WD 01/ 64582 PCT/ EP0O1/02119 METHOD FOR THE PRODUCTI ON OF A

TI TANI UM CONTAI NI NG ZECLI TE The present invention concerns a nethod for the
production of a titaniumcontaining zeolite and the use of a zeolite

obt ai nabWe@ G§48hi s 5 way as a catal yst for the epoxi dat FGNESPVHIErins with
hydr ogen peroxide and a nethod for the epoxidation of olefins in the

presence of a Liefygy ¥OR GRS EHONUOBIORCH! Wl PTIARPANEBRTAINING FeBpHR0d accordi ng

to the invention. 10 A netho production of titaniumsilicalite

and also the use of the titaniumsilicalite thus produced as a catalyst in

a series %f reactions, .anong t hem oxi dation reactions, is_known from US-A
_ que?eﬂﬁﬁh?é

4, 410, 507he Aresgrds dPYERdoR \&9%6? dBB decROMREI1AIPH@ t he formati on
of a synt J S art : (Y54 id | .such as
SRR B iy ORI TR WIS R e s e
conmpound way dshe eatdi ystofioofthee¢poxidatdonpyf obdefitosi withhiyytirogerdeetd&AOH) and
hydrol ysis .of this reachion m xture. |In, subsequent years many groups of

resear chéPd § el Eer yFha RPoxddptian alr g18T1as Walke D5a3ANCet®f Spti ni ze the
synt hesi s9f it it anium. sili i ten ot actid Vi of the
resul ti n§1ggq1y"y§dtwtgmn§t éeoqgﬁ ip?f)%dncrcég @% %ﬁﬁgﬁ%@?ig&?&g@gtﬂongh% omthe

t eachi ng iafendSoA 4, 410,501. 25 Thus the influence of a nunber of process
paranmeters such as, e.g., type of Si Q2 source, crystallization tineg,

crystallization conditions, ratio of tenplate conpound/silicon and

L Bl BAREb0 Gy PRLBLHES) RAILEE A e ik B8
publ i cat ithestitAniubh sHicaditedehuPproduced as a catalyst in a series of
reactions, among them oxidation reactions, is known from US-A 4,410,501.
It describes two different procedures, including the formation of a
synthesis gel starting from a hydrolyzable silicon compound such as
15 tetraethyl orthosilicate, for example, and a hydrolyzable titanium
compound by the addition of tetra-n-propyl ammonium hydroxide (TPAOH)

and hydrolysis of this reaction mixture.

In subsequent years many groups of researchers in industry and

20 universities have sought to optimize the synthesis of titanium
silicalite, in terms of both the activity of the resulting catalyst and
the efficiency of the method, starting from the teaching of US-A
4,410,501.

25 Thus the influence of a number of process parameters such as, e.g., type
of Si0, source, crystallization time, crystallization conditions, ratio
of template compound/silicon and silicon/titanium in the starting
materials on the activity of the resulting catalyst, has been
investigated in various scientific publications (A. J. H. van der Pol

30 and J. H. C. van Hooff, Applied Catalysis A: General, 92 (1992) 93-100;
van der Pol, Verduyn and van Hooff, Applied Catalysis A: General, 92
(1992) 113-130; J. A. Martens et al., Applied Catalysis A: General, 93



30 and J. H C. van Hooff, Applied Catalysis A: Ceneral, 92 (1992) 93-100;
van der Pol, Verduyn and van Hooff, Applied Catalysis A Ceneral, 92
(1992) 113-130; J. A Martens et al., Applied Catalysis A. Ceneral, 9

01/ 64582WQ OPEFBEPOL/ 02119 (1993) 71-84). Neverthel ess, BEIFPIEO2Aery
extensive and detailed exam nation of the paraneters that influence the

synthesi 3169 aeienyi Weveihel bd@niieDie 4 GBH oroaligb Yalisdetdigee (s still a
need within the industry to further 1nprove the production nethod in terns
of the 5eaaimatton of ttheeparemetdrisnthataimfilyence The syhilesstisodnd betjriegent

invention_is therefore to further, i ove . the _synthesis of

titani umpéowtéf‘mnh@%(%ﬁﬁeegaga(qé(ﬁﬁ’%ﬁ?rreoﬂr?tsf?yErq geeqpithidedbs i bed above,
i n order ; Walol g bV : j t :
particulAb@?k?gfﬁfﬁ@ﬂggokﬁ@atYo%x%ﬁ%gﬁgg?Eﬁsﬂ#h?gqgéﬁg@? ?ixgéhieved by a
met hod f activiey prfotloe triesuml tohg acatatysti. um contai ning zeolite by 15 a)

conbi ning a hydrol yzable silicon conpound and a hydrol yzable titanium
conpound, b) adding a basic quaternary ammoni um conpound in an agueous

nmedi um t i : hyd i iLan m at a
omper at e Bieff BF iR braBhe) Rt IO Helatare Vo FEARRL MhoRbu he, &t B
c) heati sgntheeis\oft trissinsunsebntainand eepkeitet ustart ing fieonr ahgeprfioerart50C to

190C, d) crystallizing. the ggnthesis sol at this tenperature, characterized

in that GRECTHEST iaRgVesp 10iqRdel osirgrease ithe| addvitvant X6 resyltim

10 catalyst, particularly for the epoxidation of olefins.

This object is achieved by a method for the production of a titanium-

containing zeolite by

15 a) combining a hydrolyzable silicon compound and a hydrolyzable
titanium compound,
b) adding a basic quaternary ammonium compound in an aqueous medium
to the mixture from a) and hydrolysing the reaction mixture at a
temperature in the range from 0°C to 100°C to form a synthesis
20 sol, then
c) heating the synthesis sol to a temperature in the range from 150°C
to 190°C,
d) crystallizing the synthesis sol at this temperature, characterized
in that the heating-up time in step ¢) is less than 240 min.
25
According to a preferred embodiment, the heating-up time in step c) is
between 60 and 180 min, preferably between 80 and 150 min, with a

heating-up time of 90 to 120 min being most preferred.

30 According to the present invention a hydrolyzable silicon compound and a
hydrolyzable titanium compound are first hydrolyzed with a basic

quaternary ammonium compound in the presence of water. Particularly



According to a preferred enbodi nent, the heating-up tinme in step c) is
between 60 and 180 min, preferably between 80 and 150 mn, with a
heating-up tine of 90 to 120 m n being nost preferred. 30 According to the
present W@VEASEbN a hydrol yzabl e silicon conpound and a PRYEFBI%PdbI e
titani um conpound are first hydrolyzed with a basic quaternary anmoni um

compound B@‘fﬂ?g% %rs?ﬁgcg'fb?yﬂmﬁ@stiq[ifoﬂ: %Btﬂ1‘fﬁhﬁfﬂ Xo%@uﬂ# 48P 8he3method

PCT/ EPO1/ sui e’ as drol'yzabl e silicon or tani um conpounds for

t he met hodccordtmy dbnihet onvdme iomaeattihentetraaidyd bdethosdl kcateonrhosilicates or
tetraal kyl orthotitanates, whereby alkyl is preferably selected fromthe

group cons¢WERhy loprhOtATaNates nhyherabyoplky! ofs Bﬁ?ﬁﬂr.abﬁ%yéeﬂw%@dp?r@eW%d 5
tarti t t hosi.l i d
o120 GAROUN 1 Lobit ol a5 00 19 108 Wby

consi sti ngt#ftingtdomboures hatle, tetrrapyhyloorthesylicaleeantosdtrpetfydrred starting
conpounds are tetraet E‘%‘lﬁ orthosilicate and_tetraethyl orthotitanate. 10

The quat ePRIO} 1EaN#6RI WieEempaling 15 Paetanmpl wise | eehdoliAl LGOI er mi nes
the cryst %@H?@P? Efne%*ﬁb%?ﬁ L praP'%ﬁ;Déthufﬁysfﬁé mhgf i)hgﬁerggdt he product

during crys I on.” Tetraal Ky ni um-conpoun tetraal kyl
ammoni um byshtexd ddmpaaidsi atd setnaetieflr arthogl Divkte aindotétrae iy 1hydr oxi de, are
preferably used to produce titaniumsilicalite-1 (MFlI structure),

t et r a- n- bAedotakaEER UM hydr oxi de to produce titanium silicalite-2 (MEL
structlt(}r e) and tetraethyl amoni um hydroxi de to produce

titani'um (3-zeolite (BEA crystal structure) The quaternary ammoni um

conpound e RuUEtEHARY YamiEEimasonRouBdl 1€ 0l S el atbi €mpound that determines

the crystal structure by absorption in the crystal Tattice of the
product during crystallization. Tetraalkyl ammonium compounds such as
tetraalkyl ammonium hydroxide, particularly tetra-n-propyl ammonium

15 hydroxide, are preferably used to produce titanium silicalite-1 (MFI
structure), tetra-n-butyl ammonium hydroxide to produce titanium
silicalite-2 (MEL structure) and tetraethyl ammonium hydroxide to
produce titanium-p-zeolite (BEA crystal structure) The quaternary
ammonium compound is preferably used as an aqueous solution.

20
The pH value for the synthesis sol of > 9, preferably > 11, that is
necessary for synthesis is adjusted by the basic-reacting quaternary

ammonium compound.

25 The temperature at which the synthesis sol is produced can be selected
between broad 1imits, but the mixture of hydrolyzable silicon compound
and hydrolyzable titanium compound is preferably cooled to a temperature
in the range from 0°C to 10°C, preferably 0°C to 5°C, particularly
preferably 1°C and the basic quaternary ammonium compound is then added

30 1in an aqueous solution cooled to the same temperature.



20 The pH value for the synthesis sol of > 9, preferably > 11, that is
necessary for synthesis is adjusted by the basic-reacting quaternary
anmoni um conmpound. 25 The tenperature at which the synthesis sol is
producedV@@n6458 sel ected between broad linits, but the REWERPE2HP
hydrol yzabl e silicon conpound and hydrolyzable titani umconmpound is

pref erably ac?@}t%gr;érﬂ]bgdwtn%m?e&fa‘c@(f ?"i%“ttn"(]ﬁﬁ??'%ﬁst‘“@'@ P&irag1 PG preferably

OC to 5C, particu prefera a I'c quaf ernary ammoni um

conpoundorthothkeitabekd @dd 3etraalay] apthotitasstast aon usedlagdstidcomersane
tenperature. WD 01/64582 4 PCT/EPQL/ 02119 In a further enbodi nent of the
present T HRABAYN SRUTGehERTPECET VA N} ;@Sﬂter SERAY) B¢ PedereysEen ét)r%%Iti@9l

orthotit S e i ) LeQn, .0 ' I b u pectjvely, after
ctep by AR ZPEtEct e ctbREontne ShBRH S8 e Bed R EE it on the
synt hesi senpelratusehea78eC tto 86°6 f@nmpepatiodeo©l20 3G 200 AHE dndr the peri od of

120 to 200 min and the resulting alcohol distilled off as a water

azeot r opBeSUit el cae ! sdighotked ehe apyaiMaESR iage@iiropcin PEARRT EonARBORS | i con
CQ”W“”%&%W%&%P{'%' e PfeanyGh WHR Tﬁé&r?%%@ﬂ;éu‘?fﬂ? KV n@éﬁ@%ﬁé’ﬁg fgaoved by
distillation’is replacedin PR 8T oR hixture at d'éast O part by wat er

i n ordervélamavei d1¢dre] Mbteordrebtiwpeofendved|bydddstilbatioh earbpieedsin s
during crystallization. The synthesis sol produced at the end of
hydr ol ystie ireagtien mghured at oleahei e Pyl Y Watari Bhordarpse avai e the 150C to

190C ' fj b . i si it b f d
190 Brkaab it §97a RBIAP e 5 b SN LB SRR el R o
time in which the synthesis so] is heated to the crystallization

t enper at ur e.
The synthesis sol produced at the end of hydrolysis is then heated to

the crystallization temperature of 150°C to 190°C over a further period
defined above. Surprisingly it has been found that the activity of the
15 resulting catalyst depends on the heating-up time in which the synthesis

sol is heated to the crystallization temperature.

Under the specified conditions of the method according to the invention,
the crystallization time is conventionally less than 3 days, preferably

20 a maximum of 24 hours. The crystals are separated from the parent 1iquor
by filtration, centrifugation or decantation and washed with a suitabile
washing 1iquid, preferably water. The crystals are then optionally dried
and calcined at a temperature of between 400°C and 1000°C, preferably
between 500°C and 750°C, to remove the template.

25
The crystalline titanium-containing zeolites according to the invention
are obtained in powder form. For their use as oxidation catalysts they
can optionally be converted into a suitable shape for use, such as, for
example, micro-pellets, balls, tablets, solid cylinders, hollow

30 cylinders or honeycomb shapes, by known methods for shaping powdered
catalysts such as, for example, pelletisation, spray drying, spray

pelletisation or extrusion.



Under the specified conditions of the nethod according to the invention,

the crystallization tinme is conventionally | ess than 3 days,
a maxi mum of 24 hours. The crystals are separated fromthe

filtrati®eouséserifugati on or decantation and washed wit B¢
washing liquid, preferably water. The crystals are then opti

preferably 20
arent |iquor by

b e

onally dried

and calcined at a tenperature of between 400C and 1000C, preferably
bet ween 500C and 750C, to renove the tenplate. 25 The crystalline
ti t ani umThent eianiumg caetdini ey zacTidedpmguted bbeoridingtoi thie iaventabh ajaned in
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honeyconb shapes, nown e for “shapli ng powdere cat
for exanmatalysel iretthe agpomidatipn ayf dtefiing,byspeans opeaquesuss Byd
extrusion. WO 01/64582 5 PCTI EP0Q1/ 02119 The titaniumconta

al'yst’s such as,

regenr
ning zeolite

produced PSEESIASi HY o 80 kVeBT iTHveM icoWTitaWatale used as a catal yst in oxi dation

reactions with H202. In particular the titaniumcontaining

zeolite

according to the invention can be used as a 5 catalyst in the epoxidation

of ol efi nsihy theamsthod aaqoedbing tvy dhedenentien oxihdeadtivatysof vigret i sci bl e
with water. Using the nethod according to the invention, the activity of

the titditemuWorEri Y 2IIfeePrpdusd croresr B9 iget thvenk
be 10 f - b e ( y
opoxi Tt T DY HRIOQUE SyD¥e faEs (1 Elabs HInE BRPEEIRRT i
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The present invention is illustrated in greater detail by mean
examples.
15

Example 1

3,415.2 g tetraethyl orthosilicate are placed in a 10 1 autoc]
rendered inert with nitrogen, 93.5 g tetraethyl orthotitanate
20 with stirring and the resulting mixture is cooled to approx. 1
solution consisting of 1,417 g tetra-n-propyl ammonium hydroxi
40 wt.% solution) and 3.075 g deionised water is then added wi
stirring at this temperature over around 5 hours by means of a
pump. In order to complete the hydrolysis and to distil off th
25 formed, the reaction mixture was heated first to approx. 80°C

to max. 95°C over around 3 hours. The ethanol-water azeotrope

mhvéhﬂﬁon can
pI%HI %asijtjrlagt ed in

s of the

ave
are added
.0°C. A
de (TPACH,
th

hose

e ethanol
and then
distilled

off 1in this way is replaced by the same volume of deionised water.

The synthesis sol was then heated over 150 min to 175°C and kept at this

30 temperature for a period of 120 min. After cooling of the resu

1ting

titanium silicalite-1 suspension, the solid formed was separated by



exanples. 15 Exanple 1 3,415.2 g tetraethyl orthosilicate are placed in a
10 1 autoclave rendered inert with nitrogen, 93.5 g tetraethyl
orthotitanate are added 20 with stirring and the resultin ni&t? e is

cool ed tWOAB6#BX. 1.0C. A sol ution congisting of 1,417 gPFg{EF’gl-%- r opyl
amoni um hydr oxi de (TPAOH, 40 wt.% solution) and 3.075 g dei oni sed water
is then FNY St 4 { i KO rs by
means. of o Had e o A ARt o1 oy oS
of f the dPR@HhoWag®df odnied,ovehrightaat i180°Griant urhenwes clieed ed diirrst t o appr ox.
80C and 5@89 to max. 95C over ar$und 3 hours. The ethanol -water azeotrope
distilled®Vdfform fRis WAy MTHEMY8Eehy the same vol une of dei oni sed

wat er. The synthesis sol was then heated over 150 mn to 175C and kept at
this 30 tenperature for a period of 120 min. After cooling of the

r esul ti nghetpriodactuiprepdritced isueh hsstisjaansm eontdnteisdheddsattieg was separ at ed

by WO 01/64582 6 PCT/EPOL/ 02119 centrifugation fromthe strongl asi c
parent | itdﬁﬁﬂwg't’i"ﬂlwéﬁﬁﬁa?'mzﬁée AEENGLY 9@5&%&:@1@”&?"&5%@&‘%%??%% ?200 and
then calcined in air at 550C for 5 hours in a nmuffle furnace. 5 The
product properties such as titaniumcontent in the resulting titanium
silicalitleeaaudivhy acdfificigntceas measuretl o doBlewsout in Table 1. The
activity coefficient was neasured as follows: 10 1.0 g of the titanium
silicalite catalyst produced in exanple 1 in 300 m methanol was then

o e 1,8 P BRGSO S AT RBY sreuhalone gty aerat o
ml methanol was then placed in a thermostatically controlled Taboratory
autoclave with aeration stirrer at 40°C under a propylene atmosphere and
the solvent saturated with propylene at 3 bar overpressure. 13.1 g of 30
wt.% aqueous hydrogen peroxide solution are then added in one portion

15 and the reaction mixture kept at 40°C and 3 bar, with propylene being
made up via a pressure regulator to compensate for consumption by the
reaction. Samples were taken at regular intervals via a filter and the
hydrogen peroxide content of the reaction mixture determined by redox
titration with cerium(IV) sulfate solution. Plotting In(c/c,) against

20 time t, where c is the H,0, concentration measured at time t and ¢, is
the H,0, concentration calculated at the start of the reaction, produces
a straight Tine. The activity coefficient was determined from the

gradient of the straight line using the equation

d
25 —C:k‘C'Ccat
dt

where ¢, stands for the catalyst concentration in kg catalyst per kg

reaction mixture.



the sol vent saturated with propylene at 3 bar overpressure. 13.1 g of 30
wt . % aqueous hydrogen peroxi de solution are then added in one portion 15
and the reaction mxture kept at 40C and 3 bar, with proEgle g? ion9 made
up via awpOYes8Y e regul ator to conpensate for consunptio POYRI eact i on.
Sanpl es were taken at regular intervals via a filter and the hydr ogen

per oxi depgopti 8ty ghqtshe reaction mxture determ ned by redox titration
with ceriu sulfate solution. Plotting I n(c/co) against 20 tine t,
where c is the H202 concentration neasured at time t and co is the H202

concent r af ecf‘lw%k” r%???tét‘f withe i@t ibaPinol &€ rhEfs bPrbhep!f:’E%ﬂ"g a straight

line. The activity c cient was determned fromthe gradient of the
st r ai ght compvandsiOndy ttihe tmfptahtsua alad hQﬁ:mgatpcaume derevvareedscBatdt ands f or

the catal yst concentration in t al reaction nlxture 30 WO
01/ 64882 SHeCHP EROT {52 111 awgﬂ B SR B heCr S UA LY SHANTEE w ¢ h

i denti cak Rl gftd %Etaﬂ?ysﬁ’f h tlnngam%oirpound Only the batch size and
heati ng-up tine were varie atc 5 size, heating-up tine and product

properties of the resultlng titanium silicalite catalyst are set out in
Tabl e 1. Conparative exanple 1 10 128.1 kg tetraethyl orthosilicate were
pl aced |§@ﬁﬁﬂﬁ91Q©©ﬁ¥mi%éktor with distillation colum rendered inert with
nitrogen and 3.51 kg
10 128.1 kg tetraethyl orthosilicate were placed in a dry 300 1 reactor
with distillation column rendered inert with nitrogen and 3.51 kg
tetraethyl orthotitanate were added with stirring. The reactor contents
were cooled to 0°C by rinsing with nitrogen. A mixture of 53.12 kg
tetra-n-propyl ammonium hydroxide solution (TPAOH, 40 wt.% solution) and
15 100 kg deionised water was then added over 6.5 hours. In order to
complete the hydrolysis, the reaction mixture was heated first to 77°C
and then to 96°C over 5.5 hours. The ethanol/water azeotrope distilled
off in the process was replaced by the same volume of deionised water.
The synthesis sol was then pumped into a 300 1 autoclave, heated to
20 175°C over 8 hours with stirring and kept at this temperature for 1
hour. After cooling of the resulting titanium silicalite suspension it

was processed as described in example 1.

The main process parameters and the properties of the resulting product

25 are set out in Table 1.

Comparative experiments 2 and 3

Comparative experiments 2 and 3 were performed in the same way as
30 comparative experiment 1 with identical molar ratio of the starting

compound. Only the batch size and heating-up time were as set out in
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he
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was processed as descri bed

ng of

in Table 1. Conparative experinents 2 and

3 Conpalr at Exampexpelri Betths s2zeand Heatemee upel f or meRradoct ipeogartdesvay as| 30
conparative experinment 1 with jdentical nmplar ratio of the starting
conpound. Only the|batch size and ﬁ@ﬁ%ing up time were as set out ijn WO
?%{gﬁ?§n1silicalité proiL%ts are é|égbsﬁhﬁgﬁﬁgéﬁﬁﬁﬁ'Tégfééqﬁ”#%bre 1
Exanpl e Bat ch si ze |Heati ng-up [Product propebht@s (Wi.xg <Edoffidenti tjlani um
Activity content (W.%coefficjent Ti02) (Wlﬂ%%ﬂ (min®)
1 10 2.5 2.8 30.5
2 1 1.5 3.2 31.6
32 1 1.5 2.9 30.8
4 1 2.5 3.0 nd
Cl 300 8 2.5 26.9
C2 300 8 2.4 22.5
c3” 1 8 2.5 22.4
5 a) Synthesis sol produced on a 300 1 scale.
b) Synthesis sol produced on a 2 1 scale and then divided.
The primary crystallite size of the titanium silicalites produced
according to the examples in accordance with the present invention and
10 according to the comparative examples are in the range from 0.3 to 0.4
um, regardless of the batch size and heating-up time.
If the examples according to the present invention are compared with the
comparative examples, it can be seen that the heating-up time has a
15 direct influence on the activity of the resulting catalyst. Without

wishing to commit to a theory, it is clear from the experimental results
that the increase in the content of the titanium incorporated into the
crystal Tattice correlates to the reducing heating-up time. This

correlation could be a reason for the increase in catalyst activity that



110 2.52.830.5 211.53.231.6 3a) 11.52.930.8 4b) 1 2.5 3.0 nd
Cl 300 8 2.5 26.9 (C2 300 8 2.4 22.5 (C3b' 18 2.5 22.4 5 a) Synthesis sol
produced on a 300 1 scale. b) Synthesis sol produced on a 2 1 scale and

t hen di viaed/es4Bre primary crystallite gize of the titani OTEHOI/B2NY t es
produced according to the exanples in”accordance with the present
invention_and 10 according to,the conparative exanples are_in the range
from 0. 3"d YRS rfgﬁféffaise% g]‘met ngrbé‘i £ Ehe sYRRReSAgatAndgS up time. | f
the exanplasghACEQIHyNG1Y Psdthbn ReRSE Nyl AUENEdRRe@r € conpared with the
conparati ve exanples, it can be seen that the heating-up tinme has a 15
direct influence on the activity of the resulting catalyst. Wthout

wi shing to conmt to a theory, it is clear fromthe experinmental results
that the increase in the content of the titaniumincorporated into the
crystal lattice correlates to the reducing heating-up tinme. This
correlation could be a reason for the increase in catalyst activity that WO
01/64582 9 PCT/ EP01/ 02119 was surprisingly found as the tinme over which
the synthesis sol is brought to crystallisation tenperature is reduced. WO
01/ 64582 10 PCT/EP01/02119 dCdains 1. Method for the production of a
titani um containing zeolite by



5 a) conbining a hydrolyzable silicon conmpound and a hydrol yzable titanium
conpound, b) adding a basic quaternary anmoni um conpound i n an aqueous
mediumto the mxture froma) and hydrolysing the reaction mxture at a

t enper at WPS164582 he range from OC to 199C to 10 form a sYRTHELYEIKG | then
c) heating the synthesis sol to a tenperature in the range from 150C to
190C and d) crystallizing the synthesis sol at this tenperature,
characterized in that 15 the heating-up tinme in step c) is less than 240
mn. 2. Method according to claim Llatisaracterized in that the heating-up
time is 60 to 180 mnutes, preferably 80 to 120 20 m nutes. 3. Method
according to any of the preceding clains, characterized in that the

hydrol ysgbl e fdtrod OfbrC O RHadhick Sorf of €4 38hrilh- Rk BAPing! £&015te 130 Preferably
tetraethyl orthosilicate, and the hydrol ysable titaniim conpolnd is a

tetradal kyl oréhoticembaneng prhefdeottrdahle etit aminhgdmpoond laodia daydrd.yz88] eNO
01/ 64582 11 PCT/ EPQL/ 02119 4. thod according to claim 3, characterized
in that after steptBPEMAHY CBHIYPE: step c) the synthesis sol is heated to a

b) adding a basic quaternary ammonium compound in an aqueous
medium to the mixture from a) and hydrolysing the reaction
mixture at a temperature in the range from 0°C to 100°C to

10 form a synthesis sol, then

c) heating the synthesis sol to a temperature in the range from
150°C to 190°C and

d) crystallizing the synthesis sol at this temperature,

characterized in that

15 the heating-up time in step c¢) is less than 240 min.

2. Method according to claim 1,
characterized in that
the heating-up time 1is 60 to 180 minutes, preferably 80 to 120

20 minutes.

3. Method according to any of the preceding claims,
characterized in that
the hydrolysable silicon compound is a tetraalkyl orthosilicate,
25 preferably tetraethyl orthosilicate, and the hydrolysable titanium
compound is a tetraalkyl orthotitanate, preferably tetraethyl

orthotitanate.
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tenperature of 75C to 100C for a period of 120 to 200 mnutes 5 and the
resulting alcohol is distilled off in order to support the hydrolysis of
t he hydrol ysable titaniumand silicon conpounds and optLgﬂ%Egyzgge vol une
of al coP Oe4p8¥ed by distillation isqiireplaced at |east A y the
addition of water to the synthesis sol. 10 5. Method according to any of
the precqdi NguetiRdBecorBBiERY d1R¢nqpat ernary ammoni um conpound is a
tetraal kyl ammoni um hydroxi de, preferably tetra-n-propyl anmonium
hydr oxi de. 15cBaravketigg¢dapcdhati ng to any of the preceding clainms, whereby

the titaniumcgontaiping,zeoljte is separated off, dried. and, calcined. 7.
Met hod f or th@?ﬂeﬁoip%l)agi) qudobef(eﬂr.gﬁtﬁg &/%}‘ga%ylnltchﬁﬂél %‘ﬁi As a?:ﬁg %902 aqueous
hydrogen per oxpfiferbfurd §P176e0tdTie@ICcPE: W bér1bat 6 12@_tfohg?o R ff@Ice of a

titaniumcontaining zeolite as catalyst that is obtainable by the nethod
accordi ng to ehaitieocresgltivgeabdohal tist dndtuidd edoffiimi ocderebd isuppartit &henabl e by

E)Ih:f {Tﬁ;hos\j tﬁﬁﬁ&&ﬁ%ﬂgﬂggeﬁfﬁxﬁ@{oﬂ%bﬁ t(:iz’ic%ﬁ%\}fnsgné %rﬂ% cho% ggm%)c()hrqc?s:[ Ia%] of
optionally the volume of alcohol removed by distillation is
replaced at Teast in part by the addition of water to the

synthesis sol.

10
5. Method according to any of the preceding claims,
whereby the quaternary ammonium compound is a tetraalkyl ammonium
hydroxide, preferably tetra-n-propyl ammonium hydroxide.
15 6. Method according to any of the preceding claims,
whereby the titanium-containing zeolite is separated off, dried
and calcined.
7. Method for the epoxidation of olefins by reacting olefins with
20 aqueous hydrogen peroxide in a solvent miscible with water in the
presence of a titanium-containing zeolite as catalyst that is
obtainable by the method according to claim 6.
8. Use of a titanium-containing zeolite obtainable by the method
25 according to claim 6 as catalyst for the epoxidation of olefins

with hydrogen peroxide.



