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The present invention concerns a nethod for the producti on 2dfApil 2004

titaniumcontaining zeolite whereby a synthesis gel is fornmed by conbining
and hydrol ysing a hydrol ysable silicon compound, a hydrol sable tltanlum
conmpound YU04BAsi ¢ quat ernary C amoni um conpound in & medi um

In quantities such that relative to the starting conpounds the nDIar ratio
of Si/Ti is greater than or equal to 30 and that of N'Si is 0.12 to less

than 020, and ey PhTRE RgRICTIAN b 9NTABHROITAGHYG e ffRrPer at ure of

150 J[err]Cto 220[err or a perio ays, and a
titaniun}containlng zeolite obtalnable by this nethod.

The present invention concerns a method for the production of a
titanium-containing zeolite, a titanium-containing zeolite obtainable by

5 this method, a method for the epoxidation of olefins in the presence of
a titanmium-containing zeolite produced in this way and also the use of

such a zeolite as a catalyst for the epoxidation of olefins.

A method for the prodgction of titanium silicalite and also the use of

10 the titanium silicalite 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. 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,
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production of a titaniumcontaining zeolite, a titaniumcontaining zeolite
obtainable by 5 this nethod, a method for the epoxidation of olefins in the
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the activity of the resulting catalyst and the efficiency of the nethod,
tetraethyl orthosilicate. This corresponds in this respect to.the
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. Thé 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.
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hydr ot hermal stage, inproving yields, etc., starting fromaihepri@é@hi ng of
US-A 4,410,501. Thus in "Applied Catalysis A General, 92 (1992) 93-111" A
J. H P. van 5 der Pol and J. H C van Hooff exam ned the influence of
Siqerr] PEs8icrystallisation tinme, crystallisation cBREEFPEHI8and ratio
of ammoni um conpound/silicon and sili %on/tl taniumon titaniumsilicalite
synthesis and on the activity of the resulti ng catalyst. In these
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It was det gP?ﬁ %é%quaﬁ%etr %rﬁgt%&ﬁéér 'g‘i qg‘@ﬁy‘ggﬁo%%rﬂ E@?ﬁ%éy to silicon
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d 0. 35 der t bt | \ tal l
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crystal l'i t gpgdrigm Yompdifd tot 8Nk EGR, Sthe BAdpoFSion 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-
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a further investigation by van der Poi, Verduyn and van HadfAprit a004ppl i ed
Catalysis A General, 92 (1992) 113- 130". Here the activity of various
titaniumsilicalite catalysts was exam ned during the hydroxyl ation of
phenol . | twoaps@git ermned that 5 activity is a functi on elcrmepyssais ite size
and increases as the crystallite size reduces. The crystallite size in
turn depends on the ratio of amonium4o silicon, whereby a ratio of 0.35
will lead to a crystallite size of 0.2 pmand shows the greatest activity.
Hi gher rataféective i ifnpessibie.i obse e iocmBsethe ar8ividadft thesi gnificantly
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studies further show that in the investigated range of ratios of anmoni um
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Ti of 35, a niumto Si of 0.36 and H2Oto Si 2 of 28.2, hydrol ysed and
25 cryst al IVEERPEPRErPEIdR- days at 175C. Neverthel ess, despite this very
extensi yg and detailed exam nation of the paraneters that influence the
synthesis and activity of titanium silicalite catalysts and the

devel oprrentThis cRjestghs \achtaved dysa aatheddf@otheapradystionsofdedotamien- above,
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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
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the activity of the catalyst, particularly for the epoxi datliApml 23040l ef i ns.
The object of the present invention is therefore to provide a nore 5
efficient and nore cost-effective nethod for the production of titanium
cont ai ni nYOBEHBIes, without inpairing the catal ytic actPSTERPEHIE e
resulting zeolite. A further object isgto provide a titani um contai ning
zeolite with an inproved activity for ?he epoxi dation of olefins with
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days, and . ' ' Wy | e ' I met hod. 20
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be varied within broad linmts, provided that it is > 30. By contrast, the
nol ar rid i sheoprivary csystanl itgesigearihifgesWipbund? 8 OB SURRIFETME t hi n t he
narrow ran f.o0. 12 < . SURRLA S| S | i t hat
al t hough i %ﬁ%c% %a%rétgnrgg&ofné)ﬁégﬁgﬁ&r Horc\g?‘fslg'gfhgk% ?35@. ¥rt]%e&??yésrt§§;3ﬁ te size
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bei ng opti ggmq)]o&r?dcsorr'e%a?rgs tcgnst’cgr?t. the quantity 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



21 April 2004 WO 01/ 64581 PCT/ EPO1/02118 5 teaching of A van der Pol and
J. H C van Hooff (loc. cit.), the catalyst activity in 21pwoipf0dEne

epoxi dation reaction with hydrogen peroxide nevertheless increases in this
narrow range in contrast to the teaching established by van der. Pol and van
Hoof f. WWRJIME4SBkel ing 5 conmitted to a particul ar theo'?ﬁml}of’qlés assuned
that this effect is achieved by propogtionately nmore titani um being

i ncorporated into the crystal structure of the zeolite in the cited range
for the nojaf. £k %reﬂ:fr‘eh!erlaﬁlﬁhséﬁ £ p@o&ﬁ@sﬁﬂgﬁiufn%ﬂ%«ﬂfit iy T - The
associ ated 1 ncreaSe | actrvity overconpensates for the [Toss in activity
due to thesimcturase tetraif-buhel prionsuny hgdnestidd ko tpeodliceetitatmiug result is all

the nore surprisin ince van der Pol a an Hooff (loc. ¢it.) have shown
that i th STARFGE LMoyt Bited og Trintdhyl indiiih pudiskiae B4 Lol To i n the
starting GQARAH Regant GiVBL A1 $RNSBENErystHE sBM@Rlrd)Y 1k dlatéftiapyn | ncor porat ed
into the zeolite remains constant and is substantially independent of the
N 15 t§ Sammoaiumocompamnd ¢upaefieyakjoodsadestan Aquepusesatit¥n. cat al yst activity
i n epoxidation reactions are achieved with a nolar ratio of Nto Si in the
starting conpounds in the range fromO0.12 to 0.17 especially in a range of
0.12 20 toTheepls vehan for the spnidkesisabby of oM Gréferabl =11, Batticul arly

sui tabl e as hydrol ysabl e si.licon,or_ tjtanium conmpounds for.  the nethod
Rccor di ng TRSSEHEY| TR aRoass 15 PHuIsEet PAAIRyIES 0 FRESIDY GUFEETaTg: et r aal kyl
ort hoti t angfmaium\B&ipBtid.al kyl is preferably selected from 25 the group
consisting of nethyl, ethyl, propyl or butyl. The nost preferred starting
conpouni@ds are tetraethyl orthosilicate and tetraethyl orthotitanate. The
quat er nary i ( i el at t Lpes 30 the
Qrystal st T paper e aHAtn che SynfE 8 81 PRIk O pE R bR Tl
during crybétwkén dadddohimiiet batalthe Imiztare mfuhydrolysabled sikicoh caspounét r aal kyl

ammont um Y el RrdrofysabfE HhEamian ctmpoand 35 prerably 205728 €8s 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.
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to produce titaniumsilicalite-1 (MFl structure), tetra-n-20utpri 2@0%oni um
hydr oxi de to produce titanium silicalite-2 (MEL structure) and tetraethyl

ammoni um hydroxi de to produce titanium 13-zeolite (BEA crystal séjr ucture).
The quat e Mb#{64381 apmoni um conpound i s preferably used asP"aﬁEEaD&@%lé s

solution. The pH value for the synthesks sol of > 9, preferably > 11, that
is necessary for synthesis i.s adjusted by the basic-reacting quaternary

anmoni um ¢ : e t ECh1sh : l.SaSal. 1S
pr oduced CZ?%&”@@@%E{E ° tgtm?maggg Eﬁ::tgraghIélgrar#???&bﬁ?ﬁ%h%edqaéﬁgt%gfgsof
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preferably_coaoled to t r at ot range om O0C . to 10C, preferably
bc to oc, " 28t rrersably 1856 Jo%s, LarBarth SotiSURe PRIt ubous

sol ution copdagiddcoiiet AT tIRMAGhBE Wetording RErthadiRenidoRMese. According
to an alternative enbodinent, tetraethyl orthosilicate and tetraethyl

or t hot i tlan&t¥stal Hsatiest daetis Hianot daysdpraterabdy dgas $han 2Adhaars« hi s

t enper at ur r ' | jeve conpl exation between the

t wo produc?ggtgﬁu%gg%?g%ﬁgl t?gﬁg(ﬂ'ﬁlqlh(ﬁl%rq@g%ﬁdensat I on has no noticeabl e
I nfl uence on the catalytic properties of the end product, however. In a

further embodi ment of th resent .invention, ere tetraalk

orthosilic F‘é’é‘gg%t?é’tp'fa?g?’%fﬁ TPOLTEN Qkatt%ssme\gﬁ‘é‘{ ag‘?e%d_ykg ‘?I%Eon or 25
titani Um sqHyeh®idrE SBRChhaneities toFetirl sRipeingPEGpUeRE sher sdactvadeghysis is
distilled off as a water azeotrope. In sone cases it can then be advisable

to repl He thate robitive tertha Lonang eemesundy domdlgperatipdordhi temi the reaction
oot o SEURTURRLICR Fahretal B BorRlgr 12501t 3, 2o I
particularly advantageous if the molar ratio of H0 to 51 in the
synthesis gel before hydrothermal 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.



21 April 2004 WD 01/ 64581 PCT/ EP01/02118 7 The synthesis sol, optionally
after an additional maturing period, is then crystalli sed2dfgei 2G04 ogenous
pressure at a tenperature of 150C to 220C, preferably 170C to 190C
(hydrothermal synthesis). Under the specified conditions of the nethod
accor di ng W@O64881i nvention the 5 crystallisation tinme isPFEEBIYRUR 3 days,
preferably |l ess than 24 hours, particqiarly preferably a maxi mum of 12
hours. According to a preferred enbodi ment of the nethod according to the

i nventi on, e It f | ed such 10
that rel at f@g Ctrgy@rié éﬂogﬁqﬁn%ﬁggn%%ﬁ{ﬁgt&ge%%légg?‘ Pgé g o'r%blg@ to Si is
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distilled off after hydrolysis, is adjusted in the range from 15 to 42,

pr ef er abfy prefargbBswalier. ke enyspalissanegtheneeptignalsysiiechand catajped @étthi s
very small g ' f r a t kenoaClivity of
the result iangg"g)tret#)&gg °<'}1c\r,\€ettﬁo‘%nt ?gppogi ﬁ@gfdﬂg;‘/c ) @rgerﬁe ?g"ét" C@F'Et? l?‘%/\ﬁ/aié(ﬁ]f gugr'\"(g that a
nmol ar rati o/50fC Wad eemdve ie tewmpl bie.above 20 range conbined with the nol ar
rati o according to the invention of amonium conpound to Si in the
starting conposition |eads to an active catalyst. One reason for this

coul d be thRchidihg _@c@n&%ﬁéfreaﬁéd)emrsafmméwaéfemtagayes@mmém@m%ﬁ@ténylstiam the
synthesis gel despite markedly reduced quantities of ammoni um conpound in

the stad®i rgspanspouis neuerad bsezbatiee Weniydeethgrratastage ridtbefprs of water. A
o et RS b WIE GO B gl ed g ey
conpar ed W dolpleteorpot arysiat } i sagkomdn tthe meviedabddcontirigoth e énentian ent 30
and COSt'-efggegfgan%e ggbaﬁgg-%¥ f%gcgacess 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,



WO 01/64581 PCT/ EP01/02118 8 The crystals produced after the hydrothernal
stage have a primary crystal size in the range from 0.2 to12pf 004
preferably from0.3 to 1.5 pm and are separated fromthe parent Ilquor by
filtrati oWOOI®4Hlrifugation or decantation and washed mntthT@@P Y14

washing liquid, 5 preferably water. Theéfrystals are then optionally dried
and calcined at a tenperature of between 400C and 1000C, preferably

bet 500C .a the tenpl ate di ng_ t f d
emboa ent G EAEE APRSERET IRk ‘ith“"ieﬁe’?%Bﬂ%igaFECﬁﬂ%gr IBAIS avad |

neutral i se% #itiey dme1ﬂwmﬁ>tcaﬁ;56mhs Sﬁ;@g%ﬁnﬁq@?m of ‘?ﬁﬁoool?é)f the

crystals. crystal suspension as ter onpletion

crystal | i shattdeei ot hegarl:evmoufhmoecbmghe actwity rofethe eesultingl deaki yat
because of th exc ss of Dbasic quaternary ammoniumsalt and generally

di spl ays af SErYeafIOM8Yet  he pH val ue of the 15 suspension is
reducedsto a value from7 to 10, preferably from7 to 8. 5. a greater

aggl oneration of primary crystallites is observed. This greatly inproves

the filterfhe Ic'ryytadﬂ1mmé1tsampmrminbarin'isgdeoﬂhm acebpainy tontheamnkmtier f or med
wi th standard ne fl|%%‘% mnthout breaki ng t hrough of _the product and
wi th convefft$ & an\e | 1 Bpw e skor Sheiyy Useyasf @yidati asnpealysts thay t hus

further in f | e d ention.
The. pit val o oPE IIETLE be) EriErted intd 4°oEREAT BTG Uer duthyms ntSt

addi ti on oéxampie, mHiucdpadlersy.batiipertabléts, dsolad €ylgaders, akdldew after 25
conpl eti on t.he hédrothernal stage or by crystallisation at el evated

f
t enper dPur @¥linders ofhopgyeombdoshapge, hynknqwe metneds fonsehaphieg @Qudfmedarlyl
t ' [ t h
SN Um CORMEL -t g0 L HTBIHR WP Sl e 1

hydr ochl or pe] 1etishtdonl m:ce)tﬁmsmi_d. 30 The | ower pH val ue of the crystal

suspensi on causes the silicates and titanates dissolved within it to be at
| east partially precipitated,

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 cost-efficiency of the manufacturing process. Furthermore, the yield of
hroduct 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



21 April 2004 WO 01/64581 9 PCT/ EPO1/ 02118 such that the separated
titaniumcontaining zeolite contains a small quantity of tA1t/gmi dde4
conpounds that are not incorporated, into the lattice. No negative
influence on the activity of the resulting catalyst has_been obs rved,
however. BOrH&4Blystalline titani umcontaining zeolites BeHEPY H to the
invention are obtained in powder formgFor their use as oxidation

catal ysts they can optionally be converted into a suitable shape for use,

such as, faqpp ro@é@%@fﬁnt#oﬁrﬁ‘lﬁ@'&eé51&rdé?'ﬁr§mar‘ﬁ@4ﬁ%§1ﬂ1§é"s'1 Gyl I nders,

hollom110 cylinders or neyconb shapes, by known nethods for shaping
powder ed @@m&fy&r&t%@bﬁmeﬂ‘ﬁﬁb exanpl e, pelletisation, spray drying,
spray pelletisation or extrusion. The titaniumcontaining zeolite produced
according to the invention can 15 be used as a catal yst in oxidation

reactions Vhe lprieg. criystylaite sideanf the tﬁtarﬁummmni@ ped19t@ Pbduced
accordin %%éihe inv ntioa can QS used as j cataly in the epOX|dat|on of
ol ef i ns-by 0ch JEEREEENT () L8] SRventden F%Fe‘Pthﬁ ’?BW@HWWS% ble with

water. 20 he 2n@tdaloobr~a¢@r%bw BEtwen (018 anavie@tpnpnwﬁ@éaé BEcadya '3 %! hat

because of the lowratio of ammoniumto silicon relative to the amount of
zeolite pPpotArcant, amfy&tﬂiﬂ)afre stae i theieangs between 0.k apd gh2famcast |y smal | er

guantity of t st ensive of the
dtarting ieS ThRLIELE TR oHEER %% H SoRERRR RS T rpr oved the 25
cost-effi cTamcpyesdnttﬂmmnuhacﬂuusmtw a6 epeaterudeth €Y bpmeans o tHeel d of

pr oduct relat|¥e to the mass of synthesis gel can be increased if the
mol ar rHti &X¥PI€BO to Si relative to the starting conpounds 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

i npai red by these neasures to optim se the econony of the nethod but on
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



the contrary a new product is obtained that is characterised by an 21 April
2004 WO 01/ 64581 PCT/ EP01/02118 10 inproved activity in spiiedpil 2804 ar ger
primary crystallite size in conparison to the prior art. The primary
crystallite size of the titaniumcontaining zeolite produced 5 by the

met hod acc¥P 88!t o the invention lies in the range bet wBEHEBY! ?zﬂﬁd 2.0 pm
preferably between 0.3 and 1.5 pm whe{gas according to the prior art a
crystallite size in the range between 0.1 and 0.2 pmis described as being

the opti murpsigke dsof svat %km*d @%hr\@ {¥he éﬁhﬁan@r %?é?l aie'&’!nﬁ‘dgjb' P3tiBed
illustrated in greater detall by neans of the exa Conparative

exanpl e 1 Pifbdickisrvayf wasurept sred bmhﬂsamsolumm@f gmddaaiedomeqi ef erence to

the instru s. 8t ) dvga% neral, 99
(1993) 71- &hté?'nsr F %h@sﬁ@ %}ﬁt aggjf enc @g@%g I hﬁgﬁ&é afot%i Saut ocI ave
render ed i nemgeraturb foni 12 bges, Afeer aedihing ofr theoresudtrigetivaniumdded with
stirring. and. on of he addiition the r Sl'wltln mxture was

cool ed td ébb‘?‘:@ﬁte gusré%sm‘nmyh%so bics Sonmed Jfs ojeparate BN um
hydr oxi de apgh tﬁ@'s@i‘ﬁnﬁw bﬁ?‘fcebar‘éﬁﬁ fﬁaﬁd} @E‘iq?dcdﬁtﬂhﬁé tbfralg. [ff"_l%ﬁh' S

terrper ature over around five hours y means of a hoSe punp e quant ities
were sel ectampm@wmdrt@fa@e t Washeoland dried gve:m1$|tCprrleql°Ct andrrthml Fnadty the

I d
28, 5. Arthoagnhdt .8 FRerurBrdE fon Myt bhe¥ia iy opaque, t e

sol i ds forned dissolved agaln conpletely as further tetra-n-propyl
annnnlun1h§ﬂrox I n orﬂer to coml ete the_hydrol ysis and

to distf s PR ks HQn@)ICO“SfUEPWB ofi B Fe0t VoA HRLER U BraRyt aWBEA first to
appr ox. 80Gydmslidd 1M utiorBEr kg280¢ and a yield of 50 g TS-1 per kg synthesis

gel with an activity coefficient of 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



WD 01164581 PCT/ EP01/02118 11 to max. 95C over around 3 hours. The

et hanol -wat er azeotrope distilled off in this way was repl2ddgut B§04 he sane
vol une of doubl e-deionised water. The synthesis sol was then heated to
175C and kept at this tenperature for 12 hours. After cgol] t he

resul ting ‘Y‘S?’éﬁ‘fmm 5 silicalite suspension, the solid forf?r"é)&p%ég 1gepar at ed
by centrifugation fromthe strongly bgsic parent |iquor still containing
tetra-n-propyl anmoni um hydroxide, washed and dried overnight at 120C and

then final hyerecal Ciipds ifBr ahe &Ea'@@@@oﬁ@énﬁéﬁé@n hl(ﬁUIE@ chfh19stTpbf k@ furnace.

10 This results in a consunption of 2.9 kg 4 . % tetra-n-propyl anmonium
hydr oxi de sedatiPmmigawrekg TS-1 and a yi eI d of 50 g TS-1 per kg synthesis
gel with an activity coefficient of 22 min''. The activity coefficient was

determned as follows: 15 1.0 g of the titaniumsilicalite catalyst

produced i Examplpdr ati ve exanple 1 in 300 m nethanol was then placed in a
thernostatically controlled | aboratory autoclave with aeration stirrer at
40C undet a propyl ene atnosphere and the solvent saturated with propylene

at 3 bar 2@reiefincef Yl SitadBmls 11641180 Mhechrdmigerrendpeégen per oxi de
solution are then added in one portion and the reaction m xture kept at

40C and 3 ipeantigd-t h propyl ene being nmade up via a pressure regulator to

conpensate for consunptl on by the reaction. Sanples were taken at regular
intervals via a filter "and the hydrogen peroxi de content of the reaction
m xture 25 THetpeocddnes degcrdbatoXort compataitive wixbipleel wasr(rebated IWish eheol uti on.

Plottin I n(c/lco ai ns ere c is the H202 concentyation

reasur oD aEXPEIR Ehah AR 168 (oo PSS BRIES B Hoe it e at t he
start of tf&@]atﬁ?@%'ﬂ@ stRFPHACEmpaurils e Okt arf irg€io AN 8615 kdsyo agef fi ci ent
was determ ned fromthe gradient of the straight |ine using the equation 30
dec dt 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



21 April 2004 WO 01/ 64581 PCT/ EPO1/02118 12 where scat stands for the

catal yst concentration in kg catal yst per kg reaction m xtUrégril Bx&ple 1 5
Production of a titaniumsilicalite 1 according to the present invention.
The procedure described for conparative exanple 1 was repeated W|th the 10
except i onWhRe4Phant i ti es of starting conpounds were usegc'gﬁ%%

relative to the starting conpounds the lar ratio of Nto Si vvas 0. 17 and
that of HOto Si was 13.3. The nolar ratio of Si to Ti of 35 was

mai nt ai ned thod resulted in a consunption of

tetra-n- prc v U st/é%)rgsde (40% solution) 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 resulti.n cata st of 3 m n- ft st.al lisafi for 12 hours.
20 Thi 5. coberSae APEnln fots topertdl vt ER s oRateediackE a8 | cos o
the costly stgdeiarmTaiiePry! ThReNpPaduen JJW shrexdsder thBereximlifg @fitfatml yst per kg
of synthesis gel can be nmore than doubled and yet, contrary to the

expect at¥ 0311681 theel FAmRIES e, 1 hewisassumBanIse® Mntabdéde in the catal ytic
activity of the resulting catalyst can be achi eved. 25 Exanples 2 and 3
Example 1 was repeated with the ratios of feedstocks as set out in Table

1. The reslh¢ imtarpramiocef pi dpeft reletaveetd ithevitaetingt compaunds waalkept 1. 30 21

Apri| 2004(:\o/¥gtgn 64 11n a1?oor¥p rea&p\é?'imee)rggnpl es, 2to 4

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.



PCT/ EPO1/ 02118 Conparative experinent 1 was repeated with the ratios of
feedstocks as stated in Table 1. The product properties of21tAmil Be@&ul ti ng
titaniumb5 silicalite-1 sanples are |ikewi se summarised in Table 1. The
nolar ratio of Si to Ti relative to the starting conpound kept
constant AYO®H48, 51| of the experiments. 10 Table 1 Rat F%rfg?(ﬁmﬁg

f eedst ocksProduct properties of titani @1silicalite-1 HzO/SIi NS wt.%
Crystallite Catal ytic Exanpl e(m)I/rmI)?m)I/nDI)Ti 2si ze (pmactivity (mni)

C128. 20. 36 -0..2 1 0- 0..0 2-325.2
G, 30, 290 THEVSE dyCdfptasioie sHO pEekcbion tholl the oyt GrE” e

316. 80. 153.mMbar58&id dh¥ twokpaves ont Beadwtens treductianmn eata@lgtor ding to the
present invepti.on and the conparatjve exanples shows that the correlation
bet ween ¢ heCu/ ek OB 1Op TR gorFre T #45E0 1P PORE 188 & g Briffounds - and
the pri mar\the drystaal 1dtteeSinz ehe &ixbfisies dcberdih®@IbeERI RRsEfS §hveRefbnl N the
prior art. The experinents show that an optimumprinmary crystallite size

of bet wekn overcpmpangatesofarnthies negative daflwense af ithe iigcemasing prigernvf 28 or
hi gher. 21 Apeiah1 AR0A O A UA4PRL BEF(REOL 02118

The comparison with the synthesis of the EUROTS-1 catalyst (comparative

example 1) shows that a catalyst with increased activity can be produced
10 by the method according to the invention, whereby in comparison to the

prior art thé 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.



14 However, in contrast, to the predictions fromthe prior art, a |ower
nolar ratio of Nto Si does not lead to a reduction in catd@iyaprit20@&ctivity;
on the contrary, the increased incorporation of titaniumin the crystal
lattice in the exanples according to the present inventig
over compeWOMEE8} or t he negative influence of the incr ea}’ﬁﬁ%‘}}{f’%lh&ary
crystallite sizes on catalyst activitysg The conparison with the synthesis
of the EUROTS-1 catalyst (comparative exanple 1) shows that a catalyst
WD o eRS A Gfibhidkive ERODE 10 AUCRENAR BU1LE MR RleBOBRIAY 10 1O the
i nvention, where in conparison to the prior art the nethod l'eads to a
mar kedl y r edkroéghtcatn 3206t arshcalfcinesk peadr aé 5305¢ tfondfinathoursalis such as
tetra-n-pro a'nm)niu hydr gxi. de nd to.a nmarkedl.y increased yield of
titani um s?‘ﬁﬁ%t S kn%'? m&éﬁ}:n‘fﬁeg}%‘ ﬂ@ﬂyﬁqj%eﬁl_:té"f%c‘@%g?t'ef ficiency of
t he synt hegisit@tibe) h@snork-3attice theanuniofpduaddand Far acetitipanpl e 4
Exanpl e 1 was repeated, V\hereqbﬁ the titaniumsilicate crystals were 20

S

separ at 8d ACriRedcahove; fINgJepWRs Are bkewiser §8kt pinin H'éb\)@vér. The basic (pH =
12.5) crystal suspension was passed through a nutsch filter with a blue
belt filter. No solid remai ned on the nutsch. Exanples 5 and 6 25 Exanple 4
was repeated, whereby the pH val ue dfabl&a@ crystal suspension was reduced
to the value stated in Table 2 by addition of hydrochloric acid before
filtration. In both cases the titaniumsilicalite was able to be separated

of f by mepnsafipied [nUt sch TiTter W tfrodudd peopeelilestiTter 30 wthout

breaking phrough af the product 21 April 2004 WD 01/ 64581 PCT/ FPQ1/02118
15 As in ponparatijve ebtafbl e 1, fHenium anj urkogtantceft e |wasiokdited, |dried
suspension content non-lattice Ti | coefficient
(wt.% Ti0,) (min'?)
5 8.5 3.2 + 29.2
] 7 3.5 SEas 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.



overnight at 120C and calcined in air at 550C for five hours in a nuffle
furnace. The product was then anal ysed for titani um content21 Amliabd4 ati vel y
for non-lattice titanium conmpounds and for activity as 5 described above.
The results are |likewi se set out in T8ble 2. Table 2 Exanpl eProduct
properties pH of Titanium Content of Activity suspensioncontent non-lattice
Ticoefficient (wt.% Ti 02)(m ne) 58.53.2+29.2 673.5+++30.9 10 The content of
non-lattice titanium conpounds was estinmated qualitatively fromthe - -

i ntensi t LAaIMShe DR- UV- Vi s bands between 250 and 300 nm The product from
exanple 6 had a higher content of non-lattice titanium conpounds than the
product fromexanple 5. As the conparison of the activity coefficients of
exanpl e and, 6.\ I J , the. . [on gt al ue of
the cr ysﬁal ?}Js%%é‘ﬁlofﬁg(ﬁgg @’“ﬁ%‘%‘?ﬁ‘é@bPeﬁ"gf“ﬁ?’ﬁgﬁz‘%ﬁ%nﬁh‘g- ﬁl%r%té of the
cat al yst. 21 sypthiebis 204s fmed Ay\VBorabiniAg resdhingirdlgsing lachyrraykablel siliconf a

titani um contgini zeoly repy. i el, is.fo |
conbi ni ng anaﬁ}qg)@rﬂgﬁi’yé nﬂahgd“ﬁ\égﬁoﬁ'@sﬁé@rl' eé%ﬁq%ggn%ngoﬁpgéﬁé, ag&gvgiyyol ysabl e
ti t ansum conpammdniamccomploand i auaqueEons mediimg imyuantities sughothatrelativate aqueous
medium in quantjties L Ve L.Q- . t rLip s the
nolar ratio gtﬁe§Ilaﬁ;]1|q%sco§{ibgjgpé$ﬁn%r{é(ﬁ&%%il%gfu%ﬁ? '[Sod?gﬁé"t !%ﬁé of %%‘fai%tﬂ?e o of
H2Q'Si i s 10 molaP atimrd H0480 is010 i B and that &PNIS) id 842 10 heas tBarR0.20padl  t he

synthesis gel yis, LASK. 6oy R Rbh by/Rbika & b SIRSLARHS §r Po-tiBSAh%G 339€ Tor a

period of less than 3 days. :

10 2. The method according to claim 1, whereby the molar ratio of N/Si is 0.12
to less than 0.17.

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.



period of less than 3 days. 10 2. The nethod according to claim1, whereby
the nmolar ratio of NSi'is 0.12 to less than 0.17. 3. The 4ed#d808tcor di ng
to claim1, whereby the nolar ratio if H20/Si is 12 to 17. 4. The net hod '
according to any of the preceding cl { s, wher eby the hydrolysable silicon
conpound is a tetraal kyl orthosilicate, preferably tetraethyl 15

orthosil Lcat ey, and .t he hydrol ysahl iLtani um caonpaoungd | tepr kyl -~
ort hotitanat e‘,-h%ln}ﬁ"éqda%ﬁcémﬁ'&%aéﬂh% t“ngrp{?’%ﬁdﬂn{gaﬁéﬁﬁl& W ?Jeﬁ‘ﬁgh?@{aﬁ@ “accor di ng
to clai m4, woantaibingzbditdiscrephratadsoffdrischendyalcinédisabl e titani um and
silicon conpounds is suppofted by distilling off the resulting 20 al cohols
and optionally the volune of alcohol renoved by distillation is replaced

at | east gi N pPFRanilA-coRLinAddddlien obinaBleeby aOmbihed rRasidingNtoant of the 6. The
met hod according to any of the preceding clains, whereby the quaternary

A y Ol \
amoni um conp8RFEding cli“"f'%‘ﬁ’\”bﬁIW?‘P%&W%‘%G@’MP@%@@&P%r eferably tetra-n-
25 propyl amoni um hydroxi de. 7. The nethod according to any of the
precedi ng cl ai ns, whereby the pH value of the crystal suspension fromthe
cryst gl | i19at i @n nsdtiegie forsthe Ogpoxidaton @f aolefillsuby aéacling telefind, with efqaeald y 7 to
8.5. 21 April ,2004 17 8. .The nethod according.to any aof the preceding
i i e wher o RAE (RS Seorlvat g Bt B She, PHREROSE @ ov1 e
and cal ci ned. tiganium<cntaining 2sdlit a8 cxtalyst@ctdrdingltd elainad bethay isablakhdbdel
according to any, of th receding. cbaims with a primary crystallite size
of 0.2 to 2.0315’\{%3%&0%\3‘?8?@5'8??8@"? h'e epoxi dati on of olefins by reacting
ol efins with aqueous hydrogen peroxide in a solvent mscible with water in
the presence of a titanium containing zeolite as catal yst according to
claim9 ottt héﬂsqgadﬁi"ﬁi”ﬁéﬁﬂ@_'”"!%/z@ﬂ@ E}?éPWHw ta@l?m_a gikthat i th%ﬂ‘?ﬁ‘%by 11. Use
of a {g tant umpeMicthdl Ao i GaiArs Ak Eatiyst for thabpoiicbn o alefihs wiht ai nabl e
by 10 the nethod according to claim@8 as catal yst for the epoxidation of
olefins with MNHRBINTPECoxi de.





