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(54) Title: METHOD FOR THE PRODUCTION OF A TITANIUM-CONTAINING ZEGLITE

(57) Abstract: The present invention concerns a method for the production of a titanium-containing zeolite whereby a synthesis gel
is formed by combining and hydrolysing a hydrolysable silicon compound, a hydrolysable titanium compound and a basic quaternary
ammoenium compoeund in an aqueous medium, in quantities such that relative to the starting compounds the molar ratio of S/Ti is
greater than or equal to 30 and that of N/Si is 0.12 to less than 0.20, and the synthesis gel is then crystallised at a temperature of 150
C to 220 °C for a period of less than 3 days, and a titanjum-containing zeolite obtainable by this method.




21 April 2004 WO 01/64581 PCT/ EP01/02118 METHOD FOR THE PRODUCTI ON OF A
TI TANI UM CONTAI NI NG ZEQLI TE The present invention concerns 24 Apgil Bo@t f or t he
production of a titaniumcontaining zeolite, a titaniumcontaining zeolite
obt ai nable by 5 this nmethod, a nethod for the epoxidation of olefins in the
presence 04881t ani um contai ning zeolite produced in tRFYERPZHAd al so
the use of such a zeolite as a catalyst for the epoxidation of olefins. A
met hod for the production of -titaniumsilicalite and also the use of 10

the titanium sily@abd ¥6r 38E @Rgmgn%gf i&nTﬁAﬁgmgg@mmmg%bLﬁ@s, anong t hem

oxi dation reactions, is known 4,41 escribes two
different procedures. On the one hand the formation of a synthesis gel

starting froma hydr.ol ysable silicaon ungd, such as.tetraet hyl '

or thos! i cLPRIsEE ARiEiETa Sfenns & eiine apt e SPBeBt it aF 301 151 dar 15
silicon di gigadeurrsorthiniagzeobitlecea tThifi-LohtaifIry 251t eBSERAHIRDY N
exanple 1 of US-A 4,410,501. Here tetraethyl orthosilicate and tetra-n-

propyl ambisuPethgdr 8 ¥edboq femdhy eppxidakion efnolefips dn Fhet preserceots,  which
al so corre uh SohP$ r: f:ar . t] nmoni um
conpound t gp@:e [ (t:Jon oconggrﬁjdre\g&gﬁgtﬂg?g‘%e? r?ﬂtaﬁé'gé'é%%% aJ{)Sgr tﬁéoﬁéeZB?t he

descri pti osuchGormeotite casbatdatabrsti tonsthef epoédaiioc e wlefiscording to the
description in US-A 4,410,501 is a long reaction. period for the
hydr ot hermal stage of at |east six days. EP-A 0 838 431 describes a nethod

for the pradiehddoforothd pheduictitn @0 tokuhtai BiNidaTAeR! arides sot eHel Lot rom
tetraal kyl orthosilicate and tetraal kyl orthotitanate, the key feature of

whi ch i1 ¢ bRg titeiveatticahitendscafatal 5t ridaa eniesnohfeagiions ad®ondnder
o1 1" g s M 19, gl el har g,
sought to different procedures. On the one hand the formation of a synthesis gel
starting from a hydrolysable silicon compound such as tetraethyl
orthosilicate, for exampie, or alternatively the use of a colloidal
15 silicon dioxide as silicon source. The first version is described in
example 1 of US-A 4,410,501, Here tetraethyl orthosilicate and tetra-n-
propyl ammonium hydroxide (TPAOH) are used in a molar ratio of 0.45,
which also corresponds to the preferred range for the molar ratio of
ammonium compound to silicon compound as stated in the general part of
20 the description. Common to both versions of the procedure according to
the description in US-A 4,410,501 is a Tong reaction period for the

hydrothermal stage of at least six days.

EP-A 0 838 431 describes a method for the production of titanium-

25 containing zeolites starting from tetraalky! orthosilicate and
tetraalkyl orthotitanate, the key feature of which is that the reaction
mixture 1is reacted in an autoclave under hydrothermail conditions without

distilling off the alcohols formed during hydrotysis.

30 Many groups of researchers in industry and universities have sought to
optimise the synthesis of titanium silicalite, in terms of both the

activity of the resulting catalyst and the efficiency of the method,



optimse the synthesis of titaniumsilicalite, in ternms of both the
activity of the resulting catalyst and the efficiency of t2d Ansil RO 21
April 2004 WO 01/54581 PCT/ EP01/02118 2 i.e. reducing the length of the
hydr ot hermal stage, inproving yields, etc., starting fromthe teaching of
US- A 4, 41GvG0Orlsassihus in "Applied Catalysis A: General, 9PCI/ES@ARIS3-111" A
J. H P. van 5 der Pol and J. H C. van Hooff exam ned the influence of
Sigerr] source, crystallisation tinme, “«crystallisation conditions and ratio
of amoni um conpound/ |I|con and sHm{gB/tl aniumon titani um silicalite

synthesis lafd "8RIGIAG the 109ty ol he hydrataenma] miagey: HIRFeYINg Kielfese

exper i ment $tPot By atthey WRAM 6Kk t§§c?|'iﬁq L] Jstpprm I;ﬁ;t gget hyl orthosilicate, and
the variant, 10 starting froma col I'i con di oxi de, were

i nvesti gat ed A conparison of these tvvo rret hods al ready shows that a

me'?ﬂg(rj r:’# ITRU%) J8 W@S%gﬁﬁqg d@eh]g Eﬁl | Cat %ééé’]'hl S rre pol'LdE %ﬁﬁﬂn S

respect 3 o-dehePolt&Richi Hy (I)fvddSHdbflﬁ ekiftirfe thewhdfil genge rofr 830]| gpubdegher ratio
of ammoniumto 1?1[3| licon is |likew se . used for the orthosilicate route. It

further enér§dallisgsion fimeeFaetallsasion ﬁ‘é‘dﬂﬂoﬁ'éda"&s%mcﬂfy%mqmsatlon
times of t%m;gowé/sm&nsaﬁdféﬂh@dmtmmnhsn&ﬁ@ﬂﬁﬁﬁ@%&ﬁﬁéﬁ@gﬂ%e‘syst Thi's

publication rther teaches that a titaniumsilicalite produced using
ort hosi | i cand ondthepheliyity ahrthedlesuliigheatdashl yo |tbeea:exmrmperttadmtbat al ysts

produced 2Q,usi g, oLl ok el cah! LRI OSIBss ASHPSLANEREl PARE of the

above publi e question 3t 56wt Ae FEaldf tondl tions,
parti cuk@r Isgattiag rivom GScalfloidad® sittacdni 0U3x¢@ummdﬂ1ves’dn@ateﬂ b,e sel ect ed in
order to produce the_snall est |be pri mar stallites in

catal yst. TFABPATASONEhIEESHN TG 9@‘3@% B Eeagy 400 r'a&g}‘%r Gft n| um 25

conpound t%mﬁrbdmﬁ%mbcﬁma% St fad &B%ecﬁéﬂaoﬁﬁidﬁhé"’é&e’?%é@m i ygapti cul ar.
It was determ ned that the nolar ratio of anmoni um conpound to silicon

shoul d be aetsraeaeﬂ orthesHrigateholiria qeredspeadsl yn BEis rnespest tanthe
teaching of US-A 4,410,501, where a markedly higher ratio of ammonium to

15 silicon is Tikewise used for the orthosilicate route. It further emerges
that, irrespective of the method used, crystallisation times of two days
are sufficient for the production of the catalyst. This publication
further teaches that a titanium silicalite produced using orthosilicate
displays a markedly higher catalytic activity than catalysts produced

20 using colloidal silicon dioxide. A substantial part of the above
publication deals with the question of how the reaction conditions,
particularly the ratios of the starting compounds, should be selected in
order to produce the smallest possibie primary crystailites in the
catalyst. The influence on crystallite size of the ratio of ammonium

25 compound to silicon in the starting compounds was examined 1in
particular. It was determined that the molar ratio of ammonium compound
to silican should be at least 0.22 and should preferably be in the range
between 0.3 and 0.35 in order to obtain the desired primary crystaliite
size. By contrast, the ratio of Si to Ti has virtually no influence on

30 the crystallite size of the titanium silicalite.



between 0.3 and 0.35 in order to obtain the desired primary crystallite
size. By contrast, the ratio of Si to Ti has virtually no ixifAwiag@ on 30
the crystallite size of the titaniumsilicalite. 21 April 2004 WO 01/ 64581
PCTI EPO /02118 3 These results were confirnmed by a further |nvest|gat|on by
van der P3YQOUSYERduyn and van Hoof f in "Applied Catalysi SCREPEMNHS 92
(1992) 113- 130". Here the activity of .various titaniumsilicalite

catal ysts was exami ned during the hydroxylation of phenol. It was

ac the crJoc reudf bl uiripld bR PERR AFfaBLeEIOL By Nabiiel Shlbonce on

the ratiovefdughTemdi wum Hedfsidni Wpplistheatalysia A:atemref, 02 351992)I t13-ead to a
crystallite size of 0.2 pmand shows the greatest activity gher ratios

of ~ amoni ukB¥o Hene Bisnagfivatisgf yartpusgtitaBim & 13¢aife CaLHIYS 185 | ar ger
crystall it gRafiidy |@Pfa B hidrbkfarich bPWikndiathoud abefdinelikgpse | eads to

| arger crystallit emﬁse to p in activity. These studies
further Shaetttisy isma tfuectiov oftdnyatad iteanize ofd fiverieasesods themoni um conpound

constant wel k! Kot Zht Spuitieo TEEBRERTEG o'af Th hn BedB e The '

starting CcoEpRsbHf iaMmonilinasesticuh, eghdreby bordthe otﬂewesa\tirnaritea@ftoaa standard
synthesis for a tltanlun1S|I|caI|te catal yst that was given the nane of

EUROTS- 1 26T ¥4l 18t STZRP TWh s 4m s%’l"ﬁtsf‘t@% dhe §Pl‘1ﬂ§§1: FEEWTER- HIgr Martens et
al. in ?Ho%doﬁ%ﬁuﬁ’dnﬁn\ %o%ﬂ%‘ﬁe&a'{) 5P8r (Gl?é’%ati;ebaﬁ n1f'1Eaﬁth?esy”t hesi s

of EUROTS- tetraethyl orthosilicate, tetraethyl orthotitanate and
tetrapr d;(p)ynaegammyammytasoﬂmdjéovarea@ommed Ai Towgr matir of 4.2 ldkevgiset o Ti

of 35, a t nd_H of 8.2, | ysed and 25
crystallis ﬁ?s"}o qgﬁger V tiﬁ %58“?9 bl r?%%esgrgpdéﬁﬁf:ﬁ;\%ﬁi S very
ext ensi ve and detail ed exanlnatlon of the paraneters that influence the
synthesis and activity of ti %
These studies further s ow that in the investigated range of ratios of
ammonium compound to silicon, the proportion of incorporated titanium
15 remains practically constant with a constant ratio of silicon to

titanium compound in the starting composition.

These studies led to the development of & standard synthesis for a
titanium silicalite catalyst that was given the name of EUROTS-1

20 catalyst and whose synthesis is disclosed in J. A. Martens et al. in
“Applied Catalysis A: General, 99 (1993) 71-84". In the synthesis of
EUROTS-1, tetraethyl orthosilicate, tetraethyl orthotitanate and
tetrapropyl ammonium hydroxide are combined in a molar ratio of Si to Ti
of 35, ammonium to Si of 0.36 and H,0 to Si0, of 28.2, hydrolysed and

25 crystallised for four days at 175°C.

Nevertheless, despite this very extensive and detailed examination of
the parameters that influence the synthesis and activity of titanium
silicalite catalysts and the development of a highly active standard

30 catalyst as described above, there is still a need within the industry

to synthesise titanium silicalite catalysts efficiently and mere cost-



silicalite catalysts and the devel opnent of a highly active standard 30
catal yst as descri bed above, there is still a need within tHeAprindO®4ry to
synthesise titaniumsilicalite catalysts efficiently and nore cost 21 Apri
2004 WO 01/64581 PCT/EPO1/ 02118 4 effectively and, if, possible, also to

i ncrease tw@obgdstvity of the catalyst, particularly for vdrepepeesisdati on of
ol efins. The object of the present invention is therefore to provide a nore
S5 efficient and nore cost-effective method for the production of titanium
containing zeolites, wthout n?alrlng the catalytic activity of the

resul ting z@ée¢&we1yAadernﬁ@pssjb &chljoste gnprease dse aactividmiafintheont ai ni ng

zeolite wit r |t n of olefins with

hydr ogen pé%%gﬂg apﬁgﬂ}ﬂﬁg yrj%%t8£§'§§ﬂ&£§£dﬂg%h§ nmet hod for the
production of a titanium containing zeolite, whereby a synthesis gel is
formed by nbi ni n nq@ drol¥5|n a hydrol ysabl e siljicon conpound, a
hydr ol ysabl e kg 11919%1 o‘?%é@ﬂ?d %“i‘i’-ﬂ NpS FRergiiohee b &F 9V 148 RPN conpound i n
an aqueoys dJveeliit aha mdﬂe%@wﬁé&w Wetho N 12! aﬁdd\ﬂ@tﬁoﬁ 6fh?1t%EﬁImU ng

conmpounds the nolar ratio of Ti 1s greater than or equal to 30 and that
of NSi is @ni@inisgp ZE@1§§E$.huhth120mPa§an tiee gytfﬂu‘em sctyality of tthen

crystallis r gt s than 3
days, and er%sg}thﬁ? tztgﬁﬁ}% nglrl: g't élj:)eg:g][ Fé%ggf %gl gﬁﬂwgﬁﬁ? é t hod. 20
Accordi ng tz@oﬂﬂe \prtasmﬂtmpnmvemhc’oumw myldl’cﬁé)@@bﬂdet‘ﬁjm ot ohefiaspatind and a
hydr ol ysabl e tltanlun1conpound are first hydrolysed with a basic

quat er nary 'WARENRAT&SHSound in the presence of water. The key feature

here isjphat the starting conpounds are reacted in specific nolar ratios 25
to one another. The nolar ratio of Si to Ti in the starting conpounds can
be vari ed whiiovjestoasl achigved bypa @ethwddiorhthe produstisn oz tBpanium-

containing zeolite, whereby a synthesis gel is formed by combining and
hydrolysing a hydrolysable silicon compound, a hydrolysable titanium
compound and a basic quaternary ammonium compound in an aqueous medium,
15 din quantities such that relative to the starting compounds the molar
ratio of Si/Ti is greater than or egual to 30 and that of N/Si is 0.12
to Tess than 0.20, and the synthesis gel is then crystallised at a
temperature of 150°C to 220°C for a period of less than 3 days, and by a
titanium-containing zeolite obtainable by such a method.

According to the present invention a hydrolysable silicon compound and a
hydrolysable titanium compound are first hydrolysed with a basic
quaternary ammonium compound in the presence of water. The key feature
here is that the starting compounds are reacted in specific molar ratios
25 to one another. The molar ratio of Si to Ti in the starting compounds
‘can be varied within broad Timits, provided that it is = 30. By
contrast, the molar ratio of N to Si in the starting compound must be

kept within the narrow range of 0.12 to < 0.20.

30 It was surprisingly established that although in this range of the molar
ratio of N to Si the crystallite size increases markedly in comparison

to the ratio of 0.35 that was regarded as being optimum according to the



contrast, the nolar ratio of Nto Si in the starting conmpound nust be kept
within the narrow range of 0.12 to < 0.20. 30 It was sur pri2§iApgi 004
established that although in this range of the nolar ratio of Nto Si the
crystallite size increases markedly in conparison to the ratio of 0.35
that was MEYH#4d8H as bei ng optinum according to the 21 ARFTEPBEHAS wo

01/ 64581 PCT/ EP01/ 02118 5 teachi ng of @\ van der Pol and J. H C. van Hooff
(loc. cit.), the catalyst activity in a propyl ene epoxidation reaction

wi th hydro . i neyegtih S 4 Ner j | S.pagr range in
contr ast tgg#ﬁgﬁfégc :j\"ralagrf (géétg ]I ?écﬁgd l'l)'ye'vg?ﬁﬁé?ﬁgg&én%%\?%nqﬁ%off. W t hout
feeling Scaeiyt tedvity an paptdpgldner egoRedatyon réadtsorawsthmhgdriobert t his ef f ect
is achieved by proportionately nore titani um being.incorporated into the
crystal st PHOKif%S PFWG%QF?%@ES‘?%W ﬁh1_%i"f"érd’wr'éﬁ’?§€ 1Po?°”§€l§tntﬂ gpe ratio of
Nto Si W thchingBstaBMshbdtbyovanl dépl P61 arld varl MBoBS SWthaite fledInpg €SE I N
activity overcornpensates for the loss in activity due to the Increase in 10

the pri far gomsvitkadata jat parsicudar thewys eiduig assumgd |thakdhipedferdrivi sing since
van der Po (] OG., &1 1. ). ' 1.t e to Si
rati o of 0%9@@2%&0132 g@@{r ?4"61?‘%'3' @n}ryet %ﬂl%ﬁ%?'alﬁqg&?ﬁi@%grﬁegﬁ@ﬁgmecorrpounds
remai ns coomysaal stidreucgiantthe yzeolitlei tramhes i tetc carger forethel milar tattdo zeol ite
remai ns constant and . |s substantially.independent of the N 15 to. Si ratio.
bar 1 cul ar By KB MEShI% STRRORG RO SAal bt THR AFpELEnineBAse L | on
reactions g&gvaghbrempehédted P! Be Tadki th QEtiMi€y0dd tbrthehtepéatet img
conpounds in the range fromO0.12 to 0.17 especially in a range of 0.12 20

to | essi® hafe orimary mrestad higleysizeorhds resyls o 8kl thamore SUERNI§ingi t abl e as
hydr ol ysab ilicon ' ' ngk L og:+acgording to the
i nvention %ﬁ]é:%t%dg %t ?@a%ﬁ@?%;ﬁ%@g” | éa‘?@éj Q]g‘r’e tsgﬁnggrﬁai}y%%rt gﬁdtqanat es,
wher eby al Bylratt pf &f.22 abt \abeed,etf ¢te fSiotn T25attee igribapstaotisgst i ng of
methyl, et an!p’our?c{sol%]laﬂ?sr cg#st’cgrlif. g#eeqtga%%%ty of titanium incorporated into

the zeolite remains constant and is substantially independent of the N

15 to Si ratio.

Particularty good results in terms of catalyst activity in epoxidation

reactions are achieved with a molar ratio of N to Si in the starting

compounds in the range from 0.12 to 0.17 especially in a range of 0.12
20 to Tess than 0.17, preferably from 0.12 to 0.16.

Particularly suitable as hydrolysable silicon or titanium compounds for
the method according to the invention are the tetraalkyl orthosilicates
or tetraalkyl orthotitanates, whereby alkyl is preferably selected from
25 the group consisting of methyl, ethyl, propyl or butyl. The most
preferred starting compounds are tetraethyl orthosilicate and tetraethyl

orthotitanate.

The quaternary ammonium compound is a template compound that determines
30 the crystal structure by absorption in the crystal lattice of the
product during crystallisation. Tetraalkyl ammonium compounds such as

tetraalkyl ammonium hydroxide, particularly tetra-n-propyl ammonium



preferred starting conpounds are tetraethyl orthosilicate and tetraethyl
orthotitanate. The quaternary ammoni um conpound is a tenpl &lépioAEund t hat
determnes 30 the crystal structure by absorption in the crystal lattice
of the product during crystallisation. Tetraal kyl annnnlunlco o ds such
as tetr a%OMB4sEhmoni um hydroxi de,” particularly tetra-n-Yrk ni um 21
April 2004 WO 01/64581 PCT/EP01/02118 g hydroxide, are preferably used to
produce titaniumsilicalite-1 (MFl structure), tetra-n-butyl amoni um

hydroxi de fo.ByS uca%etdrre BT uSdd k& 3Hrbd %1&%,“8&{1 %@Jl tetraethyl
Q%g E yst aI

anmmoni um h roxqge to guce frtanium structure).
The quat ersramytlﬁehm’tetnaumbubmemudnm hpdmkedeabd: wrudmd 1a$ammmaqueous

| ut f f bl 11, h
o necessatyctgtt 2 e SirutPEeL i RSPt prosder byieke B8 uaternary
amoni Um CHrPALN € tahPumt bezéo@metmue@s%] ‘Mﬂhﬁzlﬂurté)e ﬁnénada@ﬁﬂrﬁrﬁol i s

produced can be selected between broad |imts, but the m xture of

hydr ol ySabamsogium eanpowishrpo preferany usadr a3 {8 zagbeousi $alutiam conpound i s
preferably cooled to a tenperature in the range fromOC to 10C, preferably
OC to 5C, and the basic 15 quaternary amoni um conpound in an aqueous

sol ution coe pul vhbuei Iﬁa* $b&myntmn'malsa1 wfe- 9s m'bmfram}dedl]drtmm' 2. According

to an alternative nEnt orthosilicate and tetraethyl
o thot |t anRRESETd THSHENTS 15t YSTat BY 118 ST S e SErerbaay t i s
t enper at ur guroR{um3BompBliiait €s i n order to achi eve conpl exati on between the

two products 20 (precondensation). This precondensation has no noticeabl e
influen®e on the catalytic properties of the end product, however. In a

further enbadioRnt ofe tRGMERIRR!syhNRRL 187 15 hiRcdeldPBl Kitkected

between broad Timits, but the mixture of hydroiysable silicon compound
and hydrolysable titanium compound is preferably cooled to a temperature
in the range from 0°C to 10°C, preferably 0°C to 5°C, and the basic

15 quaternary ammonium compound in an aqueous solution cooled to the same
temperature is then added dropwise. According to an alternative
embodiment, tetraethyl orthosilicate and tetraethyl orthotitanate are
heated to 35°C before hydrolysis and stirred at this temperature for 306
minutes in order to achieve complexation between the two products

20 (precondensation). This precondensation has no noticeable influence on

the catalytic properties of the end product, hawever.

In a further embodiment of the present invention, where tetraalkyl
orthosilicates and tetraalkyl orthotitanates are used as silicon or

25 titanium source respectively, the alcohol produced during hydrolysis is
distilled off as a water azeotrope. In some cases it can then be
advisable to replace the volume of alcohol/water azeotrope removed from
the reaction mixture by distillation at least in part by water in order
to avoid the formation of a solid gel or of wall deposits during

30 crystallisation.



orthosilicates and tetraal kyl orthotitanates are used as silicon or 25
titani um source respectively, the al cohol produced during Aidxmil 9804 is
distilled off as a water azeotrope. In sone cases it can then be advisable
to replace the volume of al cohol/water azeotrope rem)ved from t he reaction

m xture bYWARISH8L| ation at least in part by water in or dETTERROZNRi 3 t he
formation of a solid gel or of wall ?05| ts during 30 crystallisation. 21
April 2004 WO 01/64581 PCT/EPO1/02118 The synthesis sol, optionally after

an additio al 14 t

an 20 1O SJNEI BB kPG R EhYY Betdr lng A agenous

(‘hydr ot her rhén spysthElSised unddrdartogémmus ppessuie ed a:ctamaramm af 150f€ tet hod
di h Lh tall t I t h 3d

o eFer oty PR Bl Aot ToB PO re e bbde W o 03

hours. Accgpétifiged @orﬁh@nﬁfsaﬁraﬁé ReapediHFesriding tbrmenﬁivbmoﬁ%@rdl ng to the

I nventi on, F q]uant ities of the starting conp ds are selected such 10

that relsat FVJEStﬂb tshiogt Mg i iy 1essnPBlnt daxs. narr&éﬁrqbéw|165$ dhar2d hayrsi i s
est abl [ Sheﬂaﬁﬂ ﬂ?]%%?gﬁer‘:aﬁm ﬁ@xﬂ@ 2(9; 1i)rh«5{"esr ably 12 to 17. It is

particul ar ant-ageous | ratio of HOto Si in the synthesis
gél before hydrot hermal synthesis, i. e. after the possible at |east
partial replac

ment by ter of the al ¢ azeqtro 5 optionally
G st 11 ed BrorartFo iy paeyed enobdinell oF 1R fefhodh alRAl Y 418 15 1o a2,
preferably jAvent for3Sthel GuanBptiBsrd¥r tifl BIEry RS baipbirriseshet §Lﬂbctéﬂie§lmht e this
very small quantity of water the procedure and the catal%lc activity of

the reslft t thef pelative tartdergertingomeoundgy m@@ntr‘rassq for HAke Foimd that a
mol ar rati 8 | ng‘{‘ﬁfgﬁt it Qheska #rdf @bf’d’%nz r&fHrIE Q the nol ar

ratio accorg |nvet ion o I um co oun I'n the

starting ceapdsulardn ahmctagetous arf et noler adialoydtd ton nn:d:é;ten for this

could be t@jemtheg'ls gt(e)ln Pore%ydr r]cher‘ma1 synthesis, i.e. after the possible at
Teast partial replacement by water of the water-alcohol azeotrope

15 optionally distilled off after hydrolysis, is adjusted in the range from
15 to 42, preferably 15 to 35. It was surprisingly established that
despite this very small quantity of water the procedure and the
catalytic activity of the resulting product are not impaired. By
contrast, it was found that a molar ratio of water to Si in the above

20 range combined with the molar ratio according to the invention of
ammonium compound to Si in the starting composition leads to an active
catalyst. One reason for this could be the high concentration of
quaternary ammonium compound in the synthesis gel despite markedly

reduced quantities of ammonium compound in the starting compound due to

L8]
th

the similariy small quantities of water.

A further advantage of the small quantity of water lies in the markediy
increased yield of titanium-containing zeolite per kg of synthesis gel
as compared with the prior art, making the overall method more efficient

30 and cost-effective.



guat er nary anmmoni um conpound in the synthesis gel despite markedly reduced
quantities of ammoni um conpound in the starting conpound d&é Apol 24t he
simlarly small quantities of water. A further advantage of the small
quantity of water lies in the markedly increased yield of

titani um JAPHEEBRING zeol ite per kg of synthesis gel as EGHEEMAARith the
prior art, making the overall nethod e efficient 30 and cost-effective.
21 April 2004 WO 01/64581 PCT/ EPO1/ 021 8 The crystal s produced after the
hydr ot her 1 rJ | romO0.2 to
2.0 pm prgrlfh &r ggﬁﬂg ?ﬁc?r;ﬁd%.qg %fg@ﬁ%geq{ﬁ&tg%\@gf%aég hé?%tae%qg gr m t he parent

| i quor by far!y!;taatsna in tentrandeufrain @2 to 2d@mnm9f@abm@rm3mdow Eh a

sui tabl e vvashiag% | i quid, 5 preferabl The %lrt\éStal s are then

wat er .
optional |y Hlri %f'ﬁds%Pér?ﬁeH Oﬁttheap%‘é%é?‘%ﬁrt@’ ST W8en 400C and 1000C,
preferabl y RetMeasmtI00 or alkdantden ahPwisheBMATh RE sl AP algshiAg A9GAIWNg to a

q
preferred enmbodi nent of the present invention the crystal ﬁ% suspension is
neut ral i 8ecprafarably watemy difet eryshalls aneatfienaond iensf by élrs%qoanthtca’tmneﬁ at he

crystals. a{]%%’@% ?%] otY5 g{lﬁ@%l Q002> JI C1dHBeC., Eltéeq‘rer‘atﬁ r@t%én?gﬁdsﬁkaqdi ne

crystallis according to 't I'nve t 1 on

because of ISDE,eX@eam\mftMasemplqmternary ammoni um salt and generally
di splays a pH greater than 12. If the pH value of the 15 suspension is
reduced to a value from7 to 10, preferably from7 to 8.5. a greater

aggl oner at i RRoRfin@thRipyeferyéd dhdddifint! &f BRSBracRAt Thdrition)tRlkhystaiProves
the filterability of the suspension, such that separation can be perforned

with st éﬂdeﬁrllép&f’ém aﬁéleﬂtﬂaﬁéfrﬁ;d aftendiie hygretsirria] staoe@je heforee product and
o™ ol bR GB e R SRR RBR R can hus
The pH val lmmpTetﬁdneotrqrsuammmmsm dhe a@bhddeacceddingdteithdénvdmyidnhe
is alkaline because of the excess of basic quaternary ammonium salt and
generally displays a pH greater than 12. If the pH value of the
15 suspension is reduced to a value from 7 to 10, preferably from 7 to 8.5,
a greater agglomeration of primary crystallites is observed. This
greatly improves the filterability of the suspension, such that
separation can be performed with standard membrane filters without
breaking through of the product and with conventional filtration times.
20 This preferred embodiment can thus further increase the efficiency of

the method according to the invention.

The pH value of the crystal suspension can be reduced either by the

addition of acid, such as e.g. mineral acids or organic acids, after

25 completion of the hydrothermal stage or by crystallisation at elevated
-temperatures, e.g. at 200°C to 220°C. In the latter case the quaternary
ammonium compound, e.g. tetra-n-propyl ammonium hydroxide, is thermally
decomposed with consumption of hydroxide ions. Preferred acids are
hydrochloric acid and acetic acid.

30

The Tower pH value of the crystal suspension causes the silicates and

titanates dissolved within it to be at least partially precipitated,



addi tion of acid, such as e.g. mineral acids or organic acids, after 25
conpl etion of the hydrothernmal stage or by crystallisation2anpglzoeat ed
tenperatures, e.g. at 200C to 220C. In the latter case the quaternar
amoni um W&HIedHd, e. g. tetra-n-propyl annnniun1hydroxide,Pegm?H@WHﬁrly
deconposed w th consunption of hydroxidﬁ;ions. Preferred acids are

hydrochl oric acid and acetic acid. 30 The | ower pH val ue of the crystal
suspensi on_causes, the silicates..and titanates dissolved within it to be at
eaot parc S FREk dBE epataa SR CoRGHA R EA a Tt ICe) L/ 09115
such t hat i ' k i Ag | | mal |
uant i Ty of e P b L St ThidrBolRE IS, e e
lattice. Nbatidgat iNcenegathivericEluence ron bld iavtiwitpfoft biee mesulttingocatal pdty st
has been oFserved, however,. 5 The crystalline titaniumcontaining zeolites
accordi ng 0% PREN 905eMHEdoNOWEVEr ot ai ned in powder form For their use as
oxi datign catalysts they can optionally be converted into a suitable shape
for use, such as, for exanple, mcro-pellets, balls, tablets, solid

cyl i nder s, Theolckpsiall01mey It tahdum- cont irirriey czeabi 9saparding koowke TRidnedien f or
shapi ng pomdergd ,cgtal st£%§gch as, for exanple, pelletisation, spray

dryi ng, spfEf ODp&INeg: 11 hew PriexkuEheir useastoxidat inm eaialasts theveol ite

produced a I € ' N, s e d c yst kN
O dat 1 on caL Pt hel fy bRCciEPERd P A sub e SHAR 18 ey bl 1
zeol i t e acexampieg ntiord-pelletsenddlds, cabldls, uselddagylandaat aho19bwi N t he
epoxi dation of ol efins-by neans of aqueous hydrogen peroxide in a solvent

m sci bild wFYHNggerr Bageyembnehansa. Ryckiannietheds Heri shaping pawderedt he
advantage 43k yOECIUEF a8l for example, pelletisation, spray drying, spray

pelletisation or extrusion.

The titanium-containing zeolite produced according to the invention can
15 be used as a catalyst in oxidation reactions with H,0,. In particular the

titanium-containing zeolite according to the invention can be used as a

catalyst in the epoxidation of olefins by means of aqueous hydrogen

peroxide in a solvent miscible with water.

20 The method according to the invention has the advantage that because of
the low ratio of ammonium to silicon relative to the amount of zeolite
produced, in comparison to the prior art, a significantly smaller
quantity of quaternary ammonium compound, the most expensive of the
starting materials used, is required. This has markedly improved the

25 ;ost-efficiency of the manufacturing process. Furthermore, the yield of
product relative to the mass of synthesis gel can be <increased if the
molar ratio of H,0 to Si relative to fhe starting compounds can be kept
within the stated range. Surprisingly it has been established that, in
contrast to the teaching of the prior art, the catalyst activity is not

30 impaired by these measures to optimise the economy of the method but on

the contrary a new product is obtained that is characterised by an



the lowratio of ammoniumto silicon relative to the ambunt of zeolite
produced, in conparison to the prior art, a significantly siteddré2O@uantity
of quaternary ammoni um conpound, the nost expensive of the starting
materials used, is required. This has markedly inproved the

cost - ef f | MOS8 ¢ he manufacturing process. Furthernnr%c“Fﬂ%"ﬁpgld of
product relative to the nmass of synthegjs gel can be increased if the
nolar ratio of HHOto Si relative to the starting conpounds can be kept

within the iijrdbed stenaey 1AUHREL Ygirdel fafardPerysEafiabt isghednt hat . i n

contrast to the teaching o prior art, the catalyst activity is not 30
| npai red bWNMWéyﬁﬁmﬁ%§b¢éE1mbaﬁbt|ntse the econony of the method but on
the contrary a new product is obtained that is characterised by an 21 Apri
2004 WO 01/64581 PCT/EPO1/02118 10 inproved activity in spite of a |arger
primary cr ;Ta@ Priimarg taiyz'eat‘lnte siuepaf itﬁ@r‘t1ta:rntnhe:op1rd'iﬂtngazé011tfd§1©r§ttdc€ar y

crystall si.ze g 4 e titaniu contalnlnq zeqlite produced t he
met hod afbc Y dihggratBod Recqraingh? g}?elﬁné%” tipn fpes f'ﬁr%’@ 'E’EQ%\@SF\"‘Q?”ZO 4nd 2.0 pm
preferably shetveqm, qar%faﬁﬁtﬁ betwdEh 0/8eaas. SaﬁnFOthﬁEr‘Egs taec&rgf?n rea'tfnté art a

crystallite size in the range between 0.1 and pmis escri bed as being
t he opti nuRriirzert ercryatadil s siast ivithg ranyeeb@wesrerﬂt lianddheiniss

illustrate | es: Conparative
exanple 1 ?%)‘%& a?%%%g;#i%g%uﬂ%@?%@&%.ﬁ@%y\ﬁé SMEECed by reference to
t he instrudhé pnesdnb viRetteios gt i1labtratédi\pplgresteCadathiis bg mdansSomnethal , 99
(1993) 71-84". Tetraethyl -orthosilicate was placed in a 10 1 autocl ave
renderelf i §5¥P1§%th nitrogen, tetraethyl orthotitanate was added with
stirring and on 20 conpletion of the addition the resulting m xture was
cool ed to approx.

Comparative example 1

Production of EUROTS-1

15
EUROTS-1 was produced by reference to the instructions in Martens et
al., “Applied Catalysis A: General, 99 (1993) 71-84”. Tetraethyl
orthosilicate was placed in a 10 1 autoclave rendered inert with
nitrogen, tetraethyl orthotitanate was added with stirring and on

20 compietijon of the addition the resulting mixture was cooled to approx.
1.0°C. A 40 wt.% solution of tetra-n-propyl ammonium hydroxide and
deionised water was then added with stirring at this temperature over
around five hours by means of a hose pump. The quantities were selected
such that the molar ratio of $i0, to Ti0, is 35, the molar ratio of N to

25 51 is 0.36 and the molar ratio of H,0 to Si0, is 28.2. Although the
reaction solution initially became milky-opaque, the solids formed
dissolved again complietely as further tetra-n-propyl ammonium hydroxide
was added.

30 In order to complete the hydrolysis and to distil off the ethanol

formed, the reaction mixture was heated first to approx. 80°C and then



1.0C. A 40 w.% solution of tetra-n-propyl anmoni um hydroxi de and

dei oni sed water was then added with stirring at this tenperdtAprie2edder
around five hours by neans of a hose punp. The quantities were sel ected
such that the nolar ratio of SiJerr] to TiQ2 is 35, the nDIar ﬁ%ro of N
to 25 Si MOBVEBland the nolar ratio of H2Oto Si02 is 2BCPEFRHEugh the
reaction solution initially became m | ky-opaque, the solids formed

di ssol ved again conpletely as further tetra-n-propyl amroni um hydroxi de

was added. t30nakn gBPCQfvet AreidPs Bbars. hﬁrehé.(ﬁfaﬁw%ht:eraé‘feo%r‘bg@'rﬁtst n@&f the

ethanol fornmed, the reaction m xture was heated first rox. 80C and
then 21 Apoff PO S\WeYOuaB6 R aceday Ehe Sane voRume10f doubde- de@@fﬁsed'er around 3

nour's. The yEANGL UBhAL 82601 QDG BLLA 8 1RLE Jhf JLBk 3¢VEMg VoS, 1 P! aced

by the sane vol'une | 'e-'det"oni se was t hen

heated to tzﬁ;@ratmrekmntlaahourlsr SAfterepsliay wetieoresl?tmgut taniit er cool i ng of
tanium5 sil uspgnsron the solid formed was
5 ¢ By

th | t (
oo tet 5 Bk biseRsian, he ishl fon 2OraRe G, SEoiatee Wasntt TBRISR ot 1
cont ai i 1 b6 tfl RER@PY bas RTINS 9619 coonBSARG t2d. Alrggh 0ver i ght

at 120C and then finall g calcined in air for five hours in a
muf f | e fur aeeeniun Gydnexide, ckashed ang c&mbnsermmhtont dL0°L. enck ghero final ¥y

(S0P SRR BRI ) B Ripdedy 3 1 o9 o 50 0

TS-1 per syn ctrvity ®f 22 min''. The

activity coefficient was determned as follows: 15 1.0 g of the titanium

siIicaIiteTgatal¥ﬁt produced in example 1 in 300 m_  nethano
I

onpar.a
was t het’ pll8tedehts "f]h%rc%%‘f“aH"Ed?rpj %M@rﬁﬁ FetFraduPEaPst WMEOITIHB| ave wit h
aeration sthyarroard@&om%ruﬁaekgars Pra(ﬁBYEl 9@%@@@?&% gérgk% ][1@5%@5;/ g}t

saturated wth propylene at 3 bar 20 overpressure
aqueous hy@ebydth gBraskividy seoefiticientap® 22 min?

The activity coefficient was determined as follows:

15
1.0 g of the titanium silicalite catalyst prdduced in comparative
example 1 in 300 m1 methanol was then placed in a thermostatically
controlled laboratory autoclave with aeration stirrer at 40°C under a
propylene atmosphere and the solvent saturated with propylene at 3 bar

20 overpressure. 13.1 g of 30 wt.% aqueous hydrogen peroxide solution are
then added in one portion 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 dintervals
via a filter and the hydrogen peroxide content of the reaction mixture

25 determined by redox titration with cerium(IV) sulfate solution. Plotting
In{c/c,) against time t, where ¢ 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 T1ine. The activity coefficient was
determined from the gradient of the straight 1ine using the equation

de 30
— =k -C+Ceat
dt



then added in one portion and the reaction m xture kept at 40C and 3 Dbar,
wi th propyl ene being nade up via a pressure regul ator to ca@tpemsad®@ for
consunption by the reaction. Sanples were taken at regular intervals via a
filter "and the hydrogen peroxi de content of the reaction W&ﬁﬁﬁﬁﬁﬁZS
det er mi ne®WH&BIox titration with ceriun(lV) sulfate sofGtEEH"Beotting
I n(c/co) against tine t, where c is thg H202 concentration neasured at
time t and ca is the HZ02 concentration cal cul ated at the start of the

reaction, RRAAUESSsEangs far Tk daiﬁflﬁfls_tT&bﬁcéﬁP&MbﬁWnclﬁgef:&té!b%ge?é\ﬂ(@ det ermi ned
C

fromthe gradien? of the straig ine using the equation 3 dt 21

Apri |l 2004 reastaan asgire PCT/ EPO1/ 02118 12 where scat stands for the catal yst
concentration in kg catal yst per kg reaction mxture. Exanple 1 5
Production of a titaniumsilicalite 1 according to the present invention.
The procedikampdesicri bed for conparative exanple 1 was repeated with the 10
exception that quantities of starting conpounds were used such that
relative to the starting conmpounds the nolar ratio of Nto Si was 0.17 and

that of H2@ridicHion\es alBitdniuhhgi1ABd1ate N2kd@rdingSio the preht 35 was
mai ntai ned. 15 This synthesis nmethod resulted in a consunption of

t et r a- n- pr dpyAntietmoni um hydr oxi de (40% sol ution) of 1.6 kg per kg TS-1, a
yield of 110 g TS-i. per kg synthesis gel and an activity coefficient of
the resulting catalyst of 31.6 mn-' after crystallisation for 12 hours.
20 Thi s cofhamprectued tesuotybexh bovs colpatative lexampiet hads trepéated adthahel ess of

10 exception that quantities of starting compounds were used such that
relative to the starting compounds the molar ratio of N to Si was 0.17
and that of H,0 to Si was 13.3. The molar ratio of Si to Ti of 35 was

maintained.

15 This synthesis method resulted in a consumption of tetra-n-propyl
ammonium hydroxide (40% solution) of 1.6 kg per kg TS-1, a yield of 110
g TS-1 per kg synthesis gel and an activity coefficient of the resuiting
catalyst of 31.6 min? after crystallisation for 12 hours.

20 This comparison already shows that with a method that uses 50% less of
the costly tetra-n-propyl ammonium hydroxide, the yield of catalyst per
kg of synthesis gel can be more than doubled and yet, contrary to the
expectations of the prior art, a considerable increase in the catalytic

activity of the resulting catalyst can be achieved.

25
Examples 2 and 3
Example 1 was repeated with the ratios of feedstocks as set out in Table
1. The resulting product properties are likewise set out in Table 1.

30



the costly tetra-n-propyl ammoni um hydroxide. the yield of catal yst per kg
of synthesis gel can be nore than doubled and yet, contrar 2itApri Ag04
expectations of the prior art, a considerable increase in the catalytic
activity of the resulting catalyst can be achi eved. 25 anIes 2 and
Exanpl e 1 WR@/6#8beated with the ratios of feedstocks as SelEBH2HR Table

1. The resulting product properties arg |ikew se set out in Table 1. 30 21
April 2004 WO 01/64581 13 Conparative exanples, 2 to 4 PCT/EP01/02118
Conpar ati ve, Sy A tgqpeated with the ratios of feedstocks as
stated in properties of the resulting titanium5
silicalite-1 sanples are IlkeMAse summarised in Table 1. The nolar ratio of

Si to Ti | ative to the starting co tant at 35 in al
St the oxppmHive erperBnt Takr R YRR SR sk i on of
titani um sistateal irf PablleHzOMRE pMNoduct aﬂér@feésbﬁ'thetr%sﬁhhﬁé y:ﬁteﬁnum
Exanple(nnl/nnli(nnl/nnl Ti O2sjze (pmactivity (mn

i)
C128. 20.38631kigalite- D samplesoars. tstkews supmarisedJn Hable 1.

The molar ratio of Si to Ti relative to the starting compounds was kept

constant at 35 in all of the experiments.

10 | Table 1
Ratio of feedstocks Product properties of titanium
_ silicalite-1

Example " H,0/54 N/Si wt.2 Crystallite Catalytic
{mol/mo1) (moi/mol) | Ti0, size () activity

(min?)

C1 28.2 0.36 2.4 0.1-0.2 2.1

c2 16.8 0.10 3.0 1.0-4.0 22.1

C3 16.8 0.08 2.8 2-3 25.2

c4 9.3 0.22 2.8 0.2 22.2

1 13.3 0.17 3.2 0.4 31L.6

2 16.9 0.12 3.2 0.5-1.5 34.4

3 . 16.8 0.15 3.3 8.5 32.1

The comparison between the examples according to the present invention
and the comparative examples shows that the correlation between the

15 ratio of nitrogen to silicon in the starting compounds and the primary
crystallite size reflects the progression described in the prior art.
The experiments show that an optimum primary crystallite size of between
0.1 and 0.2 ym is achieved with a ratio of N to Si of 28 or higher.



C316. 80. 082. 82-325. 2 C49. 30. 222.80.222.2 113.30.173.20.431.6

216. 90. 123. 20. 5-1.534. 4 316. 80. 153. 30. 532. 1 The conpari son Zeipaik2P04 he
exanpl es according to the present invention and the conparative exanples
shows that the correlation between the 15 rati o of nitrogeg@%o ?Qbicon in
t he start Wi #ounds and the primary crystallite size B3 he
progression described in the prior art,, The experinents show that an
optimumprimary crystallite size of between 0.1 and 0.2 pmis achi eved
with a rati N st 03 | LI 0 581
PCT/EPOl/Oﬁ@T@kr1ihﬁ§agv§%f&?ﬁﬁégg?ggg??mE%wﬁﬂ%bd¥§8$gwygﬁsﬂ$§ﬁn1the prior
art, a | onewlampéian ofalNite 5 dbks ooSileddds moedictdah i cataleticti on in

catalytic activity: on the contrary, the increased incorporation of

it ani um | ACEDHE o Py ST CofERARY o TP TEREASEd ARER@Lr e o8 HEee B Te. pr esent
i nvention TheueySRNPRRASHAL ftAE dxBfpT1eSUREONMENG Rbl tRNGrRsAIt iMRnt YR easi ng
primary crystallite sizes on catalyst activity. The conparison with the

synt hesi s @eraeapenspksrsior the aedadive dafivarce pldhe dREFAASENGIPrisltNs t hat a
cat al yst V“c‘i‘?s‘éaﬁ‘ﬂt‘éassfzg%%ﬁ.téa‘f%f%tcé‘é’cipﬁypr oduced 10 by the nethod according
y

to the invention, where I n conparison~to the prior art the nethod |eads
to a markedly reduced consunption of expensive starting materials such as

tetra-n- | i um.h i d mar kedly i d yield of
it ani um si T GaREAr3an Rt fhe sytirsty of 58e RESnE cetavRE EBBEralEC: ency of
t he synt hesixsmpTethoshdwasthat = aéﬁaqﬁb@ﬁmtrﬁbh@eh@dbﬁ:thvwwmﬂbe [pradiebg 4

Exanpl e 1 was repeated, whereby the titaniumsilicate crystals were
10 by the method according to the invention, whereby in comparison to the

prior art the method leads to a markedly reduced consumption of

expensive starting materials such as tetra-n-pfopy] ammonium hydroxide

and to a markedly increased yield of titanium silicate per kg-of

synthesis gel and hence the cost-efficiency of the synthesis method has
15 also been able to be <improved.

Example 4

Example 1 was repeated, whereby the titanium silicate crystals were
20 separated not by centrifugation but by filtration, however. The basic
(pH = 12.5) crystal suspension was passed through a nutsch filter with a

blue belt filter. No solid remained on the nutsch.

Examples 5 and 6

Example 4 was repeated, whereby the pH value of the crystal suspension

was reduced to the value stated in Table 2 by addition of hydrochloric

acid before filtration. In both cases the titanium silicalite was able

to be separated off by means of a nutsch filter with a blue beit filter
30 without breaking through of the product.



20 separated not by centrifugation but by filtration, however. The basic
(pH = 12.5) crystal suspension was passed through a nutsch HliAgriégeo®d t h a
blue belt filter. No solid renmained on the nutsch. Exanples 5 and 6 25
Exanpl e 4 was repeated, whereby the pH value of the cry sion was
reduced twq%@5§§| ue stated in Table 2 by addition of h?&ﬁj&?ﬁﬂgﬁﬁg acid
before filtration. In both cases the tjstaniumsilicalite was able to be
separated off by nmeans of a nutsch filter with a blue belt filter 30

Wi t hout brg@‘fg”«%)gb%sa‘EWEﬁm idq, Ptrh@dHﬁEniuﬁési?ﬁ)édtle v s0dfa sl OEI("%‘&SM

PCT/ EPO1/ 021 I n conparative exanp the titaniumsilicate was

washed, drpeanighieahildifiC and ¢Fdeesinin edr @it nd°C foaifrivathoBs0@n for five hours

ina muffle furnace. e produyct s then analys for titanium content,
qual i at 1 vBESIE ARG, 06 FRBIt tas ke Sty Eftan i tasBRt 1) “ae. 5
descri bed 3Lmvrtatﬁér@ F&S vbri-S adtiee It kanils @ofwiunédiand Forl et fridy akabl e 2
Exanpl eProduct properties pH of Titani um Content of Activity

suspensiPond@®ierEied sRove| dhe iresutts carer Fikewisgt setwiutod iTaRhe &i ne) 58.53.2+29. 2

673.5+++30.9 10 The content of non-lattice titani um conpounds was esti mated

Table 2
Example Product properties
pH of ' Titanium Content of Activity
éuspension content non-lattice Ti| coefficient
(wt.% Ti0,) (min)
5 8.5 3.2 + 29.2
6 7 3.5 L2 30.9

10 The content of non-lattice titanium compounds was estimated
qualitatively from the intensity of the DR-UV-Vis bands between 250 and
300 nm. The product from example 6 had a higher content of non-lattice
titanium compounds than the product from example 5. As the comparison of
the activity coefficients of example 5 and 6 with example 1 shows, the
15 reduction in the pH value of the crystal suspension has a negligible

influence on the activity of the catalyst.



qualitatively fromthe intensity of the DR-UV-Vis bands between 250 and

300 nm The product from exanple 6 had a higher content of 21o%prll 2004 ce
titani um conpounds than the product fron1exanp|e 5. As the conparison of
the activity coefficients of exanple 18 and 6 with exanple 1 shows, the 15
reduction in the pH value of the crystal suspension has a negligible

I nfl uence on the activity of the catalyst. 21 April 2004 16 CLAIMS 1. A

met hod for the production of .a titaniumcontaining zeolite, whereby a - -
synt hesi €L§#ISi s formed by conbi ni ng and hydrol ysing a hydrol ysabl e silicon
conpound, a hydrol ysable titani um conpound and a basic quaternary 5
ammoni um conpound in an aqueous nedium in quantities such that relative to
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titani um and peﬁqdoxﬁlessdnmb%dat@ i's supported by distilling off the resulting

20 al cohol s and optionally the volunme of al cohol renoved by distillation is
replaced at least in part by the addition of water to the reaction

m xt uree. B. Thmméhed agearding itd glain® 1 awiyeroby theanglacetidionpi/Sili@de, whereby
t he quater nary bl conpound is a tetraal kyl anmoni um hydr oxi de,
preferably tet? g](opyl anmoni um hydr oxi de.

3. The method according fo claim 1, whereby the moiar ratio of H0/Si is 12 to 17.

4 The method according to any of the preceding claims, whereby the

hydrolysable silicon compound is a tetraalkyl orthdsilicate, preferably tetraethyl

15 orthosilicate, and the hydrolysable titanium compound is a tetraalkyl
orthotitanate, preferably tetraethyi orthotitanate.

- B, The method according to claim 4, whereby the hydrolysis of the hydrolysable

titanium and silicon compounds is supported by distilling off the resuiting

20 alcohols and optionally the volume of alcohol removed by distillation is replaced
at least in part by the addition of water to the reaction mixture.

6. The method according to any of the preceding claims, whereby the quatemary
ammonium compound is a tetraalkyt ammonium hydroxide, preferably tetra-n-
25 propyl ammonium hydroxide.
7. The method according to any of the preceding claims, whereby the pH value of -

the crystal suspension from the crystallisation stage is adjusted to a value of 7
to 10, preferably 7 to 8.5.



7. The nethod according to any of the preceding clains, whereby the pH

val ue of the crystal suspension fromthe crystallisation stlafydili2804d ust ed
to a value of 7 to 10, preferably 7 to 8.5. 21 April 2004 17 8. The method
according.to any of the preceding cl é_(ms, whereby the titanium containing
zeolite is separated off, dried and cal cined. 9. Titani um contai ning

zeolite gbtaipable,by, a netho c Ln o,. any, _.of the recedinag cl ai ns-
oieh o ob mar IR mipufl foPRie 6 A5F S5 ety Maills, hREroRifE S, b
epoxi dat i on otond&irihg zeolly isrsepataketooff) ldééd asd ealtihechqueous hydr ogen per oxi de

in a solvent mscible with" water in the presence of a titanium containing
zeolite as catalyst according to claim9 or that is obtainable by the

net hod agcor dirpghilif-ceh@inigBzedlife oblamable By fal ndthbd aceerdingl ol &ty sedd te
according to claim9 or that is obtainable b 10 the nethod according to

] [ ] )l € DYy
claim8 as caPecgding clgims with 8 pHpE-AYHRliEsiZe A0 2814k hydr ogen per oxi de.

5 10. A method for the epoxidation of olefins by reacting olefins with aqueous
hydrogen peroxide in a solvent miscible with water in the presence of a
~ fitanium- containing zeolite as catalyst according to claim 9 or that is obtainable

by the method according to claim 8.

11.  Use of a titantum-containing zeolite according to claim 9 or that is obtainable by
10 the method according to claim 8 as catalyst for the epoxidation of olefins with
hydrogen peroxide.



