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oheasdandetheivfuget o nm 15 Some crystalline netal

silicates with regular m cropores or nesopores are extrenely effective
catalysts in a very wi de variety of applications. In particular, '

m Cr opor ous;
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I tani um dat ons replace sone of the silicon atoits in
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catal ysts. The _structyres of.these.neta silicates differ. according to
the starting nBYSP?EF 3%d51}1°3%d%}?*%éﬁ;aﬂd|ﬂﬂ§b§FéFP5ﬁ;mfﬁﬁ%3°F69es'
exanpl e, so-catbegrd@uctist 8Btaihablé By d8dl priddedd WS itbl eRkheygeand
titani um bet a- zeolite have the MFI, MEL and BEA crystal structures

respectively.

Crystal structure types of known zeolites and silicalites
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. definition, micropores are understood as meaning pores
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with a diameter of less than 2 nm and mescpores are

understood as meaning pores with a diameter of 2 to 50 nm.

Some crystalline metal silicates with regular micropores
or mesopores are extremely effective catalysts in a very
wide variety of applications. 1In particular, microporous
products of the composition (Si0,};.,(TiO,),, in which
titanium atoms replace some of the silicon atoms in the
crystal lattice, have_achieved industri§1 importance as
oxidation éatalysts. The structures of these metal
silicates differ according.to'the starting materials and
conditions of preparation: Thus, for example, so-called
titanium silicalite-1, titanium silicalitg-z and titanium
beta-zeolite have the MFI, MEL and BEA crystal structures

respecti#ely. Crystal structure types of known zeolites

and silicalites are described in W.M. Meier, D.H. Olson,

30

Atlas of Zeolite Structure Types, Butterworth-Heinemann,

1993. Known structures with regular mesopores are the

.MCM—41 and MCM-48 structures described in C.T. Kresge et



2 al ., Nature, 359 (1992) 710 - 712. A survey of structures W th

- regul ar nmesopores is also given in S. Behrens, Angew. Chem e, 1996, 108
(5), 561 - 564. 5 It is known that the catalytic efficacy of generic

nmet al silicates is substantially dependent on their phase purity

and t he norphol ogy and hence on the conditfons of preparation. For
exanple, the catalytic activity of titaniumsilicalite is reduced by

ot her titaniun?li10 Napred mTd GiP82ds 700 733t anBesTrvey afdshbyughures
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Generic netal chémia) es994 prigogis{anNcaeti t-asiam silicalite- 1, can be
prepared by hydrothermal synthesis: In the first step a silicon source
and a titanium source, conventionally tetraal kyl orthosilicate and

tetraalkyl o rorihophianalio,. ik walen AL 62RI8ARGICkOGanERN ol AeLhE 20
a S e Ium cati1on,

presence o ructure-d ermni ng quaternary anmb

usual |y used i#ilbeates nisHf siibetafitdiaadliadependentnon thelydphisdepunityt he
gel is then crystallized under hydr ot hermal condi tions, usually above
100[ err] C and ¥Rdeckhe moxphelegic fhdhhenae on the senpdtigpgedfi s separated

off, 25 was | nd cl o] 3 RELG LB which
the Ti conpongﬁ?e?%*%ﬁg?%ﬂuclg%}iés)&fq&elllb%b'e\é?l o] %%&gé&kgc Srzgglvﬂ b?t of ten
bei ng i npossi bt ttaniencsilibcalite il adduied byobthee piedndtmby TiJerr] as
a foreign phase - | loc. cit. B. Naotari (b). According to EP 543 247 the
30 quat er A&y SPRERINENG \RRISERe K INSARGEddP2as2RRDY an ingxRage Rt h

a combi nation Bﬁeacﬂyééginéiééfﬂﬂggg‘ﬁ?’%%éari in (a) Catal. Today 18

(1993), 163 and (b) Stud. Surf. Sci. Catal. 67 (1991),
243,

15 Generic metai silicates, for instance titanium silicalite-
1, can bé prepared by hydrothermal synthesis: In the first
step a silicon source and a titanium source,
conventionally tetraalkyl orthosilicate and tetraalkyl
orthotitanate, and water are condensed to a gel in the

20 presence of a structure-determining quaternary ammonium
cation, usually used in the form of the quaternary
ammonium hydroxide, and the gel is then crystallized under
hydrothermal conditions, usually above 100°C and under
autogenous pressﬁre; the solid formed is separated off,

25 washed, dried and calcined above 300°C. The way in which
the Ti component is introduced is liable to cause
problems, it often being impossible to exclude
contamination of the product by TiO, as a foreign phase -
loc. cit. B. Notari (b). According to EP 543 247 the

30 guaternary ammonium hydroxide can be replaced as the

template with a combination of a quaternary ammonium salt



3 and a base such as ammoni a, although the crystals obtained - are
Telatively large. According to US patent 5,198,203 a Mesopor ous
titaniumsilicate of the MCM 41 structure can be prepared with
cetyltrinethyl ammoni um hydroxi de as the 5 tgnpl ate. Anot her known
silicon source is pyrogenic silicic acid: According to R Kumar et al.

in Stud. Surf. 199 1 b
ggta}ﬁed b;rlo ydaqsﬁerna<ﬁ§f% V %ﬁﬁ??oéﬁnhﬂg\é %E%i%gg%éafﬁgd ©

tetrabutyl ort rwtetmmdmveﬂihaaﬁgk of A%:do&ﬁﬁ&@l kyl Us paBehbob|i98ptes a
carries the risk of obtaining a product of insufficient phase purity.
15 Accordi hg t d"gsFORPTIUs duganivmisidhisatiec ifi the MEM-41 ssmﬁﬁvéq N

| mpregnating & GORLEGHAILA! PELPULNS T ethih shOLSLE varcliBherhg! cyuhi ch

can be anorpho € co n

subj ecti ng she tpsmpilete! 0 hydrothernal synthe5|s Suggestlons of u5|ng
20 coprecipitates with other nmetals, or pyrogenic m xed oxi des, are
not to be found in said docunent. I n known synthesis processes the

generic m CT DR LE :%an 5514 d GRLRRAE 1%?%%9;%%%8;#&@%&8381&” th a

size usually 2 oné mecronetre € separat ed

froma liquid scemrdinigred r. apeiset A TwNBtud. sad!ﬂstscm aapilcagaons
the fine material is therefore coarsened by a subsequent gl onerati on

step. Accordi ng{1994} oL@ o Hemnions siddaadditemdr ganoke §b§P1LE€ eldYusi ng 30
Ol'goner'clﬁ'Cxﬁ&&}oéﬁhfhgirEVEthe91s from pyrogenic silicic acid and

tetrabutyl orthotitanate. The use of a tetraalkyl
orthotitanate carries the risk of obtaining a product of

insufficient phase purity.

15 According to EP 0 311 983 titanium silicalites are
prepared by impregnating a coprecipitated porous Ti0,-8iO,
material, which can be amorphous or crystalline,.with a
template compound and then subjecting the pfoduct to
hydrothermal synthesis. Suggestions of using

20 coprecipitates with other metals, or pyrogenic mixed
oxides;_are.not to be found in said document.

In_known synthesis processes the generic microporous metal
silicates are formed as crystallites with a size usually

25 of less than one micrometre, which can only be separated
from a liquid at considerable expense. For many
industrial applications the fine material is therefore
coarsened by a subséqﬁent agglomeration step. According
to EP 0 265 018 the agglomeration is effected using

30 oligomeric S8i0, as a binder.
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4 According to EP 0 299 430 a prefornmed anorphous SiJerr] matrix
“is inpregnated with an aqueous solution containing a sol ubl e titanium
conmpound .and a suitable tenplate, and crystallized under hydrot hernal
conditions, the shape and 5 size of the Si@ matrix remai ning essentially
unchanged. This process again has the di sadvantage that the use of a

sol ubl e titani ngd_cagrie h i i ‘. .
purity and hen%:{gcﬁgggggt a?y??cba?:?lév?%él.g%’%fﬁﬁgé%t#g:#ig’fust ﬁelogméﬁ 1on
consi sts in progi finpgegnatBarwith @iosgecol® sttt "pra@icring set al
silicates of high Ehase.purity and_high catal ytic activity. The process
shoul d be suit 88LubAst tARAPiNGr cORROWRA] RRGtF Fhiable tempd@ters assed on

(Sigerr])[err ' : e b t 4 yargll f ucts
in which titan?:%%%ﬂge‘%%écgﬁ ?mrtﬁ{’d%éfg#e’g%lr grr%}éeﬁo e nt'glttea%gla%r? t%‘gj
crystal |atgiceizé&i 6l the Si0, anxmridt nfeniadrd mopelsisentdal dgbadehangedt he
process should  also be capable of being carried out in such a way that
bi nder - free sh3pé8 BEPEBES Bgainechasykhe| disrAYARGAGR TR zéleahl&err&fgﬁorous -

tal silicat Lned_di - | t
a0t omor at o BpEan1 e RRhAIRCpETA Yoare s cife UL RANTRENEE,

mesopor ous net phasel pogtiey, ahdnhéense nghé heatyypidergmivity. reaction of a
silicon source in the presence of a netal 25 source and a tenplate, has now
been found which is characterized in that a pyrogenic netal-silicon

mi xed f&jd%hksoﬂﬁggtaaftQﬁeskhbgﬂgigﬂdcgﬁgf§t§“§ﬁ(ﬁioviding another
process for producing generic metal silicates of high
phase purity and high catalytic activity. The process
should be suitable not only for the preparation of
products based on (8i0,;),.,(Ti0,),, but also for the

15 preparation of products in which titanium is replaced with
one or more other metals in the crystal lattice. Finally,
according to a particular embodiment, the process should
also be capable of being carfied out in such a way that

. binder-free shaped objects of the crystalline microporous

20 and mesoporous metal silicates can be obtained directly,
i.e. without a subsequent agglomeration step.

A process for the preparation of microp;rous and
‘mesoporous metal silicates, comprising the hydrothermal
reaction of a silicon source in the presence of a metal

25 source and a template, has now been found which is
characterized in that a pyrogenic metal-silicon mixed

oxide is used as the silicon and metal source.’

The general composition'of the pyrogenic mixed oxides and
30 hence also of the crystalline microporous and mesoporous

metal silicates to be prepared is conventionally
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The general conposition of the pyrogenic m xed dxides and 30 hence al so of

“the crystalline m croporous anhd nesopor ous netal silicates to be
prepared is conventionally . 5
(Sigerr])[err](Alerr]derr])[err] (ra),
(Slqerr])[err]((A[err]qerr])[er'r](A'[err]O[err])[err])[err] (I'b). 5
A and A' are a netal of valency p fromthe group conprising B, ,
Ga, In, G, Sn and Pb or from subgroups 3 to 8. mand m and n and
n' are the nunmber of(gaboys B 2n and mM¢gyy= 2n' . 10 X
IS a nunber between 0 Obdﬁxand 25, preferably bet ween 0.001 and 0.2
and especial ly bet msnoglpgs(zam)p 'wOn)y)x Y in forntlld (1b) is a nunber
greater than 0 and | ess than i Apart fromSiJerr], pyrogenic
m xed oxi des whi ch are pref erably to be used contain one or nore

er B epa of S SRR Berdebiefly HERRY s BErSF Feferiina

Oxi des of the’ subgu_oupael Qﬁent-;é aSﬁ andi phadt Yfrom sybdrsiips 0tt0®.y in the
hi ghest oxi dation.state but al so

m and w' and n and n' are the number of atoms, where mp =

2n and mp = 2n'.

10
x is a number between 0.0001 and 0.25, preferably between .
0.001 and 0.2 and especially between 0.005 and 0.1.
-y in formula (Ib) is a number greater than 0 and less than
s 1.

Apart from SiO,, pyrogenic mixed oxides which are
preferably to be used contain one or more oxides from the.
group comprising Al,0,, B,0,, TiO,, 2r0,, V,05;, Cr,0; and

20 Fe,0,. Oxides of the subgroup elements are optionally _
present not only in the highest. oxidation state but also
in a lower oxidation state. Generic metal silicates which
ére to be used as oxidation catalysts are prepared with
mixed oxides which are free of aluminium oxide, the

25 process according to the invention giving metal
silicalites in this case. Generic metal silicates of the

general composition

(8i0;) ;.4 (M, A, 0.n) & (I1)
30



in a lower oxidation state. Generic netal silicates which are to be

used as oxidation catalysts are prepared with ‘m xed oxi des which are
free of alum niumoxide, the 25 process according to the invention giving
met al silicalites in this case. Genegic nmetal silicates of the

general conposition (Sigerr])[err](Merr]Alerr]Qerr])[err]
(rr) 30 ared using

are prepared usi ixed i of e6e Sinp %rg

ni xed. oxi des Bf gpenex? 1] corﬁ)&q 3 oxj'(jﬁg). VBFR Eaﬁpsgﬁ’? h {')??) is a
cation of val engy. q M riin compddit IO U IG0AR bSkcA8idhkeki varéaty. gakkemi ne
earth netal s, Herr], NHerr] and N(alkyl)[err], mp +r.q = 2n" in
(11). 1In théhe geur campring alkalie meradsy | adkaling eartboneealsnto

the netal silj«cate either_yia thestenplate or vi.a,alkal]j t or
al kal i ne ear tI'h ‘ I 3&}%%%@9’1&4 HmTBRi & 5?%3%&“ in “IE he ﬂﬁd%?her nmal
synthesi sg Afddcddle £atsitditid @b Hhe? inventt@Bs), | M HBt Bht sbhi&adeiRto
conposition (Il), Mis a proton 10 or an alkali metal or alkaline earth

metal ion. Hhwewetal siligcate btthens vilaothet hempdateonr via alkalbe

P S R X T R e

pyrogeni ¢ m xgd the defats ermisie byt Helad s OA¢e8r the 8&8%85AARIJcHOCENE
i nvention can be prepared in a nanner .- known per se froma mxture of a
vol atile siligenexigpwrial silicate of composition (II), M is a proton
10 or an alkali metal or alkaline earth metal ion. However,
said cations M or other cations can also be incorporaﬁed
into the microporous and mesoporous metal silicates at a
later stage by means of conventional ion exchange
réactions.
15.
The pyrogenic mixed oxides to be used in the process
according to the invention can be prepared in a manner
known per se from a mixture of a volatile silicon compound
and one or more volatile metal compounds (compounds of A
20 and/or &), for example by flame hydrolysis or the luminous
arc process. The process according to the invention is
preferably carried out using pyrogenic mixed oxides of
silicon which have been prepared by flame hydrolysis, for
example those known from Ullmann’s Encyklopddie der
25 technischen Chemie (Ullmann’s Encyclopaedia of Chemical
Technology), 4th edition, wvolume 21, pages 464 to 465
(1982), and DE-A 36 11 449.

The process according to the invention can be carried out
30 wusing both the pulverulent pyrogenic mixed oxides and

shaped objects thereof. .



s
and one or nore volatile netal conpounds (conpounds of A 20 and/or A'),

- for exanple by flanme hydrolysis or the |um nous arc process. The
process according to the invention is preferably carried out using
pyrogeni c m xed oxi des of silicon whi have been prepared by fl ane
hydrol ysis, for exanpl e those known from U | mann's Encykl opadi e der 25
t echni schen Chem U |.mann' s Encgclopaedia of , .Chem cal nolo%§);

9.

e ; Tech
4th edition, VBPuﬁ_BgE?L‘} pagestacet tthagetal-gifgesy e pexAGSs Cap
The process ase8adbod b9 khSwhMEOLLMLE AL Slld1dl fitay30 USI NG both the

pul verul ent pyrogenic ni xed oxides an shaped obj éctsS thereof.

7 The shgpesduddfions bluidbzedtled syramdmtiiomnd extirgsioan be
produced by kno rocesses,, for exanple spra ranul ation, fluidized
ed or anul at | BRLLeREPopontabl SE 488 ol ra cagmad BodtmeRt, oft Ehe
enmbodi mentg of jhi8nt PohN¥RA! kRApESCoSTEPEs Qi & Drided BOdeGRE By means
of spray granul ation, as described for exanple in DE- A 36 11 449.
I n the processpmeyogtdanglabiohe asvéescoibedeqy reogaple 10 ®B-al /silicon
m xed oxide, in_powder formor in the form of a binder-free shaped

obj ect producéd3ghé?e#?3n1 IS brought into contact with an aqueous
solution of a suitabl e tenpl ate; when using coarser shaped objects of
m xed oxide, for instance extrudates, this is 15 conventionally an

i npregnat i on. fnotbesprafess according nedithe irvantgon ftheppynedenties this
step is ffglogggallsiligon_mixed oxide, in powder fqrm or in the form
of a binder-free.shaped object produced therefrom, is
brought into contact with an aqueous solution of a
suitable template; when using coarser shaped objects of
mixed oxide, for instance extrudates, this is
15 conventionally an impregnation process. After
-intgrmediate drying, if appropriate, this step is followed
by the hydrothermal reaction_to convert the_pyrogenic
metal-silicon mixed oxide to the crystalline microporous
or mesoporous metal silicate according to the invention.
20 Aiter.the hydrothermal reaction the teﬁplate is removed
from the metal silicate in a manner known per se -
conventionally by extraction or, preferably, by

.caleination.

25 Suitable tempiate compounds are amines having one or more
- amino groups, amino alcoholg or tetrasubstituted ammonium
compounds. Tetraalkylammonium compounds are particularly
suitable, especially tetraalkylammonium hydroxide. The
nature of the aikyl groups in said tetraalkylammonium
30 compounds is significant in terms of the pore structure:

The tetraalkylammonium componnds used to prepare
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by the hydrothermal reaction to convert the pyrogenic metal -silicon

- m xed oxide to the crystalline m croporous or nmesoporous netal silicate
according to the invention. 20 After the hydrothernal reaction the
tenplate is renoved fromthe nmetal silgcate in a manner known per se -
conventionally by extraction or, preferably, by cal ci nati on. 25
Suitable tenmp nds e_am.ne ayi 0, - ' r S,
2 no.al conol BiSEeESRens BReAT PR BREeH Hor g o T sm AR Ko
Tet r aal kyl ammpiiefare®Iy0 thdseaia RAithcaliaylyis etlbyl | abtepylespeti al |y
t et raal kyl ammoni um hydr oxi de.. The nature of the al kyl_ groups in said

tetraal kyl ammbWtyrh 3@TESAFARIYs ni-BrePYh: f | THWE. | FOF PHRTRIE 1 TEYRY
Structure: i 1122l ac\%'éﬁ?gl Cgﬁo %UH}I&O%H\%H?%HS‘SE_ £ife MIPPAMEL and

8 m croporous metal” si Ces "accordi o the invention are
pref erabl yst h@m istrifutalrealday) bespeepiiredpudpny @etra-n- butyl, preferably
n- propyl . Thus, for exanple, netal - silicates according to the invention

of the M, Meropydammonigm, tetyarfrBubRhaBBOBIWRFRY using tetra-n-

pr opyl anmoni u AT E?H&%r ' | apg@ni um conpounds

respectively.q#ﬁEQEE%wpé raa‘%@P&%@%ﬁ?ﬁﬁgcﬁﬁ%%%ﬁﬁéeﬁggé to prepare

Mesopor ous t etaiaall kil amaird uma compdundst aséieto npeepane eesopordues abl y

10 those which have surfactant properties; accordingly these C ounds

contain an al ®matadr sidisates aceording, spthe 1%‘&%?&&%@?%3%‘?35‘3@ %Bns in

t he | | ; | f ' h
of the 0 20 ke wicH HNSHREAEGE PrOBLREERE M CRRM IR 1o

compounds contain an alkyl group or an alkenyl group

having at least 7 C atoms in the longest chain.
Particularly preferred ammonium compounds are those of the
general formula RNR','X", in which R contains 12 to 18 C

15 atoms and is preferably unbranched and saturated, R has 1

. or 2 C. atoms and X is the anion, con%entionally hydroxide

or halide. Cetyltrimethylammonium chloride or bromide and
lauryltrimethylammonium chloride or bromide are
particularly suitable for the preparation of mesoporous

20 structures. When using tetraalkylammonium halides as the
template, a base, such as ammonia, a prgméry, secondary or
tertiary amine or an alkali metal or alkaline earth metal
hydroxide, is added to the template solution used for the
contacting/impregnation process.

25 Thé template comﬁound is conventionally used in a molar
ratio of template to SiO, of 0.05 to 2.0. For the
preparation of microporous metal silicates, a molar ratio
of template to SiO, of between 0.05 and 1.0, especially of '
between 0.10 and 0.45, is preferred. For the preparation

30 of mesoporous metal silicates according to the invention

of the MCM-41 or MCM-48 structure, a wmolar ratio of



,_,

15 atonms and is preferably unbranched and saturated, R has 1 or 2 C
~atons and X is the anion, conventionally hydroxide or halide.

Cetyl trimet hyl ammoni um chl ori de or brom de and | auryl tri met hyl amoni um

chloride or brom de are particularly swytable for the preparation of

mesoporous 20 structures. Wien using tetraal kyl ammoni um hal i des as the

i ne-or an al FAMPLAGRAr 0P LGF ek Het A 1 g R0 30, aBpeesa1 O bELLY

am ne or an al afka ear €, added to
the tenpl ate sbeutveen 0sedahar ol Be is peOFd@Edd Ng/ i npregnation process. 25
The tenpl ate conpound is conventionally used in a nol ar rati o of
tenplate to SI2 of 0.05 to 2.0. For the preparation of m croporous
netal silicategy,

a r .0 ~pem -t ' f . 05
and 1.0, especi arl ?/lgg z r&@EEGPM%ﬂ%_ }gnglﬁgggaagys}l)%‘géée% e@?%%%ﬁ?t‘ge
preparatiors 30aall prefpeably Betetefi 0iTadmd BOXOr dimgHed Hykirdtheamialon
of the MCM41 or MCM 48 structure, a nolar ratio of

9 t enpl at Eepetipny Ehe] mglaperakbtd B $ifadis betwrsrcl And 200 and

between 0.1 an | rred he r :Epéti . er I S
general ly bet gnfg?&&:ﬁggggggsgﬁ % B :;L)?ae-f er%%%‘%1 B twealceins . 1t§r?d srfl.nt?. In
t he hydr ot her makructutraactiype tha bel addédtte tlerrdddtlidd eridture dedt ween 1

and 200 and preferably between 4 and 100., Seed, crystals_of the sane
structural typBeEERsBEYadddhe: BOLAE Fahie|k?/Fife it generallycleManr y. The

mol ar ratig, H LY e ' : | Vel ATaTN i EpE
obj ect s ofPopyr%%%%g%%e%hgykgegﬁ?ﬁéﬁé ot %@%& ng Ei/ér%ég% C mllil';%{:%g1
oxi des as obt awhedl dieifgt pyrbgenic mixed oxides as obtained directly by

flame hydrolysis.

In the process according to the invention for the

15 preparation of microporous metal silicates, the
hydrothermal reaction is_ conventionally carried out under
autogenous pressure at a temperature between 100 and 220°C
and'preferably'between 150 and 190°C. Mesoporous metal
silicates according to the invention can also be prepared

20 at lower temperature, the conventional temperature range
being between 25 and 200°C, preferably between 50 and 175°C
and especially between 70 and 150°C. The hydrothermal
reaction is carried out until the pyrogenic mixed oxide
used has been completely converted to the crystalline

25 microporous or mesoporous metal silicate according to the
invention at the given reaction temperature. The degreé
of completion of the reaction can be determined by known
methods of structural analysis. Under optimized
conditions the reaction time .is conventionally between 1

30 and 50 hours.



U :
fl ame hydrol ysis. In the process according to the invention for the
- 15 preparation of nicroporous netal silicates, the hydr ot her nal
reaction is conventionally carried out under aut ogenous pressure at a
tenperature between 100 and 220[err]C 1@nd preferably between 150 and
-190[ err] C. Mesoporous netal silicates according to the invention can

al so be prepar 0 e rature. th enti o .1.e e
range bei ﬁg %g??}\g%tr:lé Z%Qéom%e'%teer rﬁoefpoﬁlrne ?r%% 3&&? %}géﬁ gg@é%égd
175[err]C iAangheshgatrat hyrhel WeeletAbm N dali?l [s1iHCisTheuhy dyot her nal
reaction is carried out until the pyrogenic m xed oxide used has been
conpl et el y cone@icidedoat heetvgen a300 mnd 1 000°Copopbisnat lyeabrr cus net al
silicate according to tge inventigg-at t he iugﬂ r&actkﬁn t emper at ur e.
The degree  PBICERRFRIPEPEPCER HalSiRY PO R FEE RS by known
net hods of sstrygleiabe #0A! ¥6685  tNORF 1R idNgiRbing prediskl 8BS thBeskmact i on
time is conventionally between 1 30 and 50 hours.

10 To sephimee the theptase obhripgw mesopemause negiaild sabighrhes in

t he hydrothernmal reactio i d,solid is usually. cal.cined, at _between
300 and 10000 cRFFCEAERT | Bhaf o Afartiont, 'S Bicghe, eomen e RS Bop P T
possibl e for tbBSmpSukdl €4A341EH 15¢ BFeidird ) W EktFraTtdRnNriRHO6AS drghnt Be

same time. In the case of the nesoporous netal silicates accordi ng
to the inventi8&alventieast sonme of the tenplate . conpound can al so be
renoved b%igxtraction wi th an organic sol vent .

In one éarticular embodiment of the process according to
the invention, the pyrogenic metal-silicon mixed oxide,
for instance as obtained by flame hydrolysis, is suspended
in an aqueous template solution. The molar ratios used

15 here can be the same as those indicated above. This
suspension ig spray-dried and the resulting granules
containing the template are treated in an autoclave at
elevated temperature, for example at 175°C, optionally in a
steam atmosphere. Said spray drying is advantageously

20 carried out by setting the temperature of the drying air
in the range 100 to 500°C so that the rgsulting granules
have a water contént of 5 to 50 wt.¥. After the
'hydrothe;mal reaction the shaped objects obtained are
calcined at a temperature of 300 to 1000°C, preferably of

25 400 to 800°C, to remove the template.

The process according to the invention can be carried out

reproducibly and is éasy to control. The use of the

pyrogenic mixed oxides avoids problems due to the presence
30 of foreign phases of -the metal oxides in question. A high

catalytic activity is a characteristic feature of the



10 In one particul ar enbodi nent of the process according to t he

“invention, the pyrogenic netal-silicon m xed oxide, for instance as
obtai ned by flame hydrolysis, is suspended i n an aqueous tenpl ate
solution. The nolar ratios used 15 here cagn be the sane as those indicated
above. This suspension S spray dried and the resulting granul es

cont ai ni ng the t d

t emper at ur e, fo%ﬁggéﬁ% %éﬁeﬂr %Sgnﬁggé%ﬁgﬁF%M%nﬁgtal s1§&8¥@%§

at nospher e. S%!dtéi)ﬂi@blléirw Nghd prasbed ageondling?@o eakr iadeattiohy sehki ng
the tenperature of the drying air ILn the range 100 to 500[err]C so
that the resul ¥eRerif dretfal siliqphrs sammereoysrehe ebtaingdspofit oMLYAf t er

2t a terperatuts RC HOE oS OROL T FanEss Maargat ke, atggiia 1C]

to renove tehe thepfei®. of diffdintdiirged abjectisny Whehhestingeshapedcan be
carried out reproduci bly and is eadé tg control. The use of the
pyrogeni ¢ mi xeBPIRFER OB VRYFRIHHgh ke exidss: pE Pé'g‘éHSeSEGh ghapgfei gn

phases of the gpsale OXaflesct fy WARHIOine Mar%*&hema cababylibg agtivity is

a characteristic ature of ystal'line m créporous and

nmesopor ous net ghbseduent esgglomedtdicialkitepb) st Imeatpmcessmycord'hag to the
i nvention. The generic netal silicates can noreover be obtai ned not
only in tha ¢b?h?%f°f/e$?t¢3rﬂ§|‘-‘3ﬁlﬂdmdé\a€&1m &ipdexspde alse in 5 the

form of diff er%ﬂ% gfysf?&g?f’blfcf&th\@le%dé% %g%h%‘fe%hapedo%%h%s%f

pyrogeni c n1xe form ng such shape
crystalline microporous and mesoporous metal silicates

obtainable according to the invention is that they can be
more easily separated from liquids by filtration than can
unshaped catalysts, thereby facilitating their use as

15 suspension catalysts. As pyrogenic mixéd oxides are easy
to shape, for instance into spheres, extrudates, pellets
or tablets, and the shape remains essentially unchanged in
the pfocess according to the invention, said process
directly produces suitable shaped obﬁects for use as

20 catalysts in fixed bed reactors.

Although it is known from EP 0 311 983 B that
coprecipitated TiO,-8i0, material can bé used for the
preparation of titanium silicalites, the cop;ecipitates to

25 be used are very poroﬁs prodﬁcts. It was therefore
surprising that crystalline microporous and mesoporous
metal silicates are easily obtainable by using pore-free
pyrogenic mixed oxides such as those used in the process
according to the invention.

30
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objects directly before the hydrothermal reaction, a subsequent -
-aggl oneration step is not- necessary. The addition of catalyti-cally

i nactive binders is also 10 superfluous. A further advantage of shaped
obj ects of crystalline m croporous and]_ soporous netal silicates

obt ai nabl e according to the invention is that they can be nore easily
separated fromliquids by filtration than c unshaped, cat al yst s,

an
thereby facili B iFFhh&meisdably 19 thgsfer® 6f €4RRPYsPRICCHE: hogeni ¢

m xed oxi des aqggg?§M13 :ﬁgﬁﬁ oL KN Srbill OnSPREr &6 1 &xtddat es,
pellets or tab etsfig%gﬁt e’s aB% égﬁaﬁﬁgegsgentia§€y uncﬁ%ngedyin
t he process accbthinglble tdveardiert tontheaidvpnotessare uskdexs | y produces

sui tabl e shaped objects for_ use as 2Q_ .catalysts in fjxed ed,reactgrs.
Although it is Fosm B tenipe gddigadpips and ghieE; pHimintpm-£ree

Tiqer]-Si Ol eidodiRld ile Gakdieuinedy! Quithfie asPeaPAIRLLOTEG Li tani um

silicalites, the coprecipitates to 2 be used are very porous products.
It was ther ef oraxidatisur praagitrigorishati tér hytabbeneparoxbger oxsoxgahiesopor ous
nmetal silicate e easily obtainabl e by usiggepore-f rogenic

ee, X
m xed oxi des sUBHAERPEIBILGTed FXRMPIES)HALEe usea‘&éo?ﬂ??@l"g t he

invention. 30 gjljcalite-1 as a ¢ talyst fOﬁ the reactidn of oTSefieh.
preferably in the form of shaped objeCts, the crystalline m croporous

and nesopor ous inet.alpripgensat esith hydirogenapezoadder tongive epexide=mnti on

are used as catal ysts. Titaniumsilicalites and other. aluginiumfree 5
products at@ pafkR é&%ﬂ%ﬂ)gw%%’—a&&e&t ofy gromagics WJ'BQ?IEM‘?;F%‘-FF? eactions

with hydrogen RRnuf o YEAN HydroxydtdnaRSEax (88531548 RSP, ke Lhe use

of titanium “silicalite-1 as a catalyst for the reaction of ol efins,
i .e. propene, wredrtialr afermlpiglmtide hydrgocarbepexiwdtl hpdtédgen OfeddRidet he
rfaact lon of ar Otnéatgi'i?\rse ngcrlat{]c}/ldsr Oag&f ketones (EP 376 453) and the reaction
of cyclohexanone with hydrogen peroxide and ammonia to
15 give cyclohexanone oxime (EP 208 311). Titanium
.silicalite-2 is used as a catalyst for the hydroxylation
of phenol (J.S. Reddy, S. Sivasanker, P. Ratnasamy, J.
Mol. Catal. 71 (1992) 373) and for the reaction of
cyclohexanone with hydrogen peroxide and ammonia to give
20 cyclochexanone oxime (J.S. Reddy, S. Sivasanker, P.
Ratnasamy, J. Mol. Catal. 71 (1992) 383). Titanium beta-
zeolite can be used as a catalyst for tie reaction of
olefing with hydrogen perogide or organic hydroperoxides

‘to give epoxides (A. Corma, P. Esteve, A. Martinez, S.

25 Valencia, J. Catal. 152 (1995) 18 and EP 659 685).
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peroxi de to give hydroxyaromatics (DE 31 35 559), the reaction of
“aliphatic hydrocarbons w th hydrogen peroxide to give al cohols and
ket ones (EP 376 453) -and the reaction of cycl ohexanone wi th hydrogen
per oxi de and ammonia to 15 give cycl ohexapgne oxi me (EP 208 311).

Ti tani um’ silicalite-2 is used .as a catal yst for the hydroxyl ati on

f ph I S. : , 71
(()1982;ang73) aﬁ’g %?gixh]é rg%%{?%ﬁ{lﬁﬂ of'a cﬁ%%glxanosﬁgllvﬂatlﬁt%g ggen

per oxi de and anmmoni a to gi ve 20 cycl ohexanone oxinme (J.S. Reddy, S.
Si vasanker, P. g r’% ) Catal . 71 (1992) 383). Titanium beta-
zeolite can beldefl ﬁso 51 5?9§‘PPYJO?‘“‘B‘I’%“%‘%&1'&{4W‘(9€ solugien {40y t h

hydr ogen per oxj,des or g Chyd i dgs 5(A. Corne,
o eoteve, A WRrEnaBRoRsh Sa Y BEMERRMRS watd:” dEe BISERN 18°aL0 cp 650

685) . 5 polyethylene beaker and 111 1 g oﬂ& pyrog’éna.mpbélicon—
Preparation of a titaniumsili Cb‘lgl te-

37.0 of
t et rapropyl anmbAF AR HP aPEX e 0% %t¢%t§%1ng 3.4 Why- aﬁ’é 5%?2 ZaEeo?'dded'
dei oni zed wat eheﬁesehefgﬂg' N fhe SrdOhVELY | SAR AL GANd 51 Lt

b
pyrogeni c silicon- tani um m xed oxi e cont al ni ng 3.0 wt. % of a% &err]

are added, fort Poari hbufls atheocss wittihngstiyinet | anae{:heﬁ first aged
for four hours at 80£err]C with stirring, and then crystallized in an
aut ocl ave for exyaba élaedlizg[enra}@ocrlquofmsm dootsaiated 758Cs epthat ed

fromthe her u centrifu shed th,three tines 250
m  of r('R%tlel on#%édgéﬁgg?eddﬁeﬁe%? %%T‘% fﬁqxf‘ V&Meﬁe&lqﬁ gnL
at nospher e for ckadtribayacish, Selkred |V cd w@mm 2803 nd. of -

deionized water, dried at 90°C and calcined in an air

atmosphere for four hours at 550°C. The yield is 98.3 g.

15 The X-ray diffraction diagram of the catalyst prepared in
this way shows the diffraction pattern typical of the MFI
structure and the IR spectrum shows the band at 960 cm'1

. characteristic of titanium-containing molecular sieves.
Wet chemical analysis gives a titanium content of 2.3 wt.%
20 of TiO,. The DR-UV-Vis spectrum also shows that the sample

is free of titanium dioxide.

Example 2: Application Example of the epoxidation of
propylene with hydrogen peroxide

25
1.0 g of the catalyst prepared according-to Example 1 in
300 ml of methanol is placed in a thermostated laboratory
aﬁtoélave with gas dispersion stifrer, at 40°C under a
propylene atmosphere, and the solvent is saturated with

30 propylene under an excess pi‘essure of 3 bar. 13.1 g of



15 The X-ray diffraction di agram of the catal yst prepared in this way

. shows the diffraction pattern typical of the M structure and the IR
spectrum shows the band at 960 cm characteristic of titaniumcontaining
nol ecul ar si eves. Wet chem cal anal ysigg4gives a titaniumcontent of 2.3

Ww.% 20 of TiJerr]. The DR-UV-Vis spectrum also shows that the sanple

Is free of titapi di oxi de. Exanpl e 2:. Apphi L.O e t-he
epoxi dati on ofg8 %gkfo%§F§§ESW?¥?F?%ﬁﬂ gﬁﬁ?xﬂgkhfgﬁéggéh Qréigggé 8§&?ﬁe
catal yst prepaa®ll accondeNgwich X@imtihg, iadhd the3Q@adkioh aekbawrel iks
placed in a thernostated | aboratory aut ocl ave with gas di spersion
stirrer, at 40kept]&u#f¢ and 3 baroppddisianabsphepylensdoeing seeterned| s
saturated with,30 .gropglene under excess o%fss re of 3 baé 13.1 g of
14 30 wt . RafiBolsPRYEPBER T PEHRE e b IOF%En B8 B ReRPabHEd al
at once, wdgh ghhhtidg ceAfuhbd BLadid Frdbrsidi.e isamples k2Bt takefAOherr]C
and 3 bar, additional propyl ene being netered in via a pressure

regul ator in oreégnlay hakervplshen & fHden and dheuhydrogenhperexddeon.
Sanpl es are taken, at ular intervals on.a fjilter .an he_hydr ogen
voroxi de- | conpeapeopE, FEY BlEet fir WikrE B deremiAs B redce
titration w theeerhtbhWritH! 88a1¢m 60/ UidiphatB@clu@tiodl. Thel pietchberrl])
against the tine t, ¢ being the neasured Herr]J]Jerr] 10 concentration at
time t and c[ elnfchephpaadinstalthe &ige K| ecr befingr fhe measwredtHALi on at

the start th action, gi . i ght _Li pe, tjvit
boct {1 ol ot i BpnbERERCIoR bt il € apid I Bllins: PRs chlcBfitdd oy | o
| ines by neanscehckhfration' &t ath@Nsttst &¥ Hhe rdactiohSr glivewhare clerr]

is the catalyst 15 concentration in kg of catalyst per kg of reactjon
straight line. An activity coefficient k of 25.4 min " is

determined from the gradient of the lines by means of the
relationship dc/cit = —k-d-écat, where c.,, is the catalyst
15 concentration in kg of catalyst per kg of reaction

mixture.

Example 3: Preparation of titanium silicalite-1
microgranules

20
800 g of deionized water and 30 g of acegic acid are
placed in a polyethylene beaker and 200 g of a pyrogenic
silicon-titanium mixed oxide containing 3.6 wt.% of TiO,
are added, with stirring. This mixture is sheared for

25 five minutes in an Ultraturax [sic] stirrer. The
resulting suspension is dried by means of a spray dryer
(NIRO-Atomizer model 1638; inlet temperature 380°C; outlet
temperature 102°C; speed of rotation of the $pray disk
15,000 min™). 20 g of the resulting microgranules, with a

30 mean particle diameter of 30 um, are impregnated with a

mixture of 20 g of tetrapropylammonium hydroxide solution
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m xt ure. Exanple 3: Preparation of titaniumsilicalite-1

‘m crogranul es 20 800 g of deionized water and 30 g of acetic acid are
pl aced in a pol yethyl ene beaker and 200 g of a pyrogenic

silicon-titanium m xed oxi de containing 3. @5 ,%o0f Tiderr] are added,
With stirring. This mxture is sheared for five mnutes in an

U traturax [SIC] stlrr T suIth sus ensiop is.dried b ans
of a spray dryed %(3 Pﬁ&%t%oﬁl ?gr ﬁﬁﬁ’é?‘z%% ﬁt et eerﬁ)‘%l?’éet%aeé"{m
380[err] C; out Irrﬂtcrograzﬁﬂ@ée%@’iaubﬁa%ggfieiﬁlg 28 PRSEoOT av Ot 1101 Ofe i _
spray di sk 15,000 mnf[err]) 207g of the resulting mcrogranules, wth

a 30 nean padlxilclrxerdwansz&hl&&z[edrf«]:m2‘arhomn$)rwgnm§d: wnderastatic
m xture of 20 of tetra roggl ni.um hydr oxi de sol ution

15 (40 wt ! oz eRtaiRed . ITRePAhatRp the

m crogranul gs Hhar t f ] and .,
crystalli zeg fg{r&m h&%ﬁ?dg tb%7%ag??}&%ﬁg§gg?wstgaiﬁég& ‘bﬂ{:}én%rllrteléonresuﬁgﬁle

sol i d obtai ned 1ig0 s:ﬂpa:rfatcmiofrﬂ(zmdt bvateE apidérati goRT dnd ealicinkdgdh an,
washed with three times 100 M of dei oni zed water, dried at 90[err]C
and cal ci ned i miah atmospliereatfoys fhurehpurstatrSHhoid s éthGSWO{eédr]l@ 17THe.
yield is 17 g. - The catal yst prepared in this way consists of titanium
10 silicalite-1 mcrogranules.

The catalyst prepared in this way consists of titanium

10 silicalite-1 microgranules.

Example 4: Preparation of titanium silicalite-1

microgranules

15 720.7 g of deionized water and 179.3 g of
tetrapropylammonium hydroxide solution (40 wt.%) are
placed in a polyethylene beaker and 100 g of a pyrogénic
silicon-titanium mixed oxide containing 3.6 wt.%¥ of TiO,
‘are added, with stirring. This mixture is sheared for

20 five minutes in an Ultraturax [sic] stirrer. The
résulting suspension is dried by means of a spray dryer
(NIRO-Atomizer model 1638; inlet temperature 380°C; outlet
temperature 90°C; speed of rotation of the spray disk
15,000 min™). 20 g of the resulting microgranules, with a

25 meén particle diameter of 30 pm, a loss on drying of 23
wt.% (10 h at 105°C; corresponds to the water content) and
a loss on calcination of 43 wt.% (5 h at 550°C; corresponds -
to the water and template content), are charged into an
autoclave with a Teflon inliner and crystallized for 4

30 days at 180°C under static conditions. The solid is then



el -
Exanpl e 4: Preparation of titaniumsilicalite-1 m cr ogr anul es 15
720.7 g of deionized water and 179.3 g of t et rapr opyl ammoni um hydr oxi de
solution (40 w.% are pl aced in a pol yethyl ene beaker and 100 g of a
pyr ogeni c silicon-titaniumm xed oxide gontaining 3.6 w.%of Ti(ferr]
are added, with stirring. This m xture is sheared for 20 five mnutes in an
Utraturax [sic] stirrer. The resul ting suspension is dried by neans of
a spray dryer dried MtrQUCopnderappied1bnsan albtatupgrhererfondrwr ] C
out | et te eratqu!ﬁg%?rr]c; speed of rotation of the spray disk
15,000 mnf[err] o.uri(?g 0 he resulting mcrogranules, with a 25 nean
particle dianmeter of 30 [err]m a |oss on drying of 23 w.% (10 h at
105[err] C, corresponds to the water content) and . a loss on cal cination
of 43 wt.% (5 IThe SBHMEY Crepaness jgongdis wayoconeigbsepLahgtaBiphat e

content), age charged Jdnta an autqcl ave with a Teflon inliner and
crystallize forta %Olted;iysf"lzﬁn’?g@#éﬁﬁsc under static conditions. The

solidis then - _ 16 dried at
90[err]C and calcined in an air atnosphere for four hour s at

550[err]C. - Exanple & ol Reaparadionc@fi g thtandun bekargseolitet bowdeum 5
silicalite-1 mcrogranules. _

435.3 g of tetraethylammonium hydroxide solution (35 wt.%)
10 and 236.3 g of deionized water are placed in a ' '
polyethylene beaker and 109.6 g of a pyrogenic silicon-
titanium mixed oxide containing 3.0 wt.% of TiO, are added.
The resulting mixture is aged for four hours at 80°C and,
after cooling to room temperature, 12 g of beta-zeolite
15 seed crystals with an Si0,/A1,0, ratio of 27 are added.
. This synthetic gel is crystallized in an autoclave for 3

days at 150°C, with stirring.

The solid obtained is separated from the mother liguor by
20 centrifugation, washed three times, each time with 250 ml
of deionized water, dried at 90°C and calcined in an air

atmosphere for four hours at 550°C.

The X-ray diffraction diagram of the catalyst prepared in
25 this way shows the diffraction pattern typical of the BEA
structure. Wet chemical analysis gives a titanium content

of 1.8 wt.% of TiO,.

Example 6: Preparation of a mesoporous titanium silicate

30 of the MCM-41 structure



Exanple 5: Preparation of a titanium beta-zeolite powder - 435.3 g of

-t et r aet hyl ammoni um hydr oxi de solution (35 wt.% 10 and 236.3 g of dei oni zed
water are placed in a pol yet hyl ene beaker and 109.6 g of a pyrogenic
silicon- titani um m xed oxi de containi? 3.0 . %of Tigerr] are
added. The resulting m xture is aged Tor four hours at 80[err]C and,
after cooling to roomtenperature, 12 g of beta-zeolite 15 seed crystals
with an Sigerr]/A[err]derr] ratio of .27 are added. This synthetic

gel is crystalii;eg é”oﬁntéﬂfgﬁéégfiéﬁﬁoﬂﬁum h & sHAUn GaoWi th

stirring. The Solid obtain 'S separat fromthe nDther Ilquor by
20 centrlfugathn%)masheplaheéelmlampplyaﬂﬁylanaahnaHeﬁEamdﬂBO 0 g of a
dei oni zed water, dried g}LgﬁrlC and calcined in an air at nosphere

for four hourspHF°§SBf€r?} itamgiuny pixed)gxide Gt adindgas-6f WEnd
catal yst prepaggdris, Zord Heudpy vfm\@ E%lﬁgfr@ﬁ&eoalﬂeht;srﬂstxeiffédof

t he BEA structure. Wet chem cal ysi § gives a titanium content
of 1.8 wt. % of £6rCprerhour. A sﬁpe:pﬂmrﬁ ofPrapar & iadn of a mesoporous

titaniunlsiIicgggnyrlmet §1Q§a$§fu§t£%§ﬁiﬁe (C6H33 (CH) ;NBr) in 109.2 g
17 16533 3/ 3
of deionized water is then added, with stirring, and
stirring is continued for 10 minutes. The resulting
10 synthetic gel (molar composition: Si0, : 0.17 C,¢H;, (CH;) ,N*
: 0.26 Me,NOH : 25 H,0) is crystallized in an autoclave for
48 hours at 140°C under static conditions. The solid
obtained is filtered off and washed with deionized water
until the filtrate is neutral. The solid is dried at 90°C

15 and then calcined in an air atmosphere for four hours at

640°C. . The yield is 28 g.

The X-ray diffraction diagram of the cétalyst prepared in

this way shows the diffraction pattern typical of MCM-41
20 wmaterials, with a d,;o, reflection at 3.60 nm. Examination

by sorption analysis with nitrogen at 77 K shows a mean

pore diameter of 3.16 nm, a BET specific surface area of

1040 m? gt and a pore volume of 0.89 g mi? [sic]. Wet

chemical analysis gives a titanium content of 4.6 wt.% of
25 - TiO,. The material is catalytically active in the

epoxidation of propéne with hydrogen peroxide.

Example 7: Preparation of a mesoporous titanium silicate
of the MCM-48 structure |
30
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114.2 g of tetranmethyl ammoni um hydroxi-de solution (10 w.% are placed

-in a pol yet hyl ene beaker and 30.0 g of a pyrogenic silicon-titani um
m xed oxi-de containing 3.6 wt.% 5 of Ti(Jerr] are added, with stirring.
This mxture is stirred for one hour. Agsuspension of 29.1 g of

cetyltrinethyl ammoni um bromde (Cerr]Herr](CHerr])[err]NBr) in 109.2 ¢
f deioni zed [ Ath stirri d tidri '
Cont i nud for 10 wiZngt B8, Chreasty ) pigdhtih bendfse ot 1 °

conposi tion: Swel.&irhre @liced enr hAHpoLyEtRYlene I Déaked NI rdo.0 g off.226
Me[err]NOH :- 25 Herr]O is crystallized in an autoclave for, 48 hours
at 140[ err] C uR¥erIeric eiddsenritdhanimmeniyed joxide grniaiauing ¥4 twir-&d

ff and washed Ju th deiopi | £t i L4 Th
ol i01s driod S a0 crfR AGedT Blin sritiina. | e e TalBarden,,

four hours st for oheOhoun].C. A Ehepehsliéni 6£2814.2 g of The X-ray
diffraction diagramof the catalyst prepared in this way shows the

diffraction pate&ydtrjpetiylopmpnirmbronider éfidhs(CHy 1¥PR drerd35.2 g
reflection at %fGQeQ%iz'EﬁaWa‘E%S:' % theanQE%Ptv'u‘?@h Pin Wfa% ni trogen
a nmean pore f 3. nm —a Sp

at 77 K shows _ I"airet er o I'c surface
area of 104& infrdhng] i@l eonk innddafper eovaingee®f Orid geaditind [sic].
Wt chemi cal analysis gives a titaniumcontent of 4.6 w.% of 25

Tiderr]. TheS¥Rt@atic oelcdralpri campysitirne $#01 e 0-65 CodbxfGHs)idRrof

Tesopor ous-0i t AniyReoHEnGe" 62 B e CRERRI 11z EhCRA gh de8l1fve for

18 114. 2 ag0hol@ls’ afeaybe mRdeH st @t tldd .0N Tht0 solid
obtained is filtered off énd washed with deionized water
until the filtrate is neutral. The solid is dried at 90°C
and then calcined in an air atmosphere for four hours at

15 640°C.
The catalyst prepared in this way consists of Ti-MCM-48.

Example 8: Preparation of a boron pentasil zeolite
20 )
800 g of aqueous hexamethylenediamine solution (S0 wt.¥%)
are placed in a polyethylene beaker and 70.7 g of a
pyrogenic silicon-boron mixed oxide containing 9.5 wt.% of
B,0; are added, with stirring.- This mixture is stirred for
25 half an'hour and then crystallized in an autoclave for
five days at 170°C. The solid obtained is separated from
the mother liquor by centrifugation, Washed with three
times 250 ml of deionized water, dfied at 90°C ana calcined
in an air atmosphere for six hours at 550°C.

30
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wt.% are placed in a pol yethyl ene beaker and 30.0 g of a pyr ogeni c
-silicon-titanium m xed oxide containing 3.6 w.% of Ti 2 are added,
With stirring. This mxture is stirred 5 for one hour. A suspension of
114.2 g of cetyl trinmethyl anmoni um br om;de
(derr]Herr](CHerr])[err]NBr) in 435.2 g of deionized water is then
added, with stihrl . L Ll I.s_conti pued .nut.es. . The
resul ting LIg"f/an gﬁgggﬁgFrfﬁ% ar @gﬁ%6§$t$%n£%%ﬁfié§¥#é£rﬁf%ﬁ?red o
Clerr]H err] (Cidhder WalyeshbWer the dirfPadfidk|patided tydicd] &1 |tDe iMrI
crystallized in an autoclave for =~ 48 hours at 140[err] C under static
condi tions. ThétIyctyre. WYetarhewiralfanatysds ogivem® Wbacgonrent of
dei oni zed water, , . yntil the filtrate is neutral. The solid is dried at

90[err]C and t Weri al cined in an air at nosphere for four hours at 15
640[err]C. 5 The catal yst prepared in this way consists of Ti-MM 48.
Exanpl e 8: Preparation of a boron pentasil zeolite 20 800 g of aqueous
hexanet hyl ened%&‘ﬂ“ﬁé%@l’u??@ﬁa‘(%l%. of -a boger pikierte Pl the MiMndlkne

beaker and 70.gt% ot pyrogeni c silicon-boron m xed oxi de contai ning
9.5 wt. % of fErP? err] are added, with stirring. This mxture is
stirred for 25 half an hour and then crystallized in an autocl ave for
five days at 170@err]C. The solid obtained is separated from t he

not her 1iquor By ’c&nSr PEu§gtranetiginvgonivy hydeexide solytdon 2660 ni of

?gir 02: )Z(eﬂo%\gtseg{[t ggb?g‘re?}n&ggggr ELQa%gl§&ﬁ§fgge beakeﬂ' vl 482 .r3 aé r@p;ner €

pyrogenic silicon-boron mixed oxide containing 5.5 wt.% of
B,0; are added, with stirring. This mixture is stirred for
one hour. A suspension of 65.5 g of
cetyltrimethylammonium bromide (C,¢Hs,{CH,),NBr) in 576.5 g

15 of deionized water is then added, with stirring, and
stirring is continued for 10 minutes. The pH is adjus;éd
to 11.5 by the additidn of dilute sulphuric acid. The
resulting synthetic gel is crystallized in én autoclave
for 48 hours at 140°C under static conditions. The solid

20 obtained is filtered off and washed with deionized water
until the filtrate is neutral. The solid is dried at 90°C
and then calcined in an air atmosphefe for four hours at

540°C.

25 The X-ray diffraction diagram of the catalyst obtained
shows the diffraction pattern typical of MCM-41 materials.
Examination by sorption analysis with nitrogen at 77°K
shows a mean pore diameter of 2.83 nm, a BET specific

surface area of 1060 m’/g and a pore volume of 0.89 ml/g.
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19 The - X-ray diffraction diagramof the catalyst prepared in this
‘way shows the diffraction pattern typical of the I structure. Wet
chem cal anal ysis gives a B203 content of 2.4 Wm. % ~ Exanple 9:
Preparation of a boron silicate of the MCM2pl structure 157.6 ¢
of tetranethyl ammoni um hydr oxi de solution (10 10 w.% are placed in a

pol yet hyl ene b 2. pyr I _qm | de
cont ai ni ng 5-5%§%§@%¥§“id% ﬁéf%@%%ﬁéog f X Q@?Ebﬁ%ﬁh égfﬂc%ﬁ%ggﬁ?] urégé
stirred for one hour. A suspension of 65.5 g of
cetyltrinmethylamoniumbromde (CJerr]Herr] Cl-l[erré)[err‘LNBr) n 576.5

15 of delonlzeéamﬁeﬁ'qg;ﬁﬁﬁﬁ?ﬂ%ﬁﬁ&&amwpﬁﬁu§t YArpgidgngolutioq; (49 wy- %%
continued for iﬂf%sg-giedé'i'dniz%ﬁl Waked are %Q %dSle the addition of
dilute sulphurlc acl resulting syntheti Is crystallized in
an autocl ave polﬁethﬂ&rfeouheal@r baa] srlr}Cguoﬂea pﬁmbgentonsllll@m- The
solid 20 obtained is, flltered of f_ and washed with dei oni zed wat er

until the filt ZXEPEYW:HRiXad °ﬂ+éesSPP&aP-§189| 8d0altoB[ @F r$¥92 areyng then
calcined in an gife f‘t e e Lo} OU‘I'hQOY‘E%ui‘I::Lna syﬁéﬂ%@iélﬁle igEtIT_&?

X-ray diffraction di‘agram of thé €Catalyst obtal ne

di ffraction patdwgrstadliizal iof aClutbclaver E8ks24 hourkxasi rasimn Iphe
sorption analysis with nltrcgen at 77[err]K shows a nean pore di anet er

of 2.83 nm a BERishehtained isgepazatgfefrem theomatker]14@¥em BY pore
vol une of 9089égﬂé¥1fugatlon, washed with three times 250 ml of

deionized water, dried at 90°C and calcined in an air

atmosphere for four hours at 550°C.

The X-ray diffraction diagram of the catalyst obtained
15 shows the diffractior pattern typical of the MFI
structure. X-ray fluorescence analysis.gives a ZroO,

content of 1.0 wt.%.

Example 11: Preparation of a zirconium silicate of the

20 .MCM-41 structure |
114.2 g of tetramethylammonium hydroxide solution (10
wt.%) are placed in a polyethylene beaker and 30.0 g of a
pyrogenic silicon-zirconium mixed oxide containing 3.0

25 wt.% of ZrO, are added, with stirring. This mixture is
stirred for one hour. A suspension of 29.1 g of
cetyltrimethylammonium.bromide (C6H;33 (CH;) ;NBr) in 109.2 g
of deionized water is then added, with stirring, and .
stirring is continued for 10 minutes. The resulting

30 synthetic gel is cryStallized in an autoclave for 48 hours

at 140°C under static conditions. The solid obtained is



20 Exanple 10: Preparation of a zirconiumsilicalite-1 powder

+62.4 g of tetrapropyl anmoni um hydroxi de solution (40 wt.% and 229.8 ¢
of deionized water are placed in a 5 polyethylene beaker and 57.4 g of a
pyr ogenic silicon- zirconium m xed oxi de contai.ning 3.0 w. % of
Zrerr] are - added, with stirring. The resulting synthetic gel is then

crystallized i @iggeg}ghogkgvgﬁgok%ﬁagOﬁy:[éh a&eﬁxﬁl%é%]vgte@%ntil $9d d

obtained is separated fromthe I quor entrifugation, washed
with three timgs1228tel i8f neutrallei othgesb1id eis difiedl aal RWPLeahBiCrRrad

calcined in an air at nosphere for four hours at 550[err]C The
X-ray diffractcedcdnadr im sh ahe stmesyhberebicer nbzhn howtsowt: ©i49°C. :
diffraction pattern typical of the MI structure. X-ray fluorescence
anal ysis gives a Zr(err] content of. 1.0 wt. % Exanpl e 11:

Prepar ati ons of Thezkreay BIEErhe 868 QladPim 9 MMAkSlyidiCiobtlined 114.2
g of tetranethyl ammoni um hydr oxi de solution (10 . w.% are placed in a

pol yet hyl ene behrws the gdffrgcbion pattewym dgapicalsiaf MEM-AL oetianhatisced

id t ai ni .0 25 wt_. % of - dded,, it tirring. Thi
mture s VEER; PoflimolalHE RLP- 2R Mhepdnei B Y gogpeion |
cetyl tri et hyl aRERgbae) W decEGhenr bl ey Nt (ks 1d icai 3o diankils? o

of deionized water is then added, with stirring, and stirring is
continued for ©f @Ai-Aunms. aTBETr epetifhg Serfacer mda qfel866 e/ gsantd Bzed in

an autocl ave for _48_hour t Q[err] C under static conditions. The
solid obt g%.(ﬁedgloge vo?uma'of 0.59 mi‘?g.
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21 filtered off and washed wi th dei onized water until the
-filtrate i's neutral. The solid is dried at 90[err] C and then catcrmed
in an air atnosphere for four hours at 640[err]C.

diffraction diagramof the catal yst obtai neg shoﬁwﬁm"m!ﬂwgwn
of MCM 41 materi al s, ‘with a dlerrt value . nm

pattern typical
Exam nati on by
pore di anmeter

P Hd Phaimg @Nalysis with nitrogen at 77 K shows a nean
oﬂf 2.311“}1Sm a BET specific surface area of 860 n2/g and a

10 pore volune of 0.59 nm/g. 22

Pat ent cl ai ns

1 rocess for the preparation of m croporous and

: A
mesopor ous net at- si 1& c%‘f‘é‘l'se,é)%cﬁ?d?i%ﬁengrﬁﬁ’érﬁfr&Pﬁt REr MAFTYOBOFRUR t 3R of a
silicon and metgle SAUESE: Idbddie S%rl%%%.%%%_,OEgmg)ngigiﬁsnPhét afbenéahe] | zed

in that a pyrogenic netal - sil1con mxe

-and met al

5

10

15

20

25

30

e I's used as the silicon
reaction of a silicon and metal source in the presence of

a template, characterized in that a pyrogenic metal-
silicon mixed oxide is used as the silicon and metal

source.

2. A process according to Claim 1 for the preparation of
crystalline microporous and mesoporous metal silicates of

the general composition

(8i0,) 1% (B;0,) & (Ia),
(8103) 3% ( (AgOn) 1.y (A'wOn) y) x (Ib)
or | . _
(8105) 3o (MB,00) - (I1),
in which:
X is a number between 0.0001 and 0.25;
Y is ‘a number greater than 0 and less than 1;
A and A’ are a metal of valency p from the group
| comprising 3, Al, Ga, In, Ge, Sn and Pb or from
subgroups 3 to 8;
M is a cation of valency g from the group
comprising alkali metals, alkaline earth metals,
H', NH," and N(alkyl),"; and '
m, w', n, n’, n and r are the number of atoms, where:
mp = 2n and mp = 2n'

and mp + rq = 2n",



source. 10 2. A process according to Caiml for the preparation preparation of

Cotpot 1 e e e
Qerr [& L

(la), 15 (SiC{err]) [err] ( (Alerr] 1)

(A [err]err])[err]) [err] ( IDb) or

(Sigerr])[err] éMapactéterad Aeredad & idyrogenic mixed oxfiBk) of in
whi ch: X i's a nunber between 0.0001 and 0.25; 20

i s a nunber grecemposhbicn &FR) |ess(Xharisiused and é;h@ gatigneMaofet al  of

val ency p fromthe ou r.i_Si Rk I Ge, Sn
and Pb or fronlk Fudl211) is {ﬂﬁﬁﬁﬁﬂ£§9§an%5? ehe %EWQhatgabr Qla a cation

of valency q freokiie §6€aD @B alkaline eartiPWietiali hgdrblkale ﬁEéQéﬁt in

al kaline earth netal s, : Herr], NHerr] and N(alkyl)[err]; and
m m, n, nS nthanquratbem@l redresdifs .at oms, wher e:

mp =2n and m.p = and mp + r-gq =2n", 30

23 characterized in that a pyrogenic m xed oxi de of conposi tion
(la) or (Ib) is3yusedpapgotéss CadédaMdPlto cldif Milox @, Fhasat8eeipeaaiad
via the tenplate or via al kali metal or alkaline earth metal hydroxide

present in 5 thbahydrpyregemic syetidlesdisiicon mixed oxide prepared by

flame hydrolysis is used.

10
4. A process according to one of Claims 1 to 3,
characterized in thaﬁ a pyrogenic mixed oxide from the
group comprising (Si0,);.,(Ti0,)y, (Si0,) ;. (A1,05),,
(810,) 1.4 (By03) 5, (8i0,) ;. (V,05), and (Si0,) 4., (2Zx0,), is used.

15
5. A process according to one of Claims 1 to 4,
characterized in that the template is used in an amount of

0.05 to 2.0 mol per mol of SiO, in the mixed oxide.

20 6. A process according to one of Claims 1 to 5,
characterized in that the hydrothermal reaction in the
preparation'of microporous metal silicates is carried out
at a temperature between 100 and 220°C, preferably between
150 and 190°C, and in the preparation of mesoporous metal

25 silicates is carried out at between 50 and 175°C,

preferably between 70 and 150°C, under &t least autogenous

pressure.

7. A process according to one of Claims 1 to 6,
30 characterized in that the pyrogenic mixed oxide is brought

into contact with an aqueous template solution containing



3. A process according to Claim1 or 2, characterized in _ that a

:pyrogenic netal-silicon m xed oxi de prepared by f
used. 10 4, A process according to one of CI a| ﬂml "ﬂlmnmll
characterized in that a pyrogenic mxed o

(Sigerr])[err](Ti qerr])[err] (Si qerr])[err](AI [err]qerr])[err]
(Sigerr])| e”]}(}%i}?é AR ,) [&{er Lnol(a? ga%r bl b&ebﬁ} (éé{; &4 19,0b85hly) B@g&keﬂnd

(Sigerr])[err]( ro[err])[err IS use process according t
one of Cains 1005 And 2.&haracterized |n t hat the tenplate is used in.an

amount of .0.05 to 2.0 mol per nmol of SiJerr] in the mxed oxide. 20
6. A process according to one of Cainms 1 to 5, characterized in
that the hydrotder mg ﬁﬁ%géé)@ddgnrdﬁlg to oBkCB2’ aihPMs0f #dCfoporous netal
silicates is carried out at a tenperature between 100 and 220C,

preferably betwderacteriks aml tlmﬁthan@mgehecpsebacanrmt@l misEdor ous

metal 25 silicates is carr 0] bet 5[ err C, )

T eteranly’ bot B b orh gt e Toamar & SPeRel SHIGhEne size and
pressure. ‘shape oﬂ“\dl{é)cs%'fa%e@%@ e &Qmﬁ&ﬁlﬁﬁ Qs@éHEléli}? 6, 30
characterized i.n that the pyrogenic mxed oxi de i s”brought into

contact with arrchsnged tienpihe dyshiarhesmadomeacting to give microporous
24 hydroxyl CJlons t he m)l ar ratl .Oof OHto SiJerr] being between
0.05 and 2.0. MEOPOFAYYs, i§a35§S0 one of daims 1 to 7,

10
9. Binder-free shaped'objects of microporous and
mesoporous metal silicates, obtainable by the process of

Claim 8.

15 10. Use of the shaped objects according to Claim 9 as a
catalyst in oxidation reactions, the composition of said
shaped objects corresponding to an Al-free metal

silicalite.

20 11. Use of the metal silicates prepared by the process
~according to Claims 1 to 8 as catalysts in the oxidation
of olefins, e.g. propene, with hydrogen peroxide to give

the correspondihg epoxides.



5 characterlzed in that the pyrogenic silicon-netal m xed oxi de is used

.in the formof a shaped object, the size and shape of the shaped

obj ects remaining essentially unchanged in the hydrothermal reaction
to give m croporous and mesoporous mggal silicates. 10 9.

Bi nder-free shaped objects of m croporous and mesopor ous net al

si-licates, obtainable_b 15 10. Use of the
shaped object s SRerens and

8 Jfor P sation of cryst :
reactions, t%%ynﬁgi §§ig%a%%  SBRGI-Ch) ssalﬁﬁ_%igsggngﬂa to an
Al -free netal r epar ed

by the processrocess@icamddifgitouseéaims 1 to 8 as catalysts in the oxidation

the process of Cla|n18

of olefins, e.g. propene, with hydrogen peroxide to give t he
corresponding epoxi des.
Abstract

Microporous and mesoporous metal silicates are prepared by
the hydrothermal reaction of a silicon and metal source in
the presence of a template. The choice of raw materials
influences the purity and hence the catalytic activity of

the products.

According to the invention a pyrogenic mixed oxide is used
‘as the silicon and metal source. Preferred products have
the conposition (8i0,) 1.x (A, 0,) 4, where A is Ti, Al, B, V or
Zr and x is 0.005 to 0.1. Shaped cbjects of the
microporous and mesoporous metal silicates are obﬁained
directly by using a shaped object of the pyrogenic mixed
oxide. Products obtainable according to the invention are

used as oxidation catalysts.




