpn). Drying was carried out at an"air inlet

t enper at ur e ppoédR6d dyaisprayimgathe mobi¢ enctsle sglution wnto die tHaped Hmligshelher oduct
was separated off fromthe streamof air .in cyclone. The yiel.d s 13 kg.
Conpar atiove thiekhess o Hschbaing g SReLL FrAPRTIRG SPVIE RS cab e pRfca s

Catal yst A 1 X1 - drd - &QNSi sting
of 9% by e FEea sy aRritaib AR iR, Fedbf Srio gl e IRRARTE 11 06
by wei ght ofarsedsemtiablydindforlly loaded witlongble netal atloscthe nlirelvavdsrsgetionsefl | con

di oxi de content of about 50% by wei ght (Ludox TM from DuPont). The

spray- dri ed thoshieed bedspeci fi ed was prepared as described in Exanple 4
except that a commercially produced silica sol (Ludox AS-40 from DuPont)
havi ng a sodi um content of 800 ppm was used in place of the silica sol

pr epar edsac ¢ofidtergru§ion b enddins S£4 karh Bxt@iier O a sé@wldx@ubérXthérshapsisbodieie
extrudabl e b%‘addi tion of water and the extrusion aid methylcellul ose and
was ext r udedbtaines sre drjedr fod fram abeiyi ntp 20 bpurset @pnmllnﬁsm%ﬁ) tTRE8%C,

G oxi do. bi ndbreEBnL ST 30 192 BRG, AR PERR. 8 Souhl) Befighol 180 B um "

content 30 WasferdB BEHNO.05 to 1.5 bar.

20  The subsequent calcination is carried out at from 250 to 800°C, preferably from
350 to 600°C, particularly preferably from 400 to 500°C. The pressure range
employed is similar to that for drying. In general, the calcination is carried out in
an oxygen-containing atmosphere, with the oxygen content being from 0.1 to 90%
by volume, preferably from 0.2 to 22% by volume, particularly preferably from 0.2

25 to 10% by volume.

The present invention thus also provides a process for producing shaped bodies, as
described above, which comprises the following steps (1) to (v):

@) mixing the porous oxidic material or materials with at least one metal

30 oxide sol which has a low content of alkali metal and alkaline earth metal

ions and/or at least one metal oxide which has a low content of alkali

metal and alkaline earth metal ions;



2 ~ sEP 2~~a_ 25 Conparative Exanple 2: Shaping of titanium silicalitlel SEP200?
(catalyst B) Catal yst B was produced by m xing 3000 g of a spray-dried
powder consisting of 78% by wei ght of a catal yst prepared as described in
Exanple 1 and 22% by 5 weight of silicgp dioxide with 7SO0 g of a silica sol
havi ng a si |:tcon 34 t 0 from
DuPont). Th lbspragbg)%yﬂ% &é’gﬁ&gﬁ%’?g ?éé)é(l&afﬁ&%g%%a;r ao(dhg)gm )éf ?@éa

Exanpl e 4 except bRk sgl;comrercially produced silica sol (Ludox AS- 40 from
BuPont) having a 1 o sodi um cont ent of 800 ppm was used in place of the
silica sol fikigpar ehapingibe domgosition frempteps@kt i nvention. The m xture was

made extrud addj ti f. wat a e extrusion aid nethylcellul ose
and was ext ?Uged 8"@59‘8589&688}’83‘% 0%3?91{‘)“}1 di aneter of 2.5 nm 15 These
ext rudat s red for 5 hours. The silicon
di oxi de g@r co%gil gﬁ%@é taﬁ gped@%é‘%ﬁ wasgggggo by wei ght, the sodium
cont ent \NaSIr%Osppaﬁb éﬁiibbdhr&éxﬁr(ﬁﬂ the dnyeneies; the mttakbogidd sof i hddedxfor thdat es was

37.9 N, the cutting resistance was 10,25 N. 20 Conparative Exanple 3:

Shapi ng of syspamsiermodtainashifiome the: steal ()t desyribg; further abovms ther mgultieg by

m xi ng 7500_g _of .a s dri er_congisting .o 7%b ht of a
cat al yst pré‘%g?%sdorhégdg%gf |P6°3daﬁlx\%k£% e 2% bVSV\]g‘P hﬁlv\é& g%l‘sl i con
di oxi de W t Ba14i3e8 Thedried did! dafcined Prodiy b than Ve findied ﬁb%&eéeasqﬁpgeﬁt of
about 43 % by weight (Ludox AS-40 from DuPont) in a pan ml

Spray- dﬂOed(lph)vmler specified was prepared as described in Exarrpl e 4 except
30 that a comrercially produced silica sol (Ludox AS-40 from DuPont) having
a sodi um content of 800 ppmwas used in place of the silica sol prepared
accordi ng t oft darl SR RrhdENbblhed cah e Ffthdr procebsdf AflCrEihiilof Was
made extrudabl e by addition of water and the extrusion aid nethylcellul ose
and was ext cerdednutiongifoe mm;:ledbyeerukiangrxg bradkimgether skdped . Bodies, a&hese

extrudates were,  drjed at 0C and heated at 5Q0C for_ 5 houyrs, .The silicon 5
di oxi de bi na%rrce%ﬁf@e?& arg c@%ﬁg&rqamtm Pl evmsgﬁﬁed shaveai um

170 cat & ySrOB AR, BEATRRe peRIBRES Blych IR el B ShRe S O

consi sting béving a particle diameter of from 0.1 to 5 mm, in particular from 0.5 to 2 mm.

These granules or chips as well as shaped bodies produced in another way contain
virtually no finer particles than those having a minimum particle diameter of about

20 0.1 mm,

The shaped bodies of the present invention or produced according to the present
invention can be used as catalysts, in particular for catalytic conversion, especially
for the oxidation of organic molecules. Examples of possible reactions are:

25
the epoxidation of olefins, e.g. the preparation of propene oxide from propene and

H,0; or from propene and mixtures which yield H;O; in situ;

hydroxylations such as the hydroxylation of monocyclic, bicyclic or polycyclic
30 aromatics to give monosubstituted, disubstituted or higher-substituted
hydroxyaromatics, for example the reaction of phenol and H,0O, or of phenol and

mixtures which yield H,0; in situ to give hydroquinone;



75% by wei ght of a catal yst prepared as described in Exanple 1 and 2 O/??E’P 00
wei ght of silicon dioxide with 1037 g of a silica sol having a silic

di oxi de content of about 21 % by wei ght, prepared as described in Exanpl e

2. The spraydried powder specified wasiprepared by a nethod anal ogous to
Exanpl e 4. ﬂa’écEH@erﬁbeﬂélRaﬂ@ﬁntH%%h@P&télBéi@Eé@mﬂYacﬁﬁd't' on of water and the
extrusion aid nethylcellul ose and was extruded to give extrudates having a
diameter of 1.5 mm These extrudates were dried at 120C and heated at 500C
for 5 hours. The_silicon 2o, di oxide binder co tent of .t he shaped dy was
32% by wei gﬁ’Elmet fosmatien framcketerastinithe PaRsenGspPh Hebkapipmixtyzes Sy 4‘;

e o G SR B RS Rb R BB Y e 70
pr epar eds ascﬁﬁﬂﬁkm okfinéFamyelohe:@nenel 5% by wei ght of silicon dioxide
with 13000 g of a silica sol having a silicon dioxide content of about 19%

by wei ght, prepared as described in Exanple 2, in a pan mll. 30 The
spray-dried, powder. speci.fied s prepared b | ogous to Exanple
4. 2 7 SE 158’?665“‘?? TE4CLORS Wﬁ%ﬂ&éggmal@n&@%%ﬁlnewﬁsﬁgﬁ‘&%ti on of water
and the extrusion aid nmethylcellul ose and was extruded to give extrudates
having a dianeter of 1.5 mm These extrudates were dried at 120C and heated
at 500C f orarfd hleol rfarthe?heaalohis destribedl i thel Htepatmd eas bnimrg eahlyedd bhaucthaped
body was 40% by_wei g t he SOdI um content was 420 ppm Exanple 8: The
shapi ng!bf %hapﬁ‘-’hl Gﬁﬁe%l inj pastieuler 7eohitea Fatalysts, as(:&‘tea‘llﬁsglﬂqu vers exaneple

m xi ng SOOO@ﬁg%&gﬁgéa&egh egdCQ%rf&% %@%gﬁm ga{ﬁpto OE.P& »Of a

catal yst prep escri ed I wei g %11icon

di oxi de wi tBlséde) Studf Surki $dicTawall, #a;vmmte&damluem, Obzpmg@e cadt gnt  of
about 19% by wei ght prepared as described in Exanmp in a pan mll. 15

The slpray dparBenlarotn epssible oxidation yRestionscas deseri Qbawm lfaﬁ&}doéétfg tﬁ
et s on ool Rl APRTR pEeSE%, SR Anlt REBAISBE VB YRGB g &

di anet ers of Presd(1998), 8F. JH3e@, ext rudates were dried at 120C and heated at
500C for 5 hours. The silicon dioxide binder content of the shaped body was
40% by wei ght, the sodium content was 400 ppm The cutti ng reS| stance was 2

N and the | |
Densi 1 cat| DI RGeS ARG Ghereiote ol g et of BB, P PFottResd odies g o
TS-1, prepapRduad o9 Aeschibe@dbdve dRsFRhRe 8f tWiRdTen6te Midrédfad aicBtafyspan m | |

20  The zeolites which have been extensively discussed above are particularly suitable

for the epoxidation of alkenes.

The present invention accordingly also provides a process for preparing at least one
alkene oxide, which comprises the following step (III):

25 (IlI) reaction of at least one alkene with hydrogen peroxide over a catalyst which

is a shaped body produced by a process as described above or a shaped

body as described above.

Alkenes which are possibilities for such functionalization by epoxidation are, for
30 example, ethene, propene, l-butene, 2-butene, isobutene, butadiene, pentenes,
piperylene, hexenes, hexadienes, heptenes, octenes, diisobutene, trimethylpentene,
nonenes, dodecene, tridecene, tetra- to eicosenes, tri- and tetrapropene, polybuta-

dienes, polyisobutenes, isoprene, terpenes, geraniol, linalool, linalyl acetate,



with 1.23 kg of Aerosil (DEGUSSA), 6.26 kg of silica sol prepared as 9 7 SEP 1M
described 30 in Exanple 2 and 237 g of nethylcellul ose (Wl ocel) for 670

m nut es. Subsequently 48 g of polyethylene glycol (ALKOX-E 160) were added,
the m xture was densified for a .furthd9 30 mnutes, 96 g of polyethyl ene
glycol 2 méhlerdd9diopfophry; Képsidpentefld, afdoktxend) AdrbeRicd)i érdohiptent, wer e
added and the m xture was once nore densified for 15 m nutes. The shapeabl e
conposi t i on vincysiohesaneh yinylexirane vinyicyslohexensy styrsneyioyelooctneneyeooaamnd

extrudates. The extrusion pressure was frama85 to 0 bar gnd the extrusion
tine was 1 §1‘?ﬂenl}?‘@§mrﬁ?ﬂ@§g"’e F‘EFdathghmé‘?lnaﬁei &F‘éﬁsmﬁ Kcycloptitined at
500C in air g4 : ' : bl CON 1 di Qx| bi nder
cont ent of tdae eé ﬁ%ﬁ@gﬁ%@&%@b%&ﬁ% bcgd&g%?éqgﬁi?@ggg’u#g%len ~ was 500
ppm thesl atdinel vitanir sbétveadtenerghilidens fludritle,2ilyl hhlgdesperonhehride) ume was
0.70 g/m, determned b (’I:? por osi rretréﬁ I n accordance with DIN 66133.
Exanpl e 10: mﬁh@ll}@tqlﬂorﬂ% ichlprbutsnepaliyt plsaloll snathallyh aicaheb e butenolamount  of
catal yst A t0.G gorrespondi.ng tq a _mass,of titantumsilicalite of 0.5 g was
olaced in a upsfitle F3RRRbkE s GatiRRun @bl ket peiag ng
stirrer. 20 s@?@id@%ﬂ%&g@?ﬁ@ni}ﬁ%eﬁ oflehetold) uhSRurdtelcafBRk RO Atids ShcsAd and
eaks. e

checked for absence o e autocl ave was subsequently heated to 40C
and |1 g of aciyligi acigs opsthasrylisr ecidetaretedici atid, tthaeigutcid) aimylactio gcidf a 30%

strength by wei ght .agueous, hydrogen .per oxi.de, sol ut.ion were then 2 unped
it ot heOautBtRiech ieatis b 28 P ol HFoLE *bte PRAHAS aPkly PRYERen

per oxi de inotcf:‘lﬁn?-n' ¢ds hh was subsequently rinsed into the autoclave using
16 mM of nethano E Tf’le C?ﬁlﬁ%{ial hydr ogen peroxi de content of the reaction

solution was 2.5% by weight. 3 o After a reaction tine of 2 hours, the
aut ocl ave cool.ed and vented. The, liquid product was anal yzed

Ceri et r i cal g 268 ﬁehyfiﬂcgldaxe%s?rb%ta@;ve#mglswéw NE 2Epadc Lt BHEbISt t he
product was fgpﬂ\%réﬁbgﬁ%&y 0P Akeftdd rlﬁgﬁltgoﬁ&ﬁ@.l%' 8 carbon atoms, more preferably

15 ethene, propene or butene and in particular propene, to give the corresponding

alkene oxides.

Accordingly, the present invention provides, in particular, for the use of the shaped
body described herein as catalyst for preparing propene oxide starting from
20 propene and hydrogen peroxide or from propene and mixtures which yield H,O; in

situ.

In a specific embodiment of the process, the alkene to be epoxidized is prepared by

dehydrogenation of the corresponding alkane.

25
Accordingly, the present invention also provides a process as described above
which comprises the additional step (I):
O preparation of the alkene or alkenes reacted in step (III) by dehydrogenation
of at least one alkane.
30

This dehydrogenation can, in principle, be carried out by all methods known from
the prior art. Such methods are described, inter alia, in EP-A 0 850 936 V\_/hich in

this respect is fully incorporated by reference into the present application.



2.7 S E ~' 2002 29 The results of the analysis are summarized in the 27 SEP 20
followng table. Table: for Exanple 10 (Catalytic trial) Catal ystPropyl ene
oxi de content of product by wei ght Hydrogen peroxi de content of product % by
wei ght A (conparative)0.881. 72B (conpara@ ve) 0. 861. 74C
(conparative)0.931.51D1. 391. 28E1. 471. 19F1. 341. 25GL. 11. 45 s Exanple 11:

Catal ytic test (continuous operation) 24 g/h of hydrogen peroxide (40% by
wei ght), 57 lg/apreferredt émabuadimemtcbf@hd procesy bf tife pesepeirventor thabydrdgent a
reaction tenperature of 4QC and a pressyre of 20 bar 1 t hr ough t ube
reactor char'eigh s @enerated 1y the d@%@rwpaﬂl%p? theaglkanedph st i§etissd doknt

i nvention. . i e : a6t | \ .

depressuri zgd%g%gigﬁ@%/hg%ﬁ%%p%%ﬁagé %@s‘g@%ﬁ}%ﬁ%&%&ﬁ%ﬁ;&ﬁ/&%ﬁ% ar .theThe | ow
boi | ers whi cdehyprogenktiof @PRaGEEH seéf (Ipr € anal yzed on-line in a gas

chromat ograph. The liquid reaction product was coll ected, weighed and

| i kewi se anal yzed by gas chromat ography. The total reaction tinme was S50

00% " he selSEeRiney T RsaRs JLrBOR BRIV AeS 4 BAcET e 2o Do RPe Mg
Ilizkevg;itsgl Si Ophith 6&Rptides TR RIbRAE s?%%;@yer the total period of time. Exanple
X ytic test (continuous operation) 2 7 Sir 2002 30 9 g/ h of

hydr ogen per(@}i deedotivtodfyhedsidedgen forfBedgh stepf(I) e givarhytrogenl pérogide, of propene
were passed at a rgacti on tenperature of 40C and a pressure of 20 bar

t hrough ¥ t uBkers tsydrogen perggife|is used Sor e gractiopinster(lllyt G according to the
present invention. 5 After leaving the reactor, the reaction m xture was
depressuri zed agai nst atnospheric pressure in a Sanbay evaporator. The | ow
boi | er s whi cCfhevrésensinpertiincadcariiinglyedlso proaides atlimeprated processfogpeparing

chromat ograph. The |jquid reaction product was collected, weighed and

|i kewi se andnyaisme gyids yhieh eoypprisss thegps (AhE €@t al reaction time was 850
hours. Duri t hy j . [ i i was far above
00% " The. sel Gl 1ishydroBarbi et Bl R i aRBKAEREED, 12°, 2" Peaui se

si gni fi cgnt |(B) maesetioh af (HRAKILRH obfathetdh 8A) w?ﬁr@ debgehipeFoxide, and SEP 2002
31 CLAIMS 1. A process for producing a shaped bo L¥1 conpri sing at | east
titani um si I(C¢alreacsion ed the hydsegen peraxidefrom (B iwdth thoalkehe GompiA)de givene

follow ng step (thg alkene oxide using a shaped body according to the present invention.

The reaction of the hydrogen to give hydrogen peroxide can be carried out by all
20  methods which are known from the prior art. In particular, the hydrogen can be
reacted with molecular oxygen to give hydrogen peroxide. It is likewise
conceivable to prepare hydrogen peroxide using the hydrogen from step (A) by
means of the anthraquinone process. In both cases, it may be necessary to purify
the hydrogen from step (A) before further use. Preference is, however, given to
25  using the anthraquinone process. This is based on the catalytic hydrogenation of an
anthraquinone compound to give the corresponding anthrahydroquinone
compound, subsequent reaction of this with oxygen to form hydrogen peroxide and
subsequent isolation of the hydrogen peroxide formed by extraction. The catalysis
cycle is closed by rehydrogenation of the anthraquinone compound which is
30 obtained back in the reaction with oxygen. An overview of the anthraquinone
process is given in “Ullmann’s Encyclopedia of Industrial Chemistry”, 5th edition,

volume 13, pages 447 to 456.



(1) mxing the titaniumsilicalite with at |east one netal oxide sol V]ifﬁ’hf’”’
has a | ow content of alkali nmetal and al kaline earth netal ions and/g .
| east one netal oxide which has a content of alkali metal and al kal i ne

earth netal ions of less than 700 ppm 43i) densifying the m xture from
step (i), (iWhgnsishg ngetdre nooershaped bodies qrodiceg deconding ity )thelrpresegt t he
shaped body fromstep (iii), wherein that the netal oxide sot having a
content of anKentionAsicatalyshdhejakar ¢ane whap deactivgisd, hegiegensrated by amessssLo ppm

d wh in.the. body.. | 1. h t, of. al kal j | .and
S e ST ety BBt 5 By AR AL R e
claim 1 fUrtr‘é?ﬂonQi%[H”fbe!d@?ctfvﬁﬁoxﬂd%fsi RNpteférbBly fattied (ot frRlaf! %ieagﬁwe. dried
shaped body fromstep (iv). 3. A process as clainmed in claiml1, erein the

at | east Soneatmespiereorontainmgl presisqly elsfinad ainguity df chystarves whith hetasstanone

metallic acid ester. 4. A process as clainmed in claim 3, wherein the

metal |ic aci YR EPUres- s &5eengratiof, Progess is @Fscﬁg?i&ﬂﬁ'éi 197543i49.85 thep shaped
body conprisj t t. et i AP i oxi de,
whi ch can b?e%rg%@u%den yOt{aw%rﬁgcée{gsﬁlvl\%ilgﬁdr%%rﬁntﬁ?ir@egéf#ﬁggefs (i)rftﬁ(r}g\f :%Ess teps (1)
to (iv): (i)appligdtion.the titaniumsilicalite with at |east one netal oxide
sol which has a | ow content of alkali netal and al kaline earth netal ions
andl or a nmetal oxide which has a content of alkali netal and al kaline earth

| f ] . (i) densi fyi he. m f i),
LR Lol O oL AR herRR, ROl s RO e AR 0 R AR, B
fromstep (idsk)of a métal oRkR ) PlepirediiedbAbddabove 18 m&dealfop?stdmcigﬁla havi ng

a content of alkali netal and alkaline earth nmetal ions of less than 10

ppm and whesheped hady heving dighhahemical easistance and medwnicehstrengthal kal i netal and
al kaline earth netal ions of |less than 700 ppm 6. A process for preparing
at | east one al kene oxide, which conprises the followng step (111): (Il1l)

reaction of Be hRGWIngREmPlel SMBiridetthe MveR@men peroxide over a catalyst,
wherein the catal yst used is a shaped body produced by a process as clained

in claimsl. 7. A process as clained in claim®6 which conprises the

addi ti onal ep (I%: (I') preparation of the al kene or al kenes reacted in
step (I11) rogenation of at |east one al kane. 8. A process as
claimed in claim6 or 7 which conprises the following step (I1):

Example 1: Preparation of a microporous oxidic material

20 910 g of tetraethyl orthosilicate were placed in a four-neck flask (4 1 capacity) and
15 g of tetraisopropyl orthotitanate were added from a dropping funnel over a
period of 30 minutes while stirring (250 rpm, blade stirrer). A colorless, clear
mixture was formed. 1600 g of a 20% strength by weight tetrapropylammonium
hydroxide solution (alkali metal content < 10 ppm) were subsequently added and

25  the mixture was stirred for another 1 hour. The alcohol mixture formed by the
hydrolysis (about 900 g) was distilled off at 90-100°C. 3 1 of water were added and
the now slightly opaque sol was transferred to a 51 capacity stirring autoclave

made of stainless steel.

30 The closed autoclave (anchor stirrer, 200 rpm) was brought to a reaction
temperature of 175°C at a heating rate of 3°C/min. The reaction was complete after
92 hours. The cooled reaction mixture (white suspension) was centrifuged and the

solid was washed a number of times with water until neutral. The solid obtained



(I'l') reaction of the hydrogen formed in step (1) to give hydrogen perQﬂlg[@w.}Z
wherein the hydrogen peroxide is used for the reaction in step (I11). 9.
process for preparing an al kene oxi de, which conprises the steps (A to
(©: (A dehydrogenation of an al kane ta® gi ve an al kene and hydrogen, (B)
reaction of yR3edrudditonPC ot 2k Meeks (Weight: 298 §). meh&ﬁg}a&%ﬂ%ﬁhﬁ%ﬂ% and (Q
reaction of the hydrogen peroxide from(B) with the al kene from (A) to give
the al kene axolite, washsabssquenthiebaraedibffsin ansatd5505Cafos fdard (oaldinafiondossed by a
process as claimed jn claim1l. 10. A nethod of using a shaped body produced
as clained ilA%cbumgighor a nmixture of two or nore thereof as a catal yst.

11. A nethod of using a shaped body as clainmed in claim5 or a m xture of
two or nore thereof as a catalyst. 2 7S E ~ 2002 33 12. A process for
preparing atThHeqAsé white pabdr&mamcéasdm@ﬂtoc%acmwaeaaafytse 4 g1 lcBifeRCoSt €P
(111): (I'1l1) reaction of at |east one al kene with hydfogen peroxide over a
cat al yst, wie¥%iby Wdlgltcaadalrysduahakdlumetai cohteptaf lessdtham $0@ ppnEhe yieldcl ai m 6.

() (h pL?is%qdaess ik L‘%’If Tokidezierb R ”Wafrﬁ‘éﬁaétaﬁeea”ﬂ%eées?#é‘f?f@%ﬂ?dftpﬁ' s%”a' e
dehydr ogenaty nggréhué? )}%ﬁnféyp}%l l{%g@{agca%ﬁ?tA? Baﬂmk

al kene OXIde i ses rogena |on of
an al kane t@p@m an aI kene an hydrogen (B) reaction of the hydr ogen
obtained in (A) to give hydrogen peroxide, and (C) reaction of the hydrogen
peroxi dd0from (B) with the alkene from (A) to give the al kene oxi de, where

the catal ysts_use b clainmed in claim6. 15. A nethod of
usi ng pol yaI ﬂ ig’ry%aa&o%#atsﬂ eélpslgf)ducti on of shaped bodi es conpri sing
titaniumsilicalite. .AyU3. A% AF. Al 9. A

% Al . A@ A3. A_. AF9. Ayn. Al . A&Y. A3L. A&5. ASF. AY. A, A, Al . A% AH o
A% A9l . Al | 3AI of Awater ywexe. placed Ag. A&F0 Ifowt-ngcks8lask mixod@d Jwith stirrer,

oS AN SN Byt ol a9 o2
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] ca] ca] ca] ca] ca] ca] ca] ca] caJca] ca] ca] ca] ca! / CFBCH5P=8} xsni d_Z] ] ca] ca] ca] ca]

ca] ca] ca] cajana]l36] gaf tetrpethybaitoailicaie owire added Jfooam e diappingAhnadica] ca] ca] ca] ca]
I 8boKF
??J]' ca]Eca] gﬁﬁ###%$$$$l—|°/&/&/&/&/8ﬁw&&} xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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))) Wur*+r+++H, , , " -v- -
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1001122e223"3v445e5W556f 6U666
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cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

] calbee” deekipliag; g g of silica sol produced in this way had a silicon dioxide content of about

25 20% by weight and a content of alkali metal ions of less than 3 ppm.
Example 3: Preparation of a silica sol

188.6 g of water were placed in a 500 ml four-neck flask provided with stirrer,

30  thermometer and reflux condenser. The pH of the solution was adjusted to 9 using
0.3 g of 25% strength ammonia. The water was subsequently heated to 50°C and
111.65 g of tetracthyl orthosilicate were added from a dropping funnel.
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8/ I25| (K} g: igm?eé ta a pagticle)sizegafigs 390. 1k anddhen)suspendgd im 2000 goafgrvater. 243 6ok () - y5
10tyert.aLI () - zméﬁ"{"ﬁ&%%g% %‘} @8& %‘%w?fk‘c’i’@x’éjs coBiErt et b7a by el DEEPEd y ( s100&

'() - &F10%& @} desibedik Kxantple 2@ivér: subkeyenly Odikeéd in) - 10% & ()-Y 10 10

10 1S:10% & ()- MK10%& () - &9109%& () - dS( dEUV73ZY10% & () - F10% & () -
MO0% & ()-& 10% & ()-10% & () -Z10% & () -

OndEuWBZsl WS x}m%%(g?lf%n{ahly,\( e %&%loﬁ wg@ﬁ%ngaed%%%a{gs oiQ p%ng’tgl@ L& 0)-
pump into a laboratory spray dryer made of glass (diameter: 200 mm, height of the
cylindrical section: 500 mm) and atomized by means of a two-fluid nozzle

20 (diameter of the liquid feed line: 2.5 mm, admission pressure of gas to nozzle:
3 bar).
In the spray dryer, the suspension was dried by means of the drying gas (nitrogen,
throughput: 24 kg/h, inlet temperature: 210°C, outlet temperature: 100°C) to give a
fine, intimately mixed powder which was then separated out in a glass cyclone.

25  The yield was 80%.
Example 5: Spraying of titanium silicalite

16.1 kg of catalyst, prepared as described in Example 1, were first coarsely milled
30  in a hammer mill and then finely milled to a particle size of <300 pm using an

impeller breaker.



'dEUV73Z(10% & () - &FL0% & () -SY98 10% & ()-110% & ()-S F109% & ()-1 10% & § krp
DXXJEUV73Zs5s! 10% & ()- 34Y10% & () - /
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3710% & ()-1#10% & ()- 10t 10t 10t 7f 1028& ()- OhdE~ @Z10% & ()-

£110% & ()- TaAOYowddn waslats@iueptly suSpended ifi 1601 b0 Uatkr (ith Sddifidm-of ROV & () -
£10% & ()- ! 10% & () - LI 10% & ()-F10% & ()-F10% & () -/ CFdE~ @ 10% & () - +f 10%

* & () - 9* F1090kaqueows) siligasqlhaping 121 9ligon dipxide content qf%Z%bE{&mrgw ()-
7310% & () - 55! 1096.&' () - 2109 & 4 ) - OF10%.& ()~ @ F10% & ()- Clhm. . .

o g () aodeinbed b E3RmbE &) e ohhesitintal Spen kel Vet Whilssiring & () -
H5AE] \ =y 10% & - -

yZlOg/fi () bl ¥ {he sushensiop, was taken off by peans of a dasgs peristaltic pump andy o0 o (.
LFo@L0% & () drjedGhaospsiy(drying GhOYE&m(Yirg) tOW& « fine, itit@ASIEixedSowdedlE: / 10t

10t 710% & ()- L5t ! 10% & () -

f@n0% & ()-9-10% & ()-f+ 10% & ()-y9* Gl0% & () - aboKxY:/ 10tS 1096& ()-

10t S@F105a (5 SHROURN (1o citsRaiE dot A0 (R S ochibe witbss )
I'1E"" " #k#dE: (rotational speed: 17,000 rpm). Drying was carried out at an air inlet temperature of
260°C and an air outlet temperature of 110°C.

10
The product was separated off from the stream of air in a cyclone. The yield was
13 kg.
Comparative Example 1: Shaping of titanium silicalite (catalyst A)

15

Catalyst A was produced by mixing 1665 g of a spray-dried powder consisting of
89% by weight of a catalyst prepared as described in Example 1 and 11% by
weight of silicon dioxide with 416 g of a silica sol having a silicon dioxide content
of about 50% by weight (Ludox TM from DuPont). The spray-dried powder
20 specified was prepared as described in Example 4 except that a commercially
produced silica sol (Ludox AS-40 from DuPont) having a sodium content of
800 ppm was used in place of the silica sol prepared according to the present

invention.

25 The mixture was made extrudable by addition of water and the extrusion aid

methylcellulose and was extruded to give extrudates having a diameter of 1.5 mm.

These extrudates were dried at 120°C and heated at 500°C for 5 hours. The silicon
dioxide binder content of the shaped body was 20% by weight, the sodium content
30 was 700 ppm.
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y10%& ()-5 e%5$®4&%7ﬁowder specified was prepared as described in Example 4 except
that a commercially produced silica sol (Ludox AS-40 from DuPont) having a
10  sodium content of 800 ppm was used in place of the silica sol prepared according

to the present invention.

The mixture was made extrudable by addition of water and the extrusion aid

methylcellulose and was extruded to give extrudates having a diameter of 2.5 mm.
15

These extrudates were dried at 120°C and heated at 500°C for 5 hours. The silicon

dioxide binder content of the shaped body was 30% by weight, the sodium content

was 910 ppm. The lateral compressive strength of the extrudates was 37.9 N, the

cutting resistance was 10.25 N.

20
Comparative Example 3: Shaping of titanium silicalite (catalyst C)

Catalyst C was produced by mixing 7500 g of a spray-dried powder consisting of
25 78% by weight of a catalyst prepared as described in Example 1 and 22% by
weight of silicon dioxide with 4300 g of a silica sol having a silicon dioxide

content of about 43% by weight (Ludox AS-40 from DuPont) in a pan mill.

The spray-dried powder specified was prepared as described in Example 4 except
30 that a commercially produced silica sol (Ludox AS-40 from DuPont) having a
sodium content of 800 ppm was used in place of the silica sol prepared according

to the present invention.
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Example 6: Shaping of titanium silicalite (catalyst D)

10  Catalyst D was produced by mixing 2200 g of a spray-dried powder consisting of
75% by weight of a catalyst prepared as described in Example 1 and 25% by
weight of silicon dioxide with 1037 g of a silica sol having a silicon dioxide
content of about 21% by weight, prepared as described in Example 2. The spray-
dried powder specified was prepared by a method analogous to Example 4.

15
The mixture was made extrudable by addition of water and the extrusion aid

methylcellulose and was extruded to give extrudates having a diameter of 1.5 mm.

These extrudates were dried at 120°C and heated at 500°C for 5 hours. The silicon
20 dioxide binder content of the shaped body was 32% by weight, the sodium content

was 400 ppm.
Example 7: Shaping of titanium silicalite (catalyst E)

25  Catalyst E was produced by mixing 9700 g of a spray-dried powder consisting of
75% by weight of a catalyst prepared as described in Example 1 and 25% by
weight of silicon dioxide with 13000 g of a silica sol having a silicon dioxide

content of about 19% by weight, prepared as described in Example 2, in a pan mill.

30  The spray-dried powder specified was prepared by a method analogous to Example
4,
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10  Catalyst F was produced by mixing 8000 g of a spray-dried powder consisting of
70% by weight of a catalyst prepared as described in Example 1 and 30% by
weight of silicon dioxide with 4000 g of a silica sol having a silicon dioxide

content of about 19% by weight, prepared as described in Example 2, in a pan mill.

15  The spray-dried powder specified was prepared by a method analogous to Example
4.

The mixture was made extrudable by addition of water and the extrusion aid
methylcellulose and was extruded to give extrudates having a diameter of 1.5 mm.
20
These extrudates were dried at 120°C and heated at 500°C for 5 hours. The silicon
dioxide binder content of the shaped body was 40% by weight, the sodium content
was 400 ppm. The cutting resistance was 2 N and the lateral compressive strength
was 19 N.
25

Example 9: Densification and shaping of titanium silicalite (catalyst G)

3.5 kg of TS-1, prepared as described in Example 1, were densified in a pan mill
with 1.23 kg of Aerosil® (DEGUSSA), 6.26 kg of silica sol prepared as described
30 in Example 2 and 237 g of methylcellulose (Walocel®) for 60 minutes.

Subsequently 48 g of polyethylene glycol (ALKOX-E160®) were added, the
mixture was densified for a .further 30 minutes, 96 g of polyethylene glycol
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The yield was 5.1 kg. The silicon dioxide binder content of the shaped body was

10 40% by weight, the sodium content was 500 ppm, the lateral compressive strength
was 17 N and the macropore volume was 0.70 g/ml, determined by Hg porosimetry
in accordance with DIN 66133.

Example 10: Catalytic trial (batch operation)

15
In each case, an amount of catalyst A to G corresponding to a mass of titanium
silicalite of 0.5 g was placed in a steel autoclave provided with a basket insert and

sparging stirrer.

20 The autoclave was charged with 100 g of methanol, closed and checked for
absence of leaks. The autoclave was subsequently heated to 40°C and 11 g of

liquid propene were metered into the autoclave.

9.0 g of a 30% strength by weight aqueous hydrogen peroxide solution were then
25 pumped into the autoclave by means of an HPLC pump and the remaining
hydrogen peroxide in the feed lines was subsequently rinsed into the autoclave
using 16 ml of methanol. The initial hydrogen peroxide content of the reaction

solution was 2.5% by weight.

30  After a reaction time of 2 hours, the autoclave was cooled and vented. The liquid
product was analyzed cerimetrically for hydrogen peroxide. The propylene oxide

content of the product was determined by gas chromatography.
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B (comparative) 0.86 1.74

C (comparative) 0.93 1.51

D 1.39 1.28

E 1.47 1.19

F 1.34 1.25

G 1.1 1.45

Example 11: Catalytic test (continuous operation)

24 g/h of hydrogen peroxide (40% by weight), 57 g/h of methanol and b 1.7 ml/h of
propene were passed at a reaction temperature of 40°C and a pressure of 20 bar
10  through a tube reactor charged with 28.1 g of the catalyst F according to the present

invention.

After leaving the reactor, the reaction mixture was depressurized against
atmospheric pressure in a Sambay evaporator. The low boilers which were
15 separated off were analyzed on-line in a gas chromatograph. The liquid reaction

product was collected, weighed and likewise analyzed by gas chromatography.
The total reaction time was 550 hours. During this time, the hydrogen peroxide
conversion was far above 90%. The selectivity of hydrogen peroxide to propylene

20  oxide was likewise significantly more than 90% over the total period of time.

Example 12: Catalytic test (continuous operation)
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separated off were analyzed on-line in a gas chromatograph. The liquid reaction
product was collected, weighed and likewise analyzed by gas chromatography.

10
The total reaction time was 850 hours. During this time, the hydrogen peroxide
conversion was far above 90%. The selectivity of hydrogen peroxide to propylene

oxide was likewise significantly more than 90% over the total period of time.
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(i)  densifying the mixture from step (i),
(iii))  shaping the composition from step (ii),
(iv)  drying the shaped body from step (iii),
wherein that the metal oxide sol having a content of alkali metal and alkaline earth metal
ions of less than 10 ppm and wherein the shaped body overall has a content of alkali metal

and alkaline earth metal ions of less than 700 ppm.

2. A process as claimed in claim 1 further comprising the additional step (v):

) calcining the dried shaped body from step (iv).

3. A process as claimed in claim 1, wherein the at least one metal oxide sol is

prepared by hydrolysis of at least one metallic acid ester.

4. A process as claimed in claim 3, wherein the metallic acid ester or esters is an ester

of orthosilicic acid.

5. A shaped body comprising at least titanium silicalite and at least one metal oxide,
which can be produced by a process which comprises the following steps (i) to (iv):

(i) mixing the titanium silicalite with at least one metal oxide sol which has a
low content of alkali metal and alkaline earth metal ions and/or a metal oxide which has a
content of alkali metal and alkaline earth metal ions of less than 700 ppm,

(i)  densifying the mixture from step (1),

(iii)  shaping the composition from step (ii),

(iv)  drying the shaped body from step (iii),
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(B) reaction of the hydrogen obtained in (A) to give hydrogen peroxide, and

(C) reaction of the hydrogen peroxide from (B) with the alkene from (A) to
give the alkene oxide,
wherein the catalyst used is a shaped body produced by a process as claimed in

claim 1.

10. A method of using a shaped body produced as claimed in claim 1 or a mixture of

two or more thereof as a catalyst.

11. A method of using a shaped body as claimed in claim 5 or a mixture of two or

more thereof as a catalyst.
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12, A process for preparing at least one alkene oxide, which comprises the following

step (III):
(II)  reaction of at least one alkene with hydrogen peroxide over a catalyst,

wherein the catalyst used is a shaped body as claimed in claim 6.

13.  The process as claimed in claim 12, which comprises the additional step (I):
1)) preparation of the alkene or alkenes reacted in step (III) by

dehydrogenation of at least one alkene.

14. A process for preparing an alkene oxide, which comprises the steps (A) to (C):
(A)  dehydrogenation of an alkane to give an alkene an hydrogen,
(B) reaction of the hydrogen obtained in (A) to give hydrogen peroxide, and
(C)  reaction of the hydrogen peroxide from (B) with the alkene from (A) to
give the alkene oxide,

where the catalyst used is a shaped body as claimed in claim 6.

15. A method of using polyalkylene glycols in the production of shaped bodies

comprising titanium silicalite.



